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Manifesto of Studies 
 

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

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

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

private and public sectors. 

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

the preparation and defense of the doctoral thesis. 

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

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

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, Modellization 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 their research topic and taken from those presented in the Appendix of this 

document. 

Doctoral students must present their study plan, in accordance with their advisor, no later than January 31, 

2023. Possible other courses of interest, not listed in this document, can be introduced in the study plan if 

accompanied by a motivation for their choice and in agreement with the student’s supervisor. 

Any modification to the study plan, agreed with the supervisor, must be submitted no later than April 30, 

2023. 

Generally, all examinations must be completed within the end of July. In case of failure to do so, the student 

must present a motivation letter requesting for an extension. This must be submitted to the Director of the 

Doctoral School in Mathematics by 31 July 2023 (Doctoral School Committee dated 13/10/2021). 

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

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

Doctoral students are required to 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 by 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. 

  



 

 Corso di Dottorato in Matematica  

 

5 
 

Allegato n. 1 

 
 
 

Courses of the PhD School in Mathematics, a.y. 2022-2023 
 

 

 

Homological Algebra 

 

- Lecturer and Examiner: Lidia Angeleri, Francesca Mantese. 
- Course: the course is borrowed from Laurea Magistrale Mathematics, Universiy of Verona. 
- Scientific Sector: MAT/02 – ALGEBRA. 
- Period: October 2022 – January 2023. 
- Venue: Verona, Department of Computer Science. 
- Indicative number of academic hours: The course has a total of 52 hours. PhD-students can agree with 

the course coordinators to attend only part of the course for 30 hours. 
- Assessment method: The exam consists of an oral examination. Each student may choose to either: 
     1. carry out a traditional oral examination on the contents of the course; or  

2. present a topic chosen in agreement with the course coordinators. 
- Contents: The course provides a first introduction to homological algebra and representation theory of 

quivers, an important branch of modern algebra with connections to geometry, topology, theoretical 
physics and data science.  The first part of the course introduces to quivers and representations and covers 
fundamental notions and results from module theory, such as projective, injective, simple modules, 
finiteness conditions, direct sum decompositions, Theorems of Jordan-Hölder and of Krull-Remak-
Schmidt. The second part provides some basic knowledge on categories and functors and introduces to 
homological algebra: homological functors, complexes, homology, homological dimension, Theorem of 
Wedderburn-Artin. 

 
 
Advanced Cryptography 

 

- Lecturer and Examiner: Edoardo Ballico. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/02 Algebra, MAT/03 Geometry. 
- Period: Two months during the first semester. 
- Venue: Classroom. 
- Indicative number of academic hours: 20 hours for doctoral students (plus 70 hours of self-study). 
- 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). 
2) Elliptic curve cryptography. 
3) Post quantum cryptography using supersingular elliptic curves. 
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4) Post quantum cryptography using lattices and their metrical properties. 
5) Computational Complexity. 
6) Boolean functions. 

 
 
Geometry and Topology for Data Analysis 

 

- Lecturer and Examiner: Alessandro Oneto. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/03 Geometry. 
- Period: Second semester. 
- Venue: Classroom. 
- Indicative number of academic hours: 42 hours (for master students), 30 hours (advanced part, for 

doctoral student. 
- 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: 
I) 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. 
II) Introduction to (numerical) algebraic geometry. 
II.1) Introduction to algebraic geometry. Ideals and varieties. "Nullstellensatz" and Zariski topology. 
Projective space and projective varieties. 
II.2) Introduction to numerical algebraic geometry. Homotopy continuation methods for the solution of 
polynomial systems. 
 
 

Advanced Geometry 

 

- Lecturer and Examiner: Roberto Pignatelli. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/03. 
- Period: First semester. 
- Venue: Trento. 
- Indicative number of academic hours: 42 hours reduced program from the master version. 
- Assessment method: Seminar on research paper. 
- Contents: Elements of multilinear algebra. Complex manifolds and real manifolds with boundaries. Vector 

fields and Frobenius' Theorem. Orientability. Bundles. Differential forms. Integration. Stokes’ theorem. 
De Rham cohomology and cohomology with compact support: definitions, computation tools (including 
the Mayer-Vietoris exact sequence, the Poincaré Lemma. the Poincaré duality and the Kuenneth formula) 
and applications. The Poincaré dual of a submanifold and applications. 
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Algebraic Geometry II 

 

- Lecturer and Examiner: Luis Eduardo Solá Conde. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/03 Geometry. 
- Period: February-May. 
- Venue: Classroom. 
- Indicative number of academic hours: 42 hours (for master students), 30 hours (advanced part) for 

doctoral student. 
- 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. 

 
 
Set theory 

 

- Lecturer and Examiner: Stefano Baratella. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: Mathematical Logic. 
- Period: mid February – end of May  2023 (overall: 30 hrs). 
- Venue: Polo Ferrari – Povo. 
- Assessment method: Seminar. 
- Contents: Axioms from the 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 axioms of determinacy. 
Introduction to relative consistency results. Constructible sets. 

 
 
Advanced Calculus of Variations 

 

- Lecturer and Examiner: Marco Bonacini. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/05 (Mathematical Analysis). 
- Period: February – May 2023. 
- Venue: University of Trento. 
- Indicative number of academic hours: 42. 
- Assessment method: Oral presentation. 
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- Contents: The course provides an introductory presentation to some central topics of the modern 
Calculus of Variations: 
- The direct method of the calculus of variations and applications to the minimization of integral 

functionals over Sobolev Spaces. 
- Necessary and sufficient conditions for weak lower semicontinuity of an integral functional, in the 

scalar case and in the vector-valued case. An overview of quasi-convexity. 
- Lower semicontinuous envelope and relaxation of integral functionals. 
- Euler-Lagrange equations. Constrained problems and Lagrange multipliers. Overview of De Giorgi-

Nash regularity theorem. 
- An introduction to Gamma-convergence. 

 
 
Advances in Cryptography and Codes: Advanced algebraic and geometric methods for the construction of 

minimal codes 

 

- Lecturer and Examiner: Matteo Bonini, Marco Calderini, Alessio Meneghetti. 
- Course: course for the doctoral school. 
- Scientific Sector: MAT/02. 
- Period: May-June 2023. 
- Venue: Department of Mathematics, University of Trento. 
- Indicative number of academic hours: 30. 
- Assessment method: A seminar, to be decided with the lecturers. 
- Contents: Coding theory is the theoretical basis of many digital communications systems, having 

numerous applications such as mobile and satellite communications, cloud storage and computation. It 
also plays an important role in cryptography. In addition to its applications to post-quantum cryptography, 
coding theory is also fundamental to the construction of secret sharing schemes. In a linear code, a 
codeword is minimal if its support does not contain the support of any codeword other than its scalar 
multiples. A code is minimal if its codewords are all minimal. Minimal codewords in linear codes were 
originally studied in connection with decoding algorithms and have been used by Massey to determine 
the access structure in his code-based secret sharing scheme. However, describing the minimal 
codewords of a linear code is in general a difficult problem, even for highly structured families of codes. 
General properties of the minimal codewords of a code have been studied, and a sufficient condition on 
the weight distribution for a code (called the Ashikhmin-Barg condition) to be minimal. This condition 
shows that a linear code in which the minimum and maximum weights are close enough to each other is 
necessarily minimal, and it has been widely used to construct such codes. In the last decade, minimal 
codes have been the subject of intense mathematical research. Constructions that exploit the minimal 
structure of the code are based, for example, on Boolean function over finite fields. Recently, a geometric 
approach was proposed, where minimal codes are characterized as cutting blocking sets. This lead to the 
study of cutting blocking sets, that were already known for other applications in covering codes, which 
led to the discovery of short minimal codes (i.e. families of codes with good asymptotic behaviour). The 
course is divided into three parts. The first part provides the participants the theoretical tools necessary 
to understand the field of error-correcting codes, with a focus on the properties of weight distributions. 
The second part will deal with the study of properties of Boolean functions and their applications to the 
construction of linear codes with few weights, or codes having particular constraints on their weight 
distribution. The third part of the course will investigate the properties of minimal codes, their 
characterization as cutting blocking sets, and the advances in this particularly prolific field of study. 
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Advances in Cryptography and Codes: enrollment, authentication, authorization, and all that 
 
- Lecturer and Examiner: Roberto Carbone, Silvio Ranise, Giada Sciarretta. 
- Course: course for the doctoral school. 
- Scientific Sector: INF/01. 
- Period: March-June 2023. 
- Venue: Department of Mathematics, University of Trento. 
- Indicative number of academic hours: 30. 
- Assessment method: oral presentation of relevant literature or a small project. 
- 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, OpenID 
Connect, FIDO), 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 level of abstractions (authentication factors or cryptographic protocols). 

- Legal aspects (eIDAS, PSD2). 
 
 
Advances in Algebra: Advances in computational algebra 
 
- Lecturer and Examiner: Daniele Taufer (KU Leuven), Alessandra Bernardi. 
- Course: course for the doctoral school. 
- Scientific Sector: MAT/02. 
- Period: May-June 2023. 
- Venue: Department of Mathematics, University of Trento. 
- Indicative number of academic hours: 26. 
- Assessment method: A seminar, to be decided with the lecturer. 
- Contents: A huge amount of problems arising from algebra, geometry and number theory are linked to 

the solution of distinct polynomial systems over prescribed fields. The study of their solutions and the 
increasing need for root explicit detection for real-world applications have been leading to vibrant 
research in computational algebra, which has become prominent in both theoretical and applied uses. 
This course aims at providing the attendees with the basic notion of this discipline, together with several 
modern results pointing to open research lines. The core of these lectures will be covering the advances 
in both normal form and homotopy continuation methods, which are the two leading approaches for 
polynomial root detection. Such different approaches will be compared, highlighting their strong points 
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and limits. These topics will be preceded by a necessary introduction to the algebraic tools employed 
during the course, and followed by current applications such as cryptography, polynomial optimization 
and tensor decomposition. 

 
 
Introduction to Algebraic Geometry and Commutative Algebra 
 
- Lecturer and Examiner: Rosanna Laking. 
- Course: the course is borrowed from Laurea Magistrale Mathematics, University of Verona. 
- Scientific Sector: MAT/02 – ALGEBRA. 
- Period: March 2023 - June 2023. 
- Venue: Verona, Department of Computer Science. 
- Indicative number of academic hours: The course has a total of 52 hours. PhD-students can agree with 

the course coordinators to attend only part of the course for 30 hours. 
- Assessment method: The exam consists of an oral examination. Each student may choose to either:  

1. carry out a traditional oral examination on the contents of the course; or 
2. present a topic chosen in agreement with the course coordinators. 

- Contents: The goal of the course is to introduce the basic notions and techniques of algebraic geometry 
including the relevant parts of commutative algebra, and create a platform from which the students can 
take off towards more advanced topics, both theoretical and applied, also in view of a master's thesis 
project. The first part of the course provides some basic concepts in commutative algebra, such as 
localisation, Noetherian property and prime ideals. The second part covers fundamental notions and 
results about algebraic and projective varieties over algebraically closed fields and develops the theory of 
algebraic curves from the viewpoint of modern algebraic Geometry. Finally, the student will be able to 
deal with some applications, as for instance Gröbner basis or cryptosystems on elliptic curves over finite 
fields. 

 
 
Advances in Mathematical Analysis: singularities in Geometric Measure Theory 
 
- Lecturer and Examiner: Andrea Marchese. 
- Course: doctoral school. 
- Scientific Sector: MAT/05. 
- Period: November/February. 
- Venue: Department of Mathematics. 
- Indicative number of academic hours: 24. 
- Assessment method: Seminars. 
- Contents:  Geometric Measure Theory (GMT) provides a robust framework where concepts and tools of 

differential geometry are generalized in order to study the geometric properties of sets and measures, 
with particular emphasis on surfaces possibly admitting singularities.  
This course consists of approximately 12 seminars of 2 hours each, delivered by the lecturer, the 
participants, and some external guests, focusing on some recent results in GMT on: 

- the fine structure of the singularities of area minimizing currents and of stationary varifolds which are 
stable for the Brakke flow,  

- the regularity of the free boundaries in lower dimensional obstacle problems, 
- recent methods to investigate the geometric structure and rigidity properties of singular measures, 
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- decompositions of measures as integrals of lower dimensional, weakly regular objects such as Lipschitz 
curves or surfaces,  

- solutions to soap film capillarity models and confined isoperimetric problems. 
 
 
Geometric Measure Theory 
 
- Lecturer and Examiner: Andrea Marchese. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/05. 
- Period: February/May. 
- Venue: Povo1. 
- Indicative number of academic hours: 42. 
- Assessment method: Seminar and oral exam. 
- Contents:  The course will introduce the basic tools of Geometric Measure Theory, including: 

- Radon-Nikodym and Lebesgue decomposition theorems; Riesz representation theorem; signed and 
vector measures.  

- Vitali and Besicovitch covering theorem; Lebesgue-Besicovitch differentiation theorem.  
- Hausdorff measures and dimension; isodiametric inequality; Lipschitz functions; Rademacher's 

theorem; area and coarea formulas.  
- Rectifiable sets; approximate tangent planes; blow-ups of Radon measures.  
- Introduction to minimal surfaces and to the theory of currents. Multi-linear algebra, currents, mass, 

boundary, rectifiable currents, push-forward and product of currents, homotopy formula and flat norm, 
polyhedral deformation theorem, slicing, closure theorem. 

 
 
Mathematical Physics: Quantum Relativistic Theories 
 
- Lecturer and Examiner: Valter Moretti. 
- Course: borrowed from Laurea Magistrale in Mathematics (same title). 
- Scientific Sector: MAT/07 Mathematical Physics. 
- Period: second semester February-June, 30 hours reduced program from the master version. 
- Venue: Trento. 
- Assessment method: Oral Examination. 
- Contents:  Mathematical Aspects of Quantum Relativistic Theories: Several topics concerning applications 

of differential geometry to general relativity and/or applications of linear functional analysis to quantum 
theories including quantum field theory in curved spacetime. 

 
 
Mathematical Physics: Differential geometric methods 
 
- Lecturer and Examiner: Enrico Pagani. 
- Course: borrowed from Laurea Magistrale in Matematica (9CFU). 
- Scientific Sector: Mathematical Physics. 
- Period: February-May 2023. 
- Venue: Trento. 
- Indicative number of academic hours: 30 hours reduced program from the master version. 
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- Assessment method: Oral examination at the end of the Course. 
- 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 of ODE and PDE and conserved quantities.  
- Geometric theory of first order partial differential equations. Wave propagation.  
- 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 
 
 

Advances in Operations Research: Mathematical Programming 
 
- Lecturer and Examiner: R. Rizzi (Univ. of Verona) for the main module (20 hours), A. Raffaele (Univ. of 

Verona) for the practical module on modeling (12 hours). 
- Course: this course is for the doctoral school. 
- Scientific Sector: MAT/09. 
- Period: January 20 - February 10, 2023. 
- Venue: the meetings will take place in Povo but also go out in streaming (and also get recorded to remain 

available). The commitment on our side is to make the meetings as interactive as possible (also for those 
students that were forced to participate only from remote). 

- Indicative number of academic hours: 20 hours (Rizzi) + 12 hours (Raffaele). 
- 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. 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. Regarding the practical modeling part of the course, it is not required to already know 
AMPL/GMPL. According to the programming skills of the participants, it will be evaluated whether to also 
include the use of Gurobi by means of the programming language preferred by the class. Exercises can be 
done in group (which is actually encouraged so that this first course by our PhD school will also serve as 
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an occasion for you to get to know each other). It is best if you at least try to submit at least part of 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 their 
pace and take their 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 from 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.  

- Program of the practical module offering on hands-on introduction to mathematical modeling:  
1 modeling your problem as an LP problem  
2 modeling your problem as an ILP problem  
3 hands-on experience with a modeling language like AMPL/GMPL, and possibly with a state-of-the-
art optimization tool like Gurobi  
4 encountering a few basic standard models from operations-research (among diet, knapsack, 
assignment, max-flow, set covering, production mix, scheduling, etc.). 

 
 
Bayesian Statistics 
 
- Lecturer and Examiner: Pier Luigi Novi Inverardi, Claudio Agostinelli. 
- Course: Laure Magistrale (6CFU). 
- Scientific Sector: Statistics. 
- Period: Second semester 2022/2023. 
- Venue: Trento. 
- Indicative number of academic hours: 42. 
- 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. 
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7. Hierarchical models. 
8. MCMC inference. 

 
 
Graphical Models and Network Science 
 
- Lecturer and Examiner: Veronica Vinciotti. 
- Course: Laure Magistrale (6CFU). 
- Scientific Sector: Statistics. 
- Period: First semester 2022/2023. 
- Venue: Trento. 
- Indicative number of academic hours: 42. 
- 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 

 
Advanced Statistical methods 
 
- Lecturer and Examiner: Claudio Agostinelli. 
- Course: Laurea Magistrale (6CFU). 
- Scientific Sector: Statistics. 
- Period: Second semester 2022/2023. 
- Venue: Trento. 
- Indicative number of academic hours: 42. 
- 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. 

 
 

Stochastic Differential Equations 
 
- Lecturer and Examiner: Michele Coghi 
- Course: Laurea Magistrale  
- Scientific Sector: MAT/06 
- Period: Second semester 2022/2023. 
- Venue: Trento. 
- Indicative number of academic hours: 42. 
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- Assessment method: Oral Exam. 
- Contents: Complements on continuous-time stochastic processes: Martingale, Markov properties, 

stopping times. Gaussian measures and Gaussian processes and white noise. Construction of Bronwian 
motion, Wiener and Ito integrals. The Ito formula and the construction of Ito processes. Stochastic 
differential equations: existence and uniqueness under different sets of assumptions. Applications to 
diffusion problems: solutions to the second-order Cauchy problem. Introduction to rough paths theory. 
 

 
Parameter estimation for models in biology 
 
- Lecturer: Federico Reali 
- Period: November 7 – December 15 plus some extra hours in January 
- Venue: Povo 1 
- Course: It is part of the “Network modelling and simulation” course from Laurea Magistrale in 

Quantitative and Computational Biology at CIBIO. The course will be integrated with a few external 
seminars in January-February 

-  Indicative number of academic hours: 18 the course + 8 of seminars 
- Scientific Sector: the course is classified as INF/01 
- Examiner: Federico Reali 
- Assessment method: Oral exam, course project 
- Contents: The course aims at introducing three methodologies for the estimation of parameters, with 

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

- Introduction to parameter estimation 
1.1) Definition of an optimization problem through objective functions 
1.2) Analytical and classical approaches (derivatives, Lagrange and KKT theorem) 
1.3) Random search, the goodness of fit and over-fitting 
Search for a global optimum 
2.1) The multi-start approach for least-squares methods 
2.2) Markov Chain Monte Carlo methods 
2.3) Heuristic Algorithms 
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Models of arthropod population dynamics and vector-borne infections 
 
- Lecturers: Andrea Pugliese, Rachele Nieri, Giorgio Guzzetta, Piero Poletti 
- Period: February 25 – April 20 
- Venue: Povo1 
- Course: it is borrowed from the first part of the course Advanced Topics in Biomathematics of the Laurea 

Magistrale plus a cycle of seminars. 
- Indicative number of academic hours: 24 (course) + 8 (seminars) 
- Scientific Sector: formally MAT/05 
- Examiner: Andrea Pugliese 
- Assessment method: seminar on a topic related to the course plus a few oral questions 
- Contents:  

1. Formulation, analysis and simulation of stage-structured population dynamics using: 
a) discrete time models; 
b) delay-differential equations; 
c) partial differential equations. 

2. Climatic and environmental effects on the dynamics 
a) case studies; 
b) simplified modelling. 

3.  Vector-borne infections: 
a) R0 in constant environments; 
b) Periodic environment: conditions for persistence or local outbreaks; 
c) Hybrid (discrete-continuous) models. 

4.  Modelling control 
a) biological control through parasitoids  
b) insecticides (targeted to adults or larvae) 
c) mating disruption. 

 
 
Lectures on Elliptic equations 

 

- Lecturer and Examiner: Alessandro Carlotto. 
- Course: this is an institutional, advanced introduction to the modern theory of elliptic PDE. It 

complements the 6-credit course taught by Prof. Alberto Valli (within the MSc program) to form the 9-
credit PDE course. 

- Scientific Sector: MAT/05. 
- Period: November 8th – December 20th 2022. 
- Venue: A 209 (Povo 1). 
- Indicative number of academic hours: This is the detailed schedule of the course: 

November 8 [2h], November 9 [1h] 
November 22 [2h], 23 [1h], 24[2h] 
November 29 [2h], 30 [1h], December 1 [2h] 
December 6 [2h], December 7[1h] 
December 13 [2h] 
December 20 [2h]  

- Assessment method: oral exam. 
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- Contents: Distributional derivatives, weak derivatives, definitions of Sobolev spaces, approximation by 
smooth functions, extension theorems, traces on the boundary, Sobolev embedding theorems, 
compactness results, Poincaré inequalities. 
Boundary value problems for the Laplace equation and linear elliptic equations of second order: weak 
(variational) formulation, existence, uniqueness, stability via Lax-Milgram lemma. Fredholm alternative 
theorem.  

Elliptic estimates and elliptic regularity in Sobolev spaces, bootstrap method. Maximum principles (weak, 
strong via Hopf lemma, baby ABP). 
Eigenvalues and eigenfunctions for symmetric elliptic problems. The spectrum of the Laplace operator with 
Dirichlet boundary conditions, asymptotic behaviour of the eigenvalues (Weyl's law). 

 

Geometric Analysis 

 
- Lecturer and Examiner: Lorenzo Mazzieri. 
- Course: borrowed from Laurea Magistrale. 
- Scientific Sector: MAT/05 Mathematical Analysis. 
- Period: February-June 2022. 
- Venue: University of Trento. 
- Indicative number of academic hours: 42 hours reduced program from the master version. 
- Assessment method: Oral presentation. 
- Contents:   

I) A quick introduction to differentiable manifolds, tensor bundles and tensor calculus. 
II) Covariant differentiation, Affine connections and Riemannian metrics. 
III) The Riemann curvature tensor. Fundamental properties and orthogonal decomposition. Locally 
conformally flat manifolds.  
IV) Fundamental equations of Riemannian Geometry. Second fundamental form. Gauss and Codazzi 
equations.  
V) Variational theory of the geodesics. The length functional and the energy functional. First and second 
variation formulas with applications. 
VI) Introduction to minimal surfaces. First and second variation of the area functional.  
VII) Comparison Geometry, Bishop-Gromov volume comparison Theorem. 
VIII) The Cheeger-Gromoll Splitting Theorem, with applications. 

 

 

Advances in Numerical Analysis and Mathematical Modelling: Multi-agent interaction models, from 
control to learning across scales 
 
- Lecturer and Examiner: Giacomo Albi and Mauro Bonafini. 
- Course: Doctoral School. 
- Scientific Sector: MAT/08. 
- Period: March/April. 
- Venue: University of Verona (streaming is possible). 
- Indicative number of academic hours: 30 hours. 
- Assessment method: Oral examination. 
- Contents:  Multi-agent interaction models naturally arise in the description of large-scale systems of 

interacting agents appearing in economics, biology, physics, and engineering. Such systems describe the 
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motion of a collection of individual entities at the microscopic scale interacting through simple rules. 
 In the first part of the course, we will study the optimal control problem of steering a large ensemble of 
N agents toward the desired state. We will show that such a high-dimensional problem can be well 
approximated by equivalent mean-field and kinetic models when N goes to infinity. Different numerical 
methods for the realization of the control will be discussed as well as possible applications (opinion 
dynamics, evacuation problems ...). On the other side of the spectrum, we will study the problem of 
learning the interaction rules governing the system. In this scenario we are provided with observations of 
the system, and task ourself with the identification of a suitable model (and model parameters) with 
enough descriptive power to handle the observations. The use of different models will be discussed, 
ranging from classical Newtonian-like systems to game based models. We will discuss possible loss 
functions to be used, and prove convergence of the learning process as the number of agents increases 
or as the number of repeated observations increases. Examples and applications will be presented in 
learning interaction kernels in classical Newtonian systems, and in learning interaction rules for systems 
of rational agents (e.g., pedestrians). 

 


