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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 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). 
 
 

➢ Students interested in the course are invited to contact the teachers 
(giacomo.albi@univr.it,mauro.bonafini@univr.it) 
Streaming of the course will be possible. 
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