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Aim: In this course we consider a class of stochastic models describing the collective behavior
of a large system of interacting agents, where the interaction is of the mean-field type and the
state space is finite. We analyze some of the main approaches proposed during the last 20
years in literature, paying particular attention to the techniques used for the case. From an
applicative viewpoint modeling microscopic interaction between individuals allows to describe
macroscopic phenomena such as, for instance, polarization of ideas or adoption rates of a new
technology seen as the result of conformism, imitation or peer pressure. In the last decades in the
context of social sciences, the first proposed models were inspired by statistical mechanics; in
that setting each agent could update his state at most one per time following some probabilistic
rates of transition with sequential updating, thus defining a Markov chain. The introduction of
a random utility function defining agents rationality led to models closer to reality. What these
models do not account for is strategic interaction: when deciding, agents forecast the action of
others . This is crucial since the single agent payoff, in fact, depends explicitly on some function
of the actions of others. This new approach leads to move to a game-theoretic framework, where
the emerging dynamics is a controlled Markov process.

Course contents:

1. overview of models inspired by statistical mechanics describing the macroscopic limit of
a large system of interacting agents;

2. introduction of the so called Random Utility Model and its time evolution, focusing on
some techniques used to analytically tackle it, e.g. weak convergence of stochastic pro-
cesses (convergence of generators);

3. basic tools of game theory (normal form games, Nash equilibrium, best response map, ...);

4. basic notions in control theory (optimal control problems, dynamic programming, HJB
equations, ...);

5. an example of mean field game for spin systems;

6. formalization of a finite-state mean-field game.
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