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Course requirements: A previous knowledge of basic probability theory is required. Knowl-
edge of Itô stochastic calculus could help for the advanced parts of the course, but during the
course the basic concepts will be introduced for the understanding of the presented numerical
methods.

Examination and grading: Seminar.

SSD: MAT/06 Probability and Mathematical Statistics

Course contents:

The course will present the most used numerical methods used in probability for the computa-
tion of quantities like E[f(X)], where f is a deterministic function and X is a random variable
of known or unknown distribution, in growing complexity. With increasing difficulty, we will
pass from the basic case when X is a given random variable with known distribution, to the
case when X is a discrete time Markov chain, and finally to the case when X is a diffusion pro-
cess. These latter objects will be gently introduced for those not acquainted to them. During the
course, we will discuss the effectiveness of the various methods, depending on the dimension
of the state space and of the complexity of the problem.

Monte-Carlo methods (10h): (Prof. Tiziano Vargiolu)
1. The basic idea: Monte Carlo estimators for the mean and for the error. Variance reduction

techniques: control variates, antithetic variates, stratification, importance sampling

2. Definition and examples of Markov chains and of transition kernels.

3. Monte Carlo methods for Markov chains.

4. Introduction to Brownian motion, stochastic calculus and diffusion processes. A result of
weak convergence for diffusion processes.

5. Monte Carlo methods for diffusion processes.

Tree methods (2h): (Prof. Tiziano Vargiolu)
1. Tree methods for diffusion processes.

Quantization techniques (6h): (Prof. Giorgia Callegaro)
1. Introduction to quantization: when, why and how? Examples of discretization of a random

variable.

2. Quantization of a stochastic process: recursive marginal quantization.
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3. Functional quantization: discretizing a Gaussian process.

Rare-event simulation (6h): (Prof. Marco Formentin)
1. Rare event simulation design.

2. Importance sampling and large deviation theory.

3. Importance sampling technique for Markov chains.

4. Rare events in multiplicative Markov models.
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