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COURSE AIMS AND INTENDED LEARNING OUTCOMES 
The course aims at introducing statistical techniques and models widely used in Finance in general, but with particular focus on option pricing. In the course different types of options will be introduced and, for each of these, the specific complexities that modelling such derivatives entail will be analysed.
A vast part of the course is dedicated to the introduction of stochastic processes which can be used to model underlying assets and consequently to the problem of calibration of such stochastic models from financial data using estimation methods such as maximum likelihood estimation and method of moments. Various tests of fitting to verify the goodness of fit of each stochastic process will be carried out.
The course will then provide an in depth overview of risk neutralization methods to pass from the statistical parameters to the risk-neutral ones and the application of Monte Carlo simulations to price options (both European and American).
The presentation of each topic will be accompanied by a demonstration on how to compute each problem through the use of the R statistical environment.
By the end of the course students are expected to be able to understand the complexities that evaluating different derivatives entail and to comprehend which model grants the most accurate results, based on the specific characteristics of the financial product that they have to evaluate. Students are also expected to be able to use R to set the specific problems and to reach numerical results.
COURSE CONTENT
–	Random number generation and variance reduction techniques.
–	Calibration and estimation of financial models from the data using method of moments and maximum likelihood estimation.
–	The main stochastic processes used to model stock prices in finance, such as the Geometric Brownian motion and Lévy processes.
–	Black and Scholes formula, implied volatility and volatility smile.
–	The problems arising if we assume normality of returns.
–	Girsanov theorem and the risk neutral transformation (Esscher transform and mean correcting martingale).
–	Introduction to stochastic calculus.
–	Monte Carlo methods with applications to (European and American) option pricing.
–	Fast Fourier transform method with applications to European option pricing under different stochastic processes.
–	Longstaff-Schwartz method with applications to American option pricing.
–	Greeks letters for individual options and for a portfolio of options.
–	Introduction to liquidity.
The course is highly focused on the use of the R statistical environment.
READING LIST
Slides and laboratory handouts will be distributed during the course and I will refer to some textbooks. These are references that are supportive information but are not required to follow:
•	Stefano M. Iacus (2008), Simulation and Inference for Stochastic Differential Equations with R Examples, Springer New York. 
•	Stefano M. Iacus (2011), Option Pricing and Estimation of Financial Models with R, Wiley & Sons, Chichester.
•	Wim Schoutens (2021), Lévy Processes in Finance: Pricing Financial Derivatives, Wiley Series in Probability and Statistics.
•	John Hull, Options, Futures, and Other Derivatives, Global Edition, 11th edition.
TEACHING METHOD
Lectures with computer labs and classes. The classes will be held by Professor Lorenzo Oltolini.
ASSESSMENT METHOD AND CRITERIA
Written exam: it will consist of a series of questions requiring straight to the point type of answers with limited number of rows available.
NOTES AND PREREQUISITES
Students are expected to have impeccable knowledge of basic statistics, such as discrete and continuous random variables, the main families of distributions and properties of distributions (density functions, probability mass functions, cumulative distribution functions, moment generation functions, characteristic functions etc.). They are expected to have a basic understanding of parameters’ estimation methods, such as method of moments, maximum likelihood and least squares method. Basic knowledge of derivatives pricing (such as the payoff of the most common options, the Geometric Brownian motion, Ito’s Lemma, Black & Scholes method and Monte Carlo simulations) is also required.
OFFICE HOURS
To be arranged via email, they can be both online (on Microsoft Teams) or in person in my office (office 405, Lanzone building, 4th floor).
