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Keywords

Stochastic processes, martingales, arbitrage, Black-Scholes, financial derivatives,
(in)complete markets, hedging, interest rate models

Position of the course

In this course the theory of financial derivatives such as options is developed in a
continuous setting. This course is a continuation of the course Financial
mathematics: discrete stochastic models.
The aim of the course is to derive the continuous one- and multidimensional Black-
Scholes model for option pricing and to study hedging strategies for it. Special
attention is paid to more complex financial derivatives such as Asian options and
other exotic options. This course will also deal with the study of interest rate
models and pricing techniques of interest rate derivatives.

Contents

1. Continuous stochastic processes:
•  Filtrations, conditional expectation
•  Brownian motion and quadratic variation
•  Markov property
•  Stochastic integral, Itô-calculus
•  One- and multi-dimensional Itô-formula
•  Stochastic differential equation and relation to partial differential equations
2. Financial market models
•  Equivalent martingale measures
•  Risk-neutral pricing
•  Martingale representation
•  Change of numeraire
3. One- and multidimensional Black-Scholes model
•  Pricing of options, forwards and futures
•  Static and dynamic hedgen, the Greeks
•  Volatility
4. Interest rate models

Initial competences

Basic knowledge of probability and statistics as taught in the Bachelor of
Mathematics.
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Preferably knowledge of financial algebra as taught in the course "Financial
mathematics" in the minor Economics and of discrete pricing models for financial
derivatives as taught in the course "Financial mathematics: discrete stochastic
models".

Final competences

1  Analyse, discuss and apply probabilistic concepts and properties from financial
1  mathematics.
2  Apply Itô-calculus for martingales, solve stochastic differential equations by
1  means of the Feynmac-Kac representation, be able to understand the extension
1  of the Itô-calculus to semi-martingales.
3  Expose knowledge of the theory of risk-neutral pricing (equivalent martingales,
1  martingale representation, change of numeraire) and apply this theory.
4  Explain the fundamental concepts in financial mathematics (arbitrage, complete
1  market, ...) and apply them to the Black-Scholes model.
5  Build and discuss the Black-Scholes model, identify, discuss and develop
1  different hedging strategies; in particular pricing of options when the underlying
1  asset pays a dividend.
6  Identify, discuss and price studied as well as new financial derivatives.
7  Distinguish between a complete and an incomplete market.
8  Describe and discuss different interest rate models, derive from those models
1  the distribution of the instantaneous interest rate and price the corresponding
1  bonds and options.
9  Link a new problem to a studied problem and apply the techniques which were
1  there developed.

Conditions for credit contract

Access to this course unit via a credit contract is determined after successful competences assessment

Conditions for exam contract

This course unit cannot be taken via an exam contract

Teaching methods

Seminar, Lecture

Learning materials and price

Slides and book chapters (in English)
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Course content-related study coaching

During lectures and exercise sessions the students are welcome to ask questions.
The lecturer is also available for supplementary help. There is interactive support
through Ufora (forum, email, links).

Assessment moments

end-of-term assessment

Examination methods in case of periodic assessment during the first examination period

Written assessment with open-ended questions
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Examination methods in case of periodic assessment during the second examination period

Written assessment with open-ended questions

Examination methods in case of permanent assessment

Possibilities of retake in case of permanent assessment

not applicable

Extra information on the examination methods

Written examen, a formularium may be used.

Calculation of the examination mark

Written examen: 100%
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