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Lecture periods:

2.5 hours

Laboratory periods:
0 hours

Recitation periods:
0 hours

Credits:


3

This course aims to introduce derivatives securities. It explains in detail various models and methods for pricing and hedging some popular types of derivatives including European, American and exotic options, swaps and convertible bonds. Presentation is done using equity, interest rate and volatility derivatives products.  Modern probability and stochastic processes are the mathematical foundation.  Also short introduction to computational methods necessary for pricing derivatives is provided.
Prerequisites:
Students are expected to have knowledge in stochastic calculus, linear algebra, basic probability and statistics and programming. Those students who do not have this background should take the Probability and Statistics Refresher courses as well as Introduction to numerical methods.
Grading:


10%   Participation during lectures

35%
Homework (weekly assignments)

20%
Midterm Examination

35%
Final Examination

Textbook(s):

1. J. Hull, Options, Futures and other Derivatives, University of Toronto, 9th edition, 2015.

2. S.N. Neftci, An Introduction to the Mathematics of Financial Derivatives, 2nd edition, 

Academic Press, 2000.

3. M. Capinski, T. Zastawaniak, Mathematics for Finance:  An Introduction to Financial Engineering, 2nd edition, Springer, 2011
4. D. Chance, R. Brooks, An Introduction to Derivatives and Risk Management, 9th edition, South-Western CENGAGE Learning, 2013.
Some additional notes and research papers will be handed out on a weekly basis. 
Software

Either of: Matlab, python, C++, R, Mathematica, Excel
Syllabus

	Week
	Topics

	1
	Overview of Stochastic Calculus. Introduction to derivatives

	2
	Time value of money, Simple interest, Periodic compounding, streams of payment. Money market, zero-coupon bonds, coupon bonds, money market account. Risky assets, Dynamics of stock prices, return, expected return. 

	3
	The binomial option pricing model. Implied trees, calibration to smile.

The binomial option pricing model with dividends. Risk-neutral valuation.

	4
	Pricing and complete markets. Black-Scholes model and formula. Greeks

	5
	Call-Put parity. Forward options. More Greeks. American options, Delta hedging.

	6
	Exotic options. Introduction to finite-difference method

	      7
	Midterm examination

	8
	Local volatility model. Dupire equation. History of the local vol models. Basic principles of fitting the implied volatility surface.

	9
	No-arbitrage conditions. Implied volatility surface

	10
	Calibration, Deep Learning calibration

	11
	Value at Risk and volatility. Term structure interest rate models.

Short-term interest rates models

	12
	Introduction to Stochastic volatility models, The Heston model.

	13
	Introduction to Monte-Carlo pricing methods

	14
	Variance swaps. Log-contract, static replication. Volatility swaps. Options on variance swaps

	15
	Final Examination


