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With the fast development of mathematical finance in recent years, stochastic calculus has been widely used

in finance. This course is designed as the first courses in financial calculus for students having a good

background in mathematics. After learning this course, students should understand the key concepts in

stochastic analysis such as martingales and change of measure and some deep properties of Brownian motion

process. The students should also be able to apply the basic methods and tools learning from this course such
as the Ito’s formula and the Black-Scholes pricing formula in practical problems in finance.
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Section 1

Conditional Expectations and Discrete Martingales (6 hours)
Existence, uniqueness, and basic properties of conditional expectations;

Definition, properties, and convergence theorems of discrete martingales.

Section 2

Brownian Motion (10 hours)

Definition of Brownian motion;

Levy construction of Brownian motion;
Holder Continuity of Brownian Motion;

Reflection principle and scaling;

Section 3

Stochastic Calculus (16 hours)

Stock prices are not differentiable;

Stochastic integration; Ito formula; Integration by parts;
Stochastic Fubini theorem; Girsanov theorem;
Brownian Martingale representation theorem;

Feynman--Kac representation.

Section 4

Black--Scholes Model (16 hours)

Basic Black--Scholes model;

Black--Scholes price and hedge for European options;
Foreign exchange; Dividends; Bonds; Market price of risk;

Uniqueness of Risk-Neutral measure.
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Textbook and Supplementary Readings

Textbook (Main materials: Chapters 3-5):

Alison Etheridge, A course in financial calculus. Cambridge University Press, 2002.




Supplementary Readings:

1. Steven E. Shreve, Stochastic calculus for finance II, 2004.

2. loannis Karatzas and Steven Shreve, Brownian Motion and Stochastic Calculus, 1988.
3. Jean Jacod and Philip Protter, Probability Essentials, 2004.

4. Bernt @ksendal, Stochastic Differential Equations: An Introduction with Applications, 2013.




