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Timetable: 12 hrs. First lecture on October, 19, 2020, 16:30. The course will be held online via
Zoom (the link to the meeting will be communicated a few days before the start of the course)

Course requirements: Probability and Stochastic Calculus

Examination and grading: oral examination on the topics covered during the course

SSD: MAT/06, SECS-S/06

Aim: The course aims at introducing recent fast and robust pricing techniques for exotic deriva-
tives (such as Bermudan and American) in general Lévy models.

Course contents:
The Fourier-Laplace transform and Wiener-Hopf factorization are ubiquitous in Mathemat-

ics, Physics, Engineering, Probability, Statistics, Insurance and Finance. Recently, several diffi-
cult problems in Game Theory and Economics were solved using the Wiener-Hopf factorization
techniques. From the analytical viewpoint, problems considered in the course can be reduced
to a sequence of calculations, each involving either the Fourier (or inverse Fourier) transform
of a given function, or the convolution of two given functions. In turn, each of these operations
can be performed numerically with high efficiency using the standard fast Fourier and Hilbert
transforms and fast convolution. We introduce new more efficient versions of the fast Fourier
and Hilbert transforms. The second general topic of the course is the new general methodology
for efficient evaluation of integrals with integrands analytic in regions around the lines of inte-
gration, examples being numerical Fourier-Laplace inversion, calculation of the Wiener-Hopf
factors and high transcendental functions. We introduce three families of conformal defor-
mations of the contour of integration in the Fourier inversion formula and the corresponding
changes of variables, which lead to much faster and more accurate calculations. The third gen-
eral topic of the course is the EPV (expected present value operators) method. The strength of
the EPV method stems from the interaction of the probabilistic and analytical techniques. In
the standard analytical approach to solution of boundary problems, the operators are interpreted
as the expectation operators. This allows one to relatively easily evaluate complicated expecta-
tions and solve optimal stopping problems with non-standard payoffs. All topics in the course
and additional topics will be covered in S. Boyarchenko, M. Boyarchenko, N. Boyarchenko,
and S. Levendorskij. Spectral Methods in Finance, Economics and Insurance. Springer, New
York, 2020, the monograph in preparation for Springer due to be finished in this Fall. The full
lists of references for the lectures and a more detailed contents’ list will be given during the first
lecture.
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• Lecture 1. Lévy models

• Lecture 2. Evaluation of probability distributions and pricing European options in Lévy
models

• Lecture 3. Simplified trapezoid rule, Fast Fourier Transform and its variations

• Lecture 4. Conformal acceleration techniques

• Lecture 5. Barrier options with discrete monitoring and Bermudan options. Calculations
in the state space

• Lecture 6. Barrier options with discrete monitoring and Bermudan options. Calculations
in the dual space

• Lecture 7. Wiener-Hopf factorization

• Lecture 8. Contingent claims with continuous monitoring, boundary value problems and
Wiener-Hopf factorization

• Lecture 9. Options with continuous monitoring, cont-d

• Lecture 10. Affine models

• Lecture 11. American options with infinite time horizon

• Lecture 12. American options with finite time horizon
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