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Project Description
The Heston Model for stochastic volatility optioriging models [1] is given by

dS, = 1S,dt +S,/o,dW,
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where the parameters are assumed to be constakhawt and the two Brownian Motions are
assumed to be independent. The model is very ppputong practitioners since it is possible to
derive more or less explicit closed-form solutidimsthe form of an integral that needs to be caltad
numerically) for European call and put optionshia absence of dividends and with fixed interegtsat

Options with have the possibility of early exeec{&merican options) and options that involve the
payment of cash dividends at at predetermined datesg the lifetime of the option, no longer admit
such closed form solutions. Since quick calculatibAmerican option prices in the presence of
dividends is essential for realistic applicatioothier numerical methods have been developed, which
are usually based on solving the Heston parti&diftial equation for American options.

Examples of this approach include Clarke and Rg2pwho treat this as a linear complimentarity
problem and use an implicit finite difference scleetombined with a multigrid procedure. Their
method was improved significantly by OosterleelfBlhat paper the smoothing procedure in the
multigrid procedure is chosen in an optimal wagiéin extensive analysis of numerical errors.
Forsyth, Vetzal and Zvan have used a penalty methdéal with the early exercise constraint [4],
and Ikonen & Toivanen [5] use an operator splittimgthod.

Recently an alternative method has been desighéhws based on building a discrete time process
(a 'tree") that approximates the dynamics of thetéifemodel. in the paper by Leisen [6] a tree is
designed with a proof of weak convergence to tireect distribution of asset prices. Florescu and
Viens [7] suggest that the proof is incorrect, thefir alternative [8] involves a tree with Monterda
simulations at every time step, which is therefaxpected to be much too slow for practical purposes

These tree methods all use a grid with grid paintdistance of orde¥At, whereAt denotes the

discrete time step. Recently, it was proposeddQise as tree in which we define a fixed grid Fer t
logarithm of the stock and the squared volatilitpygess. We take grids that change every timestep bu
with a meshsize which is of orderAd) at every timestep. The discrete time stochgsticess that we
define takes its values on this grid, and has tB8essor nodes in every point. This obviously means
that we require more computation time per timesBep.the extra degrees of freedom that we create by
this setup allows us to exploit the fact that theekican Option price function is once continuously
differentiable in both state variables. This smoe#s is used to improve the speed of convergence,
which means that we require more computationsiperstep but far less timesteps than in other
methods.

. We would like to investigate:

e Theoretical Part
How should the methods defined by Oosterlee [3]\4gitekoop/Nieuwenhuis [9] be
extended to include the possibility of cash dividie(at predetermined times, with known
cash dividend value) ?



Practical Part
1. How do the speed vs. accuracy characteristicsasktiwo different methods
compare when we want to calculate prices and Grigek$edging parameters) for
American options with cash dividends ?
2. Are the methods quick and accurate enough to eadita Heston model to market
option data?
If time permits, alternative methods such as tladdeorsyth et al. [4] and lkonen et al. [5]
could be investigated as well.
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