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ABSTRACT. In this paper we propose and analyze a num-
ber of two-scale discretization schemes for integrodifferential
equations arising in finance. It is shown theoretically and
numerically that the number of degrees of freedom of the two-
scale discretization is significantly smaller than that of the
standard one-scale finite element approach while at the same
time preserving the accuracy of the one-scale discretization.
The main idea of these algorithms is to use a coarse grid to
approximate the low frequencies and then to use a fine grid
to correct the relatively high frequencies. As a result, both
the computational time and the storage can be reduced con-
siderably. A combination of wavelet and Lagrangian finite
element basis functions is applied to further reduce the com-
plexity arising from the non-locality of the integrodifferential
operators.

1. Introduction. In mathematical finance, consider a basket of
d > 1 risky assets whose log returns X; at time ¢ > 0 are modeled by a
Lévy process X = {X,;};>¢ with state space R?. By the fundamental
theorem of asset pricing [17], the arbitrage free price u of a European
contingent claim with payoff function ¢(-) and maturity T > 0 is given
by the conditional expectation

u(t,z) =E(¢(X7) : Xy =2),

2010 AMS Mathematics subject classification. Primary 45K05, 656N15, 65N30,

65N55.
Keywords and phrases. Finite elements, infinitesimal generator, two-scale dis-

cretization, wavelets.
This work was partially supported by the National Natural Science Foundation of

China under grants 10701083, 10871198, 10971059 and 11071265, by the National
Basic Research Program of China under grant 2005CB321704 and by the Huber

Kudlich Foundation of ETH Zurich.
The third author is the corresponding author.
Received by the editors on March 29, 2009, and in revised form on October 17,

20009.
DOI:10.1216/JIE-2011-23-3-351 Copyright ©2011 Rocky Mountain Mathematics Consortium

351



