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Abstract

Some of the European style option pricing models of the financial market are in
the forms of: one dimensional degenerate parabolic partial differential equation, ultra-
parabolic partial differential equation, partial integro-differential equation and two di-
mensional parabolic partial differential equation. When the real market complexities
are taken into account, the closed form solutions of these models are not available. We

develop some high-order convergent numerical methods for such problems.

A high-order difference approximation with identity expansion (HODIE) scheme along
with two-step backward differentiation formula is applied to the generalized Black-Scholes
option pricing model for four different European option styles which are degenerate
parabolic partial differential equation problems. It is proved that the method has second
order convergence in space as well as in time. This scheme is also applied to solve di-
mension reduced generalized Black-Scholes model for pricing Asian option. Further this
scheme is extended to produce an accelerated convergence in space when applied to the

log transformed generalized Black-Scholes partial differential equation problem.

The HODIE scheme along with Simpson’s %rd formula and two-step backward dif-
ferentiation formula, altogether as an implicit explicit scheme, are applied to solve gen-
eralized case of jump-diffusion model for pricing European put option numerically. The

method has third order of accuracy in space and second order accuracy in time.



vi ABSTRACT

The Peaceman-Rachford Alternating Direction Implicit scheme for temporal semi-
discretization and the HODIE scheme for spacial semi-discretization is proposed for nu-
merically solving the two asset Black-Scholes model that is transformed into two dimen-
sional diffusion equation, and the method is proved to be second order accurate in time

and fourth order accurate in space.

A first order accurate Alternating Direction Implicit scheme, which is a two dimen-
sional analogue to the backward Euler formula is developed and applied along with the
HODIE scheme for solving the generalized model for Asian option which is governed by
an ultra-parabolic two dimensional partial differential equation problem. The scheme is

proved to be second order accurate in space.

Numerical experiments are in support of the theoretical results and demonstrate the

effectiveness of the designed numerical methods.
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