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1 Introduction and an overview on the work

Fractional differntial and partial differential equations have been discused by many authors as

generalizations of classical differntial and partial differential equations. They appear in fluid flow,

finance, biological sciences and others. Fractional differntial and partial differential equations have

attracted considerable attention because of their applications in several areas.

Consequently, it is useful to look on the approximation of this large class of differential and partial

differential equations.

The aim of this work is to initiate for the numerical approximation of the fractional differential

and partial differential equations. Since, the basic numerical method is Finite Difference methods,

we have tried to study first the finite difference approximation of fractional differential and partial

differential equations.

As model, we have studied the following fractional partial differential equation:

∂u

∂t
(x, t) =

∂αu

∂xα
(x, t) + f(x, t), (x, t) ∈ Ω× (0, T ), [1]

where Ω = (0, 1), 1 < α < 2, T > 0 is given and the fractional differential operator
∂αu

∂xα
is given by
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u(ξ)

(x− ξ)α−1
dξ. [2]

An initial condition is given by

u(x, 0) = u0(x), x ∈ Ω. [3]

Homogeneous Dirichlet boundary conditions are given by

u(0, t) = u(1, t) = 0, t ∈ (0, T ). [4]

Well posedness (Existence and uniqueness of u) of [1]–[4] can be justified in the framework of semi–

groupe, see [BRE 99].

We aimed from this work to provide a finite volume method for [1]–[4] which has not been treated

before.

For the sake of completeness, we have began by the cases α = 1 which is hyperbolic case, and α = 2

which is parabolic case and then we moved to the fractional case α ∈ (1, 2).
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For the sake of simplicity, we considered some times the explicit schemes.

We should mention finally that we would like to present the first ideas on a finite volume scheme,

see [EYM 00], for [1]–[4], which is very new, but because of limited time we only tried to understand

the basic ideas of the approximation of fractional differential and partial differential equations. The

task of finite volume method for [1]–[4] will be the subject of a future research.

2 Conclusion and perspectives

We considered a time dependent fractional partial differential equation of order α. For the sake

of completeness and in order to understand the basic ideas of the approximation, we first studied

some simple cases of finite difference schemes approximating the problem under consideration when

α = 1, hyperbolic case, and α = 2, parabolic case. We moved after to the case when 1 < α < 2.

We presented a simple explicit scheme and we provided its convergence. The convergence of this

implict scheme is based on the well known theorem which states that consistency and stability

implies convergence of the finite difference schemes.

This work is initiation to a long work which aims to study the availables schemes (in finite differences

and finite elements methods) and then to move to present finite volume schemes approximating time

dependent fractional partial differential equations which is new and has not been treated before.
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