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Abstract

In this paper we are going to discuss the difference schemes with intrinsic parallelism
for the boundary value problem of the two dimensional semilinear parabolic systems. The
unconditional stability of the general finite difference schemes with intrinsic parallelism
is justified in the sense of the continuous dependence of the discrete vector solution of
the difference schemes on the discrete data of the original problems in the discrete W2(2’1)
norms. Then the uniqueness of the discrete vector solution of this difference scheme follows
as the consequence of the stability.
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1. Introduction

1. In this paper we consider the boundary value problems for the two dimensional semilinear

parabolic systems of second order of the form
ur = A, y, 1) (Usa + uyy) + B(@,y,t,u)us + C(2,y,t,u)uy + f(z,y,t,u) (1)

where (z,y) € @ = (0,11) x (0,12), t € (0,T], and u(z,y,t) = (u1(z,y,t),u2(x,y,t), -, um(z,
y,t)) is a m—dimensional vector unknown function (m > 1); A(z,y,t), B(z,y,t,u) and C (z, v,
t, u) are given m X m matrix functions, and f(zx,y,t,u) is a m—dimensional vector function and
Uy = %, Uy = Z_Z’ Upy = %, Uyy = giy‘; and u; = % are the corresponding m—dimensional
vector derivatives of the m—dimensional unknown vector function u(z,y, t).

In the domain Q7 = Q x [0, T] the homogeneous boundary conditions and the initial condi-
tion for the system (1) are

u(z,y,t) =0, (r,y) €90Q,0<t<T, (2)
u(z,y,0) = p(z,y), (z,y) € Q. (3)

In [1]-]9] the general finite difference schemes with intrinsic parallelism for the linear and
quasilinear parabolic problems have been discussed. For the one-dimensional quasilinear parabolic
systems, in [8] some general difference schemes with intrinsic parallelism are constructed and
proved to be unconditional stable and convergent. For the two dimensional quasilinear parabolic
systems, in [9] some fundamental behaviors of general finite difference schemes with intrinsic
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parallelism are studied, i.e., the existence of the discrete vector solutions of the nonlinear dif-
ference system with intrinsic parallelism is proved, and the convergence of the discrete vector
solutions of the certain difference schemes with intrinsic parallelism to the unique generalized
solution of the original quasilinear parabolic problem is proved.

2. Difference Schemes with Intrinsic Parallelism

2. Divide the domain Qr = {0 < z < 11,0 <y < 15,0 < ¢ < T} into small grids by the
parallel planesz = 2; (1 =0,1,---,I),y =y; (j =0,1,---,J)and t =¢" (n =0,1,---,N) with
x; = thy, y; = jhe and t" = nr1, where Thy =, Jhy =l and N7 =T, 1,.J and N are integers
and hq, ho and 7 are the steplengths of grids. Denote h* = max(hi, ha) = h, h. = min(hq, hs).
Denote va = {vjli = 0,1,---,I;j = 0,1,---,J;n = 0,1,---, N} the m—dimensional discrete
vector function deﬁned on the discrete rectangular domain Qa = {(z;,y;,t")|i =0,1,---,1;j =
0,1,---,J;n=0,1,---, N} of the grid points.

Let us now construct the general difference schemes with intrinsic parallelism for the bound-
ary value problem (1), (2) and (3):
ot gy
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In this difference scheme, the expressions §°v!;, 6011%“, §Ovt ) and 8l Z’JH, oiv ZH can be
taken in the following manner. We can take
S0, n+1 _ n n+1 n+1 n+1
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such that the sum of coefficients equals to unit, that is
)\n alzg + :u’zja%] + Al]a:ﬁj + :u’zja4zj + a5lj + alz] + 042” + 043” + 044” + 045” =1
and the sum of the absolute value of these coefficients is uniformly bounded by any given
constant with respect to the indices 7, j and n. The coefficients are dependent on the indices i, j
and n, this means they are different for different layers and different grid points. This shows
that the choice of the coefficients has great degree of freedom.
For the expressions 6Lo%™" and 610%™, we can take for example as
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