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БГУ – столетняя история успеха

Numerical experiments
The purpose of the experiment is to verify accuracy and stability properties of the stabilised Adams-type 

methods constructed above. We also display results of the classic implicit Adams methods of corresponding or-
ders, which have longer stability intervals than their classical explicit counterparts. In all our experiments we use 
constant step size and reference solutions computed by Wolfram Mathematica’ s NDSolve. The starting points 
were taken from this reference solution. For each method we perform a series of constant-step integrations with 
decreasing step size t and calculate the maximum norm of the error at the endpoint. Missing points on the con-
vergence diagrams mean that the error is too large due to instability of the method for the particular value of t.

HIRES. This is a classical mildly stiff test system of dimension 8 describing a chemical reaction (see 
[1, chapter IV.10, formula (10.4)]). All equations except the 6 th and 7 th are linear. The interval of integration 
is [0, 40]. Figure 3, a, shows the performance of the 6-step stabilised methods of orders 1– 6 and the implicit 
method of order 6. We see that the results agree well with common sense: more accurate methods have shorter 
stability intervals. Then we compare methods of order 5 and display the results at fig. 3, b, where we took k 
from 9 to 15 in order to get larger stability intervals than the implicit method have. There is clear evidence that 
methods with larger k have larger error constants. We do not show the results of the damped first order method, 
since the difference compared to the simple non-damped methods is negligible for this test problem.

Burgers’ equation. The second problem is taken from [5]. Consider a method of lines discretisation of the 
one-dimensional non-linear boundary value problem
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The spatial derivatives are approximated by standard central finite differences, the discretisation step is 

D =x 1

501
, so the dimension of the resulting ordinary differential equation is 500. The Jacobi matrix of this 

problem is not symmetric and complex eigenvalues occur for sufficiently small values of m. We took m = 0.005 for 
which this is not the  case at the starting point, but apparently non-real eigenvalues do emerge during integration.

Fig. 3. Numerical experiment with HIRES problem. 
Six-step stabilised methods and implicit Adams method of order 6 (a). 

Stabilised methods of order 5 and implicit Adams method of the same order (b)




