MATH46052|66052 Computational Exercises 111

Numerical solutions to general diffusion problems with Dirichlet boundary con-
ditions can be generated using the T-IFISS software package.

1. The worked example in the lectures can be computed by running the
script file test_diff. After running this script the solution vector is given
by x_gal. You might find it useful to compare the sparsity structure of
the matrices A (without Dirichlet boundary conditions imposed) and Agal
(the actual Galerkin matrix for this problem). Are either of these matrices
singular?

The aim of the first exercise is to reproduce the results in the table of esti-
mated errors on p. 23 of the lecture notes. The estimates |lup| £ in the first
row of the table can be generated by running the driver diff_testproblem
and choosing problem 4 with the grid parameter set to 3 (not 4) with the
approximation method chosen appropriately. Once you have generated
a finite element solution, the discrete energy ||u| g can be computed by
simply typing energy = sqrt(x_gal’*fgal); format long, energy

Using linear approximation the estimated energy error n should be equal
to 1.3080e-01. A plot of the computed P; solution and associated es-
timated error can be highlighted by typing figure(101), shg. Using
quadratic approximation the estimated energy error 7 should be equal to
3.4800e-02. A plot of the computed P, solution and associated estimated
error is then given by typing figure(102), shg.

You might like to generate a table comparing the reference energy errors
||leret|| z With the estimated errors n. In the process, you should see that
the T-IFISS built-in error estimation gives extremely accurate results!

2. The aim of the second exercise is to assess the effectiveness of the adap-
tive refinement strategy that is built into T-IFISS. The problem is to
solve Laplace’s equation on the same L-shaped region with a quadratic
temperature profile v = (1 — 22) specified everywhere on the boundary.

The test problem can be set up in T-IFISS by setting tolerance=5e-3
and then running the driver Run8DigitChallenge. A plot of the com-
puted Ps solution and associated estimated error is then given by typing
figure(4), shg.

You should discover that the adaptive algorithm converges in 15 steps
and that the number of vertices (degrees of freedom) on the final mesh
that is shown in figure(4) is 1901. The strong singularity at the origin
and the weak singularities at the five corners can be readily identified.
The observed O(N~1) error reduction matches the (best approximation)
convergence rate that would be expected if we were to solve a H3-regular
problem on a sequence of uniformly refined meshes.



