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Programming

Exercise 1 (3 points). Implement the Jacobi solver for linear systems of the form

Ax = b.

You may require A to be symmetric (check this condition in your code!). Make sure
to verify that ‖D−1(A−D)‖ < 1 by computing the eigenvalue of largest magnitude.

Generate an exemplary linear system, run your algorithm, and plot the decay of
the residual ‖Axk − b‖2.

Exercise 2 (5 points). Implement the conjugate gradient (CG) method for linear
systems of the form

Ax = b,

with A being symmetric positive de�nite (which you should check in your code).
Generate an exemplary linear system to which both, CG and the Jacobi method,

are applicable. Run both algorithms and compare the decay of the residual ‖Axk −
b‖2, as well as the decay of 1

2
〈x,Ax〉 − 〈x, b〉.

Exercise 3 (2 bonus points). Generate a linear operator A by setting
k = fspecial('gaussian',5,2);
C = @(x)imfilter(x, k, 'circular');
A = @(x)C(C(x));
Use the ability of the conjugate gradient method to solve systems matrix free:

Generate a blurry image f by applying A to a clean image. Now solve Ax = C(f)
as the least-squares solution for determining a sharp image.
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