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Numerical Linear Algebra – homework #02

Problem 1 (QR decomposition)

With the help of the Gram–Schmidt method we can determine for a matrix A ∈ Rm,n a (sparse) QR
decomposition A = QR, Q ∈ Rm,n, R ∈ Rn,n using the following algorithm:

Algorithm 1 Gram-Schmidt

1: for j = 1, 2, . . . do
2: q̃j = aj
3: for k = 1, 2, . . . , j − 1 do
4: rkj = qTk aj
5: q̃j = aj − rk,jqk
6: end for
7: rjj = ‖q̃j‖2
8: qj = q̃j/rjj
9: end for

a) Compute the QR decomposition of the matrix A =


1 1
1 2
1 2
1 5

 using the Gram–Schmidt method.

b) Implement the computation of a QR decomposition in Matlab or Octave using the Gram–
Schmidt method.

Problem 2 (Gaussian elimination)

We consider Gaussian elimination (GE), LU decomposition and pivoting for solving the linear system
Ax = b.

a) Explain how we can modify GE from the lecture notes such that the transformations Li can be
applied directly to the right-hand side b.

b) Implement GE without pivoting in MATLAB.

c) Let the following matrix be given:

A =

 3 17 10
2 4 −2
6 18 −12

 .
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Compute the factorization PA = LU and compare the results with the MATLAB’s lu routine.

Solve Ax = b with b=sum(A,2) with your implementation and compare the results with the
solution that was computed using MATLAB’s lu. For that you can use the norm of the residual
norm(b-Ax) or the error for both cases.

Repeat the experiment with a11 = 10−6. Explain your observation.
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