
Math 782 Hw6

due Tuesday 03/06/2018

1. Let

x =


1
4
7
4
4

 , e1 =


1
0
0
0
0

 .

(a) Determine a Householder matrix H = I − vvT/β that transforms x to a scalar
multiple of e1. You only need to provide the vector v and the scalar β.

(b) Compute the product Hx with your H.

2. Suppose A ∈ Fm×n has the full column rank (rank(A) = n). Prove A∗A has a Cholesky
factorization. That is, there exists an invertible upper triangular matrix R ∈ Fn×n such
that A∗A = R∗R.

Hint: Use a reduced QR factorization of A.

3. Suppose A ∈ Fm×n has the full column rank (rank(A) = n) and b ∈ Fm. Let

A = QR, Q =
[
Q̂ Q̃

]
, R =

[
R̂
0

]

be a full QR factorization of A, where Q is unitary, Q̂ ∈ Fm×n, and R̂ ∈ Fn×n is upper
triangular. Define [

b1
b2

]
:= Q∗b =

[
Q̂∗b

Q̃∗b

]
.

If x ∈ Fn is the solution to the least squares problem minx∈Fn ||b− Ax||2 and r = b−Ax,
Prove

(a) Ax = Q̂b1 and R̂x = b1

(b) r = Q̃b2 and ||r||2 = ||b2||2.
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