
CSci 5304, F’19 Solution keys to some exercises from: Set 8

-1 Show that (I − βvvT )x = αe1 when v = x− αe1 and α = ±‖x‖2.

Solution: Equivalent to showing that

x− (βxTv)v = αe1 i.e., x− αe1 = (βxTv)v

but recall that v = x− αe1 so we need to show that

βxTv = 1 i.e., that
2

‖x− αe1‖22
(xTv) = 1

ä Denominator = ‖x‖22 + α2 − 2αeT1x = 2(‖x‖22 − αeT1x)

ä Numerator = 2xTv = 2xT (x− αe1) = 2(‖x‖22 − αxTe1)

Numerator/ Denominator = 1.

-2 Cost of Householder QR?
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Solution: Look at the algorithm: each step works in rectangle X(k : m, k : n). Step k :

twice 2(m− k + 1)(n− k + 1)

T (n) =
n∑
k=1

4(m− k + 1)(n− k + 1)

= 4
n∑
k=1

[(m− n) + (n− k + 1)](n− k + 1)

= 4[(m− n) ∗
n(n+ 1)

2
+
n(n+ 1)(2n+ 1)

6
]

≈ (m− n) ∗ 2n2 + 4n3/3

= 2mn2 −
2

3
n3
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