
Worksheet 3 Numerical Analysis Spring 2023

Name: NetID:

Name: NetID:

Name: NetID:

Name: NetID:

Work in groups of at least 2 and at most 4.

Problem 1. Write down code to solve a general upper triangular linear system

⎡
⎢⎢⎢
⎣

𝑢1,1 𝑢1,2 ⋯ 𝑢1,𝑛
𝑢2,2 ⋯ 𝑢2,𝑛

⋱ ⋮
𝑢𝑛,𝑛

⎤
⎥⎥⎥
⎦

⎡
⎢⎢⎢
⎣

𝑥1
𝑥2
⋮

𝑥𝑛

⎤
⎥⎥⎥
⎦

=
⎡
⎢⎢⎢
⎣

𝑏1
𝑏2
⋮

𝑏𝑛

⎤
⎥⎥⎥
⎦

Howmanyfloating point operations are required byyour algorithm?
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Problem 2. Suppose for 𝑛 × 𝑛matrices𝐀, 𝐁we compute 𝐂 = 𝐀𝐁 by

[𝐂]𝑖,𝑗 =
𝑛

∑
𝑘=1

[𝐀]𝑖,𝑘[𝐁]𝑘,𝑗, 𝑖, 𝑗 = 1, 2, … , 𝑛.

Howmanyfloating point operations does this take? Forwhat𝜔 is this𝑂(𝑛𝜔)?

Problem 3. Show 10𝑛 log(log(𝑛)) = 𝑂(𝑛 log(𝑛)). How big does 𝑛 need to be so that

10𝑛 log(log(𝑛)) < 𝑛 log(𝑛)?
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Problem 4. Define,

𝐀 =
⎡
⎢⎢⎢
⎣

3 4 1 −8
6 5 2 −28
3 2 −8 −13

−12 −15 −4 48

⎤
⎥⎥⎥
⎦

, 𝐛 =
⎡
⎢⎢⎢
⎣

−10
−26
−38
54

⎤
⎥⎥⎥
⎦

Wewant to find 𝐱 so that𝐀𝐱 = 𝐛. Supposewe have

𝐋 =
⎡
⎢⎢⎢
⎣

1 0 0 0
2 −3 0 0
1 −2 3 0
−4 1 0 4

⎤
⎥⎥⎥
⎦

, 𝐔 =
⎡
⎢⎢⎢
⎣

3 4 1 −8
0 1 0 4
0 0 −3 1
0 0 0 3

⎤
⎥⎥⎥
⎦

Verify𝐀 = 𝐋𝐔

Use this fact to solve𝐀𝐱 = 𝐛.
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Problem 5. Define,

𝐀 =
⎡
⎢⎢⎢
⎣

1 5 7 8
1 −1 1 6
1 5 5 −2
1 −1 −1 4

⎤
⎥⎥⎥
⎦

, 𝐛 =
⎡
⎢⎢⎢
⎣

−18
−90
−69
138

⎤
⎥⎥⎥
⎦

Wewant to find 𝐱 so that𝐀𝐱 = 𝐛. Supposewe have

𝐐 = 1
2

⎡
⎢⎢⎢
⎣

1 1 1 1
1 −1 1 −1
1 1 −1 −1
1 −1 −1 1

⎤
⎥⎥⎥
⎦

, 𝐑 =
⎡
⎢⎢⎢
⎣

2 4 6 8
0 6 6 −2
0 0 2 6
0 0 0 4

⎤
⎥⎥⎥
⎦

Verify𝐀 = 𝐐𝐑

What is𝐐T𝐐? What does this tell you about𝐐−1?

Use these facts to solve𝐀𝐱 = 𝐛.
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