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Admin

• Sit somewhere new

• Lab 2 is due tonight at midnight

• Lab 3 posted (due next Tuesday)



Outline for today

• Recap simple (i.e. p=1) linear regression

• Introduction to applied linear algebra

• Multiple linear regression

• Analytic solution to multiple linear regression
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Simple linear regression

• Model: ℎ𝑤 𝑥 = 𝑤0 +𝑤1𝑥 = ො𝑦

• Cost function:

𝐽(𝑤0, 𝑤1) =
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Vectors

• Vector magnitude

• Different ways to write a vector



Vector Addition



Vector Addition



Vector Addition



Vector Dot Product



Matrices

• Matrix addition (must be exactly the same 
dimension!)



Matrix Multiplication

• Inner dimensions must match

• If A.shape = (m, n) and B.shape = (n, p), then 
AB.shape = (m,p)

dot product of row 1 and col 1



Matrix Multiplication

• Inner dimensions must match

• If A.shape = (m, n) and B.shape = (n, p), then 
AB.shape = (m,p)

dot product of row 1 and col 2

af + bh



Matrix Multiplication
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Matrix Transpose

Useful note:



Matrix Inverse
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• Recap simple (i.e. p=1) linear regression

• Introduction to applied linear algebra

• Multiple linear regression

• Analytic solution to multiple linear regression



Lab 3: USA Housing data

X y



Multiple Linear Regression

• ො𝑦 = ℎ𝑤 Ԧ𝑥
= 𝑤0 +𝑤1𝑥1 +𝑤2𝑥2 +⋯+𝑤𝑝𝑥𝑝 = 𝑤 ∙ Ԧ𝑥

𝑋 =

1 𝑥11 𝑥12
1

𝑥13 ⋯ 𝑥1𝑝

⋮
1

• Goal: minimize cost function
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“fake” ones

𝑛 × (𝑝 + 1)
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• Recap simple (i.e. p=1) linear regression

• Introduction to applied linear algebra

• Multiple linear regression

• Analytic solution to multiple linear regression



Analytic solution to multiple linear regression

• 𝐽 𝑤 =
1

2
σ𝑖=1
𝑛 𝑦𝑖 − 𝑤 ∙ 𝑥𝑖

2 =
1

2
Ԧ𝑦 − 𝑋𝑤 ∙ Ԧ𝑦 − 𝑋𝑤

=
1

2
( Ԧ𝑦 ∙ Ԧ𝑦 − 2 Ԧ𝑦 ∙ 𝑋𝑤 + 𝑋𝑤 ∙ 𝑋𝑤)

• Take derivative and set to 0
𝜕𝐽

𝜕𝑤
= −𝑋𝑇 Ԧ𝑦 + (𝑋𝑇𝑋)𝑤 = 0

↔ 𝑋𝑇𝑋 𝑤 = 𝑋𝑇 Ԧ𝑦

↔ 𝑋𝑇𝑋 −1 𝑋𝑇𝑋 𝑤 = 𝑋𝑇𝑋 −1𝑋𝑇 Ԧ𝑦

↔ 𝑤 = 𝑋𝑇𝑋 −1𝑋𝑇 Ԧ𝑦 (Keep this formula and its 
interpretation in mind!)

Variance of X Covariance 
of X and Ԧ𝑦



Handout 5



Handout 5, #1



Handout 5

2. 𝑋 =
1 1
1 0

Ԧ𝑦 =
0
1

3. 𝑤 = 𝑋𝑇𝑋 −1𝑋𝑇 Ԧ𝑦

“fake” ones
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Same as before!


