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ORDINARY LEAST SQUARES (D-DIMENSIONS)

                                                                                                                      http://www.cs.cornell.edu/courses/cs4758/2013sp/materials/cs4758-lin-regression.pdf

• ASSUME 𝑥 ∈ ℝ𝑑, 𝑦 ∈ ℝ

• INSTEAD OF A LINE, 
WE NEED TO FIT A HYPERPLANE!

• WHY ARE THE LINES VERTICAL?

• ANY DIFFERENT IF WE MINIMIZE THE

DISTANCE TO THE HYPERPLANE?

HTTP://WWW.CS.CORNELL.EDU/COURSES/CS4758/2013SP/MATERIALS/CS4758-LIN-REGRESSION.PDF

http://www.cs.cornell.edu/courses/cs4758/2013sp/materials/cs4758-lin-regression.pdf


MATRIX FORM OLS

• Δ =
Δ1

…
Δ𝑛

=
𝑥1

1 ⋯ 𝑥𝑑
1

⋮ ⋱ ⋮
𝑥1

𝑛 ⋯ 𝑥𝑑
𝑛

𝑤1

…
𝑤𝑑

−
𝑦1

…
𝑦𝑛

MIN
𝑊∈ℝ𝑑×1

෍

𝑖=1

𝑛

Δ𝑖
2 = MIN

𝑊∈ℝ𝑑×1
< Δ, Δ > = MIN

𝑊∈ℝ𝑑×1
Δ 2

2

𝒎𝒊𝒏
𝑾∈ℝ𝒅×𝟏

‖𝑿𝑾 − 𝒀‖𝟐
𝟐



TAKING THE “DERIVATIVE”

• REAL-VALUED FUNCTION OF A VECTOR

GRADIENT:

• VECTOR-VALUED FUNCTION OF A VECTOR

JACOBIAN:



MATRIX/VECTOR CALCULUS

• 𝑢, 𝑣 ∈ 𝑅𝑛

• 𝑔 𝑢 = 𝑢𝑇𝑣

• ∇𝑢(𝑔)=



MATRIX/VECTOR CALCULUS

• 𝐴 ∈ 𝑅𝑚×𝑛, 𝑢 ∈ 𝑅𝑛

• 𝑔 𝑢 = 𝐴𝑢

• ∇𝑢(𝑔)=



MATRIX/VECTOR CALCULUS

• 𝐴 ∈ 𝑅𝑚×𝑛, 𝑢 ∈ 𝑅𝑛

• 𝑔 𝑢 = 𝑢𝑇𝐴 𝑢

• ∇𝑢(𝑔)=





SOLVING OLS
f(W) = 𝑚𝑖𝑛
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2
.         WHAT IS ∇𝑓?





SOLVING OLS

𝑊𝐿𝑆 = 𝑋𝑇𝑋 −1𝑋𝑇𝑌

• DEGENERATE CASE WHEN 𝑋𝑇𝑋 IS NOT INVERTIBLE?



BIAS/INTERCEPT TERM

• WE ARE MISSING THE BIAS TERM (W0)
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• MATRIX FORM WITH THE BIAS TERM? 
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EXAMPLE



BIAS/INTERCEPT TERM

• ADD A NEW AUXILIARY DIMENSION TO THE DATA
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• 𝑤0 WILL BE THE BIAS TERM! 



SOME EXAMPLES

• OLS NOTEBOOK


	Slide 1: Introduction to  machine learning COMPSCI 4ML3
	Slide 2: Ordinary Least Squares (d-dimensions)
	Slide 5: Matrix Form OLS
	Slide 6: Taking the “derivative”
	Slide 7: Matrix/vector calculus
	Slide 8: Matrix/vector calculus
	Slide 9: Matrix/vector calculus
	Slide 10
	Slide 11: SOLVING OLS
	Slide 12
	Slide 13: SOLVING OLS
	Slide 14: Bias/Intercept Term
	Slide 15: Example
	Slide 16: BIAS/Intercept TERM
	Slide 17: Some examples

