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Announcements

HW1 due Tuesday night (tonight)

Complete pre - course survey

Office Hours:
 Thursdays 2 - 4pm, Park 200D



Outline
Why are models useful?

Linear models

Fitting a linear model (one feature)

Model complexity and evaluation



Why are models useful?

Understand/explain/interpret the phenomena

Predict outcomes for future examples



What are the most important 
features?

Example by: Ameet Soni
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Linear Models
Features: Ԧ𝑥 (𝑥 if p= 1)

Output:  𝑦 ∈ ℝ

Model: ℎ𝑤 𝑥 = 𝑤0 + 𝑤1𝑥 = ො𝑦
Parameters: 𝑤 =

𝑤0

𝑤1

Goals:
Describe linear dependence
Predict output given new data

prediction

b m



Handout



Linear Models
How good is our model?

Residuals: 𝑦𝑖 − ො𝑦𝑖

predictiontruth

one example

σ𝑖=1
𝑛 (𝑦𝑖 − ො𝑦𝑖)2 

Goal: Find a model that minimizes SSE 

RSS: Residual sum of squares 

SSE: Sum of squared errors



Goals of fitting a linear model
1) Which of the features/explanatory 

variables/predictors (x) are associated with 
the response variable (y)?

2) What is the relationship between x and y?

3) Can we (accurately) predict y given a new 
x?

4) Is a linear model enough?



Example: predict sales from TV advertising 
budget

ISL: Figure 3.1



Linear model with 1 or 2 
features

p=1 p=2

x

y

Slide: modified from Jessica Wu

Original: Eric Eaton



Linear Regression
Output ( y) is continuous, not a discrete label

Learned model : linear function mapping input 
to output (a weight  for each feature + bias )

Goal : minimize the RSS  (residual sum of 
squares) or SSE  (sum of squared errors)
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Calculus Handout



Simple linear regression

Cost function

Goal

Partial derivatives



Simple linear regression derivation

Numerator: how 𝑥 and 𝑦 vary together

 

Denominator: how 𝑥varies



Variance – how much does X vary
𝑋 = 2, 3, 4, 5, 6  

How far is each value from the mean?
ҧ𝑥 = 4 

[−2, −1, 0, 1, 2] 

How far is in total are the values from the mean?
σ𝑖(𝑦𝑖− ത𝑦) = 0 

So we need to square the differences:



Covariance – do X & Y move together?
For every data point, ask if 𝑥 and 𝑦 on the same side  of their 
respective means?

(𝑥𝑖  > ҧ𝑥) and  (𝑦𝑖 > ത𝑦)

𝑥𝑖 𝑦𝑖 Product

Above mean Above mean

Below mean Below mean

Above mean Below mean

Below mean Above mean



Covariance – do X & Y move together?
For every data point, ask if 𝑥 and 𝑦 on the same side  of their 
respective means?

(𝑥𝑖  > ҧ𝑥) and  (𝑦𝑖 > ത𝑦)
𝑥𝑖 𝑦𝑖 Product

Above mean Above mean +

Below mean Below mean +

Above mean Below mean −

Below mean Above mean −







Slope of best-fit line



Handout 3



Goals of fitting a linear 
model
1) Which of the features/explanatory 

variables/predictors (x) are associated with 
the response variable (y)?

2) What is the relationship between x and y?

3) Can we (accurately) predict y given a new 
x?

4) Is a linear model enough?



Handout 3
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Maybe a linear model is not enough

ISL, Fig 2.9

test

train
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  y ∈ ℝ


   h   w →  ( x ) =  w 0 +  w 1 x =  y ^


   w → =  [      w 0    w 1 ]
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  X =  [  2 ,   3 ,   4 ,   5 ,   6 ]  


   x - = 4  


  [ − 2 ,   − 1 ,   0 ,   1 ,   2 ]  


   ∑ i    ( y i −  y - ) = 0


  x  


  y  


    ( x i   >  x - )   and   (  y i >  y - )
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