






Day 4 - Linear Regression 
 
Agenda:




Review: Supervised vs Unsupervised Learning
•
Regression vs Classification
•
Parametric Regression, Linear Regression
•
Least Squares Formulation
•
Solving Least Squares Formulation
•
Issues to Pay Attention To with Linear Regression
•
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Supervised Learning



Supervised vs Unsupervised Learning































Supervised Learning Pipeline



























Example of features and labels from the context of home prices:

















































Regression and Classification 




Regression: Predict a CONTINUOUS value/label/output based on features/inputs



Classification: Predict a DISCRETE/CATEGORICAL label based on features





Examples:



Regression: 


Determine the energy efficiency of a data center given cooling operational data
•









Determine the value a home will sell for given features of the home
•










Classification:


Given an image of a telephone phone, determine if there is rust on it
•













Given an image of a dog, determine what breed of dog it is.
•















Activity: Decide if these are regression problems or classification problems 
 

You are have a conveyer belt of cucumbers.  A photograph is taken and the cucumber is •
identified as either high, medium, or low quality.















You are given a resume of a person, and you predict the salary they will be offered for a job if •
hired.


















Activity: Would you approach the following task as a regression or a classification 
problem? 
 
 
The company Square has access to the financial transactions (on its platform) for a given 
company.  The company asks for a $2000 loan.  Square needs to decide if they will approve or 
deny the loan request.





















   
Classification:



Features: Account balances, recent 
financial transactions, other market 
conditions 

Training Labels: Did they repay loan 
(requested in the past) 



Predict:

Regression:



Features: Account balances, recent 
financial transactions, other market 
conditions 

Training Labels: Market valuation  OR 
account balance in two weeks




 



























Mathematically
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The parametric approach to regression 
 
 
With a parametric approach to regression, you assume the relationship of the input to 
output is given by a function, f, with unknown parameters.  This requires making modeling 
assumptions on f.









































Example of data model















Mathematically,
























I
unknown parameters

Consider XE IR y f X EIR of form

Y Bot B X Bat t Error

for unknown PoPi B2





Or perhaps we want a model that is not linear in its input:
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What is linear regression?



A linear regression problem is one where the response is linear in the model parameters. 
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Are the following models linear in their parameters? 
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Can you use linear regression to solve for the parameters of the following models?
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Least Squares Formulation for Linear Regression (for models that are linear wrt input) 
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Rewrite using vectors and matrices
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Least squares formulation for linear regression (with models linear in their input)



 
 
 
 
 
 
 
 
 
 
 
 
 
 
Solving the least squares formulation using vector calculus 
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When is X of rank d

If nd X is of ranken

Need more data points

than parameters to get a unique
0

If any features are duplicates

for linear combinations of each

other X is of rank d

Need to remove dependent

features to use formula above









Other ways to solve least squares formulation for linear regression 




Use a computer package such as TensorFlow or PyTorch to run Gradient Descent down the 
objective.
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Least Squares Formulation for Linear Regression (for a general model)
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Things that can go wrong:  Underfitting and Overfitting































































Other topics:  
 
What happens when there is fewer data than features? 
 
 
 
 
 
 
 
 
 
 

Underfitting

Ei

X

y overfitting

Ei

x



 
 
 
 
How do you deal with categorical features? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Be careful about whether you want to view your problem as a prediction task


