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Outline

- Least-Squares (LS) Formulation

- Formulation of Regression problem as Least-squares problem

- LS Geometric Interpretation

- LS Solution

- Regularized LS



Least-Squares
Formulation:



Least-Squares
Formulation:



Least-Squares
Formulation – Optimization Problem:



Least-Squares
Application: Linear Regression/Data Fitting in ML and Data Science

Here, PROCESS or 
SYSTEM refers to any 
underlying physical or 
logical phenomenon which 
maps our input data to our 
observed and noisy output 
data.
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In ML, this is Regression: Build a model for Quantitative Prediction on a continuous scale



Least-Squares
Application: Linear Regression/Data Fitting in ML and Data Science

Goal:
Given noisy observations, we need to 
estimate the unknown functional 
relationship as accurately as possible.
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First Step – Model Assumption

We assume there is an inherent but 
unknown relationship between input 
and output.
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Least-Squares
Application: Linear Regression/Data Fitting in ML and Data Science
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Second Step – Collect Data

𝐱

𝒚

First Data Sample: 𝑡 1 , 𝑦 1

Second Data Sample: 𝑡 2 , 𝑦 2

m−th Data Sample: 𝑡 𝑚 , 𝑦 𝑚

…

Training Data



Least-Squares
Application: Linear Regression/Data Fitting in ML and Data Science

Third Step – LS Problem Formulation



Least-Squares

Formulation – Geometric Interpretation:

Recap:



Least-Squares
Solution: Geometrically

We require:



Least-Squares
Solution: Verification

Proof:



Least-Squares
Summary:



Least-Squares
Regularization:

What if:


