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Motivating Example: Data Visualization
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Difficult to see the correlations of different features

53 blood and urine samples 

(features) from 65 people



Motivating Example: Data Visualization
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A Solution: Dimension Reduction



Another Example: Dimension Reduction for Text
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Bag-of-Words Representations 
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Each document is an Instance

Each word is a feature



Term-Document Data MatrixïBag-of-words
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Solution: 

Dimension 

Reduction

é Many more features

https://en.wikipedia.org/wiki/Document-term_matrix
Bag-of-words


What is Dimension Reduction?
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Applications of Dimension Reduction
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PCA: Dimension Reduction by Capturing Variation
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Capturing Variation in Data
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Two Equivalent Perspectives of PCA
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Formulating the Problem
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We constrain the norm of w to be 

equal to one to avoid having very 

large variance in each new 

dimension. 
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in new feature space
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An Optimization Problem
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Equivalence to The Eigenvalue Problem
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Eigen-Value Problem
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C is also a positive semidefinite matrix

Ὠ: dimension
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https://en.wikipedia.org/wiki/Eigenvalues_and_eigenvectors
https://en.wikipedia.org/wiki/Definiteness_of_a_matrix


Eigenvalues and Eigenvectors
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