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Dimensionality Reduction I – Roadmap
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Dimensionality Reduction I  – Textbook
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Dimensionality Reduction I – Overview (1/3)

https://tinystats.github.io/teacups-giraffes-and-statistics/04_variance.html 

How do we measure data variability?
Range = difference between the highest and lowest values
Variance = average of squared distances from the mean

https://tinystats.github.io/teacups-giraffes-and-statistics/04_variance.html
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Dimensionality Reduction I – Overview (2/3)

Credit: Jo Grundy
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Dimensionality Reduction I – Overview (3/3)

https://biddypuffdiddy.wordpress.com 

https://biddypuffdiddy.wordpress.com/
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o LO1: Compute basic statistics such as variance and covariance over 
the given data (exam)

o LO2: Understand the key ideas and steps of PCA using EVD, SVD and 
truncated SVD (exam).

o LO3: Implement the PCA algorithm for dimensionality reduction 
(coursework)

Dimensionality Reduction I – Learning Outcomes

Assessment hints: Multi-choice Questions (single answer: concepts, calculation etc)

o Textbook Exercises: textbooks (Programming + Mining) 
o Other Exercises: https://www-users.cse.umn.edu/~kumar001/dmbook/sol.pdf
o ChatGPT or other AI-based techs 

https://www-users.cse.umn.edu/~kumar001/dmbook/sol.pdf
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Dimensionality Reduction I - Introduction

Credit: Jo Grundy
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Dimensionality Reduction I - Expectation

Credit: Jo Grundy
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Dimensionality Reduction I - Variance

Credit: Jo Grundy
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Dimensionality Reduction I - Covariance

Credit: Jo Grundy
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Dimensionality Reduction I - Covariance

Credit: Jo Grundy, Jon Hare
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Dimensionality Reduction I - Covariance

Mean Centering = subtract the mean of all the vectors from each vector
This gives centered data, with mean at the origin

2D Covariance:

Credit: Jo Grundy
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Dimensionality Reduction I - Covariance

Mean Centering = subtract the mean of all the vectors from each vector
This gives centered data, with mean at the origin

2D Covariance:

𝐶 𝑋 = 𝟏
𝒏
∑#$%
& 𝑋# − 𝜇 ' 𝑋# − 𝜇 , 𝑤ℎ𝑒𝑟𝑒 𝑋# = 𝑋#%, … , 𝑋#(  is 

uncentred data, 𝜇 = [𝜇#%, … , 𝜇#(].
d-D Covariance:

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19 

Credit: Jo Grundy

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19
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Dimensionality Reduction I - Covariance

𝐶 𝑋 = 𝟏
𝒏
∑#$%& 𝑋# − 𝜇 ' 𝑋# − 𝜇 , 𝑤ℎ𝑒𝑟𝑒 𝑋# = 𝑋#%, … , 𝑋#(  is 

uncentred data, 𝜇 = [𝜇#%, … , 𝜇#(].
d-D Covariance:

, where 𝑥#)= 𝑋#) − 𝜇#)

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19 

Credit: Jo Grundy

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19
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Dimensionality Reduction I – Basis Set

Credit: Jo Grundy
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Dimensionality Reduction I – Basis Set

Credit: Jo Grundy
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Dimensionality Reduction I – Basis Set

Credit: Jo Grundy
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Dimensionality Reduction I – Basis Set

Credit: Jo Grundy
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Dimensionality Reduction I – Basis Set

Credit: Jo Grundy, Jon Hare
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Dimensionality Reduction I – PCA

Credit: Jo Grundy
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Dimensionality Reduction I – PCA

Credit: Jo Grundy
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Dimensionality Reduction I – PCA

Credit: Jo Grundy
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Dimensionality Reduction I - PCA

Credit: Jo Grundy
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Dimensionality Reduction I – PCA

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19 

Credit: Jo Grundy

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19
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Dimensionality Reduction I – PCA

Credit: Jo Grundy, Jon Hare
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Dimensionality Reduction I – SVD

Credit: Jo Grundy
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Dimensionality Reduction I – SVD

Credit: Jo Grundy
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Dimensionality Reduction I – SVD

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19 

Credit: Jo Grundy

https://github.com/zhiwu-huang/Data-Mining-Demo-Code-18-19
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Dimensionality Reduction I – SVD

Credit: Jo Grundy
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Dimensionality Reduction I – Truncated SVD

Credit: Jo Grundy
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Dimensionality Reduction I – Truncated SVD

Credit: Jo Grundy
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Dimensionality Reduction I – Summary

Credit: Jo Grundy


