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Dimensionality Reduction

* First example of unsupervised learning!

* Learn a mapping from high-dimensional visible space X to a low-
dimensional latent space z

* Notation:
< Input data x with dimensionality n

< Latent space z with dimensionality k
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Data Representation vs Data Classification

* Data Representation: Project data
to lower dimensional space that
most accurately represents the
original data, e.g., PCA projects in
directions of maximum variance

* Data Classification: Project data to
a low dimensional space that
preserves structure useful for
classification, e.g., Fisher’s LDA!
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Kevin Murphy, “Probabilistic Machine Learning: An Introduction”, 2022
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Principal Component Analysis (PCA)

* Simplest and most widely used dimensionality reduction techniques

* Key Idea: Find linear and orthogonal projection directions of the high
dimensional X to a low-dimensional, “good representation” z

* What 1s a “good representation”?
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PCA — Example (1)

Kevin Murphy, “Probabilistic Machine
Learning”, 2022
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PCA — Example (2)
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Figure 20.3: a) Some randomly chosen 64 x 64 pizel tmages from the Olivetti face database. (b) The mean
and the first three PCA components represented as images. Generated by code.probml.ai/bookl/20.5.

Kevin Murphy, “Probabilistic Machine
Learning”, 2022
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PCA — Problem Setup




PCA — Constrained Optimization

* Can solve equality constrained problems by forming a Lagrangian

min £(6) s.t. cice(6) =0 = L(6,))=L(6) + > e
icE
° At stationary point: L£(60,\) =0 Lagmnge\mu liplier 2

* Example on optimizing quadratic forms: for m constraints

max xTAx st [[x|[5=1 = L) =xTAx+ \(1—-xTx)
xXCcIR™
Optimal x* to min/max
VX,C(X, )\) =2ATx -2Xx =0 — Ax = \x quadratic forms are
eigenvectors of A
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PCA — Why Max Variance?
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PCA — Finding 15t Component




PCA — Finding 2" Component




PCA — Other Pointers

* PCA i1s a linear transformation that acts like a coordinate rotation

* Choose k based on a metric known as fraction of variance explained:

o Variance Retained by PCs Z§:1 Aj € 10.1]
“ " Total Variance in Data  tr(%) ’

* Usually go for about 95% captured by first k components
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PCA — Minimum Reconstruction Error
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PCA — Use-Cases

x € R = z € R™ where m < d xR z¢ p°

Useful for: Beware:
* Compression (remove redundancies) ¢ Lossy transformation
* Visualization * Prevent overfitting?
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Coding Break
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Concluding Remarks

* Introduced our first unsupervised learning algorithm: PCA
* Look at “pca example.py” Python or corresponding Matlab script

* And Jupyter notebook comparing against MSE reconstruction:

https://github.com/mazrk7/EECE5644 IntroMLPR LectureCode/blob/main/notebook
s/unsupervised learning/pca_dim_reduction.ipynb

* Check out additional notes uploaded on Canvas
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https://github.com/mazrk7/EECE5644_IntroMLPR_LectureCode/blob/main/notebooks/unsupervised_learning/pca_dim_reduction.ipynb
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