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Principal component analysis (PCA)
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PCA derivation: 2D to 1D
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PCA visualization

For example, we can take several 16 x 16 images of the
digit 2 and project them to 2D. The images can be written
as vectors with 256 entries. We then from the matrix A €
R"*%% carry out the SVD and truncate it to & = 2. Then
the components U3 are 2 vectors with n data entries. We
can plot these 2D points on the screen to visualize the data.
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PCA In python

>>> U, S, V = svd(A)

>>> k = 2

>>> 7 = dot (U[:, k], eye(k) » S[:k])
>>> figure (1)

>>> plot(Z[:,0], Z2[:,1], "ro")

>>> grid()

PCA as orthogonal reconstruction
data matrix X € R"xd
basis vectors w, € R1xd ~ "\

scores z; € R "X =2

we minimize the average reconstruction error:

1 n 1 n |kA v/ Li*
J(W.Z) = 521 Ix; = %|]” = ﬁ; Ix; =z W = |X — ZW|[3.

subject to the constraint that W € R'™“ has orthonormal bases w;.




Standardize the data first!
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The first component
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min reconstruction = max variance
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Variance of projections
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impose the constraint ||wq|| =1
maximize the following objective:

j(wl) — Wlflwtf + A (1 —wywi )

Lagrange multiplier A\,




Spectral analysis
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Hidéen units, coefficients, features

scores z; € R'¥!

data matrix X € R**4




PCA bases for image patches

B*,C* =argmin||X - BC|j} + \|C|,
B,C

st bylB=1. v

Schrodinger’s eguation
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Bohr-de Broglie electron matterwave orbits
shells 1-5
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