
 

The Singular Value Decomposition
Capstone of the class Fundamental application of linear
algebra to data analysis among other things
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SVD will let you write any matrix in the form
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Upshot A rank 1 matrix encodes data points f the columns
that Ire on a line
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Plot the columns code of E
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Upshots A rank 2 matrix encodes data points that line on
the plane Span a as

But 1113111 HE3 11 so the East direction is less
important
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Tr Z l I 2 I 3 2 to one decimal place
be've extracted important information our data points Columns
almost lie on a line

Applications

Data compression 7 numbers insteadof 10 far 2 5 matrix
Data analysis ENDwill reveal all linear almostrelations

amongdata points
Statistics RA moelless important correlations
Quantum computing
etc



Outer Product Version

Thm SVD LetA be an mxn matrix of rankon Therethere
exist 92 Zor and orthonormal sets
um ur in IR and u our in IR such that
A Quirt quiet t tour VI

Def the a are the singularvalues of A
The ai are left singular vectors of A
The ur are rightsingularvectors of A

Compare for symmetric 9 we had
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Insta eigenvalues q ga
orthonormal eigenbasis
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So the singularvectors are related by
Avo a Ui In particular Hawke

NB Ako v att tamar is the SVD of At
So A At have the same

singular values singularvectors switch right left
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In particular ATui a vis so
ATAur At laUi aAtui of Vi
AATur Alavi Avi a v

This shows
v rr are orthonormal eigenvectors of ATA

with eigenvalues ai or

us ur are orthonormal eigenvectors of AAt
with eigenvalues ai or

Naive Schoolbook Procedure to Compute SVD
Let A be an mxn matrix of rank r
1 Compute the nonzero eigenvalues of ATA

Tis his r 0 counted w multiplicity
automatically r of them they're positive

2 Compute orthonormal bases of eigenspaces of ATA vs

orthonormal set us ur st Atari diva forall i
3 Let a exit and ui o Avi Then u art is
orthonormal and
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