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Let A be an Mxn nonzeromatrix

Then ATA is non and symmetric
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X Xn corresponding eigrals
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Let w̅ In be orthonormal eigrects

corresponding to Xi In Matthonormal

Then AT Air is an orthogonal basis

for ColA so rank A r
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AT Atr is an orthogonal set
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So AT Atr is an orthogonal basis

for H Span AT Air Need to show

H Col A

Each AVie ColA so H C ColA
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Since I was arbitrary this shows ColA CH

Combined with H C ColA we get H Col A

Thaethesingulavaluedecomposition

Let A be In with rank
r so that r min min

Let a or be the first r singular values
of A

so that 0 02 or 0

Let Σ be the men matrix
defined by
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the singular value

decomposition SVD of A



The columns of U are called the

leftsingulavestorsofA
The columns of are called the

ng ngulajsfafnt.tn Proof tells us how
to solve SVD problems
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basis for Col A in IRM

Normalize Ti it AT
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so that both U and V are orthogonal matrices

Check that this works
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On the other hand

US U re over 0 0

o UE order 0 0
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Ext Find a SVD of
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Follow the steps in theorem and proof

Start w theorem



Find the eigenvalues and singular
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eigrals of
AA
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in dear

order
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Extend ñ to an orthonormal basis for 1123

How do I do this
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not in Span a 023 then we use Gram
Schmidt
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Want w̅2 w̅ orthogonal to w̅ i e
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