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Outline

* Diagonalization can only apply on some square
matrices.

* Singular value decomposition (SVD) can apply on
any matrix.

* Reference: Chapter 7.7
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* Any m X n matrix A
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If Ais a mxn matrix, and B is a n x k matrix.

Rank(AB) < min(Rank(A), Rank(B))
If B is a matrix of rank n, then Rank(AB) = Rank(A)
If A is a matrix of rank n, then Rank(AB) = Rank(B)



SVD

* Any m X n matrix A
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* Any m X n matrix A
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What is the rank of A’?
mXxn m x (k-1) (k-1) x (k-1) (k-1) x n
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A’ is the rank k-1 matrix minimizing [|A — A’||
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Low rank approximation using the
singular value decomposition

https://www.youtube.com/watch?v=pAiVb7gWUrM



https://www.youtube.com/watch?v=fKVRSbFKnEw
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A is an mXn matrix of rank k.
There exist: Orthonormal basis {v{,v,, -, v,,} for R"

Orthonormal basis {u,, u,, -, u,,} for R™
0, =0, = =0, >0

Avi _ {O'iui, lfl <i<k

0, I >k
Alvy ... vu] =[oqnu; ... O]
vV m X n
mxm o, 0 O
=[u . uUpllo - 0
U L0 0 O
)

AV = UX A=UxVT



A is an mXn matrix of rank k.

AT A is symmetric

AT A is positive semidefinite

vIATAv = (Av)T Av
= Av-Av = ||Av||? =0

Rank(ATA) = Rank(4)
Nullity(ATA) = Nullity(4)
Null(ATA) = Null(4A)

AT A = nxn matrix

Matrix B is positive semidefinite

If v'Bv >0 Foreveryv

Non-negative eigenvalues:
v Bv = vT (Av)

=Aw||* =0 = 1=0

ATAv =0
vIATAY =0
|Av||* =0

Av =0
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{uy,u,, -+, uy} are orthonormal =» Orthonormal basis {u, u,, -, u,,}



Thank, You for Your Attention



https://www.youtube.com/watch?v=R9UoFyqJca8




