
A New Decomposition of Matrices

ur+1, ..., um is an orthonormal basis of N(AT ) (since
N(AAT ) = N(AT ))

v1, ..., vr is an orthonormal basis of C (AT )

vr+1, ..., un is an orthonormal basis of N(A) (since N(ATA) = N(A))

Wow! Orthonormal bases everywhere!

Given any vector in Rn we can write

v = x1v1 + · · ·+ xnvn = V

 x1
...
xn

 where xi = (vi , v) = vTi v

Then

Av = (UΣV T )V︸ ︷︷ ︸
I

 x1
...
xn

 = UΣ

 x1
...
xn
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