































































HW 2 out

Recap Due 10 30 2

Real Spectral Thm re V V y y

o n basis of eigenvectors V Un

le v Xi Vi x EIR

Rayleigh Quotients Rp Iv v pA
v v3

1 11 Run Xn Raw

Positive semi definite operators Self adjoint up V V

Rep v7 0 V 0

X I An 0

y α α for some α V V

























































Singular Value Decomposition SYD

4 V V self adjoint Real Spectral Theorem
Orthonormal eigenbasis
Rayleigh quotients

what about general 6 V IN

🙂

🤷



Extending to other transformations
Let q V IN be any linear transformation Then

4 6 V V and yy W Kl
ette 1

are self adjoint positive semi definite linear operators
with the same non zero eigenvalues

Ioof 4 4 V X v 64 4 v X.pk
for v70

Also yful 0 since 6 4107 X v 0 A 0 v40

i plu is an eigenvector of 467

Similarly for 44 V 7 v p V is an eigenvector
of 6 4



Orthonormal eigenvectors

Let 6 4 V V have non zero eigenvalues 6,23 Get 0

with orthonormal eigenvectors V Va

Then Wi
Lg for ie a

are orthonormal eigenvectors of py W IN with
same eigenvalues 6 s 6m 0

roof 44 nil 4 Fy Vi G Gini G Wi

Wi ing
g

unit ecg Ig fervil Vj

hi y
fig
o w

Ex Let Vx v V 1 4 6 v X V3 w e IN 64 w X w

For all X 0 dim Vx dim Nx



Understanding the action of 4

6 V IN
dimful n d.im W m

ye
o n basis rank e

of eigenvers

ee

t

iii
yn m

E.tv up G Wi

van 0 Gyumri 11
Van Ey Nate
Vari 0 0

Ici EE a wit ri pas Ecevit.mil t.EE ii
in Écj ing I kin Wy Wj Y d kW wi 6 Vi

EI i



Outer Products

For V E Y WE IN let tiny Tvl denote the following
linear transformation from V to IN

Iw v1 u v u W

Then 6 Y W with singular values vectors

G G V1 Ver
kel Wa

can be written as singular values

4 III Fee
est singular vectors

night singular vectors

6cal If Gi Evi u Wi



SYD practice

Ex Prove that rank IV WI 1

Ex Prove that 4 If Ivitewit

Ex Prove that mankly rank 4 9

Ex For self adjoint 6 V Y with

eigenvalues X An
orthonormal eigenvectors V Vn

Prove that y It Xilvivil



SVD for matrices

A E G'M A

en en

Y vn Wi A i

twisevil u vi u Wi zig U

A or wi v.tt



SVD matrix form

A
6 62 6970

en em
Vn we Wm

a ftp ly l
ioumnsbofno.in

basis

ftp.t
tofiiiem

A
vi

O O

Unitary matrices
vi


