































































EE CS 16 B Module 3 Lecture 3

Announcements
0.25 EC point for each lecture you attend
for rest of the term

links eerslbb.org lecture ee

Last time

SYD A V EV
Full said construction justification algorithm

Compact S VD A U E VI

Today
Recap of SYD algorithm
Outer product SYD examples
Geometry of SVD

Applicator of SUD
Pseudo inverse
PCA Principal ComponentAnalysis

time permitting


































































SYD procedure for A UE VT

Compute S ATA

compute e vector of S as IN Coothonornd

Use this to populate the V matrix for the
SVD
Ht I correspond to positive e vals

Coffin Ae AE And

Form I Agt for Ai O

V ftp am
Gi Mi

where
M Omxin m g Gi Tai

8 1

on in

A VE VT SVD



LECTURE 21 : more SVD

Finding a SVD for A c- IRM
" (with rank -_r) from e.values/

erectors of :
←-

ATA C-Rn
✗^

AATERM✗M

claims 1-3 (last lecture) : → some claims can be

Evolvesof ATA are real adapted : real, nonnegative
and nonnegative . r of evolves, r of which are
them are strictly positive; strictly positive, renaming
the remaining n-r are zero. m-rare zero .

Steps : Find orthogonal step1 : Find orthogonal
matrix V diagonalizing matrix U C-Rm×m diagonalizing
ATA : AAT :

VTATAV=[
"
'

tho
nr

UTAATU =
"
"
a. m-r

1217127 - - -7Rr>0 Ri3227 - IN> 0

step2 : For each E-b. -r step2 : For each i=1 -n-r

pick ith column Ñi of ✓ (which pick ith column Ñi of UCwhich
is evectofo ATA foevalue is erector d-AAT for evolveRi) .
ri) . Let Let
5i=VRT , Ñi=1iAÑ . Ji -- VRT

, Ñ=1iÑÑi .
Which procedure to use ? Choose ATA or AAT based
on which one looks simpler for finding evolves/electors.
Ifmen , AAT Cmxm) is smaller than ATA Gin) and
may be preferable .

Example2 (from Lecture20) : A-- [-43+3] A-[44-3]
Lecture20 : ATA = [45-725] . Today : AAT-_[% fg]
































































Stn ofesVD
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9 Is the S XD of a matrix unique
A No

EI
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Ex A

1 2 4

ÉA L2
O É

IEEE 0 EEE

EIFFULL SYD
4x4

A E EEE
GE
EYrCiX4

was
COMPACT SYD


































































In EFFI

Erina
aA

Axn rented

Ava Ursa
General As Urgent

trankfA
Emin Mincompactform Yan Taher InSVD

1
A t

mgr
Yet

Rectangular Square

Aman A Van Umm X Emin

A
I i it o

a n
TT itnONtbas

N

tortaON basis fornullspaceofAW on basis

ON basifrien
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REVIEW OF MATRIX MULTIPLICATION

Two ways to interpret matrix multiplication

a
faba Bf tfg

First method

A B Rows 1011 Rows Cola

Row2 Col17 Row 2,612

a et by aft bh

c e t dg cftdh

Inner Products used to do matrix multiplication

In our ex 4 scalars corr to 4 innerproducts

of Rows of A with Columns of B


































































Alternate method

Take outer product of Columns of A with
Rows of B

af Bf t
CI A X RI B

AB f
Ce f

Ca
g h

Lae
af

ce af fig If

Ya Ya
a et by
c e tag If L as bef

Col I ofA Row 1 ofB Col28A Row28B

Can express AB as the sum of Rank 1 components

Each Rank 1 computation is a matrix


































































More generally

it It Vex

feat a t a

CI CZ Cz

Outer Product SYD C ermin
Rank r r

C V E XT

ftp.ii fio o fF

MY Ekrem É

É HE


































































C Got an ae or og
IE
É
TI

FI TETE
pm

It

rank of matrix of positive singularvalues

Outer product form of SVD is the most

efficient 4 compact for representation

c

TETE
compact SVD

no
unnecessaryC Egri E F representation

outer product SVD


















Geometric interpretation of the SVD

roof 1107112 405 QI EEEQI.no


































































Applications of the SVD

pseudo inverse Least Squares Min norm solus

Principal Component Analysis

A US VT full SVD

Suppose mots Esquire Full Rank

A is invertible

A U Fa at
a What is A in terms of

U E V

A At UE VT YE UT
So SVD makes inversion easy
If an inverse does not exist then a

pseudo inverse can be defined

Defy Given A ERM with ranks and SVD

A U for
Orexin a rut

mm
mm IE IIY.me

nxn

the Moore Penrose pseudoinverse of A is


































































Anim Yuan
Once e

EEY.ggg
3n
rUmIm

or equivalently

At Y EE v
xml Mxr exe html

compactform

É.IE
III It at outer product

form

EI Given A I 2

what is At pseudo inverse

A UE VTSolh im w me n

L 2

of UT I F L If 23

AI IF tsk 1

At Is


































































Remark If 9 18 953 has orthonormal

columns tha TQ eggs
at 83

Iffy find
8th Iiacqatar

gtfo
whether or not Q is square but QQ I only
when Q is square
EI Q

1
ta fi
905 8 8 I

9 What is the interpretation of QQ when

is not square

adapt MEEEE G E LEE
Ging t 877 q

jÉXqxq qaq Projection of e ontocolumnspace of Q byorthonormality ofqt qt

QQT I projects I onto Col 107


































































AAI VELIE'VE Url

AtA KEELE VI Valli

From A At is a projection onto Col Us Col A

From A At Col E Collab

Pseudo inverse Least Squares
my

Least Squares W SUD

Want to minimize 11AT 511 when men It
If ACA is invertbe then I CATATATE

what if CATA is not invertible

A Is At j

In fact is always valid
whether or not
ATA exists


































































Recall the minimizer Irs is such that

Ant is a

priedm.IEggmfeIME

É Axis AAty I Aty
Is AT ATTH

Let's verify 4 when ATA has full columnist
A man Uman Enxn In

A UrseYs A Use y
Eitan

HI VE UE ATA VENITE VT
V EE It

IT V EE y

AAJ AT NEE VINE UI VEIN
At

Of ATA ATP Atp


































































One has a similar story for pseudoinverse

and minimum noon for minimum energy
setting

I In
men n

A staywith
IT ATCAAT I
Exercise If ram full row rank then

verify that At ATCAAT

Summary If AI Ty where we

have men or m n or men

Atty always works

POWER OF SVD










