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LECTURE 13

- SVD w a maliix facfa'ra')wt‘faw
thol o wneful for many a.ﬂp.&'cal‘»'aw,
e.§., ALorch engined , LS protlewa,
‘l‘omo(j‘raph'c cmase recomshuclion -~

- SVD com be o concepual Lrf
i~ Ureon aﬂjem
2 via SVD, W Coan szok'.
* o Qvem malwx o neon Sn'nsu.(o.\f
. rowmbk. (rg the maladl x

etec .

- 3o rumevically stable olgarithe
to tompuke the SVD of a_j;‘m
modre X (it’s expensive thowgh .. )

In fuk , one of the fuftesl Hoprica
o Mimericall Lineon aﬂ5eb¢a <4
how to Compide a oo approximatiom
fo the SVD' of a Buge matrix fast!

R A Geomelwc Obsevvution
Let A € R™", omd comsider
bow A maps am cnput vedor vw IR
170 am outfur vector v IR™,

144
The Cmoﬂe.aﬁ the wnt sphe,re under
oy M x m malwX v A 'ﬁgpere”/p.s'a'io(u
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LECTURE 13

A
Y2 /_\03.“1
9
: AS
the wnit sphere = o fyperellipsoid

w [K‘n T, % o
Let {vi,---, ¥n} be am ONB of R”
ONB  Let {u,, -, Um} be an ONB o R™
=orﬂ\:l‘ Let (o, ---, om} be a set & m scalans
';‘:;?S wth 0y 20, C=l;--m
Then , T U; w the ith princpal
pewioxis whh Lawgth o we R™.

NO‘W‘, .l‘g Wﬁ(ﬁ)zr, Theoe
%o\d‘la Y of 1o, om) e
monzero , ammd exadly m-r of oi's
WL Z2v 0,

So, § m2zmn, then romk(A)< .
ie., ot most m of ou's Fﬁuﬁ:{é«w&-*’f

oON2L MOoONZEYOD.

For simpuc} , Lof's onsume M2 N and
romfe(A) = n for the Eme be}.vxg.
’.Def_. The sinﬁuﬂw\, voluwes 0’6 A
= Lemgths of the m principal
nemu vxed of the fyperellipsoid AS

Owr tonvembion: O3 20, 2 ---20n Z__O
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LECTURE 13

Def. The m Loft singullan veetors of A
<5 1 Uy, -, Up b @ e ik vectors

o R o&m\-& the principad aewoxes of AS .
So, T/, w the ot ngu'fpn'nwpd
rewnoxis of AS.

Def. The n roght IJA;Y\MM_ veefors of A
S {wy, -, e f € S the preimages
of the principal newsoxes vf AS, (. e.

AP =t vehom

# Redumced SVD
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Sinee V. w6 am orthogonol matiu X,
A AN [
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ASUZY SVD o A.
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* Fl SVvD
Note O e R™" vn the veduced SVD
wth m2n,

S T coluumm vectirs of U do mdt
form om ONB dg IR" unlesas m=m,

= R : OLoldo-\)m m-n ON veclns
to U to m  an orthogonal matix (.
Thew Z muet be octom.yeo( o 2 € IRmm

A=UZV' | The L SUDFA

TN W - NTal 7
/////’}// 7/// //Ko/////

v = V' A JU X VT

"

>N

For 'no'n-[’)-uﬂmmﬁ maliices | i.e.
Y‘ovvn'k(A) =r < 'mm(M,'VO

30%043 r rmhve. mn?,«ﬂa/\,
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Let’s Cmsicker m=n Mo“%—uﬂl%kw
mowfocaﬂﬂa, f’s onvert, ble., nmsingulanr.
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LECTURE 13

However, we com %o/w» more info by checkirg
the istabulion, o the /dn),aﬁw\, voluta
f A > We com poe whther A w

neoN Mn?‘,«lw\g. o mol | e,'/'.c..

-2 12 Tl
I.Jn > 1 > T

4
—emn ‘2 .-

N —— /
Out of these thnee seemardod,
whethe maliox do Yo +thaunk

behaves besT Wcaﬁ@??

2 C.

& TFsewolomverse via SVD
AT = vzTUT
where
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Cheek © AA =UZVTVEUT

- [‘.°'|o ] UT
- D
o e
= [Ml'"\MyO 'O][ .
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The Movre - Penyowe Comditions
For o gavemn malaax A € IR™ if
X e R™™ sdisfies the following -

m AXA=A
() XA X=X
(» (AX)T: Ax
@ (XA = XA

thew X o calledd the psewdoinverse
( or the Movre - Fenrose owve/se.)ag A
od uwiittem oo AT

= ‘V"M“a afpbamw uun_g ATI

Note: IF I AX = Lmllp > min
thew X = AT
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