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& LS via SVD
Recall the LS sdlutime via
AR fa of‘crn'j oLion
{ t) Compukr reduud QR of A,

() Compite Yy=Q " b.
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Thie com be sdlaed eonily.
[ () Compule reducedd SVD of A,
() Compute g =" b,
(3) Slve Sw =Y. —— %)
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4 Pseudo mvwense amd SVD

Recall thak if A € RT™"io fullronk,
ma>n A = (A"A) ‘AT

m=n . = A"
m<n : =AT(AAT)"
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(o we discusted before, A solis fies
The Meoore - Perue conditrons .

v AXA=A; ) XAX=X

i) (A X)T= AX; a» (XA = XA .
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K Prewolouwwevse & Or thogswal Projectsrs
AAT o am ortho. proj . ontfo range(A)
omd\ IQ\IQ\.t = Ur U:
A'A i om ovtho. prj. anto yomge (AT)
O‘Md A+A = VV VVT ’
where Ure R™™, Vv, € R™ " comsist
of +he 'G»Crs't Y colwmng df U, vV, resfeof\'vely,
r= romk (A). .
(Prof) Let Pa:= AA", Pa:=A'A.
Now, Py=UZVvZ'uT
=uzZ'U" =U [—}I%} U’
= UpUy V
Pa* = Uy Uy Uy Uyt = UrUy = By 7
= Iy T So A apro\i‘
Pa = (UrU]) =) U = UrU7 =Py v
So of’s an artho. Prﬂ (
F;ho.l\:J , ;t'S 0-0.&0 CQQ-aI\. thel
Pa wmaps onio romge (A) sine
V'OW\SQ- (A) =< Wy, -, Mr> .
‘jd‘\A—C—O\M&o SimlM[\J ‘F‘af ?AT ///

Note : Cousider omy X € vomge (A),

Than 2yeR”"st. X=Ay,

Now P, x = AATx= AATAYy
=Ay = x. "Avia
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# Principal Component /—\naﬁgsﬂs(Pcm
Ca.k.a. Karhmﬁn-l,oe‘.ve. Tromsfor m )
w o oot ama.Q«jA,w TcMzw.o. thet
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2 D example  (from Ui@#@)

Ovre com wnderstomd. PCA wing
sSvD! B beacsfe_ dD?hﬁ so, we veed
a bit of Stetisties.



Su-ppose We oL gavew & net” 0'g
e ooy vectors (ob«e/r\mi?s‘ms)
Ptz X, Xz, -, X
T ok ok %j € RY. . d:cold be huge
ruﬂibad’\' . o fae Lmoge dofo base ). dxn
doafe  Let X := [Xi X2 --- Xa]€ R

stochastic
proweAd \jm ‘fe.mm tHhe meoun (w owe.m-je-)

,)'g thio dako r;l‘.e.'t
X 1= 2 2 X;
)=l

Gxo& d,a.-f\'vle. the cndineel hafa. matrix

X = [¥%-% %=X - %,-X]

Note : X = X(In'%i“l:)

G Good exercise
Now the somwple ovorioumee maliix S
w dn_-f:‘MA MN A
S := VLL X XT € lex

Sij wmdicales the covawomee ov

wadivoll correlolion belwees the 1th

omd jTh emtrieq f et vecdors .

PCA & mo\‘wvvj bul an (’A-j?MW'QM—L
dewwuposih'm o S, te.,
S= &A%, A=diag(X;-2)



Lel’s sovl _N;'S a0 N2 A2 2---2 A4
Becaunne ST=S, omd S=5 XXT
we cou Ahow thot A 20.1s .,‘sja(
® =[<ﬂ>; B #d] € le’xo(

o & matiix contavning the egewvedis
0o thomks o ST=FY, & oo
orthogonal malaix whove cobunas
form om ONB Re.

The chonge of t Cores from

[e -~ €4) 4o [P, --- ‘#d]

Lo ochuieveol simply by FT T

43."' X o called the jth principsd

(,owfa'nWTS vf X.

PLA s fmnurn for o long Time
Q.}.,Aiuc.z the Bwme dg Peorsor Cigol)
o A H(;Qﬂo'vg (1933),
Those OLWa'Q , The messuzments chmemsion
d wmo mudi awmalo thewe the nuber
af smp(’.u n o, i.e. d&n
'Tl'bv,; o callo ok the “Lossical S‘Cﬂ:'ng.
Ex. 5 exaw scores of 2000 stuolecds
d=5, m=2000
Due 1o the a.olmro-g Wmu oA
pensor techadogy , nows we offaw, hove
A S>n s the” neo—oQaMaic.a.Q,"mﬂa‘ng .
Ex. The fae database 2 d=128%, n=143,



