SVD and Leau?"Sowam hoblems

€ LS via SVD
Recall the LS sddufion via
aRr faof‘a'njaf.':m
{ ) Compils- reduud QR of A.

(2) chru'tb 3 Q b .
3 Selve R X =Y — &)

I’f A: WMk +here R,,,‘\'-O 1€ ién

omd the W (¥ Fusa a
\AAM“KM)- L.S gaeu'l’lm

N ow- “’5""3 the, veduced SVD of A,
v..e., A= UZVT W&CM\_a.QA.oso/ve

ATA X = ATl A
& (OZY"), (‘UZVT)X(=(UAZVT) Ib
e VZUVUZVIX = VEUTh
& yzFVIX=VZ0"b
S STIVIX =5T0Tb sina V:erth
= iv"x:&% i Azl romk,

This com be solaed eoul
[ (1) Compule V‘eolu%ok svéag A.

. (2) C,OMPu:‘-C. 3 lb

() Shve S .3. — %)

[ (4) Set X =V, 0
Note : (k¥) L a o(&% stew,
eonier Yosolve thow ) “mJ



£ Psewolo mvense amd SVD
Recall thot A€ R™" i bl vank,
m>n Ag (A*A)"A
m=n: AT = A"
m<n : A+-AT(AAT)

Howevern, we can define the pseudo inv.
Mns SvD ewam "g v "m"t “_rmk.l
_ T .0
A—UZV, Z:. o-,q}O}"
o lol twm-r
.DC‘FW\Z. M—,_-_‘;:;r
VAV AFE “.0 10}
2 iE 0 %
(%) 0 }‘n-f

G m&swu.e,ot befure_ Al salis el
e Mooye - Perupte condetiow .
v AXA=A; ) XAX=X
ai) AX)T= AX; an (XA}T= XA .
suxbe\ );\_rw M defeumumesl and



.4 ’Psmo(.o wvevse & Orflg;amf Proje ctors
Grbw AA Lo om O'Ytln.o r'OJ onto ere(A)
MA AA Uf Ur
A A & o ov'tlrw proj. oo rche.(A')
ond A A Vr Vr
w\'\n.re Ure R™", V, € R™" " tamsist
f tha fivst v colwmns af v,V, V‘esfe(,‘huell
r rembk (A).
(Proof) Let Pa:= AAY  Ppri= A'A .
Now, Py =UZVvZ'U"
-uzs'uT =uU [lH U
- UL UT v olo
?Az= Uy UV U, Uy‘ = UrUr = rE ‘/
=TIy So J,'s QPV'OJ
Pl = () =05 V) = Up U =P v
So oJf’s an oxtho
Firolly, it's oleo dlean that P!
Pa wmaps onfo romge (A) sive
romge (A) = < W™y, -, Uy D>,
‘jG\A-C—owqu,o SlmlMl\J fa-r ?AT ///

Note : Consider oy X € vomge (A),

Then 3yeR”st. X=Ay .

N ow- :EA%: AAT)K:&A*A\Y
=Ay = x. “Avia
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# Principal Component /—\ndg;[g(PCA)
(a-k.a. Karhmﬁn-Loéve Tramsfor m )
w o data amaﬂ,q}a,w T'Coew\iz;uﬂ. thet

waLs o W,W o
convert o pet of obs yond of ,oossfblj

correldded vorialles intp o pet of

Linganky uncoprelaled voriobloa colled

un.
“prindpal Components,
2D %ow_~p|€. ('F'rm U;_&)reauof)

One com wnoersfand PCA wring
SvD! Bub be:f:yfe_ dD?hj so, we veed
a bit of Stotistics.



Suppose we one Givew & net og

vectors (olmewwih‘ms)

—> X, Xz, -, Xm

omd  cach Xj € RY. d:codd be g

L. o fae Umoge doto base ). dom
Let X := [X, X2 --- Xn]€ IR

. You kmow the meanm (or avernse )
a-c "l’_]afao dako r;\‘.e.‘t
X 1= L JZ:' X;
b defive the ceudired dota matuix
K= X% %o X - %om X

Note : X=X (I,-+1.1,)
G Good exercise!

Now the somple covmiomnce. maliix 5.
w defined os

Si= £ XX e RS

Sij wmdicales the coypmomee ov
ol correledion belwee the vth
omd jth eutrieq of Aede vectors .

PCA » mo\"/\&n? bl an (’AS&A.\mQML
dewomposition f S, ie.,
S= NS , NA=dieg(N;-2)




Let’s sorl _N;'S a0 N2 Aa2---2 )4

~S

Becauwne ST-"S, omd S=—,,'\X>?T}

we com Ahow thot ACZO.lSc-Stk
§ =[#n i #4] € le.xoL

e & mabiix contanining the egenvedsrs
0deo thomks to ST=F, P oo
orthogonal makiix whoe cofunns
form om ONB R,
The chonge of t Cores from

[ei - €4) 4o L# - #4

o ochaenveol so‘w»pﬁ'& by 37 % .

‘fj-T X o colled the jth principsl
Sevpruseds of X

PLA wus fmown for o Jong Fime
e.§., aince the Lme of Pearson (190l)
cwn A H;cut.»j (1433),
“Those olcozfn ) The WSW dumemsion
d wzo mudi awalle thoe the nusber
of Somplos M | i.e. d&kn
Thio Lo callo ok the “Lassical ” s'e.ﬂ»'ng.
Ex. 5 exaw scores of 2000 stuolots
d=5, m=2000,
Due 1o the o-o'sve«ra‘g CM-FWAA oA
ponsor tendogy , nowr we offew, have

A >n ;1 theneo-lassveald ” notlving .
Ex. The fawe dotabase 2 d=1283%, n= l4%.



