SVD and Least dewtea Wb lems
LECTURE 17
& LS via SVD
Recoll the LS sdlutine via
AR fa of‘crn'j ol -
{ t) Compuikr reduud QR of A,

() Compite Yy=Q " b.
(3 Soelve RX =Y — k)
1 A: Mmk, +here I%;; F0, 1in,

omd the Tusomsmlon pydresm (#) Heo a
\W L,S gae,u"'l'm.

N ow~ wsfng the, Yeduced SVD o'g A,
v. Q. A:OZVT, we com alao solve

§ 5500

te., o.>0 1£j¢n
Thio com be solaed eonily.

[ (1) Compule reduced SVD of A,
2) Compute g = U'b.
() Selve S =Y. —— &*)

| (4) Set X = Var, 5
Note : (k¥) Lo a diogon stew. ,
e:»iu tosolve thom ©F) !‘,ﬂv

- =
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LECTURE 17

£ Pseuolo mwense gmd SVD
Recall that if A € R™" io fllyank,
m>n . Afbo= (ATA) AT
m=n . Af = A-‘ .
men: A= AT(AAT)

Howeven, we cam define the pseuclo inv.

Wns SVDW‘"@ A w0 mot rewmile !
r’  on-r
0. 0
A=US V" Z=&m”’
o) o|}m—r
Defive -y
t. T t,_[%o0 ,
A:VZ U, z .= o~.}a0
(o) o} n-r
(o we discused before , A’ Solis el
the wa Moore - Perae conditionws .

v AXA=A; ) XAX=X
ai) AX)T= AX; (XA?T": XA .
S’uxc,e; ),g‘_rw !W deTeummesd and
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LECTURE 17

K Prewdouwwevse & Orthogswal Projectsrs
AA"' Lo o ortho. FroJ'. onto rmje(A)
+oww\ Afl\.t = Ur U:
A A & e~ ortho. pmj. onlo Yéw‘j@ (AT)
ad  AA =V, VT
whare Ure R™™, Vy, € R camsist
of the fivst r colwmns of U, V, respectively,
r= NMB;(P:). df f 7
(Prof) Let Pa:= AAT, Pa:=A'A.
Now, Py=UZVvZ'U"

-uzs Ut =U [%I%} U7
v

2 = Ur UrT T
Pa = Uy UyT U, UrT = UrUy ':"' fEA- v
< I, So Js QP"OJ(

Pa = (O U]) =) U/ = U U7 =P v
So ['s an ortho. pref. !
F;ho.l\:J , Lt'S O-Q&O CQQ-M ‘Hnar
?A mops on’0 omge (A) sine
romge (A) = < Wy, ==, Uy .
Yow com do Simulonly for Par ///

Note :  Cousider omy X € romge (A),

Then 2YyeR"st. X=Ay.

Now Py x = AA'X= AATAY
=Ay =x. “Avia

Movre - Paurose (1
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LECTURE 17

# Principal Coij@mwt Anaﬁgs i< ( PCA)
(a.k.a. Karhunen-loéve Tramsfor
w o data ama.Q(iM fCO&#W?U-L 'anut'

waLs o %WW o
convert o net of obs yong of ,ooss,blj

correlded voaiclles it o pet of

Direardy wmconrelodad verioblea colled

" principal wmfonm‘('s.
2D exouple  (from Wikipedin)

One com wnderstfand PCA wing

SvD ! Buifbe{sfe_do so, we veed
& bit of Stetisties. "
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LECTURE 17

Suppose we one Givew & net ag
P oy vectors (observedions)
'[W".ﬁ Xi, X2, -+, Xmn
AV o each Xj € IRY. d:could be huge
:;%Kh . o fae imoge dofabase ). dxn
ofy some Let X := [ X, X2 --- %n]e IN

stochastic
lm;uAA. \jm ‘ka tHhe meoun ((n’ O\\le-mje—)

,;-g +ho dako r;:‘.e.'t
X i= 5 2 X;
J =1
Gmok d,e.-f\'vle. the cndineel hafa. matrix
X - = [%|-§( %z—g === %n-%]
Note : X = X(I,-+1.1,)
G Good exerwise !
Now the somple covarvomee maliix §
o defined oo, _ dx d
S := VLL X XT é IR
Sd‘)' u'va-caILS the Covawscmee ov
omd Jth entries of Aeto vectors .

PCA » mo\‘(wlm} bul an e)&-j&u.u-aLAL
detomposition £ S, ie.,
S= &A%, A=diag(X;-)
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LECTURE 17

Lel’s sovrl _N;'S a0 N2 22 2---2 A4
Becoumne ST=S, omd S=+XXT
we cemn Ahow thoat Ag Z0. 15 .,‘5)0(~
¢ =[<ﬂ>; e #d] € le’xo(

o a matiix contavning the egewvedis
flo thomks o ST=F, & ooun
OYC\«.oﬁma.Q malii X whove colurnns
form om ONB R

The chonge of t Cores from

[e -~ €41 Ho [ -~y ]

o ochuieveol simply by TT T

43."' X o called the jth principsd

uwfm&ATS af X.

PCA vus Rmewn for o Jrng Tome
2.5, Ainee the time of Pearaon (1901)
o A HM(.’VJ (1433),
Theee dlayq , The messuement climemsion
d wzo mude awmallo thoau the nuber
df SOUW\-F/QM ", (.e. m
'Tl'bvo Lo callo ok the “c@m&c«l N S‘Cﬂ:'ng.
Ex. 5 exawu scores of 2000 stuolowts
d=5, m=2000
DPue 1o the a.otmro-g wmpmul oA
pensor techadogy , nows we offaw, hove
A S>n i the” neo-aQaMaic.uQ,"mﬂs‘hg .
Ex. The foce database : d=128%, n=143
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