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3) Eacu viswaltzaFion QJYCﬂKk\‘M\S(]MCQ e D=1 Eﬂ T orthenormal:
ﬁ‘é@ Pm’e_c%(ons onto col Ui 8 T
Profagsy > ‘[J i )&A J“Grr Sﬁy




Reral| Lesst Squares? S D3 = F= I TS
M\O\Hg D had orfhonotmal celuns §:DT§ ! Cho Ttwersion)

Gram-Schmdt: Ten i columeot © are not orthororma, we jfn
construct an orkhonornol bnsts foc the columpace clase to +he
orfginal colump Tn e sNse that ---
~th colum At T 0. combtradon of 3,9, e di can be
Consrucked by 3, ds b% 9, Q%, and. S0 @I\
There fve, T -+ =L~ 3l 7 3 1]~ Rl )
C&ok.oxu Q-R. factorization )

Back to least oqllares, ?:D\?Jv_éJ plck ﬁ sk € Laol {03

- D'(3-Dp)=0—- D'T=UDf

Tnstead of tversion, wetke D=QR - @@r —@R\TC&R

- B2 = RFaRp ~Fs-F'R3 i W
F &][ ] Q'S - [ost con 8N€S %‘{Qﬁ (@TS >Pk =) %
Setu\A fo \ast row qves *P\«%V{)g SN > P Sdveoh (\r\mv%
= Cot selve.by bock subsesdkTon | Chster than (TD™)



9—1,

Grvomn-Schumidt Alaor Tt ﬁ/

D% =mdi —

@zl & P =&~ (& m. T A
aA P@Jc}o&z P%C@JA [lzgl P2

@Zf&?“ZP%oﬁ=&?—Z<aiwm=m

= Gr&hohom\al



Upper TriangulartzedTon

Recall: Olagonalteon, Axn mockétx wHh p [in. tdep, evectors

ALw - Gl =[A - A8 =[7 -5, ]
Y TT 1N
= \TAY = ]

Too\fxé; We can alw%gs Uppes "Jcﬁcxvxgk;ho\ﬁze even (f we can'k oliagor\ouze,

= Upper rlangulor form hos some bereflets of adigonal makix.
(D E.velues are the diogonal entites.
Oy Qa- - - by -~ - - - -
/A\: {0 ‘\1'27:\. i )\K,_A _ C) C)\'Gu) :.
Y. c;dm

o |- o o ot
W A= ay— Zero column for firet columns rank olme)sea“'\'g an S,

W A=0m— 2ero rowfor lost rows - rank dvopga Qo 18 an eval.
(€ A= Qs = /\T“A fi‘: Si o ] ‘Cduwu\gl ! 3 {OP (D) notzero

C141<nY beow ﬂ entries— Span ot moct () dim.

L t’mear\t\ﬂ &Q@ende!\ce n fieet Teolumig = ATA T (. cﬂep-
- ot Rl canke = Q7 18 an Qlal.



@ Selution off o \'DE or DE can be broken downto scolar eq.S.

gixev) [ —\0_ —%]xem%u&) — ﬁxﬂ&) ClmX“&)Jv@u&)
. Xn('ﬂ _ eﬂm(ﬁ ~fo) //

4 = (g Xorl) + azcm Y@ +(Bies),,

kmw\ fanerto n*lw
Q\'ﬂ( C’E"*o\
> W ()= &Sy ey [

[Tkewle, backsbstitute atil first row.
ex) (OﬁgThAdTnaQ mofion of o car descrbed oy. -

PM = pos”u%(\ \f@::\ra\o{\fcg,M::mass,R::mcﬂus ohfire
dtpea e, M-g yes=5-U® — e = torue
Pw L 1["“’ L k) — ol of Ac: 30,03 eveckort | 3]

\fC'ﬂ N
® o fwo lin. Tnde 2Vectors - non dlagonalisbl

Suppcge UWD=U= C@(\%JQ&V\JV - So\vx* lon of DE?2

3%\[(@* ail > Ver= et t—to)

d pen= = oy S 550k %5 /

— o= P Yt (Eto) +3 Cg @3

—> canfind daerete—time pdel TR we ot
+o=TA, £= (0B, UCH= 1gTTT~ ATRT=RITIFAVT 1+ g Ul
VL=V 11+ Gt

S5 €




Now:, Prove that Ny S dare MOkFLx can be mppev—‘w”w%vlcx\:bﬁal.
Theorem s For oy KN madrix A, we con Find an @rk‘(\ogoml madex UL
ot M& UppRr JY\:\M\%U\L(XF - (NTAU o2 well
Tkus W %= AvaBiw, ten §=U3
g deo= UWAUZ o+ UTBTes

T
Froof 2 By Tnduckion, Syi= Thescen stotement
— Show St 18 trie, Show S e T Sy T true
St True Y slars are uppec~triangwlar /LH,
Assuve Sy Ts true — Any krk makex has anorthgonal Chfox upper—,
Dlet A= arbttrary Ceex Clerd) macketn and AT, be an elgrnnlie-vector
pute hot & ool (cusy 4o odapt fo canp lex ). Ascume WLOG [\ﬁ; =1
@ Choose o orhonormal uss for MUCMO\JV tclndes T, T i“y\ I qy(kﬂ,ﬁ
5 How? Plek k verkors T 8 s:t. when combsined wikh 3 %1 forw o bads Ao RS

Then, use Grom=~Schwldt — G, remalns as an orthenermalector,
@ Then Q=[F., ] is on orbhogonal matr s,
~AQ=[Ag A, - A]=[hE AF - Agae] T o
~@AQ=[{ 8 4 K- R Hﬁ]

AT R B o



S GPAQ-[i 1 7], AR
Bg Tnduckion ‘\3 p&Hﬁ%TS, A Upper ”’cﬁwg\khﬁ'zabte
— @rkhoam\a& Uo &t Ud Ak T uppes—triang o
Define (= QF [uo]] witeh werthgenal CU'=|'fr]» Fu=1)
U"AU=] Tl EAGT tua) o wal|3TAa]
= @ESTT Atil—ﬂ — Swee UoTAOU-QTs UP\OU"JVF\.) AL T U\PPQF—J(F\. /

Notes :
D Aand T have the same €genvdues. If Cx,T) isan e-vabiesiectr for T

then (N UT) T ane-vadue 3w for A

= ACUD) = UTUCUT) = UTR = U= AU
@ Disgona entries of T are ds e-values
= One max A & mwerﬁlcr“\oug\dmﬁkze&, s e-values appear Tn the
diogonal enfries of .

__(_ A\ ; ~.. -k
U AU:[‘?{, | }

*
O-..O)\“



® Induckion {;romt can e funed ko o recursive aﬂgoﬁfchm
Gien Ae®™ " with real e~valies:
Define TangelaTee(A) .=
F flck o evalueSuector pidr CALg1), G s normal.
— Goanr Schritdf for R ustng & = 190, %, -, G T Corthonomal)
O=[F G Fe], Then TAG= K A]]
| Retum Q. A.

(8, A= Tetngulartze CA)
U=0
whtle ( Stze(A) > 1) :
{@, Aoﬁ:Tﬂcm%ulaﬁzeCAD}
-



Crt’c\cml\g O\O\mnped RLC creutt

é—“m Ta H\M‘B Regy= \rceﬂ Fol)= dt\l&)
R _— 2
\ 2o 9L T lli_g_?‘—

L_l:LC.%}\\ )\“"21_ i Avlg A[ J

AT~ A_{o RA] Lgf \_J [E_sz Wl T-A) = [ }x X£0,

Cotk find 2 [Tn. 4, @-tectors — ot d\&%OI\aLLZAb\Q (

ni uPpQr Jc(“mgml o2 UTAU’-‘ @): ) /\:-\EL’ for some O‘JC*\%OML W.
Selufion of . eq.2 Us=0 Chor singeity), 7= fzes — & Jeo-UUTeo
1 Ly (= MYt R Ya) = = My o’

ue)
S N — 4= Uo) > yer=yod'e & uynd) 4T
_—> Sypature of rq:(oc‘e.ck ualue s Mk Ua(0)
- Y= Yoe" ’ce&%%to} 0= Yoty

/

1 eM (<o) +e™ (X<0)
LW

+ ' <

STmT\m"\\s, JVQC%M would apprar I the olken 4o
W= [“ "'] §oo (R repeoted, 2tadues)



UWAU=T=A=UT UT, U ov&htgot\dﬂ,T: upper«%ﬁ(an%\dcu\
s Sclhure DecOmpo@v'[o(\

SPQCJ(mQ Theorem’ For o&d“w%@\\mzo\b\Q matrix A, we can finek
\l ot " AN= P‘O _1 \/ here Ts ok hesarily ON(\O%DY\O&
If we Tastend) upper-tangulart, we fid erthagonal [} vt
U AU=(JTAU s upper tungular [355T]
Foc symmetric mateles (A= AT ), we gek both,
- \_QJV AGRM be S%mme&ﬂc. Then®
O E~values of A are tea).
@ Ats c\"\aaom\TzaNe ,
BE-vedars of A are pifuitee orbhegonal = choose them o be lengthd,
Lhen Chey constiote op orthonormal s > \)=] G- Ta s or’cho%on\a[

SNTAY = A= [




Proof:

O choe ote (A, T) paie. AT=AV. h=0x by, how k=0, 76 A=
lake complex cajugafes enboth Stdes ; @—Q\ﬁ) S RELT
Ats e = AT=A T TraneroR, T AT=U . = A —7
Mulfily both des by V- VAT =A(F™T),

Muld \C/Jt orgmal b% Ve TAY \; =5 MY, )

STAT= AT = =X (T5=Thi#0)
- Frveckors must aleo e real (AT-A=0 = T cant be complex )
9 App\g Schur Decompogitien .

JAL=T =TT =WA U =U'AU.

=T dso sumetric. =T Fmp\?es 11 o[TO\(%onal,
BUTAU =", | = LTAU=UT )

ALG -Gl = [ U], | = MO i

— AT = MUz = cdumns of o theg onal matrx U obtaned
from uppechrIanguiaﬁmﬁm ate, eckhonormal basis for R

> ;w e




SV

Once we learn SUD), we uill be able o

1) Per%rm\\PrTnchle Comp)ﬂeJ\Jr Amlgé(s"( PQL\) app\“tcoﬂor\ off SID
T Shodistics 4o find infbrmoitie. directlons T o dadussl

2) Fied “niirivum norwm Cenergy)” selufions for €& Ca=2

> wen

where C s o wide makriy = nontyiial aullspace
o sdudfon @ <x0ists, hen Ehere are iikely mang ethers;
wot T, NEMI(C) Ts another <cluflon, One way to select @
fo plek one uitth the feast nocun, T3,
Why it we, wart 4o tslainize £he norm
Consider a. controllable S%SJFQYY\ L X = ARt +RB UCT] .
Suppese we want to teudn K 0t %TW\QSWAPQ from XTo1.
Then Uto] UTHT Mustbe zgs.éec‘c‘a& s(ch that
T8, B0 [ Fgr AT
By controlaks] [y, columnepace (Cy) = K Do, s0 @ edsts. Bud
I>n G a wide makely — To has T‘\ﬁ(\?&% G LERNR.
Mo oot <dufion @ good chelee 7 63ll={uwte-- +utst Crntergret
as con'rol eperay )




ex) logtudTial moflon of car: & Pey=\16), $ =g Uco
> [ﬁi?:i] 154 Tl Conralale? e e B8 Ty
3] AR=&[H] = Yes, linearly Todegendent = Canfrollable

Suppose, XIol= km} [Ol Vo= m |A8, . AB B][m ]]
In Eheory, con find. solution witth §=2 - [oHAB 8]Lca).

il (A8 BT[] 5 2] S|

Aesune’, RM=5000kg; G R M‘ilb©®\<§}))A=O.\3)Pm3¢:l(le,
-~ &j\éﬂ 102[_‘]] [ka'gl[[\(.w\] _— Tmpossible to Tnplenent- |
Moce reasonable t 1= 200 (Aa=R0s =Dwin)

i ] U\WB A% B (B‘;zﬂ] IORiMUm noewy Sk lon gles

(easonable Jcovq,ue qmgm‘m&e%



SVD: et is the canke of madvx WYT 64720 CcolumnX cow)t — 1.
GV = UL\ Ve - 1= TT U] = col@mve) = span (B
S\ SQ\leres . fane 1 onocki AeR™ ko asum of
rank 1 madrices, @ach wettten ds eufer products.
S@Gdﬁmﬂa , we e T

1) Octhorormd vector T ... Ree C—ZIERM) 0. Vel

2) Redl, postitie. MBRrS G-, O (Singular volues of A) < t.

A=o GV« - G0V By convention, Sgular values

ate put T decreastng ordef (52 022 -~ 25 >O).
This & B ower pro duct form st UD.
Compack form o€ SUD A=Td, WE i ]m AR

y N Ur
UreR™, \Fe X) and Ue\(r- have ocbhonormal, columps.
o (T2 /\ler:(\l?T)\:
AQM = ;U(ﬁjf\ﬁ B e = Z_\ Gt (uﬂ;(\h}k

> Ths wotches the () enjcxg W the obter prookudrﬁxm»




of) A= 53] aok(A)=r=l - A=W =10 1
il 5[:2]-&[ £]= SC[ (| #]-6758,0 u U~[2]
Tt c\/\omge 1 gns oF 0 and U, exgjd\(L@u{er {Wodhcjc are A,
— another S\f D
How Yo geteralize to <2 canks Use evaluesfevectors of
ATA (AeR™-AtaeR™)
Some. focks about ATA:
O ATA hos ceal evalues fevectors (&) 1=
Froof (Spectral Theasen) s ATA T synmetlec (Y= QT ~ATR)
® Evalues of ATA are nofrNegafive.
Froof: ATAT= WUt 22 U ATA G = G = IR
> (AGT(AT) =1 AT I =1A8E > 0
® If rankCA) =0 then revalyes of ATA are %ﬁﬂcft\% postitive
Rroots fiest, avtebhot aull(A)= 0wl CATAY
Il ). AT=D = TAT=p=0 BB
W ) CAY AT =0 > THTAT =ASTE) <IATIP=0
= null(AY= NlLCATAY.



on e~ mll"dla {heorewm.

rank(AY=0— dan(ml(A) =11 = dilnull (ATAY).
ATA TR nxn has n—0 dim. mtlg@ace. Clements of aul CATA)
are @ Retors of ATA (hor evalues of O repeated () times)
® clovg evelues are porredire + -1 evalues are zerp
— RN C uolues are postie.
19D Procedure for ACR™ ank(fire CUsing ATA):
1) BEnd ov‘s\\ogonqﬁ mnakrx \ d?@%on«szThg ATA
(\exsts by Spec&mﬁ Theorerm)
— VETAN= [ T, G oce oihes of ATA)
moke sure Ehuct etnlues are Tn decreastig order (A2 )z \o)
DFor =1 0, Pick e Wh cdumn T of ] Corctor & ork)
ood lek 6=y =25 AT, H




o) Aol L mmk=rd AA=le 3[35]-[5 ] 2o

Ve

NA =] 0] det (M1-A)= (25T -TP =0 > A-2S=47]-),,=25+T]
A=32, Aam18 NT-ATA =) WI-AA=[A )
-4 el
® G~ A ={T2=4, U-az AV =as & 3] =[]
&= == 35\ U=3g (‘[61 [—J
= f= Ar@H 1+3@[_1][v -]

Why does £ifls proCQcMrQ work? CIus‘mC ot Ton)
1.e. ro\o \ir, Us, Bz from procedure safisfy e wCoUowTr\%l
2 Gkh=f
— Ur_..Ur are orkhopormel,
* Ui are orkhonormal, —tviviedl by conskruction ot \J (step @)
- O1...0¢ 0 reol ¢ peg“ﬁ\re = D=y, A ave el and Pog??ve—aﬁ >0
- G ={oc :3 o %LA\I V&AT) =55 TAAE,

X 1) j‘ s C\—A) L s s -2y >\J\h
163 io CtEs),| Y S SS_W =Ny
mavE

[)

\
N

Up=



PromE o? (ZSTUT U= A)
0 U =6 A G - A = A7

\

cecall \J orthogond =\ =\\T=T [0 G5 ]-2wed

3COV > () Q\T Ts Ve ttor O\C /\TP\ Qorre&?omr\v\g to a.zero eyalue
- AU=0-> AUV= 0O (ra<i<n)
N LN f— -—AT
S A\Jr\l”\TQQ) ]L\ _:Zi\\ﬁ\ft = A

(=0 r

= AZGW=A ,

e3) A=] 65 1= A=l ATA= 6]~ 5=5=1 $¢cf)
AAT=[601 U=T wotss fir clep £ =A==

U= AT = o] Fe| | Stice AAT=T, ang exthorarval G, )
ol work. \T\:[;S@])kff[ifl—%TMQ RS Jeretl .

o - =~ |ws] > = | <ho
\ \/l T ATUH :[-&Tne} ) \o = ATLM 1[.@8@1

U -~
- repeoﬂveo\ e,\mkues are another e o\C nonungle RS,




nxm

AATER ™ has some cloims forATA 3 real poiive. v of evaluss,
rewuxmmg) (-1 e Zero.
O Fad octho 5omk makex () s¢ UQERMXM df(o%QmLTZQS AT/—\
UTAATU - [ =
DT cocly T=(---,C, “oke T-Eh column U o (L (Biz k)
et Uttl—-\r,\?J U= = ATSs

o
Choose Tk = [1 U [\1 A =32, A=
R AVV@ 3@ *é?F\TuwaF ‘1]

5 A= [5]= &l 1]~ 08T L]



F A, A DA\ U} — Wake omplele UrGe T a
ur Lr M W\ U~ Gi N

s B r ‘\1.;‘1;\ Of'&hahd‘ma-a baglg C @W\ UJ\"l:h

Xf'

Ue Uwh | S T e UH uW\ e for T U
e s OW T
= | Wi Ul - \Am] 5:- }P, ﬁ\}—sorﬂmgmd
v : OOH')X A \/ . T
X ral] G L e - A=UTV

(A~ orthogonel > xn N

Netes”,
O T At wide and full row cank C(WM:F))X:[Z‘“ DFXC'H‘)]
T#A & toll and ull column mx\E)Z: [&;ﬂm}
[EVAN %3 lare and Aull mr\k) 2 =7\
® Ve Un are ciedas of ATA Corfespondﬁr\% fo
D volues C ovshonormal base o Ml CATA Y= ol ( 4))
Ure - Un are eweckas for 0 eyalues of AR, Therefore,
at ecthongrmal, hagis for Null(A AH) nuliCAD
= Col (lur)= NllCR), C(Uer) N,
g(mtar%t, Ax ZGW\@ l%\p@
> Lo the cpun of G- T, Col CA) :C‘O\Ckkﬂ.
STMTLM% ColCATY =Gol(NF).



ext) A=| 1 {]=s| {|&L\ 1)~ si=sp, G=A]E] W= [ 13
=Pt % in Aull SUD fom? G2=£[3] G=L) A

= (= [0 d1<8]% 2 \=l6 B1=] - ]

- A= (][& g} \ ==, spans Coll A, T spms Gl CAD),

U tpons NallCAY, T gpans NullCA)

Geonetric Interpretofion of S\(‘D" e AT

U are exbiemonal = | Ul =11 (0P (aT)=soted- )
T.e. muldl P\lcocho{\ i}g oré\/\o%omaﬂ MO\JVr\ces do ne’ c‘mn%e (Ql\g{h )

Also M%Iplg[v\% avector hg D¢ 2[5‘*. m} strefches fisk entry
by, sxond by B, and o o,

Ax=UZV%
O NY o Z(J') e(ZV%)
\JT 2L U

o I i >}

A N NG =

NICARANIZEER s iR

AR TR AN =GR when K=ol &




APP\TC&JVTO(\S ot SUD

Suppose M=N=( for AcR™ > A ts Trverkilde.

AUl o]V =V 1. AR
This, SUD makes Tverslon easy. Also, a." pseudoiverse’ can be
derived Trom SUD when tnerse dioes not exist.

Define: Given AeR™, cank(A)=r, A= UE&]\}
the Mepre—Ronrse Preudoinerse T gfven by :
A= VL@ UT%OQ equitvalently, Ar\je 2 UT—ZL\L iy

n\m

) A=[Y] A= r[yﬂm At Srale w16 %]
No‘re,,OAJVER when Aef m\, @Appﬁe&i{o(ﬂg f£0.

BT w=n=r, AT=\ZT= A7 Cas shoun abore)

® AU T UT) =UeZe 37 UT = Ue U= )
BAA= (\fﬁ{ U B(Urjr\f ) =N X 2\ = VeV =P ()
QAR =1~ G| = (GG T projectsiions Gl(Q)




| cast Sﬁpmms Gibh SYD: Wank to widiwize | A?—g“ when >0 (Fall)
Recal| the wiftwizer Xt s.t. Aks= prog, m@ UUSF = /\F\Jr :

= AR=ANE == AT Differerce b Tee= (AT AT 52

THs the came b AT=(ATAT'AT when & hos full cdumn rank (N\)
e)A=[l] ATA=R =Af=L[t 27 (sare resubfl) Wiy
froof substthde SUD (ATAY AT= AT, h=UZ\IT Q)
~ (ATAY AT=(\ zmw SE N T e

=GRV UT = VIV U2 U=AL,
Sinlarly, when Als wde cu\o\ has ful) pow cank (=M
AJ( ATCA AT )ﬁ CaV\ fe shown by dertvation (e above.,

Minimun Notwm Soludfons <N (wide natro) So /—\W—Q has tnfintte sol/n.
wart ¥ with (east (X, Suhsﬁﬁﬁr% compuct D Tirko A Zg'.
Ur?&\f:?\:@ —‘BM{‘ir \VF' = UFQ"\/QQZ:‘U@
An\é X sofisfying V%220 UL B Ts o soluion to =g
se 1=\ ([ x| = ”[ ]’\ [\’r%] anch the top part s fixed.
Set \fer O to winmie (| %] (ﬁr m [\;HJ FM] \)T“J "o
- \|\'x= \}Ff e \r,;]{ W=\ 27 U N




x) ottty Vi~ XEU=TA*B - 8 B]) .. |
Seufion exists bg coﬁbg (OKETLAJ% Use %N: IL\TG\ATVQA :
[l = CGET T (R ARy
For the vehicle col\lvrok QX&W\P\Q A= D: ﬂ B= "%‘[—A—]

il
AB= _[ J A?"B = [%Aj[ AJHB [a ﬂ.
Cor it ﬂ XI01=0), x%{‘)?ﬂ)moalslﬁﬂ/l:'sooq
U“NZ @Y:A : ]ICCL :Tz)f\“[lo;ole Welaln\—becﬁ sum of colums of € Crowss of Cyo)

=5 Min. forw centro| sequence s a.{Treos combsinatn of two sequences

AN
(XN /co[wvmi-
column2
A
iad -|- 1 L — — — _—\‘_l\‘




| ow Rank Appvox\mo\%lon (5ven afigh- rank machix AEKM e wln )
can we Find an approsinacion for A with rank L << win (i V\) <
. “h =

SVD Gnorter product frm) = A= 20Ty = 7 Ot 2 ot
Note. A, tn ater product fonmn hos far fewer entries to store than A,

o) A& ERWM Ahas (0% ertries. A, has(000+1000)] entrves.
Also, g dotneets, a few s“ugular volues are domnant % rest are small.
Therehye, e nok much loss when fruncated.

Fekact —Youn% Theorem stodes ot VO truncation prodices
the rank L mabrix with £he least deviakion From ov\gmaﬂ Alas
measured. by, Trobentus Norw; o | A= Bl s cank(Rd=L

AQ abone selves Ehe optimizotion problemh




rfﬂcT{Ja\ C()mporfﬂ% Analugis CRCA):
SULPpoge A L\os =" rowe and mav\% mote Qa[uwu\s, N>>2. Hj E:_i)
what does Hhe Seatterpbt of cdumns of A look fTke?

/ 5
A: O LT\ \T\Er g al 1‘{6‘ \TlTCU)[r\J a'\‘ :(5( \T\TCT))(T\ .
\}\)P\O\JV hﬁ C :ZJ but O >>O*12a AL‘ Dﬂﬁﬁma‘ﬂ;,
@:g\z@@\ {‘%\EUQ_ Vo and U0 aregﬂ\emll% Tn the Same fange.
Howe,\)e,(‘. O VAT >>59_ \—):TC:B e O > 6.

/N —
% =

¥
= ¥

For a.aereral marix with £ dominant Sigular volues, we eqeck
the seatterpltef colums o cluster anund ée subspace spanged

by S0, 6, 03,



B (Tthedlumn o A)

A"’ T

- Col (L)

J(ﬂ'i) ol
s ~Gol(L @, T5)

Distance to Subsplce@L) s lo-Utoel,
Use sum of qumm& distance as ameasire of dloseness 4o subClz )
200~ UUTGH", By Thenrom 4 i Hoke 17, 7 we ek atokper

mactx W with ﬂor{homw\a[[ co(umy\g,i[lﬁi“WWT@[\szllai“UMzﬁ Hl
PCA — when A s o collection of dado. PoTr\Jch

( sawmples
! 1 —

[

(e,g. N= 1000 6B students, M= Huw Scored)
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