Welcome €0 Math 2210 Lectuye |5 Falny

RQWO‘-OM(F‘@_PCJ{ L@\u RQMk Fac\éavi-’bq((‘ah;
(v o) Beat QRCT (and SUDY

G-TVQh Am“‘/m>h ,mAJ "tmfﬂc“é rant

V. Len , USumH\/ ou't bnow

VY ®ccur m'\,Q\y,}'o M P\faott(,'-e_
Vse \C—*(’ / P‘: {ie—ﬁéra column ¢
ZV\ sawm p[‘( Ma ma‘luf'( }/

‘(:oaoj(: 8000( ranl 2 qw})mx

G—fuem AMW\) CLOO;Q andou th(l‘-#p)
C‘(;a(\ C\'-lhm,))*govm A'F ‘Qo 303‘[_

\L%r qu\Aom.\Leol (.(V\ eqr coméma"l (on§
o“f Ca‘umms of A ;[e. _S‘qmp({/

(‘o\\lwm gf)uce of A

V) ('/X’IOOGO ~andom wx (\44-‘,3 \m

2) € semm T=A-F My (kep)
Q_}(‘opc“t 7 t- accuva‘(e,(\/ Samplc_
COlom"\ Space o‘(:‘A

3) L(:G?K) Ca\owms 4 @ ako s"“ﬂp[e—
c_o\uwm ¢pGce o‘(— A’

) B=QTA



Av\s wer - th\vrcrxc’mde A \7 QR-B = QO"4
@'®T=O*’€\\080ho) P"‘i)&."(io“’ 0"\\\;0 Q S'L\.ch
aerx}mgl;ha C\olomn S'Pa(e o‘L'A
-‘['C w¢ Comldea SVP of B=VZVT
then QR = (@0 5V zapprog SVD
)
ar'f,\a?“,‘ o'( A

@@'{ ow'tu? Q: {'Zr;‘t bep £t
S Ui ?ulqr vectors , Lor oy o 0y
& A=Va 240N then
QQA =0, C'.'hn,\:\“f>{ﬂ<\gk*f’a\:wf>
L\IA (1w, \‘ﬂo})_‘_
= kerp tromealed SVO A

)\A B QGF—A“L: 6_\:--\‘»\-(

Qor c&aa\ [B Jus‘l' £ 37{ crrer
f\'opor{ionq\ ‘[;c) 6 et (

T ht 7€ FCg) v td N(%O/'l'keh
E(VA-QATA) )

é (l"— L\._PL\‘T-{"‘— UMZW(MJS Bd‘e_..l




f”’\"(“A—CQQTAD,,é_

( )+ 0\ (e [}L:u(m,“)>d‘u+\‘>
2\- &
P

e

F: é"—;> P rob ~ boquo[

\/\/luvz TS RQV\(XOVV\'(%PQ/( Low qu\}_
A PPr <% ('h«a\(, ven ©C L\(‘alﬁfr ‘é"\am QP\CP)
W)\ZG(A costs OCm-n. Cy_*/)) 2

‘E‘C A CF 4k§£/\Qs+ pa s{e‘os o q\a cost -
R Y=A.F  costs 2 ana) (eep)

® T=Q R cosls 2w lktp)™
O B=@T A costs s (A Clere)

Qac\\ o*( \u»\\e-\h Can Lo muo‘f\ SMa“Ov’
T han cost o QRLP- @CW\'V\C\«,})
st hce W) LE man g
M(\‘*DLLL mone P SinC e k"P«"‘

DocS (2 okémikctfc/av > + (1) ¢

T( A \f\aS G‘l’ \faff’ lﬁi-P nNonzerds Pcr Fow
'Eo\un hv\g,CA-)Z M- (\“('P) and  C2)% ) dominabee

(C\L\ap_/ \'\45 Mo rc ‘?N""OeécMa.{,e SvVDh q(g,;)
V\a‘l: VQhJaMI-&éQ(/ Cahn Cavv\b‘[na w(‘fﬂ\

b o 4 mare. speedvga?



Whal abeol dewse A
I‘c +vz—c use e-xP\';c.E“( o\fV\Ce ﬁ
fl;éz aﬁR'CiBJ 2-mon (\w,,) }(OW\P&quOIQ-
~Fa C-(Bh‘v %:QR 5\"({ N C05‘l§ O(MCk“rPY')
0)0'{'.& nt 70“7 much less €hon QRCP
@u—k g:QTA 9"‘& .,“ CO§'[,$ O(W\- h - &“'f))
COW\PM’a[?(O ‘é,o QRcC P

(RQV\JOM.‘APJ Low'—QQv\)c- Yacteriz = tou
vla Row ExTtracl tov
(() choose random  ne(itp) =
(2 = AF MX(\¢+/>)
G 1= QK
(‘\) Find “most \\\l[equ?/ \l\'\ACf-Pn-ken"V\
\44—# rows of Q:

v p
quite}P-@: O \e*® , Canousa
Peru/lu'(',al,‘\o,\ QL_ M,-Oﬂ-\.) G"E‘PP
oV
QKCPO“QT

5 X=-PR-Q"- [g(r;\ _ [1 “J
g Q. Q7

W e q(regk x| ~0C)



(6) Vo2 P '{70 5‘-‘{;% Same ows o"F A
@A:EA( €+ p ) -Q\(f\q\ a,PPrcx 0{ A—
A-,, M—C\bﬂ,‘)
TS A“’ ETX'A(

T ‘L ~ A \ &
= A=
? [Q:.Q'c:l ? [Q;Q‘\\ Al.—-

Cos'l;} -@o\r a ok-CnFe /-\

(?) O(M V\~\Ojl\> o’ O(V\/\"\' ‘6& (bfr_,})
nghi SRTT ov SRET

(» TC=QR-: 2m (ka)L
é) GEPP ow Q CGV QR sn QT>:
ZMC l(-%py_

6) Q- Q'= OCmlenS)

W(,Uc/\r\ Le“(‘,‘(‘or ‘thqw Phev‘cou.c OCVwM-C[-’—-G/_,\)
il ktpLin

T€ GEPP or QRcP in step (W) waork well|
axpect lrl=l@ arll =0c0)

T he M- ALE QD 1A - Q@ Al

?r‘o&@t As‘sme P-= T Lor $?mfl‘\c'('t7



” A- XAdL= | A-QQTA + QQTA —KM)?_
£\ A-QaH) > NQd A~ kA~
=) A-Q@ A+ X-Q, @A ~ XA
=) A-QuT AN el  WQQTA= AN,
< WA QAN +0xll, <\l {gj&”*t:ﬂ“z

= NA-Qa Al + ikl -\ QA A - Ao
= C sl WA-ocall, @6y

E( glw Ve \u(, Pch/€M:
G"c) o(\g‘-

CO(Vlov\'Lcal Form‘ Cvrc*q“ (\oroQan —Cowwb
WL\y SCLU/‘ ‘Fav’m (paﬂef>

\[0\/ l‘d\{‘((,dms cn @iypu )ro'ﬂ),?""c
(ha{,\]us"(, one Seuare (Maf(l",x.)
'Pertur(oa\tiavs L heor
CCQ"‘.:C- ‘LVUs"t my Ql/lfw{f?_\

/AY( C‘PJV("FLHMC (‘(\OV o S?v\;{e.,hane),mm{(:ricﬂ,
C‘AUP g *@av‘ A:AT>



WQLFGJ,Q‘. T.e(mplaf(,e,(' ’QOV go’(,(,lw O"@
A\Jfbro‘cc E‘(jem,qku& (Pru\p(pmg

QQCq“ DG'F?n?t"Ouf:
Def: pld)=det CA —aD) , A s

c‘/\&tai(»fkt?i‘( = Palyhom\o,)
n reots —o e}g(n vo\UfS

Do‘[!t( k 427equ,luo)g non= <¥rD
V\U\\ Je cNov K °~F A-—AE%

Ax= =0 = A x=Ac
r r“a‘\i "ifj'msvec‘(.o:r (evec-Cors\rtor'b>

Analogovsly 34" st o (- \T)=0
= lduA — }\yu/ a@ \e('-[ eveC

Dc?‘[-' g MOAsTngu[qr amoh E’SASJ

S C}M-l\arc‘(lfglxrans Qrw
A C(V\al g ore Smilar

LeVV\Wl‘(! A q,\oﬂ E 5>m:lqr;;

\'\owé Sam-#€ CVQ]S/dV\oQ evecs re,\a\e.‘of

(0?( thlb‘tp'y?na b)/ Cor ST
pt’ Ax=N\e 4 SASSk= A Sk
8
T(? %(gy‘)z A( g,t)



U“A >d £t aug’(S/ArS" - y“S‘"
6 (4 SOB = AGHS™
G’@CLI' (‘qu‘,c*rc»fm A ‘s a SM(\QV a*m&

S(mp(fr B whose e-w.ls aund evecs

ave e asy '\ld CGMP‘J{Q

= C\fq&g ace ,Q(u )evecs =

O
§ | thenty
(o)
3

SIMP Q"é @ Othleo. 5\

Jemmar 18 Ag=hore for we o

C\V\& S - £X‘/‘ - )&n] V\ohgl"'aulaf
}.?, a h \Zk\c’arly \I/\Jttp.c.\!ecﬂt e veeS

thea A= S| O X st =S A ST
Lo

C) S

(O“Vf(rie( & A= S)AC _/l,a(rv,“‘

'61\9,« Co\(/wmg c‘( _g avre evecs
rood ! A= SNAS" AS= SN\
i£8 AS[ ] = Sg:,-..} ;«; VO e

evec e\m)

P



@c:t C\C(VIL'[ C!lWO}«S' Jr(cljom(\(-ze, A ‘por :szG'SauJ'
(() VhaY Le m:{—lc maﬁ'v;a//y ‘tm,ous*cu@

(V’?Ca)l AOVJU(A ‘Qorm)
(7’) MQ] ‘ﬂé hvmer‘gCa,ly vns‘(q\’(e

ever i ot exrists when evals close)

Recall Yorda, Fovm’ For any
L Qontlaril, A J = diog (- )
suher @ eoch \3;; Nf.\C)

\ O-'S;
Up oo Pe'”‘d"'\g srder o3 & this ts untgue;
Aierent Jo can have eebuql A< 29 A=T

Ofl\y ohe l‘t?l\{ or le—‘G\f evec P_a( L(OCL

*iz-ﬂ H : >H cand Algpenclioe
C "% o o /(/)&-?al N EMQ;/)ouo(p,:t-

evécs

HOU S‘ehﬂ({l\/z— 1$ "H/\U'?- e <4 |

o L\ OJ : c\,LZ]XC‘*wXTD

O \+

0 {\ ﬂ; @4(&{1)(1—4,[}(1)

Quces rot ated 45°



0 [ L ;&:J (1, [;))O*%[L:D

e\veéecsS V\(av-L/ f)qrq“&)

@ [\ @—]} C\[(\;p Josl one etec

&
(S) L ' 6 } / ( ( ) ahy‘ﬂ\ig >, ( ‘)O\“‘y‘[lﬁn} )
o )

W\l(.pa -Q\ra(\$ ((I\-?qr>,) \Cﬁ.eu\hcak/
\)Orcﬂa« "€°Vm Very t \\ Cc:noﬂtf'zauaol

@or Goatl: &)QC\’-WQWJ 6‘(0‘7}(,{7 - . )
Qkod‘l’ ‘CUQ\Q/ € (ecsS oY A*E W-’—OQ

pm—

%QC\AWQV"A S\(’q("P afprc?acl« ‘.l/m 3;7414 />:—°L|zm

Recall c\ap 3 Hulliph, tuy by
moll Y ple 0 hegonal maTrices  buck wed ofoLle
618( AL (0. D)) - gof_’;‘\*ﬂ Sl o)
Apply tutce togel otnganal similer &,
@l (@eAma)--)aT) = AUB&

WEN =
QQT:‘_(: ﬁ-“— o(: Q



I{\ w ¢ rﬂftr‘tc:f 9;M\|ar(\(}, g ‘60 LQ
orH\a 0.,.%[/ "\cw el ose ‘(o Aor‘c!Qh ‘co.zm

Cun w e ?Q"{'?_

TL\WI (Sc\«uv quamzc_q\ chw>

G—\\VCM an h¥n A/ 3 Uv\’('(.alr)' @ ) @Q“::l
4:(1' @uA Q =T = vd)#)-ev {V’(amg a{qv—
wt'k\" Q\]a\é T(C/) w(o\zclf\ cay L.Q CGMP'?{

i { ATG 4l/ aPP?ap (a Ollny o(,-(l.e,,-
COmf(/t(nJ e\[((’,j o‘} T Jug\é t"\QquOIQI .Co\\\/a

_C"‘ \ " -4

¢ T‘Tﬁ.ﬂ;ﬁ X\ _ £%4
\ | O T(2) Tay Yo | = [ (47%) el
V\-‘: @ O l >‘>J K} KB .n_l

21
Tu"((_('T\a'&q_'l‘.T\;‘ X_s =T (‘:,Z)x\ (‘)
T[Z,c') ‘X;“'T’—%'X%:' T(ir?'). K ()
Tz Xn ~ T (5,5)&3 =)
1 £ T(Z;z> uniﬁo& C%)3<T33 ~T (a,z)[)xs =0
\_/v\/
V\"'\f'l\'?u\uv
:7)(326
@, T(QC) " K ;,:'T(;,z) LY =
O Tuty * T =Tle) x,



Cw) a o \\L ) tr7QM17Jar

t f'lanJar/ [,\aus}mjo]a., Salve

b\)kw‘t AOC’S Mq+\ﬁL 0{0 ch"{TL

£\),D] —“e‘c?C[i(n -

- |oo - | _ \ |
Ioo.l \{ [O’).—%q] [CD u'\d;c'(‘lawg’l

z, l l, O—'Lon_




