Matce loppletion comes fom the Vetfliy Srize 07- 02
Gtt‘uetf\ 'ra‘(‘Ing O'@ Mouies 'b\/ peeg{e ('Pel.‘fov’, MWou e, SIOFG)
Tr\( ‘o ‘piﬂdle l'CChvlj! 'by tHiose 'PC’OQ(Q on ether movies .

qu Wos very <patse
=~ 80 pegle, Kk waotes O avergge 2090 g—;HMj,r(pefmu\
And, very ireguler : pmany people. e —ew wovtes .
some movies gef few rtings

|
Ldec: [ omsider  matrisc peoq(e ( rc'[(‘i ngs )
l
—  pMovres ——

(Cux.owii\j oy a fpw enfrtes lu Ale watrix,

Can we 3(49,;5 4le rest.

Needd 4o asseume  watric has soue  styuchee,
e  opraximakly low rale [ loco ~rn e + moKe.\,

Matris [owp(e‘hem ’Pfohiem.‘ giuem MmN Wi"rly /Ul
L e LlemIx il ad o (viese—
min T (MO - X35\ T ok ek (X) e

X (x)enn
o, glt/‘em ‘L>O/ \\

VVL>I(\/\ ran(X\ sd. ((M-Xu& £ ¢



Lotln 'FETMS are NUVB- [/ta-rA( Cven wtlh 2=0.

So, replace Tank(X\  with SoMe‘Hti@ (onvex.

1€ cuon we sivular values of X
tani () = 1@l

Se | oy m(eﬂ with, K(, we Ale nucdear notm o X
e = Lo ol s T o (Fazel]

Iz
(octrast witts [, = (oo, = ( Z0)

I [, = ™max o vector matrix
L l-(lo | Tenk

Esact remuery - (e -l
min (Xl s+ e X((Jl =0 Wl ) (e

d G0V

AWthM"C{“ﬂ reaoery :

m)t;\ ¥y s4- [(/(/(~>([(JL s

Worke wel when L ts redom (’“{T “”“‘“PJ”*"")
Xots nie = ne by eatries,
Slgular veckors  inclerent |
I& M 15 low rmke, can ackally i .



The nuclecer norm

(a(so called trce I/LorWt\

Ls ”HM_O, c{u&( O‘G ‘H/le C{)EJZE(U" netm {(X((z

Ty (Ul = g T (€T} = Z H60 96

paf Lot K= USY" tedle S0D of X
TE Y = U
Tr () = Tr[ VS W™ = Te (Vs V7]
=T (2 uTV)
=Tr[g)
= 203
¢ V= CHJ/\T} where (_1([701\8 o{logon,
Te(9 = Te (Vs ut (i)
- To( e urayTy)
Q

Tr C S@B whee @ (S omg?em[
VAR QCLli\ ¢ ) oy
l r

\

as Q(d 1 Lo all L.

Now we tcuwow l\ )([l* s Oavek



(e = min 5T (w) «Fw,)

wl’w?—

—

sk - Wy
(el

X Wy

30) an miaimize Nuclea- norms us[./ujo

Sem(definde R pmmivg -

@Pl\gmat S‘(‘oyxll QPP ok (0~ ook

by nuclear notm.

A\-I-erl/\q‘\-e S‘&@v\(: Use Cmufcplexi"l*( o ga(de
pooblent el algerittum selectron .
Exactly solve tractable peoblem
A@melmﬁdy solve  ard. protlom
o Jest Ty o solve hard PTOJD(EWL. U/U?étﬁfﬁ‘c).

Alternat g Mintua 2atlow
O. pic= L & ['K,Mkr at tendom
l‘ (ot “M— L&T“& (S Swal|
= mMmin WMm- el
&= 2 e RV e



How had are UP-hard. Broblems KP
For oy, +ime  less Ay 2,"\Z would be Sbtocécil/ﬁ

Fe
Foc VVLé?{‘l time £ 2“/ oy T topald be §var‘{§iﬁ

((~)n

Crecadkt SAT: +wme ¢ 2 unliteely

@‘{’\m'/j Eypem&‘(‘fa( time b\\(po‘('f/le?l‘s ( S_ETHX
=> (owec- bounds "par Wlavn/ Pn’){:(emg ln E

Are ofle~ nsttens ot haod, €rom
very heud —uncw\;qfaﬁ(e, to ’Pf’e'H\[ hewd - Ulmg?ye GMJ Gw{/

When we can solve WP~ prodlens,
Alhey are probably specal:

tondom

Structured,
structuwe + notse CQM@O‘HA&A am(~,;rs>

We(t (ond i tioned.
otlec nice properties

Pobatly  (ertif terbly (ecvect — Bandeira
Lonclon pns’B(evvts that con umal(y solve
and  Certily aptinality.

Ex. telx, and cestty by (ompating Soldfion T dual
o€ releocdtton



nMa X £ mayx ¢ dual of g

2t fn [(/UlU =1 ,“'Uu“: 1 /\

Lan PmutJQ [en'll'i‘efot‘g

Z(,\ nie [cnsef( (on gfurdch( solne c(qa[ -@Qm
solufion o @r‘f@hﬂal — (OMAP[QW@U\L{"QJ\\/ slackuweogs .

Othes notions of Cowp(esc("H :
T formatton COMp(eJ(H-T ol Black - RBox a (yar%ms.

See: Bubeck’s monograph, Convex Optimization: Algorithms and Complexity, or
Lectures on Modern Convex Optimization by Ben-Tal and Nemirovski

Consde~ on o@+tM&c$w afgeettbune ALt
Minlmizes + oaly  using
+ e valuetions oL L
Codew poeties o € Ik conexity,

T(ACV\(’: CTQ O-CCQSJ‘(\/:? ‘@ %{'Uu,\j[/\ a ‘lb(acﬁr—‘bok

6T an oracle,

Can Prove lower downds on Ale Hsf  calls
M&CEGSQP\/

Cau\ even a((eco ﬂz&(uqﬁ‘sﬂr of 3&0&&"'5 o €
(o §%~det@cfs o A Nt %:(Y‘ XB ! (7177



Car e)«awp(e/ (onsder~ mtm?miai@ conuesr ’éﬂ\C’th\S
over Blo0= ix: e & R

(an Prove Al Lo every Cdeferm./\rc—érc\ alsorHtam , A
Mt makes 20 oracle el
X 4 convee £ <t
v = x> “Viw
there My = WAMAIMmum oL £ and.
X 15 output of algor A

/

'AW‘& Many resclts (tee ’KJS -(;r won y —ch‘ﬁ‘om
C(Co.gres.

o prove Laster- (onweSyene oft an Q(jé’rt‘—{'ﬂml
Mmast wse more  about Ao function.

r@(&c@:J@o% So[oers u.saql[x/ acilse (n
nown-~ conve s O{3+TMfi0LT('0/\.

These e aurtskies Pemle we 1o fry

o Minim 2L O MmaximizE ‘QAC‘ﬁms.



T use 4lean T fud CWP—€MM@@§.
Foc example, el a conjectwe :
C_O«ﬁ’L Tor  all Wj&m( materee ()
3 Xeiilgr\ suelh Alat  [[Qulle ¢ 2.
U5 Lalse. T feuow bedwse T Ao a &,
CWU&F be true witl, 2-1)

Typreal  approaches -
[. Grmo@ten-\- des ceat —@mvvt Mony 1—04[,40,/\/[ §-(w+§,

1. Nelder - Mead . (tue otler stuplox mettiod)

keep V\‘l‘[ U@C‘(@I‘S 7N [PV\/ X(L"( )(‘Uli-l

adyust Aenn il al( appac Ale <tlction.

Ocder 5o kit £ £ 80e) e <L0x,.)
Xael s worst  so Ary to lmprove b by
MOUIvg A Line ’l’hmﬁh toitonid. = E'),T ? X;

A

Cirst toy .

L Detter (leck £

N lgqm‘(‘ﬁdb\(’l'r‘YCa«okc(,




TE  nettter of Alsse betler
oA\ ract +o ><k

®)

[

bet a swalle~  simples.
(S /"L,g /oSt “\s’UPLL[a/\ b(@,c(::‘ {)OJ( qyml/ll\iei\\

Z, L(we Searches ¢ r@dom di(@d‘[@ns.

Y . Stmefoted. ammea(%: g deﬁnsamy Wil t .

Q= X+T . T renclom (usuaL(~/ dt&re‘re)
€ LCR) & 409 + 408
%= X

5. Diferential Epolatton *
Crenerzde oo population Xy Xen c>0
Pick . Jd. k& at rdom
malce Sure (%) £ £0x9 (seep @’Wwwtse)
S}-’— Xy + C)(;)—Xkc)
L E(R) £ 40 P
X;= X @ ----- >



Tuteger Linear (\DP%WZ‘\Aj
Mmin Ty s Asxceh, XG'ZV\
o ¥ E %OL(I"
Is AP-led, bt ts geod ade
Al often werles tn practre.
[ CPLEX, Ruobt, kenitro Mose k)

/M(gl,rt = [o‘:\j '{'Emel
bat con get tortifimts of eptisaldfy,

S AT solvers .

Solve pootlems ke curcurt satishability.
Cwmw{ AT wleel ts s((derY sZMP(ec—)
Awe Covvqkefh“t'tcms1

Conclustons of unfﬁfr5€rqbflt'ﬁ arce
k’@\( '%‘QC[/WLO(OL?Y tn 'ngm UQPC:&CQ_{TU(/\

ad cecwre tFetnels



L0S [Sams of Sgrua/es) tiot™ fopre
A\,\\{ 'POH mom‘rq,( Zme%aq(c‘ﬁ l,l‘{ce 'CCS(\ =0

hes a proefl  W(X* L(Y = 7? 3: (9"

where W and 3.\ ae QOk‘MOM?QLY.

Ex. | X'44*-2xy 20
i yie Loy = [y—j)l

Fiad. ’W/u,OM {3\, gemtdlgﬁm‘-le D@mmmiﬂj.




Modern  Machive Ceammj
Tt models o data by wnon- awer Prigrmming

(x(ve:/\ veckers X, . X ancl  labels e Yn
try to chese pammeters @ (€9, weplts i newnl mé*\
4o Mmoo F[@\ =Z ( 4190‘2\ = \tﬂz

L

<Ta F(@\ti Q(\c@(XS\, \(2,\ Some —(GFS ’FQAc+fDm [

OCten use gadiedt - based wetheds fo iucl
Local wminima .

Need- to estape coddle Pc{m‘ﬁ.l

Mary Algwems ‘or secral prodloms

1M’P(’O(/€VL‘\8:II+S A Bbc(:—EOk a@m‘[—l—lams/ Q?f&miﬁ MOe .

Vit are often Many (ocal M?./l?w/tq/

ah ¢ v et a(gerf‘\‘hms ’PFDOQULCE, doed S
B MATERS MORE THAL FE(O)



