



































































































































Mattix Completion comes from the Netflix Prize 07 09
Given ratings of movies by people person movie score

Try to predict ratings by those people on other movies

Data was very sparse
500k people 18k movies On average 200 ratings person

And very irregular many people tate few movies

some movies get few ratings

0 O 0

idea Consider matrix movies 6 ratings o
O o

people

knowing only a few entries in the Matrix
can we guess the test

Need to assume matrix has some structure
like approximately low perk low rate noise

Matrix Completion problem given mxn matrix 1
D E El m x I n and an integer t

main E.gerlmli.it Hi ill set taekCH et

ar given a O H
m tank CH sit HM HIS EE






































































































































Both forms are NF hard even with 9 0

So replace TarkCH with something convex

If o Om are singular values of X
tarkCXl ll

i.niomllloSo.byanalogy with Li use the nuclearnot of X
11 14 11 o com Hz Foi Fazel

contrast with Kille 1110 om Il Zoe

11kHz Meat Oi
uecmaf

Hollo career
the sit Hu air 0

if Yuk
Approximate recovery Kuk KUK

min HUH sit Htt the e

work well when I is random bigassumption

X is nice no big entries
singular vectors incoherent

If M is low tank can actually find U






































































































































Thenuclearnot also called trace norm
because trace whee symmetric

Is the dual of the operator norm 11kHz

2
The HILL mq Ir

X Hijlitij

proof X US T

Y cut all oil 111412 1
TrCxtH Tr US UM Tr vs ut

Tr sunt Tr 4K

D UVT tr xtif TRCVSUTU.tt
Tr SUTUV V

Q Orthogonal

Trace
or QCi.it QCi.it I U i

a

Ioi Tra 11th
Now we know HXH is convex

X D

1 9






































































































































HXH min Eftrcw Trlwdle mallHH
wi WZ

sit yw tw to PSD

So can minimize nuclear norms using
semidefinite programming

Original story approx low rank

by nuclear norm

Alternate Story Use complexity to guide
problem and algorithm selection

Exactly solve tractable problem

Approximately solve hard problem
or just try to solve hard problem heuristic

Alternating minimization A LI
0 pick L E 112Mt atom rake

1 Until 11M LRTHr is small
R Arg min 11M Little

R E IR
n't

L arg meine1pm't HM LRT Hr






































































































































How hard are NP hard problems
He 0

For any time less than 2 would be shocking

For most time I ary s would be surprising
circuit SAT i time e unlikely n inputs

Strong Exponential time hypothesis SETHI
lower bounds for many problems in E

Are other notions of hard from
very hard uncomputable to pretty hard UniqueGames Conj

When we can solve UP hard problems
they are probably special
tandon
structured

SEE Condition

st E smoothed analysis
well conditioned
other nice properties

P tertifiab.com Bandeira
Random problems that can usually solve
and certify optimality

E relax and certify by computing solution to dual
of relaxation































































See: Bubeck’s monograph, Convex Optimization: Algorithms and Complexity, or

Lectures on Modern Convex Optimization by Ben-Tal and Nemirovski
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For example consider minimizing convex functions

over B o H X 114k 13 E TR

Can prove that for every deterministic algorithm A
that makes Ken Oracle calls
F a convex f s it

II Xk Hz consth
where x minimum of f and

Xie is output of algorithm

Are many results like this for Mary function
classes

To peve faster convergence of an algorithm
must use more about the function

Black Box solvers usually arise in
non convex optimization

These are heuristics people use to try
to minimize or maximize functions












