





























































Outline
How to solve most convex optimization problems IRL

Polynomial time
Convex problems we can solve in polynomial time

Min CCH s t SCH O fig concrete

3 X 20 Sf h G felt dgC4
global inch of CH is solution

But which t

4 0 just run f
A just mu g

X be sol to CH
O e ca f sets bigger and SCH smaller

binary search on GG f 0
just hope for Eeg o_O

l tt felt tgCx search on Te Cod

fat i gCH d



Inferior Point Methods aka Barrier Methods

Consider main fCH t E fat 1

sit gCH e O

g G coercer g coreace Convex

Problem is still concrete bat goes to at bandary

Xo

local approach toglobal arch stays insidegCHEO

Start with a big so just wait a feasible point
Cooee e and track solutions as you go

Really use fat dogCget
logC gall A as get o

Version 1 Min fCH Saf g CHEO 9k HEO

CCH e II togC gift
Barrier



start with E

decrease e 42 or ECI Ya

Yet find Xett start working from Xet

Usually only need high accuracy when E 70

Usually use Newton's Method not gradients

min FCA Taylor appnot to f
Smaller
F of a Fatt OFCHTITEST O HIT

T
Hessian

OHH

Usually go to Ifxttol Some t

Karmakar solves LPs in polynomial time

Solve A very small E did Cartier toad 6
exact solution

Generalized Ineqs XE Ki RI S



Polynomial Time
input size N Poly time always pervious
at most a OCNC
for some fixed constant c 6 2 or 3 6

Gaussian Elim n b y h matrix N n2 s

Per time I 0Cu3 OCN314

Add two b bit s time cOcb
Comparison EOCH

Multiplying b bit s time c OCDKab

Xo 3

for I in l tou
Xi to

Xu 3 need 064 bits to writedown

CU factorization is poly true ever ahem
count bits

LP is Poly time but only when County bib
of Ops actually depends a of bib

Rann is there really depends on IT



poly in log K o

and K can be expC bits

Approx Sole LP given C A D s 0

We can find an x sit Axeb
aid axe EX E

Tine is poly in DID usedto write Adscoed E

Oke E small enough can round to a solution

X a

Confirm solution has poly in the expat size

True because true for Ax b



Use rationals Write inputs as Ptt
P and 9 are cuteser

of bits to write p e It 217 107 bib
size e bits need to write D

size ht bits to write x

f Plot sizeCA e size D theft

Pi Pu inteses
size CITpi E E size pi

1 log Tpi 7 E I ThosPi
iatroeals
size Iti e 2 size Xi ti Pitti

zxi
ITAI

size Ifi E E size Ai

c Pi 9 i

c size Epi size Ifi

n week fi xd size Cult Saeki



Leon fo n by n neatra A
size det E 2 size A

det
p II Ali Mill
Ace JI P i A

def P
a E Tfiij

detail ajT It IPicill

size d E 2E size i j
4 EJ

Len At D size E 4h size A size t

Crane's rule says Cil detail
defCAI

Ai A but ith al replacedby b

Sze CHIH E 2 sizeCH t size c seeds

C 4h size size



LU is poly time

The the LP Ctx set Axe b
has solution vector X of size

4d sizecttsize

min fat set XE C conuet C f

x is E approx 3 optional x sit Ht till't

Need to be able to tell if XEC
Assume can call a factor to tell
Membership Oracle

C given by a faction oracle
CCH CTX is simple

on input or setback Retroealt at
It taller

and not too many bits

need to E C
and t R H BGoat EC C Bao R



Can E appret solutions in time pole in
LosCYd log MTL size Ad D

CCyp


