
 

Lecture u

plain D Finish
matroid union

2 Ellipsoid

Ellipsoid Algorithm
general purpose convex

opt alg
poly time in many

situations

e.g linear programing
not necessarily strongly polynomial

For max EX AXEb3 can solve

E loglaijl
Eloglbil

in poly A Kb
a j b i ETE

Slew for LP in practice



Contrast w simpler which is

fast in practice
but not

provably poly

May consequences
for complexity

of combinatorial opt problems

There is also interiorpoint
methods Kamontar 84

that some LP in poly live

fast in prach2e

but not as versatile for

theory



Consequently
painGiven comet set

e.g a polyhedron consider two

problems

separations
Given ye IR decide if
ye P if not return
separatyhyperplane ie c c R

s ut e g max Ex x P

it



optimizationGPTI
Given vector c c Rn find
find x maximizing Ex ou P

Example

Linearly pa
a

p x A x eb3

how to solve yep
as

P Ex aix Eb so just check

for each i i f ai X E bi
if not for some i

output a Tx E bi as separating
hyperplane



per

efficient if A 13 part of

the input j
i

OPI for P x Axe B

is just LP
Max CTX

subject to A X Eb

SEP easy OPT seems I

Matroidolytope



M ETL matroid

P cour Is S EID
matroid polytope
we knew a face characterization

Thin

p
ivtRExcssercslv.se

Xe70V etE

However exponentially may
constraints

Even if we can compute



rank function ran SEP
not obviously efficient

OPTfor P B just
greedy algorithm
for the matroid

OPT Max cost indep set

OPT easy SEP seems
hard

Matroid intersection polytope

opt SEP



Amazing Result in combo

penipsoid
method

asequences

opt

Theorem Griotsdid fovasy

1 For a family P of
convex bodies

SEP for P is poly time solvable

0PTfmP h

Ellipsoid algorithm can

solve OPT using calls to SEP



Reduces to using
polar P't of P we won't

cover

Actually if P B nondegenerate

eugh don't need SEP just
need membership MEM

MEM decide ifxc P.FIIIfIfjBook if
hm GLS 88 Given ballofT.fm
radius E contained in P ball the Ebat

af radius R containingP
might
never

and a MEM oracle to D hitpl

can solve SEP with

poly log t log R n

U I



Calls to MEM
Actually is about approximate versions
of SEP MEM

proof not covered
s E

OPTurfeasibility
First we solve simpler problems

or decide P 0
Fed5 tells you if p empty

or not

OPI reduces to FEAL

binary search
Max E x x EP Z L if



Pi p n Ex Ex 34 4

p
o p

I
L

Given a priori bound

C E L E C

Binary search to find mail.PE
o



1 find Pistol
using

i

0

look at p n x Ix LB
L

optimizes to E precision
in
log E calls to FEAS

for LP can solve exact OPT

with C I Eerponentinlin
bit size of A b

Details later 7



finally p

THE door

Solves FEAS in time
P of

poly flog E dosR n assuming

given ball BCxo R of radius R

containing P and either P contains
ball of radius E or P 0
E R dependence not a big deal

actually necessary
For LP with P Ex Axe b3

E R can be assured

exponential in bitsizeof
Ach



using some tricks we'll see

these tricks for a

special case

Algorithm idea

Set E Eo ellipsoid
guaranteed

to contain P

e.g Eo outer ball 1310 R

A

While e p if so just
returned done



D get separating hyperplane
7 Ex Ed valid for PFrom

SEP
hut not fore

oracle actually assure D Ee
by translating the hyper

a

E n x Exec
e



D Let E smaller ellipse
containing Eng x Exa CTe

E

E n x Exec
e

can take E to be minimum

volume ellipsoid contains
En x ex C d e3 I

can find E efficiently



D Set E c E

Runtime

Volume Lemma
1

VOICE't e Vol E

As E always contains P

dlg must terminate in

anti log

iterations
Cif P contains ballofradies

E

cont in ball of radies R E 2 htt log E
n



E 2 htt n log EIf after 2Cut1 n log Rf iterations thealgorithm hasn't terminated outputP of
Issues

How to compute E

Proof of volume henna

Bounding R E


