



































































































































MaxCat We will use convex programming
linear programming over semidefinite matrices
to get a O 878 approximation of maxcat
This is a famous result of foemars Williamson

Input graph G UE
For SCU define outG Could sit I Eab3nsI I
manat CA mast cuts

or

as
I

catchy

In our previous notation cut OG

Easy results first Define n.rsEL.lemlmaxcatlGIzm 2

proof Consider choosing S unit at Tandon
U aeupr Laes.FI independently
For f EE
Pr ads to f Rotaesardbots or fact Sard BEST

Pu aesadbfesj pr aetsadf.es
44 14 42

catch Z.geePrEcacHedCdf
Mzmatzaueroge.so

FS set Cats z






































































































































Can turn this into an algorithm But theres
a simpler algorithm

Let's describe it in terms of IT vector where or 14
XE 3h Sx ai Hak 1

localsearch
start with any XE 13 like I or random
while Fa St Hay E x b O most neighbors of

beCadstEE a are an sane
side

Cat X a

Return or s a Kal 13

Idea if moving a into or out of S increases the cat
do it

Claim cut Sx I Kaleb

proof

CCaim2_ If I is vector after mowing a

cat Se cut sat x a I b
f Cadd EE
















































































































Can turn this into an algorithm But theres
a simpler algorithm

Let's describe it in terms of IT vector where or 14

localsearch
Start with any XE 13 like I or random
while Fa St Hay E x b O

b ads CE

Hak Ha a

Return or s a Kal 13

Idea if moving a into or out of S increases the cat
do it

cut 0 1 6
t t t matcatCGI 7

0 To

0 Do

t



Can turn this into an algorithm But theres
a simpler algorithm

Let's describe it in terms of IT vector where or 14

localsearch
Start with any XE 13 like I or random
while Fa St Hay E x b O

b ads CE

xCal X a

Return or S a Kal 13

Idea if moving a into or out of S increases the cat
do it

Claim cut Csx I Haled Ell f 414

proof xcalthy L if DE O a I
I o w ECC 4 0

Claims If I is vector after mowing a

cat Se cut sat xCa 2 b
f Cadd EE



x I
catch O cut CSI 1
a HA I

tend locatteminates and returns
x with cat z Mz

proofe
When steps ta 2 HAHA e O

b act EE

catch I Hal Hb E

cEaj2eECaItCHatszEneediE

cbjeEtC9ltClDeoca.Fu.e'M

EE E.a.aeaHM O



How to do better
Goemars Williamson 95 relax a E Et I

replace with

NaEIRnillNalIE1XCa7xCbI
vaTNbcaEgeetxcalHbls

Fjc.e NatNb

Wa 0

Solve the vector problem Em

UP E Max z 2 1 NatNb sit Hwa112 1
Cacb EE

Na
E EE

t

Dub

I

2 Jaypee't NatNb 4 52 maxcat E 4
__

l We can turn the solution into an approximate
solution to maxcut

2 We can approximately solve UP in polynomial time



Claire VP E e maxcut CG X d C like
proof consider Nea ta forceryunitoect
Now NatNb Xca x b

But we can choose Na differently and get
a larger value 4

TO round vectors Ni Nn into I ti Hut
choose a tardom unit vector u

set xCaI I f ut Naz 0
I O w n

is equivalent to use Gaussian tardom u Ys s I
T NCO Int U That

Claire B aib c 0 Sx ang wa vis IT 21T

proof First look at the 2D case

Ya Ya Ya

i en.tt
I uTNb O

a atua of
U 3

Ya

O both sliceshaveargleoutNa O UTUb
utNb O UTNE



In general project u to span Va Nb and apply
this analysis

Su or Stu NaTNis cosCO

JClaim5IEucutCSxIiF TZq.eacoscuate

proof UaTNg cos 0 a Nato

Claim min tacos t
20.878N

theorem Eu Cat Sx 20.878 manat E

proof Ea cutesy IF I acos Natus
can fE

0.878 E t ft NatNb
D CE

0.878 UP G
O 878 maxcut CGI

p.no ofcCaim6
change to E cosCtl compatederiv set 60
crit pout coscotto siu LOKI



or 2 plot it

A

l
O

l 10

3 Use the plot to derive the bound see GW

here ratio is convex
So use a supporting

convex plane toget a lower
bound

L O

acosta 0 here Tatioz I



How to solve UP

uYqxn
I Zag I NatNb Sit UaTNa 1 for alla

This problem is linear in the Gram matrix

M aib _Nat Nb M VTV where U YuYu

problem becomes Max E 21 Mlab s t Ula a L the
b EE

and M is a Gram matrix

Claim
M is a Gram matrix iff U is positive semidefinite

proof M UTV I Mx UxF VI IO ft
If M is Psd can find a Choleskyo

factorization

A LE t I 101

Lt M is Evan matrixof LT
eisen M I 1 diag non neg V A UT
So solve

UtU

MmaxEI2eefbls.t MIO M 1 Ha

Cholesky factor M eger dead
X sig V foratandonvectot



Can find graphs for ahah alg
does not beat 0.879

UGC can't beat GW

My

or to.se n8

variables are tha n variables

for many problems solution has low perk
are many special purpose algs

Semidefinite programming

mat M Lan
sit M ko pas det
Tn REM E bi

T



Xyz
Nco I pG e

x Xy Xu

PH HIT e
k

Ganj ft e
Xi k

Guy
k
e
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e


