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MAXCUT

Input G V E wig Hi j EE

Goals partition vertex set so as to max weight of endpts crossing cut
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Another approach
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Intro to semidefinite programming

linear programming where vans are entries in psd matrix
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SDP rounding

Intro to semidefinite programming

linear programmingwhere vans are entries in psd matrix

Defn If A is a symmetric n byn matrix
then It is a positivesemidefinite psd matrix Ako

yfany of the following equivalent conditions hold
t.EERn IAC 30

A has nonnegative eigenvalues

A VTV for some Mxn matrix V men

A 2,2 X Xit for some Xi 0 and

orthonormal vectors X EIR

semidefinite program SDP
Vector program
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X x ko vie IR il n

givenX X Vtv
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Key fact
SDPs can be solved to within additive error E

in time
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in our discussions we ignore additive error E



Recap
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Can equivalently writeSDP relaxation as a vector program
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MAXCUT

Input G V E wig Hi j EE

Goals partition vertex set so as to max weight of endpts crossing cut
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Can solve SDP inpolytime

Claim MAXCUTOPT E SDP opt
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Random hyperplane rounding
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Hardness

If F approx dog for MAXCUT with approxrato 30.941
then P NP

If the unique games conjecture is true there is no

approxay for MAXCUT with approx ratio better

than 0.878 is
MAX221N 9

Unique Games Conjecture q prime
input linear equationsmod9
w unknownsV Ezo 3 prime g

Sts x xnEloy 9 B
GEye Gapversion it 7 farm Xi xj G

Xz Xi 87fined97J

m.EE IasIhaiIIE7Igti5 xxx someday
i

if no assignment Xp xq 56 med97Jsatisfiesz refraction
output NO problem Find assignment

admits no polytime
g is thatsatisfies max

som unless P NP possible ofegns

Int gapof the COW SDP 0.878

Everypoly sired LPrelaxahn of MAX
cut

has integralitygapof James



3 Coloring a 3 colorable graph 00

MvpGren graph G VE To
promise that tis 3 adorable L

What is min k sit we can find a K along
of G in poly tire

Simple results

A graph with max degree D can be
colored with Dtl colors

A 3 colorable graph can be coloredwith
0 rn colors

Find a vertex ofdeg 3h
Use 3colors to color A Qb neighbors

neighborhood 2 colorable

Remove it its neighbors fromgraph
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Algorithm

Solve SDP A vi in n r n

choose tf randomhyperplanes thru origin
L J

Color vertices in each regionw diffcolor w

remove anyedges properlycolored

Repeatsteps 2 4 until havepropercoloring


