
 

emidefinite Progranning

Two different intuitions both correct

1 fundamentally different kind of relaxation

vectors instead of fractions

2 Linear Programming one non linearity

Definil.im Theorem A symmetric matrix XelR is

positive semidefinite PSD k 0 if and only if

1 Atl eigenvalues of X are 20

2 yTXy 20 VyelR

3 X UTV for some VelR

4 field there is some vector vielR it

Xi Vi v Cui u

et A semidefinite program SDP is an LP with

the additional constraint that the matrix of variable

is Psp



EI variable Xi Visita

Max ci Xi

s t Fi Fi aimeXi Ebi VkeCmI

Xi X Visic.ca

x Xi ZO

Thm SDP can be solved in polytime

requires some technical niceness co diting

additive error

time polycinent log 4

Pf sketch

Ellipsoid alg

If X not PSD F y et TX co

IE xii so

separating hyperplane
i

YiY Xi O



Equivalent

max Ci Sui u

i t ai i Sui v E bi V kc.cm

Vie IR

why

max ii X X

s t aim Xi X E bi V

kecmlxic.IRfield

can't solve quadratic program

But can solve vector SDM relaxation

Relaxation Given x feasible for QP get vi Xi 0i

h l

Ps relaxation of ILP where integer as fractional ur

sops relaxation of strict quadratic programs was vectors

strictness required Can't have gone linear constraints some quadra

LPapproachy write Icp
Relax to LP fractions



Salve round

Spp approach write strict quadratic program
Relax to SDP vectors

Solve ra d

Max Cut

Input h Yf Feasible solution SEV

wit 71kt Objective max w gal E wle
eega

v Cnl

SDP Approach Choenay Williamson 95

First write strict quadratic program

max z E iii Ct Xix
i it c f

s t Xi 1 vie V

Xi C IR tie V

The This QP is exactly Max C t

PI Let feasible QP solution

X I x El 1,11 Kiev

Let S i X 1 x x 1 if li.is c 841
1 if Ei SCS
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Other direction let SEV

let Xi
1 if its
0 if ies

ucs.CH tz efwliiilll xix same calculation

second can't solve QP relax to vectors SDP

Max t.fgeeuliiilll su.su

TTT s t Lui v 1 View via unit vector
I

Vic.IR Kiev

Valid relaxation given solution to QP set

Vi Xi 0,90 0

n I
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Three solve SDP get vectors Vi

Round each vector to 1 1,13 try not to lose

too much in objective

RandingAlgorithm
i

random hyperplane rounding

Choose re 112 uniformly at random from

velR Hull 1 random unit vector

can do by choosing each coordinate independently from

Naill rescaling to make unit n

let 5 lieu vi r 203

Returns

The Random hyperplane raiding is a

tan o'IIe ETI O 82856 approximation

PI wtf fr Ii c8cg I Lau l lui.us Vlii 3Ef
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ZE.yec.nl aan Ell Lui v D

Law OPT SDP

7 Law OPT

look at some i j3eE

Look at plane P spanned by vi V

y
whether iii c Scs determined

by projection of r onto p

still uniformly distrikted

from perspective of Ci choose ra dam unit vest line

through origin in P Ii E SED iff vi u on different

sides of line

pr Ii c 841
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By Def of Law naw 1



0 Z Law z testis

pili c Scs 2 Raw z I i soii

Recall linear algebra or high school trig

a b Hall Noll costas
angle b w a b

Pelli c SCS 2 Law l Lu v 11411 11411 1

Done

Thad Holstad 01 Assuming HNP no a approximation

for Max Cat with 47 0.941

THICKKMO 07 Assuming Uniqse Games conjecture no

x approx for Max C T with a Law


