



































































































































Today
Optimization

randomizedroundingofLPs
mirymax fanxn whencanwe MAXLSAT
subjecttoconstraints solveefficiently congestionMID

projectinfoLinearprogramming L
X2

f x xn linearfin 4 1 3 62 2 5constraints linear

Example Diet Problem
Athletewantsto waxprotein consumption

subjectto 5 5unitsof fatday
5 61day

p t fatIb 1
steak 2 I 4 I

1
peanutbutterPB I 2 I

X lbsofsteakfday
Xa lbsofPBIday

112

objectivefm 4 1 3 62 2 5Max 2x t Xa
subjectto

4 1 2 6 feasibleset
2 2 5 feasibleregion
XiXs 30 a

feasible ptwithmax objectivefnvalue I fis optimalsolution l
I f m 224 4 4

224 5 1
u x

feasible setis polyhedron intersectionofhalfspaces 22
italso bounded nonempty polytope

feasible set convex

linearcostfns definefamilyofparallel hyperplanes
optimalfeasible pt mustoccur at Carnes a.k.a vertex

can'tbe expressed as convexcomboffeasiblepts

Unfortunately too manyvertices to enumerate 7 M Ex coexist ien
m constraints h variables n dimensional hypercube






































































































































Max 2x Xa c49
subjectto

Input to LP problem
4 1 2 6 A YLx 2 2 5

find xc IR to x in O b EcIR Max c xMxn
A E IR subjectto Axeb
5 C IBM Xiao th

a xEpb E a x E b
Max qxitcaxat tcnxn a X b a X b

a x Eb
s.tn aux tastat tannin b unconstrained xt I

amx tant taanxneba x'Txzoi

amXitamaxattamnxnebmxi.br
yXn30

There are efficientalgs for LP ellipsoid sometimes even exponential
exp worstcase sizedLPs can be solved in polytimesimplex smoothed polytine

polytime separation oracleellipsoid

interiorptmethods
Tom'dtime

zypn
yes I feasible

not
Sep hyperplane
a x Eb

everyfeasible x satisfiesa xeb
Bottomline If you can formulate your problem asLP but z a z bd canbesolved intimepdyfmiy1oyl.miajx is.b does

Using linearprogrammingrelaxations to getapproxalgsfar NPhardproblems
thenapply randomized rounding

MAXSAT
Given a Booleanformulain CNF andfors Maxversioneven whenallclauses

in Boolean vars x xn have 32 literals
M clauses Ci cm

each clauseis ORof some of vans negations eg XzVI5VXi

Wj weightof jtn clause
literals

MAXSAT And assignment that maximizes outof satisfiedclauses
MAXKSAT all clauses have k literals
MAX EKSATE all clauses have exactly K literals






































































































































Random assignment
K Prklansesat

assign
3T up's y
5 up ta I I

2 314
Pr clause with Kliterals satisfied I IT 3 718

4 546

MAX LSAT Ef clauses satisfied
My Nz 34

MAX E3SAT Ef clauses satrsted Ig total
No better approx Us possible unless F NP

we will consider MAX 2 SAT all clauseshave 1 or 2 literals
a

Step1 i Formulate MAX 25kt as inferlinearprogram
wherewe requireallvans tobe c 0,1

Suppose inputformulahas n vans mclauses

Define tears x xn Fran infarmula
2 zm tfclausein formula

vxa
where xi

oT.int 3 L to.twisotishld
E.gg azzj

m Wj weightyclausej 5 45
Max I wjZj zo 4532J

D as

1 Ez Lij 33 Vilausej
or i

Dig
tmoaarsqb.us

je Loi ILP is NP complete






































































































































integer linear programming is NPhardthough

Step 2 Relax to a LP and solve 27 m XF xn fractional

m Tgca m
Max Wjz j

wj2j
j l

g
Fis Z 2J jet m

2 where y j X if Vaniposing
c 0,1 is n

t Xi neg g

2JC 0,13 j l m

oex.ie
Cansolve in polytime

I F i
oez.ge V j

keyobservation optp 7 OPTILP12
2 2

1
EI

Step 3 Round theSdn integer som

Coolidea treat xj as probabilities

setup L
won meadow'T

Claims V j Pr clause j satisfied 3242J

F Fewo Igsjgan.su 3EwjZis 3yoPT z
324OPT

Proogy claim
s mt forCj is Xrtxs 2J Xruxs

oe.se zE mmlkEEi
1 I 919
























































































































































































































































































































































































































































































































































