



































































































































A cool application reachability
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Reverseedge directions

While V
let 9 min rankofnodes in
Performsearch tofind Vi setofnodes
reachable fromModeofrankI
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Similarly wewant toshow 7 constant Cz sit
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Optimization

mirymax fanxn whencanwe
subjecttoconstraints solveefficiently

Linearprogramming 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 4x Xa 6112 2 5Max 2x t X 2
subjectto

4 1 2 6 feasibleset
2 2 5 feasibleregion
XiXs 30

feasible ptwithmax objective fr rate i fis optimalsolution l
I f m 2241444

224 5 1
u x

feasible setis polyhedron intersectionofhalfspaces 22
italso bounded nonempty polytope

feasible set convex

linearcost fns definefamilyofparallel hyperplanes
optimalfeasible pt mustoccur at corner a.k.a vertexcan'tbe expressed as convexcombgfeasiblepts

Unfortunately too manyvertices to enumerate 7 MK 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 CoxMxn
A E IR subjectto Axeb
5 C IRM Xiao Ki

Max qxitcaxat tcnxn
sit auxtaisxs.tntamxn e b

aax assist taanxneba
i

amXitamaxattamnxnebmxi.br
yXn30

smoothedanalysisofalgsThere are efficientalgs for LP

exp worstcase
measures perfof algunderslight

simplex smoothed polytine random perturbation ofinput
ellipsoid

interiorptmethods
Polynomialtime ellipsoid sometimes even exponential

sizedLPs can be solved in polytime

polytimew
separationoracle polytmealy

given yesxfeas.bg
no separating

hyperplane

Bottomline If you can formulate your problem asLP
it canbesolved intimepdyfmiy1oyl.mqjx ij.bci

Using linearprogrammingrelaxations to getapproxalgsfar NPhardproblems
thenapply randomized rounding

Example MAX 2SAT
Given a Booleanformulain CNF andfors maxversion NPhard
whereeach clause has 2 literals

find The assignmentto rasiables that maximizes satisfiedclauses

EI xn a x vis n Iv x4 454 vx n x Vai n Ivi

step1






































































































































Example
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Randomized rounding summary

important technique for obtaining approx algsfor NPhardproblems

Recipe

Set problemup as integer linearprogram varsc on
2 Relax ILP LP vars cLoD
3 SolveLP to optimality xi in D
4 Constructsolutionbyrandomlyrounding vans oil

treat x as probability

5 bound qualityofsdn bycomparing to LP opt

Another example congestion minimization

Input directedgraph G YE
setof pairs si ti il K

Output path Pi from Sinti Fist k
sit Congestion is minimized

in
Max paths thatintersectanyedge

NPhard

Approx alg via randomized rounding
Setup ILP multicommodity flow

vars f e c oil flowfromsinti onedgee
C congestion

min C
subtetto

fi e file Vv fs.it conservationofflowest est fe cusu e v warsomeu farsomew

f e Fi route 4unityflow fromsi tiest
e Csi u
forsomeu

f e s C congestionboundi

file c oil Hi e






































































































































theorem Pr anyedgehas congestion 3 E et
T

gives approxratioofa

Proof Fix e fu v
LetX e l Jeep

o ow

F X 4 I fpi.fiejpePis.x.ec

pLetXlei xicej V eE XCeD Efi4e ec

Pr He Koya e e
c'Icitoenato B

Chernoffbound

L

PrHey act e e
Then't DeeNenaD L a D

P 6bnmnnflnlnntbn6lnbb.ir I
0 71

3 3 bun
3hm

thise

Pr anyedge hascongestion xC I Pr Xie xc
7

union
nd th th

Doo

bound

Optimetz
graphswith oP r h TEY
so can't do betterwithsuch an approach

Hardness directedgraphs

Every polytimealg hasNiMH approxratio

unless NP E Bp7µE noageogny

Endnote If 0 3 cenn then therandomized
rounding approachgives

maxcongestion 0ft whip




