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Outline

♦Hill-climbing

♦Simulatedannealing

♦Geneticalgorithms(briefly)

♦Localsearchincontinuousspaces(verybriefly)
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Iterativeimprovementalgorithms

Inmanyoptimizationproblems,pathisirrelevant;
thegoalstateitselfisthesolution

Thenstatespace=setof“complete”configurations;
findoptimalconfiguration,e.g.,TSP
or,findconfigurationsatisfyingconstraints,e.g.,timetable

Insuchcases,canuseiterativeimprovementalgorithms;
keepasingle“current”state,trytoimproveit

Constantspace,suitableforonlineaswellasofflinesearch
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Example:TravellingSalespersonProblem

Startwithanycompletetour,performpairwiseexchanges

Variantsofthisapproachgetwithin1%ofoptimalveryquicklywiththou-
sandsofcities
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Example:n-queens

Putnqueensonann×nboardwithnotwoqueensonthesame
row,column,ordiagonal

Moveaqueentoreducenumberofconflicts

h = 5h = 2h = 0

Almostalwayssolvesn-queensproblemsalmostinstantaneously
forverylargen,e.g.,n=1million
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Hill-climbing(orgradientascent/descent)

“LikeclimbingEverestinthickfogwithamnesia”

functionHill-Climbing(problem)returnsastatethatisalocalmaximum

inputs:problem,aproblem

localvariables:current,anode

neighbor,anode

current←Make-Node(Initial-State[problem])

loopdo

neighbor←ahighest-valuedsuccessorofcurrent

ifValue[neighbor]≤Value[current]thenreturnState[current]

current←neighbor

end
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Hill-climbingcontd.

Usefultoconsiderstatespacelandscape

current
state

objective function

state space

global maximum

local maximum

"flat" local maximum

shoulder

Random-restarthillclimbingovercomeslocalmaxima—triviallycomplete

Randomsidewaysmovesescapefromshoulderslooponflatmaxima

Chapter4,Sections3–47



Simulatedannealing

Idea:escapelocalmaximabyallowingsome“bad”moves
butgraduallydecreasetheirsizeandfrequency

functionSimulated-Annealing(problem,schedule)returnsasolutionstate

inputs:problem,aproblem

schedule,amappingfromtimeto“temperature”

localvariables:current,anode

next,anode

T,a“temperature”controllingprob.ofdownwardsteps

current←Make-Node(Initial-State[problem])

fort←1to∞do

T←schedule[t]

ifT=0thenreturncurrent

next←arandomlyselectedsuccessorofcurrent

∆E←Value[next]–Value[current]

if∆E>0thencurrent←next

elsecurrent←nextonlywithprobabilitye
∆E/T
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Propertiesofsimulatedannealing

Atfixed“temperature”T,stateoccupationprobabilityreaches
Boltzmandistribution

p(x)=αe
E(x)
kT

Tdecreasedslowlyenough=⇒alwaysreachbeststatex
∗

becausee
E(x∗)

kT/e
E(x)
kT=e

E(x∗)−E(x)
kT�1forsmallT

Isthisnecessarilyaninterestingguarantee??

DevisedbyMetropolisetal.,1953,forphysicalprocessmodelling

WidelyusedinVLSIlayout,airlinescheduling,etc.
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Localbeamsearch

Idea:keepkstatesinsteadof1;choosetopkofalltheirsuccessors

Notthesameasksearchesruninparallel!
Searchesthatfindgoodstatesrecruitothersearchestojointhem

Problem:quiteoften,allkstatesenduponsamelocalhill

Idea:chooseksuccessorsrandomly,biasedtowardsgoodones

Observethecloseanalogytonaturalselection!
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Geneticalgorithms

=stochasticlocalbeamsearch+generatesuccessorsfrompairsofstates
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Geneticalgorithmscontd.

GAsrequirestatesencodedasstrings(GPsuseprograms)

Crossoverhelpsiffsubstringsaremeaningfulcomponents

+=

GAs6=evolution:e.g.,realgenesencodereplicationmachinery!
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Continuousstatespaces

SupposewewanttositethreeairportsinRomania:
–6-Dstatespacedefinedby(x1,y2),(x2,y2),(x3,y3)
–objectivefunctionf(x1,y2,x2,y2,x3,y3)=

sumofsquareddistancesfromeachcitytonearestairport

Discretizationmethodsturncontinuousspaceintodiscretespace,
e.g.,empiricalgradientconsiders±δchangeineachcoordinate

Gradientmethodscompute

∇f=
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toincrease/reducef,e.g.,byx←x+α∇f(x)

Sometimescansolvefor∇f(x)=0exactly(e.g.,withonecity).
Newton–Raphson(1664,1690)iteratesx←x−H

−1
f(x)∇f(x)

tosolve∇f(x)=0,whereHij=∂
2
f/∂xi∂xj
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