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ABSTRACT

Optimizationisofgreatinterestandithaswidespreadapplicationsinengineeringandscience.Ithas
becomeamajortechnologycontributortothegrowthofindustry.Itisextensivelyusedinsolvinga
widevarietyofproblemsindesign,operation,andanalysisofengineeringandtechnologicalprocesses.
Optimizationoflarge-scaleproblemsposedifficultiesconcerningtodimensionality,differentiability,
multimodalityandnonlinearityinobjectivefunctionsandconstraints.Inordertoovercomesuch
difficulties,therehasbeenarapidlygrowinginterestinadvancedoptimizationalgorithms.Stochastic
andevolutionaryoptimizationalgorithmsareincreasinglyusedtosolvechallengingoptimization
problems.Thesealgorithmsincludegeneticalgorithm,simulatedannealing,differentialevolution,
antcolonyoptimization,tabusearch,particleswarmoptimization,artificialbeecolonyalgorithm,
andcuckoosearchalgorithm.Thesealgorithmsare typically inspiredby somephenomena from
natureandtheyarerobust.Thesealgorithmsdonotrequireanygradientinformationandareeven
suitabletosolvediscreteoptimizationproblems.Thesemethodsareextensivelyusedtosolvethe
optimizationproblemsconcerningtosystemsthatarehighlynonlinear,highdimensional,andnoisy
orforsolvingproblemsthatarenoteasilysolvedbyclassicaldeterministicmethodsofoptimization.

BRIEF DESCRIPTION OF STOCHASTIC EVOLUTIONARY 
OPTIMIZATION ALGORITHMS

Variousstochasticandglobaloptimizationmethodssuchasgeneticalgorithm,simulatedannealing,
differentialevolution,antcolonyoptimization,tabusearch,particleswarmoptimization,artificial
beecolonyalgorithm,andcuckoosearchalgorithmarebrieflypresented.

Geneticalgorithms(GAs)aresearch-basedoptimizationtechniquesthatadapttheprinciples
ofgeneticsandnaturalselection.GAsbecamemorefamiliarwiththeworkofJohnHolland,which
adaptsnaturalandartificialsystems(Holland,1975).ThebiologicalandgeneticconceptsofGA’shave
beenstudiedearlierbyvariousresearchers.Inproblemsolving,theGAbeginswithasetofrandom
solutionsrepresentedbychromosomesorstringscalledpopulation.Solutionsfromonepopulationare
usedtoformanewpopulationthroughevolutionaryprinciplesofselection,crossover,andmutation.
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Thenewpopulationisselectedfromnewsolutions(offspring)accordingtotheirfitness.Thisprocess
isrepeateduntilthebestsolutionisobtained.

Simulatedannealing(SA)isastochasticsearchalgorithm,theconceptofwhichasaconnection
tostatisticalmechanicsandcombinatorialoptimizationwasintroducedbyKirkpatricketal.(1983).
TheprincipleofSAmimicstheannealingprocessofslowcoolingofmoltenmetaltoachievethe
minimumfunctionvalue.Similartotheanalogyofmetalliccoolingprocess,theSAalgorithmat
eachvirtualannealing temperaturegeneratesanewpotential solution to theproblemaround the
neighboursofthecurrentstateandaltersthestateaccordingtoapredefinedcriterion.Theacceptance
ofthenewstateisthenbasedonthesatisfactionoftheMetropoliscriterion,andthisprocedureis
iterateduntilconvergenceofthesolution.IntheSAalgorithm,theobjectivefunctionistreatedasthe
energyfunctionofamoltenmetal,andcertainartificialtemperaturesareintroducedandgradually
cooledinanalogousmannertotheannealingtechniquesoastoenablethealgorithmtoachievethe
globalminimum.

Differentialevolution(DE)algorithmintroducedbyStornandPrice(1997)isasimplepopulation-
basedsearchmethodusedforglobaloptimizationof real-valuedfunctions.Thisheuristicsearch
techniqueisusefultooptimizethenonlinearandnon-differentiablecontinuousspaceproblems.DE
maintainsapopulationofcandidatesolutionsbymutation,crossover,andselection.Inthismethod,
theinitialpopulationisgeneratedbyaddingnormallydistributedrandomdeviationstothepreliminary
solution.Newsolutionvectorsaregeneratedbyaddingtheweighteddifferencevectorbetweentwo
populationmemberstoathirdmember.Iftheresultingvectoryieldsalowerobjectivefunctionvalue
thanapredeterminedpopulationmember,thepreviouspopulationisreplacedbythenewpopulation.
DEusesdistanceanddirectioninformationfromthecurrentpopulationtoguidethesearchprocess.
Thismethodexhibitsfasterconvergenceandiseasiertoimplement,andithasfewcontrolparameters.

Antcolonyoptimization(ACO)algorithmmimicstheforagingbehaviourofantsinwhichthe
realantsfindtheshortestroutebetweenafoodsourceandtheirnest(Dorigoetal.,1991).Theants
communicatewithoneanotherbymeansofpheromonetrailsandexchangeinformationaboutwhich
pathshouldbefollowed.Thisautocatalyticandcollectivebehaviourofantsresultsintheestablishment
oftheshortestroutefromthenesttothefoodsourceandback.InACO,anumberofartificialants
buildsolutionstoanoptimizationproblemandexchangeinformationbyfollowingacommunication
schemeadoptedbyrealants.TheACOconstructioninvolvesthreemainfunctions.Thefirstfunction
constructsantsolutionsbymanagingacolonyofantsthatvisitadjacentstatesbymovingthrough
neighbournodesof theproblem’sconstructiongraph.Theymovebyapplyinga stochastic local
decisionpolicythatmakesuseofpheromonetrailsandheuristicinformation.Inthesecondfunction,
pheromonetrailupdateswillbecarriedoutandproceedswithpheromonetrailreinforcementand
pheromonetrailevaporation.Inthethirdfunction,thealgorithmconsidersbonusupdatesfroma
globalsearch.Thisadditionalpheromonereinforcementstepgeneratesthebestsolution.

Tabusearch(TS)proposedbyGlover(1986)isametaheuristicproblem-solvingapproachused
tosolvecombinatorialoptimizationproblems.TSusesamemorybywhichthismethodwillnotonly
rememberthecurrentandbestsolution,butitalsokeepsthememorytovisitthelastsolutionsand
toguidethesearchmoves.TheadaptivememoryandresponsiveexplorationfeaturesofTSenable
ittoexploitgoodsolutionsandexplorenewpromisingregionsinthesearchspace.Theadaptive
memoryfeatureallowstheimplementationofproceduresthatarecapableofsearchingthesolution
spaceeconomicallyandeffectively.Responsiveexplorationintegratesintelligentsearchmechanismsto
exploitgoodsolutionfeatureswhileexploringnewpromisingregions.Asetofcoordinatedstrategies
employed inTS, suchas intensification anddiversification, allow it to explore the search space
morethoroughly,thushelpingtoavoidbecomingstuckinlocaloptima.TSusestabulisttostorethe
informationintheformofarecency-basedshort-termmemory(RSM)andafrequency-basedlong-
termmemory(FRM).TSprocessstartswithafeasiblesolution,andduringeachiteration,itevaluates
allsolutionsintheneighbourhoodexceptthoseinthecurrenttabulist.Thenthesearchmovesto
thebestnontabusolutionintheneighbourhoodandthebestsolutionfoundsofarwillgetupdated.
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