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ABSTRACT

ThisarticledescribestheBeesAlgorithminstandardformulationandpresentstwoapplicationsto
real-worldcontinuousoptimisationengineeringproblems.Inthefirstcase,theBeesAlgorithmis
employedtotrainthreeartificialneuralnetworks(ANNs)tomodeltheinversekinematicsofthe
jointsofathree-linkmanipulator.Inthesecondcase,theBeesAlgorithmisusedtooptimisethe
parametersofalinearmodelusedtoapproximatethetorqueoutputforanelectro-hydraulicload
system.Inbothcases,theBeesAlgorithmoutperformedthestate-of-the-artintheliterature,proving
tobeaneffectiveoptimisationtechniqueforengineeringsystems.
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1. INTROdUCTION

TheBeesAlgorithm(D.T.Pham,Ghanbarzadeh,etal.2006a;D.T.PhamandCastellani2009b)is
relatedtoseveralothernature-inspiredpopulation-basedoptimisationprocedures,suchasevolutionary
algorithms(EAs)(Fogel,2000)andswarmintelligence(SI)(Kennedy,2006).WhilstEAsrelyon
competitionamongstagentstoevolvethepopulation’sfitness,SImostlymodelscooperationinsocial
insects.Moreover,standardEAsrelyoncentralisedpopulationselection,mating,andreplacement
procedures,whereasSIprescribesafullydecentralisedpopulationstructure,self-organisation,and
distributedintelligence.Similarly,totheSIapproach,theBeesAlgorithmreliesonthecooperation
oftheartificialbeestodiscovertheoptimalsolution.However,theBeesAlgorithmhasacentralised
controlstructuretoallocatethesamplingopportunitiesinthesearchspace.Forthisreason,theBees
AlgorithmliesattheintersectionbetweentheEAandSIapproaches.

2. THE BEES ALGORITHM

TheBeesAlgorithmisanature-inspiredoptimisationmethodbasedontheforagingbehaviourof
honeybees.Anumberofagents(scoutbees)areusedtoexplorerandomlythesolutionspace,looking
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forregionsofhighfitness.Theregions(sites)ofhighestfitnessarefurthersearchedbyforagerbees
whichcarryoutlocalexploitativesearch.TheBeesAlgorithmrepeatscyclesofglobal(random)and
localsearchuntilanacceptablesolutionisdiscovered,oragivennumberofiterationshaveelapsed.

The Bees Algorithm makes no assumption on the nature of the solution space, such as its
derivabilityorcontinuity(PhamandCastellani,2009b).Forthisreason,itisapplicabletoawide
rangeofcontinuousandcombinatorialproblems.Henceforth,unlessexplicitlystated,continuous
optimisationproblemswillbeconsidered.

ManyvariantsoftheBAhavebeendeveloped,withvariationsinthewaythebeesarerecruited,
whenandhowasiteisabandoned,andotherkeyaspectsofthealgorithm.Arecentsurvey(Hussein,
Sahran,andAbdullah,2017)suggestsaclassificationoftheBeesAlgorithminthreedifferentbranches:
onereferredtoastheBasicBeesAlgorithm(BBA)byseveralauthors(Pham,Castellani,andFahmy,
2008;Packianather,Landy,andPham,2009;PhamandCastellani,2009b;Yuceetal.,2013),where
different sites are searched using a fixed search scope radius; one also considering a reduction
(shrinking)ofthescopeofthelocalsearchshrinking-basedBA(ShBA)(Pham,Ghanbarzadeh,et
al.,2006a),andoneregardedastheStandardBA(SBA)(Castellani,Pham,andPham,2012;Pham,
Pham,andCastellani,2012),includingneighbourhoodshrinkingandsiteabandonment.

2.1. Bees Foraging Process in Nature
Inabeecolony,aportionofthepopulationexplorestheenvironmentsurroundingthehiveinsearch
forfood(VonFrisch,2014).Thesescoutslookforpatchesofflowerswherepollenornectariseasily
availableandrichinsugar.Upontheirreturntothehive,thescoutsunloadthefoodtheycollected.
Scoutsthatdiscoveredahigh-qualityflowerpatchcommunicatetoidleforagersthepositionoftheir
findthrougharitualcalledthewaggledance(Seeley,2009).Thedurationofthewaggledancedepends
onhowthescoutratedthepatch:highlyratedpatchesareadvertisedvialongdances,whichattracta
largenumberoffreeforagers(Seeley,2009).Oncethewaggledanceisterminated,thescoutreturns
tothefoodsourceforfurtherforaging.Theforagersthatjoinedascoutinharvestingfoodfroma
flowerpatch,mayaswellwaggledanceoncetheyreturntothehive,thuscallinginmoreworkerson
thefoodsource.Thankstothisautocatalyticmechanism,abeecolonyisabletoexploitefficiently
themostprofitablefoodsources(TereshkoandLee,2002).

2.2. The Algorithm

Withoutlossofgenerality1,letusconsideraminimisationproblem f U R( ) → + definedoverthe

n-dimensional continuous parameter spaceU x R max x min i nn
i i i

= ∈ < < = …{ }; , , ,1 . The

function f U( ) (fitness function)mayfeatureconstraintsontheparameters,anddefinesameasure
ofthe‘cost’ofeachsolution �x x x U

n
= …{ } ∈1

.Theaimoftheoptimisationtaskistofindthe
solutionµ ∈U ofminimalcost(i.e.maximalfitness):

f f x x Uµ( ) ≤ ( ) ∀ ∈( )  (1)

ThestandardprocedureoftheBeesAlgorithmwasoutlinedby(PhamandCastellani,2009a),
andissketchedinFigure1.

Atthebeginningofthesearch,ns artificialscoutbeesarerandomlyinitialised.Eachscoutlands
on a candidate solution x , and evaluates its fitness. After the initialisation phase, a number of
optimisationcyclesareiterated.

At thebeginningofeachcycle, the nb ns≤  scouts thatvisited the locations (solutions)of
highestfitnessperformthewaggledance.IntheBeesAlgorithm,thewaggledanceisimplemented
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