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ABSTRACT

Bayesiannetworksareusefulanalyticalmodelsfordesigningthestructureofknowledgeinmachine
learning.Bayesiannetworkscanrepresentprobabilisticdependencyrelationshipsamongthevariables.
OnestrategyofBayesianNetworksstructurelearningisthescoreandsearchtechnique.Theauthors
presenttheElephantSwarmWaterSearchAlgorithm(ESWSA)asanovelapproachtoBayesian
networkstructurelearning.Inthealgorithm;Deleting,Reversing,Inserting,andMovingareusedto
maketheESWSAforreachingtheoptimalstructuresolution.Mainly,watersearchstrategyofelephants
duringdroughtperiodsisusedintheESWSAalgorithm.Theproposedmethodiscomparedwith
simulatedannealingandgreedysearchusingBDescorefunction.Theauthorshavealsoinvestigated
theconfusionmatrixperformancesofthesetechniquesutilizingvariousbenchmarkdatasets.As
presentedbytheresultsoftheevaluations,theproposedalgorithmhasbetterperformancethanthe
otheralgorithmsandproducesbetterscoresandaccuracyvalues.
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INTRodUCTIoN

Bayesiannetworks(BN)areoneofthesimplifiedanalyticalmethodsforconstructingtheprobabilistic
structure of knowledge in machine learning (Ji, Wei, & Liu, 2012). They can be implemented
universallyinknowledgedesign,argumentation,andinference(Fortier,Sheppard,&Pillai,2013).
ThestructureoftheBayesiannetworkisadirectacyclicgraph(DAG)whichisformedconcerning
two significant parts; the parameters and the structure of the network. The parameters describe
conditionalprobabilities,and thestructureexpressesdependenciesamong thevariables.Solving
thelearningstructureof theBayesiannetworkwithoutasuitablesearchmethodisdifficult.The
challengesforlearningthestructureofBayesiannetwork(BN)fromadatasettoachievetheoptimal
isNP-hardoptimizationproblem(Li&Chen,2014);however,extensiveresearchhasbeenconducted
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todevelopapproximatestrategiesforlearningnetworkstructure.Essentially,therearetwoprocedures
forBayesiannetworksstructurallearning.Thefirstisaconstraint-basedprocedurewhilethesecond
isscoreandsearchprocedure(Margaritis,2003).Thescoreandsearchmethodisusedtoexplore
thespaceofBNstructuresandcontinuouslyevaluateallapplicantnetworkstructuresuntilthevalid
metricvalueachieved.

Score-basedproceduresrelyonafunctiontoevaluatethenetwork,theavailabledata,andthey
searchforastructurethatoptimizesthescore,whichisthegoal(Fast,2010).Thescorefunction
methodisimplementedusingtwoprimarycriteria:Bayesianscoreandinformation-theoreticscore.The
information-theoreticscoreimplementedinmethodslike;Log-likelihood(LL),Akaikeinformation
criterion (AIC), Bayesian Information Criterion (BIC), Minimum Description Length (MDL),
NormalizedMinimumLikelihood(NML),andMutualInformationTests(MIT).TheBayesianscore
implementedinsomeothermethodslike;BD(BayesianDirichlet),BDe(BayesianDirichlet(“e”
forlikelihood-equivalence)),BDeu(BayesianDirichletequivalentuniform(“u”foruniformjoint
distribution)),andK2(Cooper&Herskovits,1992).

Thereareseveralmethodsofthesearchstrategyforachievingtheoptimizationofthestructure
learningproblem.TheyincludeParticleSwarmIntelligence(Cowie,Oteniya,&Coles,2007),Ant
ColonyOptimizationAlgorithm(Salama&Freitas,2012),BeeColony(Li&Chen,2014),Hybrid
Algorithm (He & Gao, 2018; Li & Wang, 2017; Kareem & Okur, 2018), Simulated Annealing
Algorithm(Hesar,2013),BacterialForagingOptimization(Yang,Ji,Liu,Liu,&Yin,2016),Genetic
Algorithms(Larraiiaga&Poza,1996),Gene-PoolOptimalMixingEvolutionaryAlgorithm(GOMEA)
(Orphanou, Thierens, & Bosman, 2018), Breeding Swarm Algorithm (Khanteymoori, Olyaee,
Abbaszadeh,&Valian,2018),BinaryEncodingWaterCycle(Wang&Liu,2018),PigeonInspired
Optimization(Kareem&Okur,2019),TighteningBounds(Fan,Yuan,&Malone,2014),A*Search
Algorithms(Yuan,Malonean,&Wu,2011),ScatterSearchDocuments(Djan-Sampson&Sahin,
2004),CuckooOptimizationAlgorithm(Askari&Ahsaee,2018),Quasi-DeterminismScreening
(Rahier,Marie,Girard&Forbes,2019),andMinimumSpanningTreeAlgorithm(Sencer,Oztemel,
Taskin,&Torkul,2013).Anotherstate-of-the-artmetaheuristicmethodthatcanbeusedforstructure
learninginBayesiannetworksistheelephantswarmoptimization.Thispaperproposesandpresents
acomparativeevaluationofthismethodasanovelapproachtoBayesiannetworkstructurelearning.

Theorganizationoftheremainderofthispaperisasfollows.Section2presentstheconceptof
structurelearninginBayesianNetworks.Section3includesabriefintroductionofElephantSwarm
WaterSearchAlgorithm.Wediscussindetailthemethodologyandpresenttheexperimentalresult
insection4.Theconclusionsareinsection5.

STRUCTURE LEARNING oF BAyESIAN NETWoRKS

FundamentallytheBayesianNetworkcanbeexpressedusingtwocomponents:(G,P).Thefirstone,
G(V;E)istheDAGcoveringthecalculablegroupofvertices(ornodes),V,interconnectedovermarked
edges(orlinks),E.Thesecondone,P={P(Xi|Pa(Xi))}representsthecollectionofconditional
probabilisticdistributions(CPD),individualtoallvariablesXi(verticesfromagraph).Moreover,
Pa(Xi)representsthecollectionofparentsofthenodeXiinG(Cowie,Oteniya,&Coles,2007).
Basedonthismodel,asimpleprobabilisticcombinationfora(G;P)networkcanberepresentedvia:
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Ascorefunction,ontheotherhand,dependsonseveralcriteria,includingBayesianapproaches,
informationandentropy,andminimumdescriptionlength(Campos,2006).AccordingtoBayesian
inferencerules,Bayesian-networkposteriorprobabilitycanexpressas:
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