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ABSTRACT

Nature-InspiredAlgorithms(NIAs)areoneofthemostefficientmethodstosolvetheoptimization
problems.ArecentlyproposedNIAistheanti-predatoryNIA,whichisbasedontheanti-predatory
behavioroffrogs.Thisalgorithmusesfivedifferenttypesofself-defensemechanismsinorderto
improveitsanti-predatorystrength.Thispaperdemonstratesthecomputationstepsofanti-predatory
forsolvingtheRastriginfunctionandattemptstosolve20unconstrainedminimizationproblemsusing
anti-predatoryNIA.Theperformanceofanti-predatoryNIAiscomparedwiththesixcompetingmeta-
heuristicalgorithms.Acomparativestudyrevealsthattheanti-predatoryNIAisamorepromising
thantheotheralgorithms.Toquantifytheperformancecomparisonbetweenthealgorithms,Friedman
ranktestandHolm-Sidaktestareusedasstatisticalanalysismethods.Anti-predatoryNIAranks
firstinbothcasesof“MeanResult”and“StandardDeviation.”Resultmeasurestherobustnessand
correctnessoftheanti-predatoryNIA.Thissignifiestheworthofanti-predatoryNIAinthedomain
ofmathematicaloptimization.
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INTROdUCTION

Overthelastdecade,Nature-InspiredAlgorithms(NIAs)havebecomesurprisinglyverypopular
forsolvingthemathematicaloptimizationproblemsandevenforvariousreal-worldoptimization
problems.ThisisbecauseNIAsarehighlyflexible,efficienttosolveoptimizationproblemsanddo
nottrapinlocallyoptimalsolutions.Thesealgorithmsaresonamed,becausetheoptimizationmethods
adaptfromnaturalphenomena(FisterJr.etal.,2013).Thenaturalphenomenaalwayssolvetheproblem
inanoptimalway.Basedonthatoptimalway,NIAstrytosolveoptimizationproblems.Alarge
numberofNIAsareproposedtillnow,butnoNIAgivesasuperiorperformanceinalloptimization
problems(WolpertandMacready,1997).Hence,thereisstillaneedofanefficientandrobustNIA.

Basedonthenatureofobjectivefunction,optimizationproblemsareclassifiedas:maximization
andminimizationproblems(Yang,2013).Thesecanalsobeconstrainedorunconstrained(Yang,2013).
Constrainedproblemsimposerestrictionsontheparameterswhereasunconstrainedproblemsdon’t
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imposeanyrestrictionontheobjectiveparameters.Often,constrainedproblemsmaybeconverted
intoanunconstrainedproblembyaddingapenalizedtermintheobjectivefunction(Rao,2016).The
penalizedtermmeasurestheviolationofconstraints.Itsvaluewillbenonzerowhenanyconstraint
isviolatedotherwiseitsvalueiszero.

Anti-predatoryNIA(SachanandKushwaha,2019)isarecentlyproposedNIA,whichisinspired
bytheanti-predatorybehavioroffrogs.Frogsprotectthemselvesfromthepredatorsusingself-defense
mechanismsandimprovetheiranti-predatorystrength(fitness)andtraits.SimilartootherNIAs,
anti-predatoryNIAisapopulationbasedmeta-heuristicalgorithm.Itsearchestheoptimalsolution
fromarandomlygeneratedsetoffrogtraits.Ahigherorloweranti-predatorystrengthisconsidered
asanoptimalsolutionforthemaximizationorminimizationproblemrespectively.

Thisworkmakesanattempttosolvetwentyunconstrainedoptimizationproblemsusinganti-
predatoryNIA.Theobtainedresultsarecomparedwithsixwell-knownmeta-heuristicoptimization
algorithmsinordertofinditsrobustness.Thesealgorithmsare:GeneticAlgorithm(GA),Particle
SwarmOptimization (PSO),DifferentialEvolution (DE),ArtificialBeeColony (ABC),Teacher
LearningbasedOptimization(TLBO)andJayaalgorithm.

Therestofthepaperisstructuredasfollows:Section2reviewsconceptofotherNIAswhich
areusedforperformanceevaluation.Theanti-predatoryNIAispresentedinSection3.Computing
stepstosolvetheRastriginfunctionusinganti-predatoryNIAaredemonstratedinSection4.Section
5includesexperimentalstudyandperformancecomparisonofanti-predatoryNIAwiththeother
competitiveNIAs.Section6presentsstatisticalanalysisofobtainedresultsandSection7outlines
theconclusion.

ReVIew OF NIAS

MostNIAsaredrivenbythesocialbehaviorofthespeciesinthenaturewhichdependsontheir
biologicalnecessities(Bragg,1945).Allspecieshavethreemainbiologicalnecessitiesinlife.These
arefoodandfeed;protectionfromenemiesandtheenvironment;andbreeding(Bragg,1945).These
biological necessities form the basis of most NIAs proposed by researchers. Some of them are
discussedhereintermsofinspirationbehindthem.

GA(Holland,1992)isabiologicalevolution-basedalgorithm.ItisinspiredbyDarwin’s
theorywhichisdefinedasasequenceofgeneticchangesinapopulationovergenerations.In
evolutionprocess,everychromosomepassesthroughthreeoperations,namelycrossover,mutation
andselection;andtheoldchromosomesarereplacedbythenewfittestchromosomes(Sachan
etal.,2016).Generally,thelengthofachromosomeisfixed,butAroraandSinha(2013)have
proposedaconceptwhichhasavariablelengthofachromosome.Thisimprovestheefficiency
oftheGAandgivesmuchbetterresultsforsolvingthedynamicapplications(AroraandSinha,
2014).PSO(KennedyandEberhart,1995)isbasedonsynchronousandcollision-freemovement
ofparticles(birds/fishes)intheswarmforthesearchoffood.Inthisprocess,particleschange
theirpositionbasedonpersonalandglobalbestpositions;andmaintaininter-individualdistance
inswarm.DE(StornandPrice,1997)isoneofthepopularevolutionarystrategy-basedalgorithm
foroptimization.DEcalculatesnewsolutionbysummationofarandomsolutionwiththeweighted
differenceoftworandomsolutions.Eachiterationconsidersonlythosesolutionsthatarebetter
than theprevious.ABC(Karaboga,2005) isbasedon the intelligentanduniquebehaviorof
honeybeesforforaging.Inthisbehavior,employeebeesearchesfoodsourceandsharesthefood
sourceinformationwithonlookerbees.Theonlookerbeesselectthebestfoodsourceandthe
scoutbeesrandomlysearchforotherfoodsources.Thisisalsoknownasforagingcycle.TLBO
(Raoetal.,2011)isbasedonteaching-learningmethodologyoflearnersintheclass.Itisatwo
stepprocess.Inthefirststep,learnerslearnfromtheteacherandinasecondstep,learnerslearn
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