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ABSTRACT

Thisarticledescribeshownature-inspiredalgorithms(NIAs)haveevolvedasefficientapproachesfor
addressingthecomplexitiesinherentintheoptimizationofreal-worldapplications.Thesealgorithms
aredesignedtoimitateprocessesinnaturethatprovidesomewaysofproblemsolving.Although
variousnature-inspiredalgorithmshavebeenproposedbyvariousresearchersinthepast,arobust
andcomputationallysimpleNIAisstillmissing.Anovelnature-inspiredalgorithmthatadaptstothe
anti-predatorybehaviorofthefrogisproposed.Thealgorithmmimicstheselfdefensemechanismofa
frog.Frogsusetheirreflexesasameansofprotectingthemselvesfromthepredators.Amathematical
formulationofthesereflexesformsthecoreoftheproposedapproach.Therobustnessoftheproposed
algorithmisverifiedthroughperformanceevaluationonsixteendifferentunconstrainedmathematical
benchmarkfunctionsbasedonbestandworstvaluesaswellasmeanandstandarddeviationofthe
computedresults.Thesefunctionsarerepresentativeofdifferentpropertiesandcharacteristicsof
theproblemdomain.Thestrengthandrobustnessoftheproposedalgorithmisestablishedthrougha
comparativeresultanalysiswithsixwell-knownoptimizationalgorithms,namely:genetic,particle
swarm,differentialevolution,artificialbeecolony,teacherlearningandJaya.TheFriedmanrank
testandtheHolm-Sidaktesthavebeenusedforstatisticalanalysisofobtainedresults.Theproposed
algorithmranks first in thecaseofmean resultandscoressecond rank in thecaseof“standard
deviation”.Thisprovesthesignificanceoftheproposedalgorithm.
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1. INTRodUCTIoN

TheresentpasthaswitnessedawideadoptionofNature-InspiredAlgorithms(NIAs)fordiverse
real-worldoptimizationproblems.Thesealgorithmsarebasedonrandomizationconceptanddraw
inspirationfromnaturalphenomenon.Someof thenature-inspiredalgorithmsproposed tillnow,
haveprovedtobeveryefficient.Manyalgorithmsgiveadequateresults,butnoalgorithmgivesan
admirableperformanceinsolvingofalltheoptimizationproblems(WolpertandMacready,1997).
However,ascomparedtoclassicaloptimizationtechniques,NIAsobtainoptimalsolutionforavariety
ofoptimizationproblemsinareasonablypracticaltime.

ThemaincharacterizingfeaturesofagoodNIAarehigherconvergencerate,lessprocessing
time,andunbiasedexplorationandexploitation.Generally,theperformanceofNIAsistestedonthe
benchmarkfunctions.Thesebenchmarkfunctionsarethemathematicalfunctionswhichhavedifferent
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characteristicslike-modality,separability,scalabilityanddifferentiability(JamilandYang,2013).
Thenumberofdecisionvariables(ordimensions)ofaprobleminfluencestheperformanceofthe
algorithm.Higherdimension,multimodal,scalableandnon-separableproblemsarecomplextosolve.
Thebenchmarkfunctionsareconsideredasacomplexproblemduetomanyambiguouspeaks,steep
decline,morethanoneplateau,steepdescent,dependencyonothervariablesandscalabledimensions.

ThispaperpresentsanovelNIA,basedontheanti-predatorybehavioroffrogs.Theproposed
NIAistestedonsixteenbenchmarkfunctionsandobtainedresultsarecomparedwiththeresultsof
sixwell-knownNIAs.Therestofthepaperisstructuredasfollows:Section2reviewsthecompetitive
NIAs.TheideaofproposedNIAwiththedetailedexplanationisdiscussedinSection3.Section4
includestheexperimentalstudyandperformancecomparisonofproposedalgorithmwiththeother
competitiveNIAs.Section5presentsthestatisticalanalysisofobtainedresults.Section6explains
theanalysisofalgorithmandSection7outlinestheconclusion.

2. ReVIew oF NATURe-INSPIRed ALGoRITHMS (NIAS)

MostlyNIAsarebasedonthesocialbehaviorofthespeciesexistinginthenature.Thebehaviorof
speciesdependsontheenvironmentalsituationandbiologicalnecessities.Thebiologicalnecessities
includesearch for food, spreading thegenerationandprotecting themselves frompredators.The
socialbehaviorincludesthewayitlearnsandmingleswiththeothers.Thishelpsustoformulate
algorithmsthataimtosomehowtranslatethesebehaviorsforsolvingvariousoptimizationproblems
inleastamountoftime.Thissectionreviewsthesixwell-knownNIAslike-GeneticAlgorithm(GA),
ParticleSwarmOptimization (PSO),DifferentialEvolution (DE),ArtificialBeeColony (ABC),
TeacherLearningbasedOptimization(TLBO)andJayaAlgorithm.

2.1. GA
TheGA(Holland,1992)isbasedonthetheoryofbiologicalevolution-‘Survivalofthefittest’.It
statesthatonlyfittestindividualsshallsurviveduringthenextgenerationwhiletheunfitindividuals
shallbeeliminated.Duringthebiologicalevolution,variousactivitiestakeplacelike-crossoverand
mutationofgenes,selectionofthefittestgenesforthenextgeneration.

InGA,individualgenesareexpressedinstringformat,called‘chromosome’.Itusesthreebasic
operators:crossover,mutationandselection(Mitchelletal.,1992).Intheevolutionprocess,current
populationisreplacedbynewpopulation,whichhasbetteraveragefitnessthanthepreviousgeneration.
Sothemeanvalueoffitnessofthenextgenerationbecomesfitterthanitspredecessorgeneration.

Variousresearchershaveproposeddifferenttypesofcrossover,mutationandselectionoperators
(Sharapov,2007).Theprinciplebehindthecrossoverandmutationistomodifyorupdatetheold
chromosomeandproduceanewchromosome(oroffspring).This results in fitteroffspring.The
maindifferencebetweencrossoverandmutationisthatcrossoveroperatorisperformedovertwoor
morethantwochromosomes,whilethemutationoperatorisperformedonasinglechromosome.
Thefittestindividualsareselectedthroughselectionoperator.Duetocrossoverandmutation,GA
hastheabilityofexplorationandexploitationsimultaneously.

NumerousoptimizationproblemshavebeensuccessfullysolvedbyGAanditsvariants.Some
ofthemarestructuralfailureclassificationforconcretebuildings(Chatterjeeetal.,2017),medline
textmining(Karaaetal.,2016),softwareeffortestimation(Sachanetal.,2016)andmanyothers.

2.2. PSo
PSO(KennedyandEberhart,1995)isbasedonthesocialbehaviorofparticlesinswarms.Thisincludes
synchronous movement, unpredictable and frequent direction change, scattering and regrouping
etc.Inaswarm,everyparticlelearnsfromhiscurrentexperienceandsharedexperienceofother
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