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ABSTRACT

Complexcomputationalproblemsareoccurrencesinourdailylivesthatneedtobeanalyzedeffectively
andefficientlyinordertomakeaninformeddecision.Thispaperundertakesanexperimentalstudy
intotheperformancesofsixoptimizationalgorithms,basedonswarmintelligenceonninewell-known
stochasticandglobaloptimizationproblemstoidentifyanalgorithmthatreturnsanoptimumoutput
onselectedproblemsunderstudy.ExtensiveexperimentsshowthatMulti-SwarmandPigeon-inspired
optimizationalgorithmsoutperformParticleSwarm,Firefly,andEvolutionaryoptimizationsinboth
convergencespeedandglobalsolution.Thealgorithmsadoptedinthispapergiveanindicationof
whichalgorithmicsolutionpresentsoptimalresultsforaparticularproblemwithregardstothequality
ofperformance,precision,andefficiency.
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INTRODUCTION

AccordingtoPham&Karaboga(2000),solutionstomostoptimizationproblemscannotbeobtained
bytraditionalmathematicalprogrammingapproaches.Theyopinedthatpresentheuristicalgorithms
havebeencreatedforsolvingcombinatorialandnumericoptimizationproblemstoobtainuniversal
optimumsolutions.Optimizationproblemsarepervasiveinourdailylivesandusuallytakedifferent
forms.Generallyspeaking,optimizationproblemscanbefoundinbroadapplicationssuchasfinance
andlogistics,manufacturing,andengineering.Forexample,logisticregressionclassificationprepares
classifiersinauniquesituationasittriestodiscoverasetofvaluesfortheweightsrelatedtotheinput
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variablessothatforasetoftrainingdata,thecalculatedoutputvaluesdirectlymatchtheidentified
outputvariablevalues.Overthepastdecade,therehasbeentremendousdevelopmentincountless
optimizationalgorithmsinvariedcommunitiesthatcrossintersectvariousfieldsthatincludeartificial
intelligence,computationalintelligence,andsoftcomputing(Gholizadeh&Barati,2012).

Inspiredbynature,severalsuccessfulalgorithmsaresuggestedandcategorizedintodiverse
groupsdependingonthemeasurebeingconsidered,thus,stochastic,iterativebased,population-
basedordeterministic,withexamplesas,ArtificialFishSwarmAlgorithm(Li,2002;Tan&Zhu,
2010),FlowerPollinationAlgorithm(Yang,2012),DifferentialEvolution(Das&Suganthan,
2011),FireflyAlgorithm(Yang,2009),imperialistcompetitivealgorithm(Atashpaz-Gargari&
Lucas,2007),brainstormoptimization(Shi,2011)amongothers.Amongthelistedcriteria,a
population-basedalgorithmworkswithasetofsolutionswithaspecificaimoftryingtoimprove
uponthem,whereasaniterativealgorithmusesmultipleiterationstosearchafterasolution.On
theotherhand,whenanalgorithmmakesuseofaprobabilisticruleforrecoveringasolution
thenitissaidtobestochastic.

These nature-inspired algorithms with their simple structure, fewer adjustment to their
parameters,andtheirabilitytoobtainoptimumresults,haveovertheyearsdrawntheattentionof
mostresearcherstoapplythemtodiversefieldsofresearchincludingmechaniccontrol,machine
engineering,softwarechecking,traditionalcombinatorialproblems,andclusterinvestigations.
Some practical applications of these nature-inspired algorithms include intrusion detection
(Srivastava et al., 2021), the medical field (Gadekallu et al., 2020), machine learning, and
deeplearning(Abidietal.,2021),IoTnetworks(Alazabetal.,2021)amongothers.Different
proposalsofnature-inspiredalgorithmsfordifferentpurposeshavecreatedgreatconfusionas
towhichmethodfitswhatsituation,anditisstronglyrequiredtounderstandwhatthecommon
characteristicsareofthesealgorithmsandwhatthedifferencesare.Tostudyandcomparethe
characteristicsofthesealgorithmscanprovidenotonlyabroaderperspectivetotheimprovement
ofthecurrentnature-inspiredalgorithmsbutalsoasolidandfeasiblecornerstoneforbuilding
upthenewproblem-orientednature-inspiredalgorithms(Wangetal.,2021).

Nature-inspiredalgorithmscanbeclassifiedasthosebasedonbiologyandthoseinspiredby
naturalphenomena.Thealgorithmsbasedonbiologycanbefurtherdividedintothosebasedon
evolutionandthosebasedonswarmbehavior.Theevolutionaryalgorithmsincludegeneticalgorithms,
differentialevolution,culturalevolution,evolutionarystrategies,andgeneticprogramming.Theswarm
categoryincludesparticleswarmoptimization,antcolonyoptimization,artificialbees,termites,bats,
birds,cats,bacterialforaging,cuckoosearch,andfireflyalgorithm(Valdezetal.,2021).Bio-inspired
algorithmsformamajorityofallnature-inspiredalgorithms.Fromthesettheorypointofview,the
swarmintelligence-basedalgorithmsareasubsetofbio-inspiredalgorithms,whilethebio-inspired
algorithmsareasubsetofnature-inspiredalgorithms.

Thefocusofthispaperistoillustratethecapabilitiesofsixbio-inspiredbasedalgorithmsfor
solvingconstrainedandunconstrainedoptimizationproblemstofindthealgorithmthatreturnsthe
globalbest.Thealgorithmefficiencyisverifiedbyperformingameta-heuristicsearchonninecomplex
stochasticandglobalbenchmarkproblems.Theobtainedoptimizationresultsofthealgorithmsare
comparedanddiscussed.Ingeneral,anoptimizationalgorithmisevaluatedregardingthreemajor
aspects(Maringer,2006;Meirelles&Brentan,2020):easeofimplementationduetothenumberof
parameterstobeadjusted(sometimescostlyfine-tuned),computationalcomplexity,whichreflectsin
theconvergencespeedandreliabilityoftheresults,withconsistentoptimalvaluesobtainedthrough
aseriesoftests.

Therestofthispaperisarrangedasfollows.Section2detailsbrief.discussionofthebio-inspired
algorithmschosen for this study; section3 inbriefexamines the randomobjective functions for
experimentation.ThesimulationexperimentsoftheproposedalgorithmsarepresentedinSection4
andcompared.Finally,remarksandconclusionsareprovidedinSection5.



 

 

24 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/experimental-study-of-swarm-migration-

algorithms-on-stochastic-and-global-optimisation-

problem/296389

Related Content

Assessing the Effect of Aspect Refactoring on Multi-Agent Applications: A

Dynamic Analysis
Mohamed Sedik Chebout, Farid Mokhatiand Mourad Badri (2015). International

Journal of Agent Technologies and Systems (pp. 45-66).

www.irma-international.org/article/assessing-the-effect-of-aspect-refactoring-on-multi-agent-

applications/160817

Agent-Based Modeling Bridges Theory of Behavioral Finance and Financial

Markets
Hiroshi Takahashiand Takao Terano (2011). Multi-Agent Applications with

Evolutionary Computation and Biologically Inspired Technologies: Intelligent

Techniques for Ubiquity and Optimization  (pp. 134-155).

www.irma-international.org/chapter/agent-based-modeling-bridges-theory/46203

Consumer Choice and Aggregate Demand: An ABM Approach to

Understanding the Impacts of Satisficing Behavior
Omid Roozmandand DG Webster (2014). International Journal of Agent

Technologies and Systems (pp. 1-18).

www.irma-international.org/article/consumer-choice-and-aggregate-demand/122851

The Effects of Different Interaction Protocols in Agent-Based Simulation of

Social Activities
Nicole Ronald, Theo Arentzeand Harry Timmermans (2012). Theoretical and

Practical Frameworks for Agent-Based Systems (pp. 11-24).

www.irma-international.org/chapter/effects-different-interaction-protocols-agent/66021

Inductive Logic Programming (ILP) and Reasoning by Analogy in Context of

Embodied Robot Learning
Vesna Poprcova, Georgi Stojanovand Andrea Kulakov (2010). International Journal

of Agent Technologies and Systems (pp. 64-73).

www.irma-international.org/article/inductive-logic-programming-ilp-reasoning/43869

http://www.igi-global.com/article/experimental-study-of-swarm-migration-algorithms-on-stochastic-and-global-optimisation-problem/296389
http://www.igi-global.com/article/experimental-study-of-swarm-migration-algorithms-on-stochastic-and-global-optimisation-problem/296389
http://www.igi-global.com/article/experimental-study-of-swarm-migration-algorithms-on-stochastic-and-global-optimisation-problem/296389
http://www.igi-global.com/article/experimental-study-of-swarm-migration-algorithms-on-stochastic-and-global-optimisation-problem/296389
http://www.irma-international.org/article/assessing-the-effect-of-aspect-refactoring-on-multi-agent-applications/160817
http://www.irma-international.org/article/assessing-the-effect-of-aspect-refactoring-on-multi-agent-applications/160817
http://www.irma-international.org/chapter/agent-based-modeling-bridges-theory/46203
http://www.irma-international.org/article/consumer-choice-and-aggregate-demand/122851
http://www.irma-international.org/chapter/effects-different-interaction-protocols-agent/66021
http://www.irma-international.org/article/inductive-logic-programming-ilp-reasoning/43869

