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ABSTRACT

Inthisarticle,ahierarchicalcooperativealgorithmbasedonthegeneticalgorithmandtheparticle
swarmoptimizationisproposedthatthepapershouldutilizetheglobalsearchingabilityofgenetic
algorithmandthefastconvergencespeedofparticleswarmoptimization.Theproposedalgorithm
startsfromIndividualorganizationalstructureofsubgroupsandtakesfulladvantageofthemeritsof
theparticleswarmoptimizationalgorithmandthegeneticalgorithm(HCGA-PSO).Thealgorithm
usesalayeredstructurewithtwolayers.Thebottomlayeriscomposedofaseriesofgeneticalgorithm
bysubgroupthatcontributestotheglobalsearchingabilityofthealgorithm.Theupperlayerisan
elitegroupconsistingofthebestindividualsofeachsubgroupandtheparticleswarmalgorithmis
used toperformprecise localsearch.Theexperimental resultsdemonstrate that theHCGA-PSO
algorithmhasbetterconvergenceandstrongercontinuoussearchcapability,whichmakesitsuitable
forsolvingcomplexoptimizationproblems.
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1. INTROdUCTION

The genetic algorithm (GA) and the particle swarm optimization (PSO) are both evolutionary
computationtechniquesbasedonpopulation(Jiang&Wang,2010).Bothhavetheirowncharacteristics
andadvantages,butalsohavesomeshortcomingsanddeficiencies.Thegeneticalgorithmhasastrong
globalsearchability,butitslocalsearchabilityispoor,whichmakesthesimplegeneticalgorithm
moretime-consumingandreduceitslateevolutionarysearchefficiency.Whereas,theparticleswarm
optimizationcanachieveasimpleandfastconvergence.However,thefastconvergencealsoleadsto
fastpopulationdeclinereducingtheoverallsearchabilitypronetoprematureconvergence.Intheface
ofsmall-scaleoptimizationproblems,theGAandthePSObothhavepromisingperformance(Chang,
Bai,Huang&Yang,2013).However,aspracticaloptimizationproblemshavebecomemorecomplex,
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theirdefectsarebecomingincreasinglyprominentandtheoptimizationefficiency(time)andthe
qualityofthesolutionare“powerless”.Therefore,improvementintheiroptimizationperformanceis
imminent(Rao,Kumar&Rajeswari,2015).Inviewthatthegeneticalgorithmandtheparticleswarm
optimizationhavealmostcomplementaryadvantages,researcherssuggest thecombinationof the
twosothattheycanlearnfromeachotherinordertodevelopanalgorithmwithbetterperformance.
Acommonapproachistomixthetwoalgorithmsinthesameposition.Therearetwomainmixing
methodsthatcanbesummedupfromsomeoftheproposedhybridalgorithms;andparallelrefers
to thegeneticprocessandtheparticleswarmoptimizationforall individuals in theevolutionof
eachgeneration(Le&Pimiento,2013).Parallelistheindividualthatdividesthepopulationinto
twogenerationsintheevolutionofeachgeneration:theevolutionofthegeneticalgorithmandthe
particleswarmoptimization.Ifthealgorithmusesthesamepopulationsize,theseriesmixingwill
bemorethantwicetheamountofparallelmixing(Wan&Birch,2013).Inbothmixingmethods,the
resultantalgorithm’ssearchabilitywillbestrongerthanasinglegeneticalgorithmorparticleswarm
optimization(Jiang,Fan,Wang&Automation,2014).However,bothofthesemixingmethodsface
thesameproblem,thatis,thedivisionoflaborbetweenthegeneticalgorithmandtheparticleswarm
optimizationisnotclearwhenbothareinthesameposition,whichmakestheirrespectiveadvantages
unaffected.Therefore,thereisalotofspacetobeexcavatedinthefusionofgeneticalgorithmand
particleswarmoptimization(Dai&Song,2012).

Inthispaper,anewgeneticalgorithmandparticleswarmoptimizationcooperativealgorithm
isproposed.Theproposedalgorithmusesahierarchicalstructure,thebottomconsistsofaseriesof
subgroupsusingthegeneticalgorithmevolutionthatcontributestotheglobalsearchabilityofthe
algorithm;theupperlayeriscomposedoftheoptimalindividualsofeachsubgroupofelitegroups
usingthePSOalgorithmforaccuratelocalsearchtospeeduptheconvergence.Thispaperstarts
fromtheorganizationalstructureofthepopulation,andseparatestheglobalsearchfromthelocal
search,whichcanspeeduptheconvergencespeedandavoidthedecreaseofthediversitycausedby
theconvergence.Theglobalsearchabilityandtheconvergenceratebothareeffectivelyimproved.

2. ReLATed ALGORITHM ANALySIS

2.1. Genetic Algorithm
Thegeneticalgorithm(GA)isastochasticsearchmethodbasedonthenaturalevolutionofBiology
(Yang,Rao,Xu&Sheng,2015).ItwasfirstproposedbyProfessorHollandintheUnitedStatesin
1975.Thealgorithmadoptstheevolutionof“survivalofthefittest”(includingselection,crossover
andmutation),sothatthepopulationisevolvedinordertomeettherequirementsoftheoptimal
solution(Feng,Liu,Guo,Zhang&Wang,2014).Currently,thegeneticalgorithmisbeingsuccessfully
appliedtovariousareas,suchasoptimizingthedesign,neutralnetworktraining,patternrecognition,
timingprediction.Thegeneticalgorithmcanusethegeneticphenomenonasaprototypetosolve
manyproblems(Ma,Li,Wu,Dong&Xu,2013).Usingthegeneticalgorithmtosolvetheproblem
includesthefollowingsteps:

1. Theproblemstobesolvedareanalyzedandtranslatedintoallaspectsofthegeneticphenomenon;
2. Encoding;
3. Thefitnessvalueofeachindividualiscalculatedbyusingobjectivefunction;
4. Acertainnumberofindividualsinthepopulationareselectedforfreerandomhybridization,

resultinginthenextgeneration.Theprocessofbreedingthenextgenerationwillbegenetic,
mutation,andsoon.Thisprocesswillproducemoreadaptivevaluehighindividualuntilthe
requestisreached;

5. Oncetheindividualthatmeetstherequirementsisfound,thewholeproblemissolvedandthe
individualthatmeetstherequirementsistheoptimalsolutionfortheproblem.
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