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ABSTRACT

An advanced hybrid algorithm (haDEPSO) is proposed in this paper for engineering design
optimizationproblems.It is integratedwithsuggestedadvanceddifferentialevolution(aDE)and
particle swarm optimization (aPSO). aDE introduced a novel mutation, crossover, and selection
strategytoavoidprematureconvergence.AndaPSOconsistsofnovelgraduallyvaryingparametersto
escapestagnation.So,convergencecharacteristicofaDEandaPSOprovidesdifferentapproximation
tothesolutionspace.Thus,haDEPSOachievesbettersolutionsduetointegratingmeritsofaDE
andaPSO.Also,inhaDEPSO,individualpopulationismergedwithotherinapre-definedmanner
tobalancebetweenglobal and local searchcapability.ProposedhybridhaDEPSOaswell as its
integratingcomponentsaDEandaPSOhasbeenappliedtofiveengineeringdesignoptimization
problems.Numerical,statistical,andgraphicalexperiments(best,worst,mean,andstandarddeviation
plusconvergenceanalysis)confirmthesuperiorityoftheproposedalgorithmsovermanystate-of-
the-artalgorithms.
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1. INTRODUCTION

Nowadays,mostofthedesignoptimizationproblemsinengineeringareturningouttobecomplicated
duetoinvolvingmixed(discreteandcontinuous)variablesundercomplexconstraints.Generally,
these problems are large scale non-linear constrained problems and hence cannot be solved by
traditionalmethodsefficiently.Presently,toovercomethedrawbacksofconventionaloptimization
methods,abunchofoptimizationmethodsknownasmeta-heuristicsalgorithms(MAs)hasbeen
introduced.AccordingtothemechanicaldifferencestheMAscanbecategorizedintofourgroups
asfollows-(i).Swarm intelligence algorithms (SIAs):inspiredfrombehaviorofsocialinsectsor
animalslikePSO(ParticleSwarmOptimization)(Kennedy,&Eberhart,1995),ABC(ArtificialBee
ColonyAlgorithm)(Karaboga,&Basturk,2007),FA(FireflyAlgorithm)(Yang,2009),CS(Cuckoo
Search)(Yang&Deb,2009),KH(KrillHerd)(Gandomi&Alavi,2012),GWO(GreyWolfOptimizer)
(Mirjalili,Mirjalili,&Lewis2014),DA (DragonflyAlgorithm) (Mirjalili, 2016),WOA (Whale
OptimizationAlgorithm)(Gadekalluetal.,2020)etc.(ii).Evolutionary algorithms (EAs):inspired
frombiologylikeGA(GeneticAlgorithm)(Davis,1991)andDE(DifferentialEvolution)(Storn&
Price,1997)etc.(iii).Physics-based algorithms (PBAs):inspiredbytherulesgoverninganatural
phenomenonsuchasHS(HarmonySearch)(Geem,Kim,&Loganathan,2001),GSA(Gravitational
SearchAlgorithm)(Rashedi,Nezamabadi-pour,&Saryazdi,2009),WCA(WaterCycleAlgorithm)
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(Eskandar,Sadollah,Bahreininejad,&Hamdi,2012),WDO(WindDrivenOptimization)(RMetal.
2020)andsoon.(iv).Human behavior-based algorithms (HBAs):inspiredbyahumanbeinglike
TLBO(Teaching-learning-basedoptimization)(Rao,Savsani,&Vakharia,2011),SAR(Searchand
rescueoptimization)(Shabani,Asgarian,Gharebaghi,Salido,&Giret,2019)etc.

AmongmanyMAs,DEandPSOhavebeenwidelyusedincontinuous/discrete,constrainedas
wellasunconstrainedoptimizationproblems.DEhasremarkableperformanceandbecomesapowerful
optimizerinthefieldofreal-worldproblems.However,ithasafewissuessuchasconvergencerateand
localexploitationability.Inordertoovercomeitsshortcomings,lotsofrobustandeffectiveDEhas
beendesignedintheliterature(Yang,&Peng,2019;Prabha,&Yadav,2019;Liu,Ji,&Yang,2019;
Gui,Xia,Yu,Wu,Wu,Wei,&He,2019;Li,Gu,Gong,&Ning,2020;Hu,Hua,Lei,&Xiantian,
2020;Ben,2020).Also,PSOhasattractedattentiontosolvingmanycomplexoptimizationproblems
duetoitsefficientsearchabilityandsimplicity.However,themaindrawbackofthePSOisthatit
mayeasilygetstuckatalocallyoptimalsolutionregion.Toovercomesuchissuesmanydifferent
modificationsofthePSOproposedintheliterature(Parouha,2019;Hosseini,Hajipour,&Tavakoli,
2019;Kohler,Vellasco,&Tanscheit,2019;Khajeh,Ghasemi,&Arab,2019;Ang,Lim,Isa,Tiang,
&Wong,2020;Lanlan,Ruey,Wenliang,&Yeh,2020;Xiong,Qiu,&Liu,2020).Furthermore,a
hybridstrategyisoneofthemainresearchdirectionstoimprovetheperformanceofsinglealgorithm
(Maddikuntaetal.,2020).Therefore,inordertoenhancetheperformanceofDEandPSO,lotsoftheir
hybridalgorithmsarepresentedintheliterature(Parouha,&Das,2016;Mao,Xie,Wang,Handroos,
&Wu,2018;Tang,Xiang,&Pang,2018;Too,Abdullah,&Saad,2019;Dash,Dam,&Swain,2019;
Zhao,Zhang,Xie,&Meng,2020).Nevertheless,toovercometheirindividualshortcomings,hybrid
techniquesarenowmorefavoredovertheirindividualeffort.

AfterextensiveliteraturereviewondifferentvariantsofDEandPSOwiththeirhybridization,
following points are analyzed and motivated from them. (i). DE and PSO have complementary
propertiesthereforetheirhybridshasgainedprominencerecently.Tobestofourknowledge,finding
waystocombineDEandPSOisstillanopenproblem.(ii).inDEmutationandcrossoverstrategy
withtheirassociatecontrolparametersutilizedtoproducetheglobalbestsolutionwhichisbeneficial
forimprovingconvergencebehavior.Therefore,inDEmostappropriatestrategiesandtheirassociated
parametervaluesareconsideredavitalresearchstudy.(iii).performanceofPSOgreatlydependson
itsparameterslikeaccelerationcoefficientsandinertiaweightwhichguideparticlestotheoptimum
andbalancingdiversityrespectively.Hence,manyresearchershavetriedtomodifycontrolparameter
ofPSOtoachievebetteraccuracyandhigherspeed.

Major contribution: encouraged by above observations and survey of literature, design an
advancedhybridhaDEPSOalgorithmwiththefollowingsuggestedcomponentforsolvingengineering
designoptimizationproblems.(i)anadvanceddifferentialevolution(aDE)wherecombinationof
novelmutation,crossoverandselectionstrategystrategieswiththeirassociatedparametervalues
arefamiliarizedand(ii)anadvancedparticleswarmoptimization(aPSO)whichconsistsofnovel
graduallyvarying(decreasingand/or increasing)parameters.Thispaper isstructuredas follows:
Section2briefedthebasicsofDEandPSO.Section3describestheproposedalgorithms.Application
ofproposedalgorithmsispresentedinSection4.Section5concludesthisstudywithfutureworks.

2. BRIEF ON DE AND PSO

ThebasicsoforiginalDEandPSOarepresentedbelow.

2.1 DE (Differential Evolution)
Afterinitialization,DEisconductedthreemainoperationsasfollows.

Mutation:atiteration t ,foreachtargetvector( xij
t )amutantvector( vij

t )isgeneratedasfollows.
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