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ABSTRACT

TheperformanceofDifferentialEvolutionissignificantlyaffectedbythemutationscheme,which
attractsmanyresearcherstodevelopandenhancethemutationschemeinDE.Inthisarticle,the
authorsintroduceanenhancedDEalgorithm(EDDE)thatutilizestheinformationgivenbygood
individualsandbadindividualsinthepopulation.Thenewmutationschememaintainseffectively
the exploration/exploitation balance. Numerical experiments are conducted on 24 test problems
presentedinCEC’2006,andfiveconstrainedengineeringproblemsfromtheliteratureforverifying
andanalyzingtheperformanceofEDDE.Thepresentedalgorithmshowedcompetitivenessinsome
casesandsuperiorityinothercasesintermsofrobustness,efficiencyandqualitytheoftheresults.
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1. INTRODUCTION

InConstraintOptimizationProblems(COPs),theprocessoffindingtheoptimalvalueforanobjective
functionwithoutviolatingagivennumberofconstraintsisconsideredasachallengingandcomplex
taskduetothenatureofthoseproblems(deMelo&Carosio,2012;Mohamed2017;Mohamed&
Sabry,2012;Dong&Wang,2014;Elsayedetal.,2014).Overthepastdecade,Researchershave
proposedseveraltypesofcomputationalalgorithmsandmanyconstraintshandlingtechniquesin
ordertosolveCOPs.(Coello,2002)presentedacompletestudyindetail.(Wangetal.2007)proposed
(HCOEA) which based on combining global and local search models to solve multi-objective
optimizationproblems.(SAMO-GA)wasproposedby(Elsayedetal.,2011)andhasshownagood
improvementcomparedtootherGAvariants.Evolutionarystrategiesandevolutionaryprogramming
havebeenusedtosolveCOPs.(Mezura-Montes&Coello,2005)proposedSMESthatkeepsinfeasible
solutionsinthepopulation,itwasverycompetitivemechanism.(Mallipeddi&Suganthan,2010)
proposedECHT-EP2thatwascompetitiveforthestate-of-artalgorithms.Recently,SwarmIntelligence
(SI)thatisnatureinspiredalgorithmshasattractedmanyresearchers.(Yang,2009)proposedthe
FireflyAlgorithm.(Karaboga,2005)proposedtheartificialbeecolony,and(Daietal.,2006)recently
proposedSeekerOptimizationAlgorithm.(Elsayedetal.,2014)proposedSAM-PSOthatperformed
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better thanotherPSOvariants. (Mezura-Montes&Cetina-Domínguez, 2012)proposedM-ABC
withfourmodificationstoimproveitsperformance.(Tuba&Bacanin,2014)proposedSOA-FSthat
outperformsotherstate-of-artSIalgorithms.

Differentialevolutionpresentedby(Storn&Price,1995)isaheuristicpopulationbasedalgorithm
andconsideredasthemostsimple,powerfulandreliablealgorithmstosolveglobaloptimization
problemsovercontinuousspace.DEprovedtobeverysuccessfulinsolvingCOPswhencombined
withtheconstrainthandlingtechniques.(Becerra&Coello,2006)proposedaculturalalgorithmthat
usesdifferentknowledgesourcestoaffecttheDEvariationoperator.Amulti-memberDEintroducedby
(Zhangetal.,2008),inwhichthepromisinginfeasiblesolutioniskeptduringtheprocessofevolution.
(Mohamed &Sabry, 2012) proposed a novel directed mutation for handling equality constraints
(COMDE).(Elsayedetal.,2012)proposed(SAMSDE)tosolveCOPs,inwhichthepopulationis
dividedintosub-populations,eachsub-populationisevolvedusingitsownmutationandcrossover.
(Sarkeretal.,2014)proposed(DE-DPS),inwhichthreesetsofDEparametersareconsidered,and
arandomcombinationofFandCRisassignedtoeachindividual.

Motivatedbythisdiscussion,anenhanceddirectedmutationruleisproposedinordertobalance
theexploration/exploitationandtoimprovetheconvergencespeed.Theproposedalgorithmistested
forCEC’2006testfunctionsandfivewidelyusedengineeringproblemstoshowsuperiorityand
competitivenessperformancecomparedtorecentalgorithms.

COPsformulationispresentedinthenextsection.DEalgorithmispresentedinSection3.The
proposedEDDEispresentedindetailinsection4.Section5presentsthesetupoftheexperimentation
andtheobtainedresults.Finally,Section6,summarizestheconclusion

2. COPS FORMULATION AND HANDLING THE CONSTRAINTS

Generally,COPhasthefollowingform(Yong,2009):

Min f X( ) ,X x x x
n

n= ∈ℜ( , ,.., )
1 2

 (1)
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“WhereX S∈ ⊆Ω ,Ω isthefeasibleregion,andS isann -dimensionalrectangularspaceinℜn 

definedbytheparametricconstraintsL x U j n
j j j
≤ ≤ ≤ ≤,  1 whereL

j
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j
arelowerand
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j
,respectively.Mostconstraint-handlingtechniquesthat’sis

usedinEAsaredealingwithinequalityconstraintsonly.Therefore,inequalityconstraintsoftheform
g X
i
( ) − ≤ε 0 areobtainedfromequalityconstraints,where ε isthetolerancelevel.”(Mohamed

A.W.,2017)
Tohandletheconstraints,(Deb2000)proposedanewrulethatisbasedoncomparingpair-wise

solutionsbasedonthefollowingcriteria:
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