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ABSTRACT

Theteaching-learning-basedoptimization(TLBO)algorithmhasbeenappliedtomanyoptimization
problems,butitstheoreticalbasisisrelativelyweak,itscontrolparametersaredifficulttochoose,
and it converges slowly in the late period and makes it too early tomature. To overcome these
shortcomings,thisarticleproposesadual-populationco-evolutionteachingandlearningoptimization
algorithm(DPCETLBO)inwhichadaptivelearningfactorsandamulti-parentnon-convexhybrid
elitestrategyareintroducedforapopulationwithhighfitnessvaluestoimprovetheconvergence
speedofthealgorithm,whileanopposition-basedlearningalgorithmwithpolarizationisintroduced
forapopulationwithlowerfitnessvaluestoimprovetheglobalsearchabilityofthealgorithm.Ina
proportionintegrationdifferentiation(PID)parameteroptimizationexperiment,thesimulationresults
indicatethattheconvergenceoftheDPCETLBOalgorithmisfastandprecise,anditsglobalsearch
abilityissuperiortothoseoftheTLBO,ETLBOandPSOalgorithms.
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INTRODUCTION

TheTeaching-Learning-BasedOptimization(TLBO)algorithmwasfirstproposedbyRaoetal.in
2011andisanewintelligentoptimizationalgorithm1.TheTLBOalgorithmisinspiredbyeducational
activitiesinpeople’slives.Totrytosimulatethe“teaching”and“learning”processesineducational
activities, the TLBO algorithm performs individual evolution in two “teaching” and “learning”
stages.TheTLBOalgorithmhasasimpledesignwithfewparametersandiseasytoimplement.It
achieveshighspeed,highprecisionandstrongconvergencecapability.Inthefewshortyearssince
theTLBOalgorithmwasputforward,scholars,suchasRao2,haveconducteda largeamountof
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performanceimprovementresearch.Undoubtedly,thisresearchpromotedtherapiddevelopmentof
theTLBOalgorithm.

TheTLBOalgorithmhasbeenwidelyused inheatexchangers, thermoelectric refrigerators,
mechanical design, reactive power distribution networks, and continuous large-scale nonlinear
optimization. It showsstrong local searchabilityandconvergenceperformance in thesespecific
applicationsbecauseofitssuperiorperformance.TheTLBOalgorithmhasbecomeanareaofinterest
inthefieldofintelligentoptimizationalgorithms2.

However, due to the short development history of the TLBO algorithm, there are many
aspectsthatrequirefurtherresearch.Forexample,thetheoreticalfoundationisrelativelyweak,
thecontrolparametersaredifficulttochoose,andtheconvergenceinthelateperiodisslowand
premature3,4.ThispaperpresentssomeresearchontheimprovementoftheTLBOalgorithmand
introducesthedual-populationco-evolutionmodelfortheimprovementoftheTLBOalgorithm.
Theconvergencespeedofthealgorithmisimprovedbyintroducingadaptivelearningfactorsand
amulti-parentnon-convexhybridelitestrategy.Areverselearningalgorithmwithpolarization
is introduced to improve the global search capability of the algorithm. In this paper, the
improveddual-populationco-evolutionTLBO(DPCETLBO)algorithmisappliedtoproportion
integrationdifferentiation(PID)controlparameteroptimization.Theexperimentshowsthatthe
DPCETLBOalgorithmcaneffectivelysolvetheproblemofPIDparameteroptimizationwith
superiorperformancecomparedtootheralgorithms.

TeACHING-LeARNING-BASeD OPTIMIZATION ALGORITHM

Basic Principles of Teaching-Learning-Based Optimization Algorithm
TheTLBOalgorithmconsistsof twomainstages:“teaching”and“learning”. In the firstphase,
teachersteachthestudentsandagoodteachercancontributetostudents’overallachievement.Inthe
secondphase,eachstudentrandomlyselectsanotherstudentintheclassfromwhomtolearn,with
thegoalofimprovinghisorheracademicperformance.

TheoptimizationproblemisdefinedinFormula(1):
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