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Hybrid Metaheuristic to Optimize 
Traceability in the Food Industry
Saima Dhouib, University of Sfax, Tunisia

ABSTRACT

Inthispaper,theauthorsproposeanewhybridmetaheuristictosolvetheproblemofmanufacturing
batch dispersion. The method consists of inserting the record to record travel algorithm (RRT)
intheartificialbeecolony(ABC)inordertoensurebalancebetweenthediversificationandthe
intensificationphases.ThenewtechniqueisnamedRRT-ABC,anditstartsbylaunchingthestandard
ABC,andthentheonlookerresearchphaseisenrichedbytheRRTalgorithm.So,themainideaof
thisresearchworkistosolvetheNP-hardproblemofminimizingthebatchdispersionusinganovel
metaheuristicbecauseofthelimitationofexactmethods.Experimentalresults,carriedonsausage
manufacturinginaFrenchfoodindustry,provedthehighlyefficientperformanceoftheproposed
RRT-ABCmetaheuristic.
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1. INTROdUCTION

Due to the highly competitive and continuously changing markets, companies have to evolve
introducingtraceabilitysystemsasaresponsetotheinternalandexternalforcesoftheenvironment
(Bougdiraetal.,2020;Millardetal.,2015;Bargeetal.,2014;Sahinetal.,2002).Thetraceability
systemshaveapotentialimpactonalltheenterprisesystems(manufacturing,information,decision,
etc.).So,whendesigningandmakingevolvethesesystems,itisrequiredtointegratethemproperly
inagivencontext,inordertoenablingthemtocontributetotheenterpriseperformance(Haleemet
al.,2019;Olibeiravetal.,2019;Daietal.,2015;Milleretal.,2014;Xu,2010;Papperetal.,2002).

Thetraceabilitysystemestablishespreciselythehistoryofcompositionandlocationofproducts
allalongthesupplychain(Sameer,2011;Regattierietal.,2007).Butsuchasystemdoesnotdecrease
theamountofproductsrecalledincaseofproductionbatchmixing.Theproblemunderstudytries
tocontrolthemixingofproductionbatchesinordertolimitthesize,andconsequentlythecostand
themediaimpactofbatchesrecalledinthecaseoftheproblem.(Dupuyetal.,2005)proposesa
mathematicalmodelforsausagemanufacturinginaFrenchfoodcompany.Thissausagecompany
provides3-leveldisassemblingandassemblingbillofmaterial.Itaimstoreducebatchdispersionin
ordertooptimizetraceability.ItisaNP-hardproblem(Tamayoetal.,2009).

Ouraiminthispaperistodevelopanefficienthybridmetaheuristichavingasimplestructure
andgeneratinghigh-qualitysolutions:TheRecordtoRecordTravel-ArtificialBeeColony(RRT-
ABC)metaheuristic.ThisRRT-ABCstartsbyapplyingthestandardArtificialBeeColony(ABC)
metaheuristicandthentheonlookerresearchphaseisamelioratedbyapplyingalocalresearchmethod
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(theRecordtoRecordTravel(RRT)method).TheproposedhybridmethodRRT-ABCensuresgood
balancebetweenthediversificationandtheintensificationphases.

ToimprovetheperformanceoftheArtificialBeeColonymetaheuristic(ABC)forsolvingthe
problemofbatchdispersion,wehaveappliedthehybridizationofthismethodwithanapproximate
localsearchmethodwhichistheRecordtoRecordTravel(RRT).

Throughthisarticle,weproposeahybridRRT-ABCmethodtominimizethequantityofrecalled
productsinthecaseofaparticularnomenclaturewiththreelevelsofrawmaterialsdisassembled
inassembledcomponentsandintofinalproducts.Ournewhybridmethodhasbeenappliedforthe
problemofbatchdispersion,encounteredinthesausageprocessasproposedby(Dupuy,2004).

Toillustrateourworkandprovetheperformanceofthismethod,testsandcomparativeanalyses
ofthisnewmethodarecarriedout.

Theremainderofthepaperisorganizedasfollows.Insection2,wepresentthestateoftheart
of themanufacturingbatchdispersionproblemaswellas theRRTandtheABCmetaheuristics.
Then insection3,wedescribeourresearchmethodology.Computational results,discussionand
convergencebehaviouroftheproposedRRT-ABCarereportedandanalysedinsection4.Section5
concludesthepaperandsuggestsfutureresearchdirectionsforournewmethodapplicationofour
newmethodRRT-ABC.

2. STATE OF THE ART

Themaininterestoftraceabilityistomanagefoodcrisis:Foodcompaniesaimtoreducethecostof
recalls,intermofproductsquantity(Aungetal.,2014;Dabbeneetal.,2014).Awaytoreducethis
costistoreducebatchsizeandbatchmixinginordertoreducetherecalledbatchsize(Storoyet
al.,2013).(Dupuyetal.,2005)suggestsamathematicalmodelforFoodcompaniestominimizethe
totaldispersion(SeeFigure1.).Thegoalistofindthequantitiescorrespondingtothesub-product
batchestoobtainthelowestpossiblerawmaterialsdispersionaccordingtothecuttingandassembling
nomenclatures.Thisproblempresents4batchesofrawmaterialsdividedinto2types,6batchesof
componentsdividedinto2types,2batchesofboughtcomponents(oneofeachtype)and4batches
of finished products divided into 2 types. This problem is formulated as follow using a mixed
mathematicalprogrammingmodelanditissolvedbyLINGO6.0softwaretooptimizetraceability
byminimizingthetotaldispersion.

Thedescendingdispersionofarawmaterialbatchisthenumberofbatchesoffinishedproducts
whichcontainapartofthisrawmaterial.Theascendingdispersionofafinishedproductbatchis
thenumberofrawmaterialbatchesusedinthisfinishedproduct.Thetotaldispersionofasystemis
equaltothesummationofthedescendingdispersionsofallfinishedproducts.

(Dupuy,2004)showedthattheresolutionoftheproblempreviouslydescribedbyusingtheexact
methodsislimitedbecauseassoonasthenumberofdataincreases,theresolutiontimegradually
increasessuchasinthecaseofusing4batchesofrawmaterials,6batchesofcomponents,4batches
offinishedproductsand2batchesofpurchasedcomponents.Thiscasegenerates142variables(56
integers)and244constraintswithanoveralloptimumof6hoursofresolutiontimewith1.2GHz
PentiumPCIII.Inaddition,whenthenumberofusedbatchesisincreased,thenumberofvariables
andconstraintswillautomaticallybeenormouslyimportant,suchasthecaseoftheuseof8batches
ofrawmaterials,12lotsoffinishedproductsand8batchesofcomponents.Thiscasegenerates1292
variables(576integers)and3684constraintsandthecalculationtimewasstoppedafter12hoursof
calculation,withouttheglobaloptimumhavingbeenfound(approximately50,000,000iterations).

Accordingto(Tamayoetal.,2009),theproblemofbatchdispersionisaNP-hardproblemandit
issimilartotheproblemoffixed-costtransportproposedby(Palekaretal.,1990).Sourcesrepresent
batchesofrawmaterials,intermediatenodesarethebundlesofcomponentsandthedestinationsarethe
bundlesoffinishedproducts.Thearcsmodelthedisassemblyorassemblylinksofthenomenclature.A
quantityisassignedforeachuseofanarc.Thesumoflinksbetweenrawmaterialbatchesandfinished
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