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AsugarmillreglOnCOntainslargedi脆rencesinsugaryieldperhectareduetoharvestdate，harveSt  

ageofcrop，geOgraPhicallocationandcropclass．WhileitisdesirabletohaⅣeStallcaneWhenthe  

likelysugaryieldsareattheseason’speak，1imitedharveSting，mi11cruShingandcanetranSPOrt  

CaPaCitydictatethattheharveStingofcanebecarriedoutoverahaJrVeStSeaSOnOfseveralmonths．  

InAustralia，theharveStSeaSOnCurrentlyextends丘omearlywintertolatesprlng，Sincethisiswhen  

thesugarcontentofcaneisatitshighest．AtypicalmillreglOninAustralia，PrOducingaboutl．5  

milliontonnesofcane，COntainsaround200－300privatelyownedfarmsthatareCOntraCtedto  

between20andlOOharveStinggroups．Eachfarmusuallycontainsbetween20andlOOpaddocks，  

WhichcandifftrintermSOfcaneVariety，CrOPClassandageatharveSt．Acropclassiswhetherthe  

CaneOnafarmpaddockisplantCrOP（aroundlyeara氏erplanting），firstratoon（around2years  

afterplanting）andsoonwitharatoonbeingthere－grOwiha氏eracropisharveSted．Acropcycleis  

aseriesofcropclassesuntilthepaddockisploughedout．Asaresult，decisionshaveto・bemade  

throughouttheharveStSeaSOn，OnthehaⅣeSttimeinterval（fortnightlyウasis）ofeachfarmpaddock  

andwhetherthepaddockisploughedoutforanewcropcycle，tOmaXimiseindustryandhrmer  

PrO丘tability．ThecostsassociatedwithfarmerSandthemillareaccountedforintheobiective．A  

PlannlnghorizonofmanyharveStSeaSOnSisusedsinceacropcyclecanCOntainasmanyassix  

ratoons．Themode11edconstraintsaretranSPOrt，millcruShing・andharveStingcapacity．   

TheabovesugarcaneharveStSChedulingproblemrepresentsaneXtenSionofaverylarge－SCale  

generalisedassignmentproblem（GAP）wherefarmPaddocksarejobsandharveSttimeintervalsare  
agents．UnliketheGAP，thesugarcaneharveStSChedulingproblemcontainstwotypesofdecision  

Variablesaswe11asamanyyearPlannlnghorizon，andmorecomplexconstraints．Mostexistlng  

approximation solution methodsfor soIving the GAP are designedfor smal1to mediumSize  
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PrOblems（upto200job声）andarenotdesignedforthemorecomplexsugarcaneharveStSCheduling  
model・Here，atWOStageSOlutionteclmiqueisproposedforwhichthesecond 

VerSionoftabusearCh（TS）．   

Inthe丘rststageofthesolutionteclmique，aninitialsolutionisfoundby丘rstlysoIvingalinear  

PrOgramaPPrOXimationmodel：Inthisapproximationmodel，themaindecisionvariablesarethe  

tormesofcaneharVeStedateachharveSttimeintervalforaglVenharveStagebycropclassby  

geographicallocatioh．GiventhelinearprogramSOlution，thediscretedecisionvariablesofthemain  

model（harveStdatesof払rmpaddocks）arematchedascloselyaspossibletothelinearprogram  
Variablestoproducetheinitialsolution．Thiswasamuchmoree脆ctivemethodforgeneratingan  

initialsolutionthanuSlngrandommethods．   

Anewversionoftabusearch，designedforverylarge generalisedasslgnmentandotherinteger  

PrOgramm1ngPrOblems，isproposedforthesecondstageofthesolutionprocess．Therearethree  

neighbourhoodsforthe sugarcanehaⅣeStSChedulingmodel．Thenrsttwoneighbourhoodsare  

insertandswapmoves，WhicharecommOntOtheGAP．Thethirdneighbourhoodisforthedecision  

Variables ofwhether a paddockis ploughed outin－a glVen yearfor replanting．Unlike the  

abplicationstotheGAP’sintheliterature，afu11neighbourhoodsearchinthesugarcanehaJVeSt  

SChedulingmodelistooinefficientduetothesizebeinguptoabout80mi11ionpossiblemoves．  

Becauseofthis，aSampleoftheneighbourhoodischosen．Dependingontheproblemathand，aS  

We11as the how close the solutionis to’optimalduring the solution process，the three  

neighbourhoodswillha）edi脆rentlikelihoodsofimprovlngthe solutionorproducingthebest  
POSSiblemoveinarandomsamPle．ChooslngtheneighbourhoodsamPlesiz占sthatappearedto  

PrOducethebestresultsrequiredexperimentlngWithdi脆rentcombinationsofsamPlesizesuslng  
themillreg10nCaSeStudi9S．ThesamPlesizecombinationthatproducedthebestallroundresultsin  

the experimentation was300for theinsert neighbourhood；100for the swap and ploughout  

neighbourhoodsrespectively．   

ExistingversionsofTSintheliterathrevaryintermSOfhowtheyhandleinfeasibilitysearch．The  

b占stoftheexistlngVerSionsappliesoscillationthatallowstheTStoswapbetweenfeasibleand  
infeasiblesearchspaces．However，aStheTSproceedsovertime，thebene丘tsofsearchthrough  

ftasibleversusinftasiblespacewi11vary．Anewapproachistohavethentnessofasolutiontobea  

dynamic weighting betweenthe objebtivefunction valueand a measure of how much the  

COnStraintsareviolated．ThisdynamicweightinglSaCCOrdingtowhetherthesearchthroughfeasible  

VerSuSinfeasiblespaceatthatpolntOfthesolutionprocessproducesthegreatestgalnSinobiective  

functionvalue．Thisisimplementedbycalculatingthesolutionimprovementthroughfbasibleand  

infeasiblesearchoverthebmostrecentmovesimplemented，WhereblisselectedtoglVethebest  

results（＝50forthesugarcanehaⅣeStingproblem）・Ifthesearchthroughfbasiblespaceproduces  
muchgreatergalnSthanthesearchthroughinfeasible space，the丘tnessofthe solutionwillbe  

sensitivetoinfbasibilitiesandwillforcethesearchmoretowardsfeasiblespaceivherethegalnSWill  
begreater．   

Whilethebest丘xedneighboufhoodsamPlesizesarede負nedabove，thebestneighbburhoodsamPle  

Sizesdovarythroughoutthesolutionprocess．Forexample，ifatacertainstage ofthesolution  

PrOCeSS，theconstraintsweretightandsolutionimprovementswereless丘equent，SWaPmOVeSWill  

morelikelyimprovethesolutionthaninsertmoveg．ForthesugarcanehaⅣeStingmodelandgiven  

thelast b movesimplemented，the samPle size of a neighbourhoodis the ratio of solution  

improvementper■moveforthatneighbourhoodasopposedtoallneighbourhoods，multipliedbythe  

totalsamPle size ofallneighbourhoods．Havingthe dynamic neighbourhood samPle sizes and  

OSCi11ationreducestheamOuntOfwastedsearChthroughoutthesolutionproce？Sandthusproducesa  

fasterincreaseinsolutionqualityperunittime．  
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ThenewversionofTSwas鮎stlytestedonrandomlygeneratedlargescaleGAPofupto50000  
jobsand40agents．ThebestexistingversionofTSforthesesizeproblemsuseda丘xedweighted  

OSCi11ationbetweenfeasibleandinfbasiblespace．WhenrunforlO minutes ofCPUtime on a  

PentiumIIPC，thenewTSproducedsuperioraverageresultscomparedtothebestoftheexistlng  

TSversionsintheliteratureona1loccasions．ForaglVenSOlutionquality，thenewTSrequiredat  

least50％lessCPUtimeto負ndsuchasolution，andonaverageover70％1essCPUtime．   

Throughsugarindustryparticipation，thesugarcaneharveStSChedulingmodelandthetwostage  

SOlutionteclmiquewereappliedto魚velargeAustralianSugarmillreg10nStOaSSeSSthescopefor  
PrO丘tabilityforoptimalcaneSupPliesasopposedtocurrentpracticedecisions．TheseregionsWere  

Selectedforcasestudiesduetostrongsugarindustrypartnershipinmodelapplicationanddelivery  

Ofbenentstothegrowlngandmillingsectors．GiventhatthemillreglOnSCOntainupto10000  

Paddocksandtheplannlng horizonis15years，thisis equivalentto ageneralised asslgnment  

problemof150000jobsand12machines（h訂VeStSeaSOnOfabout12fortnights）．Applicationofthe  

modelandsolutionteclmiquetothe茄vemillreglOnSaChieveduptoa7％increaseinindustry  
PrO丘tability（OrA＄6Mpermi11peryear）overcurrentpracticefarmingdecisions．  
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