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EXTENDED Al主STRACT  

Batch processor（BP）schedulingis a complex problem encounteredinindustries where a batch  

PrOCeSSOrisapartofthemanufacturingline：Batchprocessorsincludesuchfacilitiesas（a）burn－in  

OVenSinthe貞naltestingstageofsemiconductormanufacturing，（b）diffusionoroxidationtubesstages  

insemiconductorwaftrfabrication，（C）heat－treatmentOperationsinsteelandceramicindustriesand  

（d）meltingfumaceinfoundries．The scheduling ofbatch processors．has received attentionin  

SChedulingresearchonlyrecently．  

Inthispaperweaddressadeterministicproblemofscheduling［aPNIBP－INCJF－NIJS］aPara11eland  

Non－IdenticalBatchProcessor（PNIBP）withINCompatibleJobFamiliess（INCJF）＊alongwithNon－  

IdeムticalJobSizes（NIJS）．Theproblemaddressedinthispaperisanextensionoftheproblemsdealt  

byUzsoy（1995），VanDerZeeetal．（1997）andMehtaandUzsoy（1998），Whereallbatchprocessors  

areidenticalandalljobsareidenticalinsize．Theproblemdescribedinthispaperwasidentinedatthe  

heat－treatmentOperationinthepost－CaStlngStageOfasteelfoundryproductionsystem・  

TheproblemofschedulinganyPNIBP－INCJF－NIJShasthreeinter－relatedsetsofdecisionsattime“t’，  

WhichisschematicallyrepresentedinFigurel．  

＊   Duetothechemicalnatureoftheprocess，itisnotpossibletoprocessjobswithdifftrent  

reclpeStOgetherinthesamebatch．ThusalljobsrequlrlngthesamerecIPeCanbeviewedasa  

jabfamily，Wherealljal）SOfthesamefamilyrequlrethesameprocesslngtime．Weshallcall  

thesejobfamiliesincompatiblesincejobsofdiffbrentfamiliescannotbeprocessedtogether．  
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Figurel：SchedulingProblemofPNIBPTINCJF－NIJS  

Fromourearlierresearchon thisproblem（Mathirqjan etal．（1998a，．1998b）），it fbllowed thatthe  

decisionon‘familyselection’isofcentralimportanceine仔kientschedulingofPNIBP－INCJF－NIJS・  

So，the main goal’ofthis‘researchis to develop the best‘family－Selection’heuristics・With this  

premise，thecomplexltyOftheproblemisdiscussednrstandthenthedevelopmentandtestlngOffbur  

heuristicalgorithmsfbrschedulingaPNIBP－rNCJF－NIJSaredealtwithinthispaper・  

Theproposedheuristicalgorithms，inbrief；．areasfo1lows‥（a）Thehpuristicsfor‘batchprocessor  

selection，isbaseddhthe“capacity”ofbatchprocessorsavailable；（b）theheuristicsfbr 

Selection’is based on computing anipdex（family－Wise）and seleCting、the family which has a  

minimumindex【theindexiscomputedusingproc？SSingtimeofafamily，nUmberofjobsinthe  

family，Weightof占ach jobandtheprioritシofeachjobinthefamily］；and（C）theheuristicsfor  

‘construCtionofabatch’isba畠edonselectingasetofftasiblejobsfromthetopofasorted－1istofjobs  

［sortingthelist，Ofjobsavailableintheseledtedfamilyisprimarilybasedonpriorityofajobin  

ascendingdrderandwithinthepriority，isbasedon“weight”ofajobindescendingorder】・  
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TheanalysISpreSentedhereassumesa丘xedheuristicsforBPselectionandforbatchconstruCtion．We  

CarryOutaCOmParisionoffourheuritsticsfor“familyselection”．Thesefour heuristicsarebasedon  

（1）theweightedaveragepriorityofajob；（2）theweightedaverageweightofajob；（3）thesimple  

averagepriorityofajob；and（4）thesimpleaverageweightofajob，reSPeCtively・  

Allalgorithmswereimplementedandtestedona200MHzPentium－basedPC．Programswerewritten  

inTurboC十＋toimplementallth占fouralgorithms；andalsofortheprocedureproposedforgeneratlng  

probleminstancesrandomly．  

Thefourheuristicalgorithmswerecomparedamongthemselvesinordertopickthebestsolutionfora  

glVenPrObleminstance．Notethatitisdifnculttoobtainanexactsolutionfbrthesebatchscheduling  

PrOblems within the reasonable compuationaltime since the problemisintractable as shownin  

［Mathirqjanetal．（1998a）］．Foreachalgorithm，aSeparateCOmputationalexperimentwascarriedout  

uslnglOOrandomlygeneratedprobleminstancestotesttheirrelativeperfbrmanCe．The analysISOf  

relativeperformanCeOftheheuristicalgorithmsisbasedon three－Performancemeasures：（1）Overall  

FlowTime［OUT］，（2）AverageUtilizationofBatchProcessors［AUBP）and（3）AverageWaiting  

TimePerJob［AWTPJ］．TheresultsareshownbelowinTablel．  

Tablel：Performancemeasurewiserankingoftheheuristicalgorithms  

Heuristic  RankingoftheHeuristicAlgorithms  

Algorithm  

【HA】  Overal1Flow   AverageUtilizationofBatch－  AverageWaitingTime  

Time［OFT］   Processors［AUBP］   PerJob［AWTPJ］   

3［23］   3［08】   1［65】’   

4［16】   4［03］   2［35］   

2［28］   2【24］   3［00］   

IV   l［50］   1【65］   3【00］   

Note：Valuesgivenin［］indicatesthenumberoftimesthealgorithmresultedbest－reSult   
OutOflOOprobleminstances）   
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The“Bestcase”andthe＝Worstcase”analysesoftheresultsoftheexperimentsshowninTablel  

indicatesthatthehedristicalgorithmIV（withthe‘familyselection，criterionbasedon“the 

averageweightofajob“）islikelytoperformbetterwithrespectto‘the performanCemeaSureS：OFT  

andAUBPandtheheuristicalgorithmI（withthe‘familyselection，criterionbased占n“theweighted  

averagepriorityofajob“）islikelytoperformbetterintermsoftheperfbrmancemeasure：AWTPJ．  

FromtheaboveweconcludethattheheuristicalgorithmIVwillbepreftrrediftherequlrementSOf  

bothcustori1erandtheproducerareprlmary・But，ifthemanagementpreftrsgreatercontroloverWIP，  

theheuristicalgorithmImaybemoresuitable．  

InTablel・theperformancemeasuresaretreatedseparatelyandtheheuristicalgorithmsareranked  

accordingly・Wealsoran acomparativetest・basedonacompositeindexasaslnglemeasure・The  

COmpOSite－indexisbasedondifftrentweightedcombinationoftheperformancemeasuresconsidered  

inTablel．TheresultsofthisanalysISareShownbelowinTable2．  

Table2：BestAIgorithmbasedonCombined－IndexasaPerfbrmanceMeasure  

Composite－IndekasaperformancemeasureforHA：  
Weighta豆ein％for  
PerformanCeMea？ureS  BEST  

OFT：ABPU：AWTPJ  ⅠⅠⅠⅠ   IV   Algorithm  

10：20 50．9   28．0   08．0   16．5   

10：80：10   25．7   16．6   24．8   46．5   IV   

10： 30 ： 60   46．7   26．1   10．8   21．5   

40：10：■ 50   38．0   20．3   12．4   31．0   

70：20：■10   16．7   08．8   22．4   55．5   IV   

60：10： 30   26．6   13．9   17．2   44．0   IV   

60：20：20   22．4   12．0   20．0   49．0   IV   

20：▼ 40：40   36．8   21．d   16．0   33．0   

30：10：60   43．7   23．5   10．0 24．5   

TheresultsreportedinTable2areconsistentwiththoseof Tablel．Thusthepreftrredchoiceof  

heuristicalgorithmsiscon瓜rmedbytheuseofcomposite－index．Thatis，for schedulingaParalleland  

Non－IdenticalBatch ProcessorwithINCompatibleJob ofFamilies alongwith Non－IdenticalJob  

Sizes（PNIBP－rNCJF－NIJS）；theheuristicalgoritlmIV．willbeprefbrrediftherequirementsofboth  
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customerandtheproducerareprlmary・But，ifthemanagementpreftrsgreatercontroloverWIP，the  

heuristicalgorithmImaybemoresuitable．  

Wewouldliketoaddthatthisisapartoftheon－gOlngreSearChconsultancywithalargesteelcastlng  

foundryinSouthIndia・Theschedulingalgorithmsthatarebeingdevelopedwillbeemployedbythe  

fbundryinschedulingbatchprocessors（meltingandheaトtreatmentfurnaCeS）ofcastings・  
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