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Job sequencing isthearrangementofthetaskthatisto beperformed or

processedinamachineinthatparticularorder.Jobsequencingproblem has

becomethemajorproblem inthecomputerfield.Afinitesetofnjobswhereeach

jobconsistsofachainofoperationsandafinitesetofm machineswhereeach

machinecanhandleatmostoneassignmentatatime.Eachassignmentneedsto

beevaluatedduringanuninterruptedperiodofagivenlengthonagivenmachine

andourPurposeistofindainventory,thatis,anallocationoftheoperationsto

timeintervalstomachinesthathasminimallength.

Solvingaproblem orgettingajobdonebyacomputercanbequiteademanding

task.Thisisbecauseitrequiresconsiderablethought,carefulplanning,and

attentiontodetails.Itcanalsobechallengingandexcitingwithpossibilitiesfor

creativesatisfaction.Thisisbecausewhenwearesolvingaproblem witha

computer,weareessentiallyteachingadumbservanthowtodoajob.Wehave

alreadyseenthatthedescriptionofhowtodoworkisinitiallypreparedinform of

analgorithm andwedidgiveadefinition!Butthatdefinitionistobeusedwith

somecare.Weshouldalwaysrememberthecapabilitiesandlimitationsofthe



executingrepresentative,thecomputer.Componentsofanymodelcanbeof



•Decisionvariables(Whatwecanchangetoupgradethesystem,i.e.,modeloutput)

•Parameters(Modelinputvalues,i.e.,valuesthatcannotbemodified)

•Objectivefunction(E.g.profit,qualitytobemaximized,costs,timetobe
minimized)

•Constraints(Determinewhichdecisionvariablevaluesareallowed)

Threebasictypesofdecisionvariablesaredescribedasfollows

•Sequence(Permutationofthejobs)

•Schedule(Allocationofthejobsinamorecomplexenvironment)

•Schedulingpolicy(Determinesthenextjob,giventhepresentstateofthesystem)

Othervariablesareregardedasdynamicdata,orasauxiliaryvariables.Someof

theauxiliaryvariablesarespecifiedasfollows.

 Completiontime(Cij)

 Lateness(Lj)

 Tardiness(Tj)

 Makespan(Mj)

Therearethreeprimaryobjectives(goals)whichapplytoallinventoryproblems.

Theyare

 Jobcompletionsshouldnotbe“late”(aboutduedates).

 Thecourseofthetimeduringwhichajobstaysinthesystem
shouldbe



“minimum”(aboutflowtime)



 Itisgreedytofullyutilizethecapacitiesofworkcenters(aboutwork

centerutilization).

Ascheduleisajobsequencedeterminedforeverymachineoftheprocessing

system.Schedulingisadecision-makingprocessofallocatinglimitedresources

to activities overtime.The schedule can be characterized by starting or

completiontimesofalloperationsofthejobs.Theobjectiveistoconstructa

schedulethatminimizesagivenobjectivefunction.Theschedulingtaskisshown

infigure1.

Fig1:SchedulingTask

Standardschedulingrequirementsarespecifiedasfollows.

 Ajobcannotbeprocessedbytwoormoremachinesatatime,

 Amachinecannotprocesstwoormorejobsatthesametime.



Dependingonthetypeofschedulingsystem,specificconstraintsshouldbe

satisfied (jobs may be released atdifferenttimes,there may be allowed

preemption ofjobs by otherjobs,etc.).The various scheduling issues are

describedasfollows

 Schedulingaccordwiththetimingofoperations

 Theassignmentistheallocationandprioritizationofdemand

 Significantissuesarethetypeofscheduling,backwordorforward

 Thecriteriaforpriorities

Therearetwotypesofscheduling.Theyare

 Forwardscheduling

 Backwardscheduling

Forwardschedulingstartsassoonastherequirementsareknown.Itproducesa

feasibleschedulethoughitmaynotmeetduedates.Itfrequentlyresultsin

buildupofworkinprocessinventory.



Fig2:Typesof
scheduling



Backwardschedulingbeginswiththeduedateandschedulesthefinaloperation

first.Schedule is produced by working conversely though the processes

Resourcesmaynotbeavailabletoaccomplishtheschedule.Theforwardandthe

backwardschedulingisshowninthefigure2.

Inatypicaljobschedulingconditions,thereisacentralizedschedulingstagewith

asetofon-demandtechnologiestosupportitsfunctions.TheIToperationsand

significanceschedulingteamsinteractwiththeschedulerthroughaclienttieror

aWebinterface.Conventionally,jobschedulingsolutionsperformedtheirwork

usingplatform specificpromotors,includingMicrosoftWindows,UNIX,Linux,and

mainframeoperatingsystems.Jobschedulingsolutionsschedule,defineand

manageapplicationjobs,whicharetheindividualstepsneededtodeliverthe

services.Therehasalsobeenanefforttointegrateandschedulejobsusingthe

latestbusinessintelligence,datawarehouse,transform,andextract,load(ETL)

applications.Thesesolutionsrequireintegrationofdatabaseactivities.

Thesolutionsprocessdatafrom multipleapplicationsacrosstheenterpriseto

deliverthebusinessinsightrequiredtomaketherightstrategicdecisionsatthe

righttime.Administeringdependencylogicandautomatingjobstepsequencing

arecriticaltothedeliveryofrelevantandtimelyinformationforstrategicdecision

making.Jobschedulingsolutionscanalsomanagebackup,filedelivery,and

storageprocesses.Morerecently,job schedulershavebeen integrated with

virtualizationsolutionsandcertaincloudservicesthathavethecapabilityto

schedulejobsinavirtualizedenvironment.



Fig3:Typesofschedulingproblems

Therearetwo fundamentalkindsofschedulingproblems.Theyaregivenas
follows

 Staticschedulingproblem

 Dynamicschedulingproblem

Thestaticschedulingproblem dealswiththeproblem whichconsistsofafixed

setofjobswhicharetobeallcompleted.Inthisstaticschedulingthenumberof

jobsdoesnotchange.TheDynamicschedulingproblem dealswithschedulingof

acontinuoussituation,whichmeansthat,newjobsarecontinuallyaddedtothe

productionenvironment.Thetypesofschedulingproblemsareshowninfigure3.

Thestaticschedulingproblem containsafixedsetofjobswhicharetobe

completed.Thetypicalbasicassumptionsinthiskindofproblem canbestated

asfollows;



 Completesetofjobsarrivesimultaneously,andallrespectiveworkcenters

areavailableatthattime.

Majorityofthestaticschedulingproblemsuseacriterioncalled“minimum make

span”whichcanbedefinedastheminimum totaltimetoprocessallsubject

jobs.Thisstandardisrelatedwiththeschedulingobjectivewhichisabout“flow

time”.

Fig4:Staticschedulingapproach

The static scheduling approach makes use ofdeterministic solutions and

stochasticsolutions.Thedeterministicsolutionsuseknownandnonvarying



processtimesanditusesmethodsproducingoptimum resultsandmethods

utilizingheuristicprocedures.The



staticschedulingapproachisshowninthefigure4.MethodsproducingOptimum

results are only applicable to relatively smallproblems.Methods utilizing

heuristicproceduresarealsocalledasdispatchingorsequencingrulesbywhich

schedulingdecisionsaremadesequentially.Stochasticsolutionsuseprocess

timeswhicharesubjecttorandom variations.Thedynamicschedulingapproach

isshowninfigure5.

Fig5:Dynamicschedulingapproach

Analyticalapproacheslikedeterministicsolutions,stochasticsolutionshadbeen

developedwhichare“basedonqueuingmodelsthatprovideexpectedsteady

stateconditionsforcertainkindsofsituationsandtimedistributions.Typically,

thecriteriausedinsuchqueuingcasesare;AverageFlowTime,AverageWork-in-

processornumberofjobsinthesystem andWork/machinecenterutilization.To

findasolutiontodynamicschedulingproblems,usuallytheapproachis,touse



different“dispatchingrules”attheworkcenters.



Thecommonprioritysequencingrulesaregivenasfollows

Fig6:Sequencingrules

Common priority sequencing rules are single dimension rules and multi

dimensionrules.Singledimensionrulesbasethepriorityonsingleaspectofthe

job,suchas,theduedate,arrivaltime,ortheprocessingtimeatthecurrentwork

place.Multidimensionrulesincorporateinformationabouttheremainingwork

centersatwhichthejobmustbeprocessed,inadditiontotheprocessingtimeat

thepresentworkstationortheduedateconsideredbysingledimensionrules.

Thesingledimensionrulesare

 Earliestduedate



Theremaybedifferentwaystosettheduedatesofjobs.Forexample,aduedate

mighthavebeencalculatedbycomputerizedmethodsasinMRPormighthave

beensimplydeterminedbythecustomer.

Thejobwiththeearliestduedateisthejobwhichistobeschedulednext.

 Shortestprocessingtime

Itisthekingoftheprioritysequencingrules.Thejobwhichhastheshortest

processingtimeisschedulednext.

 Firstcomefirstserved

Thejobwhicharrivestheworkstationearlierthantheothershasthehighest

priorityandistobeschedulednext.

TheMultidimensionrulesare

 Criticalratio

Thecriticalratioiscalculatedbydividing“thetimeremaininguntiltheduedateof

thejob”bythe“remainingtotalshoptimeforthejob”.

 Slackperremainingoperations

Slackisthedifferencebetween“thetimeremaininguntiltheduedateofthejob”

and“remainingtotalshoptimeforthejob”includingthatoftheoperationbeing

scheduled.

The job’spriorityisdetermined bydividing the slackbythe numberofthe
operations

thatremainincludingtheoperationwhichisbeingscheduled.



Schedulingdealswiththeproblemsofoptimalarrangement,sequencingand

timetabling.Sequencingissimilartothatofscheduling.JobSequencingisthe

arrangementofthe tasks required to be carried outsequentially.The job

sequencingproblem canbesolvedbymeansofthenew modifiedheuristic

techniquecalledtimedeviationmethod.Themodifiedtimedeviationmethodcan

beused forprocessing njobsthroughtwo machines,njobsthroughthree

machines,njobsthroughm machines.

4.1 MODIFIEDTIMEDEVIATIONMETHOD

Timedeviationmethodisusedtoobtaintheoptimalsequenceofthejobs.Inthis

methodtimedurationtableiscalculatedforeachjobintherow wiseandthe

columnwise.

 Maximum timedurationoftherowminusthetimedurationofthecell

givestherowdeviationofthecellinthetimedurationtable.
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Thetimedeviationmethodusedforsolvingjobsequencingproblem isexplained

withtheexamples.

4.2 SEQUENCINGNJOBSINTWOMACHINES

TheNjobscanbesequencedintwomachinesbythefollowingsteps.

 Calculatethetimedeviationtableforthesequencingproblem.

 Thecellwhichhasboththetimedeviationvectorsaszeroformachine1,

perform thatjobfirst.

 Ifmore than one cellhas both vectors as zero then calculate sum

deviation ofthe corresponding columns.Cellwhich has largestsum

deviationisperformedfirstandsoon.

 Similarstepsarefollowedformachine2butherethejobsareperformed
lastly.

 Againcalculatethereducedtimedeviationtableforallnonassignedjobs

andcontinuethestepsmentionedabove.

 Stoptheprocessifwegetsequenceinvolvingalljobs.

 Arrangetheobtainedsequenceinreverseordertogetminimum total

elapsedtime.

SequencingNjobsintwomachinescanbeexplainedbythefollowingexample.

Example:ProcessingofNjobsintwomachinesisgivenasfollows



Jobs/Machine
s

J1 J2 J3 J4 J5 J6 J7 J8 J9

M1 2 5 4 9 6 8 7 5 4

M2 6 8 7 4 3 9 3 8 11

Thetimedeviationtablewillbefirstcalculatedforthegivenproblem accordingtothe

equations(1)and(2).Thetableisasfollows

Jobs/Machine
s

J1 J2 J3 J4 J5 J6 J7 J8 J9

M1 (7,4) (4,3) (5,3) (0,0) (3,0) (1,1) (2,0) (4,3) (5,7)

M2 (5,0) (3,0) (4,0) (7,5) (8,3) (2,0) (8,4) (3,0) (0,0)

ThejobsJ4ofmachine1andJ9ofmachine2hasbothvectorszeroandisassignedas

follows

J4 J9

Thereducedtimedurationtablefortheremainingjobsisasfollows

Jobs/Machines J1 J2 J3 J5 J6 J7 J8

M1 2 5 4 6 8 7 5

M2 6 8 7 3 9 3 8



Thetimedeviationtableiscalculatedforthissequenceasfollows

Jobs/Machines J1 J2 J3 J5 J6 J7 J8

M1 (6,4) (3,3) (4,3) (2,0) (0,1) (1,0) (3,3)

M2 (3,0) (1,0) (2,0) (6,3) (0,0) (6,4) (1,0)

JobJ6inmachine2hasboththevectorsaszeroandsoitisassignedtothe
sequenceas

J4 J6 J9

ThetimedurationtableforthejobsJ1,J2,J3,J5,J7,andJ8isspecifiedandthe

jobsJ4,J6,J9willnotbespecifiedinthistablesinceitisassignedtothe

machinesasshownabove.

Jobs/Machines J1 J2 J3 J5 J7 J8

M1 2 5 4 6 7 5

M2 6 8 7 3 3 8

Thetimedeviationtablefortheabovejobsiscalculatedasfollows
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Jobs/Machines J1 J2 J3 J5 J7 J8

M1 (5,4) (2,3) (3,3) (1,0) (0,0) (2,3)

M2 (2,0) (0,0) (1,0) (5,3) (5,4) (0,0)

ThejobsJ7inmachine1,J2andJ8inmachine2havebothvectorszeroanditis

assignedasfollows

J4 J7 J2 J8 J6 J9

ThetimedurationtablefortheremainingjobsJ1,J3,J5isgivenasfollows

Jobs/Machines J1 J3 J5

M1 2 4 6

M2 6 7 3

Thetimedeviationtablefortheabovejobsiscalculatedasfollows

Jobs/Machines J1 J3 J5

M1 (4,4) (2,3) (0,0)

M2 (1,0) (0,0) (4,3)

HereJ5inmachine1andJ3inmachine2containboththevectorsaszeroand

soitisassignedandtheremainingJ1isalsoassignedasfollows
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J4 J7 J5 J1 J3 J2 J8 J6 J9

Thissequenceisthenarrangedinthereverseorderfrom lastobtainedjobtothe

machine1jobsandmachine2jobs.Itisrepresentedasfollows

J1 J5 J7 J4 J9 J6 J8 J2 J3

The above sequence is the required sequence forthe given problem.The

minimum totalelapsedtimeiscalculatedforthisjobsequence.Thetotalelapsed

timeisgivenasTotalElapsedTime=Timebetweenstartingthefirstjobinthe

optimum sequenceonmachine1andcompletingthelastjobintheoptimum

sequenceonmachineM.

Jobsequence Machine1

Time-in Time-out

Machine2

Time-in Time-out

1 0 2 2 8

5 2 8 8 11

7 8 15 11 14

4 15 24 14 18

9 24 28 18 29

6 28 36 29 38

8 36 41 38 46

2 41 46 46 54

3 46 50 54 61

Theminimum totalelapsedtimethusobtainedis61hours.
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4.3 SEQUENCINGNJOBSINTHREEMACHINES

TheNjobscanbesequencedinthreemachinesbythefollowingsteps

 Calculatethetimedeviationtableforthesequencingproblem.

 Thecellwhichhasboththetimedeviationvectorsaszeroformachine1,

perform thatjob first.Ifboth thetimedeviation vectorsarezero in

machine3thenperform thatjobinthelastandifthevectorsarezeroin

machine2thenfindthesum ofdeviationvectorsseparatelyforaboveand

belowofthezerocell.Compareboththedeviations.

 Perform thatparticularjobfirstifthesum ofdeviationvectorsabovethe

cellislessthantheotherone.Ifbotharesamethenperform thejobeither

infirstorlast.

 Againcalculatethereducedtimedeviationtableforallnonassignedjobs

andcontinuethestepsmentionedabove.

 Stoptheprocessifwegetsequenceinvolvingalljobs.

 Arrangetheobtainedsequenceinreverseordertogetminimum total

elapsedtime.

Example:Njobstobeprocessedinthreemachinesaregivenasfollows

Jobs/Machine
s

J1 J2 J3 J4 J5 J6 J7

M1 3 8 7 4 9 8 7

M2 4 3 2 5 1 4 3

M3 6 7 5 11 5 6 12
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Thetimedeviationtablewillbefirstcalculatedforthegivenproblem accordingto

theequations(1)and(2).Thetableisasfollows

Jobs/Machine
s

J1 J2 J3 J4 J5 J6 J7

M1 (6,3) (1,0) (2,0) (5,7) 0,0) (1,0) (2,5)

M2 (1,2) (2,5) (3,5) (0,6) (4,8) (1,4) (2,9)

M3 (6,0) (5,1) (7,2) (1,0) (7,4) (6,2) (0,0)

JobsJ5inmachine1andJ7inmachine3haveboththevectorszeroandsothey

areassignedtojobsequenceasfollows

J5 J7

ThetimedurationtableforthejobsotherthanJ5andJ7aregivenasfollows

Jobs/Machines J1 J2 J3 J4 J6

M1 3 8 7 4 8

M2 4 3 2 5 4

M3 6 7 5 11 6

Thetimedeviationtablefortheabovejobsisspecifiedasfollows

Jobs/Machines J1 J2 J3 J4 J6

M1 (5,3) (0,0) (1,0) (4,7) (0,0)

M2 (1,2) (2,4) (3,5) (0,6) (1,4)

M3 (5,0) (4,1) (6,2) (0,0) (5,2)
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ThejobsJ2,J6inmachine1andJ4inmachine3haveboththevectorszeroand

sotheyarearrangedasfollows

J5 J6 J2 J4 J7

Thetimedurationtablefortheremainingjobsisgivenasfollows

Jobs/Machines J1 J3

M1 3 7

M2 4 2

M3 6 5

Thetimedeviationtablefortheabovetwojobsaregivenasfollows

Jobs/Machines J1 J3

M1 (4,3) (0,0)

M2 (0,2) (2,5)

M3 (0,0) (1,2)

ThejobJ3inmachine1andthejobJ1inmachine3arethenassignedtothe

sequenceasfollows
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J5 J6 J2 J3 J1 J4 J7

Thissequenceisthenarrangedinthereverseorderfrom lastobtainedjobtothe

machine1jobsandmachine2jobs.Itisrepresentedasfollows

J1 J3 J2 J6 J5 J7 J4

Theminimum totalelapsedtimeiscalculatedfortheobtainedsequenceasfollows

Job

sequen

ce

Machine1

Time-in Time-

out

Machine2

Time-in Time-

out

Machine3

Time-in Time

-out

1 0 3 3 7 7 13

3 3 10 7 9 13 18

2 10 18 9 12 18 25

6 18 26 12 16 25 31

5 26 35 16 17 31 36

7 35 42 17 20 36 48

4 42 46 20 25 48 59

Thustheminimum totalelapsedtimeforthegivensequenceis59hours.
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4.4 SEQUENCINGNJOBSINM MACHINES

TheNjobscanbesequencedinM machinesbythefollowingsteps

 TheM machineproblem isfirstconvertedintothetwomachineproblem

byeitherofthefollowingconditions

Minimum ofM1≥Maximum of(M2,M3…Mm-1) (3)

Minimum ofMm ≥Maximum of(M2,M3…Mm-1) (4)

Orbothhold.

 Therequiredsequenceisthenobtainedbyapplyingthetimedeviation

methodasdoneintwomachineproblem previously.

Example:SequencingofNjobsinM machinescanbegivenbythefollowingproblem

Jobs/Machines J1 J2 J3 J4

M1 7 6 5 8

M2 5 6 4 3

M3 2 4 5 3

M4 3 5 6 2

M5 9 10 8 6

TheM machineproblem isconvertedintotwomachineproblem bytheconditions

(3)and(4).Theconvertedtwomachineproblem isgivenasfollows

Jobs/Machines J1 J2 J3 J4

G 17 21 20 16

H 19 25 23 14
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Therequiredjobsequenceisthenobtainedbytheprocedurethatisnormally

appliedforthetwomachineproblem asexplainedbytheaboveexample.

4.5Conclusion

Thusthenewmodifiedheuristictechniquecalledtimedeviationmethodisused

toobtaintherequiredjobsequenceandtheminimum totalelapsedtimeisalso

calculatedforthissequenceofjobsbytheusualprocedureasspecifiedinthe

aboveexamples.ProcessingofNjobsin2machines,ProcessingofNjobsin3

machines,ProcessingofN jobsinM machineswerealso explainedbythe

examples.


