
AnImprovedModelfortheIntegratedYardCrane

andYardTruckSchedulingProblem

MeilongLe
ShanghaiMaritimeUniversity

ToshitakeKohmura
JosaiUniversity

1．Introduction

Ithasbeen50yearssincethefirstregularseacontainerservicecameintouseinthe
internationaltransportationmarket.ItbeganwithcontainerservicebetweentheU.S.East
CoastandpointsintheCaribbeanandCentralandSouthAmerica.Containerserviceshave
enjoyedrapiddevelopment.Followingaresomedatatoshowthedevelopmentofcontainer
use.
Throughthegraph,wecanseethatcontainerizationtrendsshareasteadydevelopment,

exceptfor2009,becauseoftheeconomiccrisisin2008.Statisticsshowthatcontainertrans-
portationhasabrightfuture.Theincreasinguseofcontainerscallsforhigherrequirements
onseaportcontainerterminals.Italsorequiresalotofpaperwork,whichisconcentratedin
theequipmentandresourcemanagementofcontainerterminals.Asequipmentandresource
managementisverycomplex,researchershavealwaysdividedtheseproblemsintoseveral
sub-problems,suchasberthallocation,quaycrane（QC）allocation,YTscheduling,YC
schedulingandyardresourcesplanning.Butastheresourcesincontainerterminalsarehighly
correlatedwitheachother,researchinintegratedschedulingisreallyvitaltotheefficient
improvementofcontainerterminals.TheYCandYTintegratedschedulingproblemsare
investigatedinthispaper.Basedonintegratedscheduling,YCoperationalconstraintsand
job-precedenceconstraintsareintroducedfirstinthepaper,whichmakesthemodelmore
reasonableandpractical.
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Abstract
Thispaperinvestigatestheintegratedyardcrane（YC）andyardtruck（YT）scheduling

problems.TheYCsactualoperationconstraintswereconsidered.Forexample,whenseveral
YCsshareabi-directionallane,anon-crossinglimitationisused.Thereareotherconstraints,
suchasfixedYCseparationdistancesandjob-precedenceconstraints.Basedonthesecon-
straints,weformulatedamodeltominimizethemake-span.Duetocomputationalintractability,
weintroduceamethodcalledmulti-layergeneticalgorithm（MLGA）tosolvethemodel,and
thenconductcomputationalexperimentstoevaluatetheeffectivenessofthemethod.
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Thispaperisorganizedasfollows.Insection2,wegiveabriefliteraturereviewin
relatedresearchfields.Theproblemdescriptionandmodelaregiveninsection3.Weintro-
duceourmethod-MLGAinsection4.Computationalexperimentsareconductedtoevaluate
themethodinsection5.Section6istheconclusionsection.

2．Literaturereview

Containerterminaloperationresearchisoftenresearchednow.AswestudyYCandYT
integratedschedulinginthispaper,wegiveareviewofpreviousresearchonYCandYT
schedulingandexamplesofstudieslookingatintegratedscheduling.Mostpreviousresearch
focusedonoptimizingasinglesub-problem.

ASingleYCSchedulingProblem.KimandKim（1999）consideredtheloadingopera-
tionsofaYC,withthesingleYCschedulingproblemasatravelingsalesmanproblem.The
YCmovedamongthecontainergroupsandthenfinishedthepartialtoursonebyone.By
connectingpartialtours,acompletetourforaYCcouldbeobtained.NgandMak（2005）
alsostudiedasingleYCschedulingproblem,differentfromKimandKim（1999）.They
consideredthereadytimeofeachjob（container）.Theymodeledtheproblemasaninteger
programwiththeobjectivetominimizethetotalwaitingtimeofalljobs,andsolvedthe
problembyusingabranchandboundalgorithm.X.Guo,etal.（2011）modeledtheproblem
withtheobjectivetominimizetheaveragewaitingtimeofallYTs,andthendevelopedtwo
algorithmstosolvethemodel.OneistheModifiedA*search,andtheotherisPrioritized
RecursiveBacktrackingwithheuristics.Thelatterovercomesthelimitationsoftheprevious
two.Thefirstoneisofmemoryusage;thesecondisalargetimerequirement.

MultipleSchedulingwithoutInterference.C.Zhang,etal.（2002）focusonmultipleYC
schedulingwithoutinterferenceconsidered.Theproblemwasformulatedasamixedinteger
programmingmodel,anditsobjectivefunctionwastominimizethetotaldelayedworkload,
thenthemodelwassolvedbyLagrangeanrelaxation.SimilartoC.Zhang,etal.（2002）,
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Fig.1 Containerizationtrendsinrecentyears（from2000to2009）.
Source:WorldBankWDIDatabase



Cheung,etal.（2002）alsoformulateditasamixedintegerprogram,andtheyhadthesame
objective.ThedifferencebetweenthemisthatCheungetal.（2002）solvedtheproblemby
Lagrangeandecomposition,andalsodevelopedamethodcalledsuccessivepiecewise-linear
approximation.D.H.Lee,etal.（2007）studiedtwoYCsschedulingproblems,andformu-
latedamathematicalmodeltominimizethelaterfinishingtimeofthetwoYCsinthelast
sub-tour.Theysolvedthemodelbyusingasimulatedannealingalgorithm.
OtherMultipleSchedulingProblems.W.C.Ng（2005）studiedtheproblemofschedul-

ingmultipleYCsinayardzonewithonlyonebi-directionaltravellinglane.Heconsidered
theinterferencebetweenmultipleYCs,andthenformulatedanintegerprogramtominimize
thetotalcompletiontime,andthendevelopedadynamicprogramming-basedheuristicto
solvetheschedulingproblem.W.Li,etal.（2009）alsofocusedonmultipleYC・sscheduling
problems.ComparedtoW.C.Ng（2005）,W.Li,etal.（2009）consideredonemorefactor,
namedthefixedYCseparationdistances.
FleetSizingandVehicleRoutingProblem.P.H.Koo,etal.（2004）proposedatwo-

phasedproceduretosolvetheproblemoffleetsizingandvehicleroutingproblems.Inphase
one,itconstructedamodeltominimizethetotalemptyvehicletraveltimeandtogetalower
boundonthefleetsizebyusinganetworkflowmethod;inphasetwo,atabusearchmethod
isusedtoimprovethefleetsizeandtofindthevehiclerouting.E.Nishimura,etal.（2005）
showthetwomodelsbasedondifferentsituations,asingletrailerandmultipletrailers,respec-
tively.Inasingletrailersituation,itwasconsideredatravelingsalesmanproblem.

LoadingandUnloadingProblem.E.K.Bish（2003）consideredtheoperationsoftwo
ships,oneunloadingandtheotherloading,andthenumberofunloadedandloadedcontainers
asequal.Themodelwasformulatedintwosteps.Steponeistheassignmentandmatching
step,whichisconstructedtofindoutthecombinedtrip;steptwoistheschedulingstep.This
stepdispatchesthevehiclestofinishthejobsbyusingtheresultsofstepone.KimandBae
（2004）studiedtheAGVschedulingprobleminstaticsituations,andformulatedamixed
integerprogramtominimizethetotalcost,includingtravelcostandpenaltycostforthedelay
inthecompletiontime.W.C.Ng,etal.（2007）studiedtheproblemofschedulingafleetof
truckstoperformasetoftransportationjobswithdifferentreadytimes.Theproblemwas
formulatedasamodeltominimizethetotalfinishedtimeofalljobs,andwassolvedbya
geneticalgorithm.

Mostofthepreviousstudiesfocusontheschedulingofonlyonekindofequipmentdue
tocomputationalintractability.Butthesynchronizationofdifferenthandlingequipmentis
crucialtotheefficiencyofcontainerterminals.
IntegratedQCandYTScheduling.J.X.Cao,etal.（2010）studiedintegratedQCand

YTschedulingproblemsforinboundcontainers.Thejobswereassumedtobeoperatedunder
thegangstructuremode,i.e.,severalYTsservedthesameQC.Theproblemwasformulated
asamixedintegerprogramwiththeobjectivetominimizethemake-spanfordispatchingaset
ofcontainersallocatedtotheQC.Themodelwassolvedbyageneticalgorithmandamodi-
fiedJohnson・sRule-basedheuristicalgorithm.L.Chen,etal.（2007）studiedtheintegrated
schedulingofthreekindsofhandlingequipments.TheyconsideredtheproblemasaHybrid
FlowShopSchedulingproblem,andthensolveditbyatabusearchalgorithm.LauandZhao

（2008）alsofocusedontheintegratedschedulingofthreekindsofequipment,andformulated
theproblemasamixedintegerprogramwiththeobjectivetominimizetheAGVstraveltime,
thedelayofQCoperationsandtominimizethetotaltraveltimeofYCs.J.X.Cao,etal.
（2010）studiedtheintegratedschedulingofYTandYC.Theproblemwasformulatedasa
mixedintegerprogramwiththeobjectivetominimizethelastjob・scompletiontime.Then
themodelwassolvedbytwomethods,onewasageneralBenders・cut-basedmethodandthe
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otherwasacombinatorialBenders・cut-basedmethod.
Afterreviewingotherresearch,wedecidedtotrytofindasolutiontotheproblemsof

schedulingwhenthereismorethanonesub-problem.

3．Problemdescriptionandformulation

Fig.2showsatypicallayoutofcontainerterminals.Thefigureshowingabriefintroduc-
tionofloadingandunloadingoperations,isgivenbelow.

Whenthereisashiptobeserved,containersoftheshipshouldbeunloadedfirst,then
theloadingoperationshouldbecarriedout.Duringtheunloadingoperation,containersare
unloadedontoYTsthroughtheQCs,andthenYTstransportthemtoaspecificblockin
containeryard,andYCsliftthecontainersup,andputthemintospecificslots.Whenweput
theoperationssequenceinreverse,wegettheloadingoperation.

Thereisajob-precedenceconstraintduringtheunloadingandloadingoperations.For
example,thecontainersabovethedeckshouldbeservedbyQCsbeforethoseontheunder
deckduringunloadingoperation,andwhendoingtheloadingoperation,thesequenceis
reversed.

WhenseveralYCssharethesameblock,therearesomelimits.Thenon-crossingcon-
straintisonelimit;thismeansthatifYCAisintheleftpositionofYCB,YCAcannotcross
YCBtoworkintherightpositionofYCB.ThefixedYCseparationdistancelimitation
meansthatasafedistanceisneededbetweenYCs;thisdistanceissettobe160feetor8slots

（W.Lietal.2009）.
ToinvestigatetheintegratedYCandYTschedulingproblembasedontheabovecon-

straints,weformulatedthisproblemintoamodelwhichminimizedthemake-span.Inorder
tobuildthemodel,wehavefollowedtheseassumptions:

（1） Onlyloadingoperationsareconsidered
（2） Positionsofcontainerstobehandledaregiven
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Fig.2 Atypicallayoutofcontainerterminals



（3） YTcanonlytransporta20feetcontaineratatime
（4） InterferencebetweenYTsarenotconsidered
（5） Eachcontainercanbeloadedinanysequenceexceptthespecialones（shouldbe

satisfiedwiththejob-precedenceconstraint）
（6） QCsarealwaysavailable
Inthispaper,werefertotheoperationofeachcontainerasajob,andtherearenjobsin

all.Let・bethesetofjobs,so・・・・ n.Additionally,wedefinetwodummyjobs,indexed
by0andn＋1,torepresenttheinitialandfinalstatesofYCsandYTs,respectively.
Let・1・・・・0・;・2・・・・n・1・and・3・・1・・2.
Followingareindicesusedinthemodel:

p indexofperiods,p・0,1,2,...,・.Supposethatthereexistsaknownupper
boundaryforthemake-spanoftheoptimalschedule.Partitiontheupperbound
into・periodswiththelengthofeachperiodequaltothetimerequiredforayard
cranetotravelasinglebay.SeeW.C.Ng（2005）

Thefollowingparametersareusedinthemodel:
・i baynumberofjobi,whichrepresentstheinitiallocationofjobi.
di destinationofjobi.
OP Setofpairofjobs.If・i,j・・ OP,thenjobishouldbecompletedearlierthan

jobj.
p・l・ ifaYCislocatedinbaylatperiodp,p・l・denotesthesetofbaystheYCcan

possiblybeinatperiodp-1.
s・l・ ifaYCislocatedinbaylatperiodp,s・l・denotesthesetofbaystheYCcan

possiblybeinatperiodp＋1.
・uv Distancebetweenlocationuandlocationv.
v1 speedofYC（1bay/period）
v2 speedofYT（bay/period）

s
1
ij setuptimeforYCtotravelfromjobitojobj.Sos

1
ij・

・oi,oj
v1
.

s
2
ij setuptimeforYTtotravelfromjobitojobj.Sos

2
ij・

・di,oj
v2
.

ti transporttimeofjobi.Soti・
・oi,di
v2
.

・ QCprocessingtimeofeachjob
・i YCprocessingtimeofjobi
ci completiontimeofjobi
ri readytimeofjobi,whichisdecidedbyYCreadytimeandYTreadytime.r

2
ik

denotesthereadytimeofYTktohandlejobi,r
1
imdenotesthereadytimeofYC

m to handle job i. Then we geta ready time forjob i,where

ri・max・r
1
im,r

2
ik・.

Followingarethedecisionvariables
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i,j indicesofjobs,i,j・0,1,,...,n,n・1
l indexofbays,l・1,2,...,・.Baysintheblockareorderedfrom1to・.

m indiceofYCs,m・1,2,...,M.
k indiceofYTs,k・1,2,...,K.

Ym,l,p・
・・・・・・・

1 ifYCm islocatedinbaylatperiodp
0 otherwise



Distancesarequantifiedwiththelengthofabay,andtimeisquantifiedwiththelength
ofaperiod.Forexample,supposethatthelengthofabayis20feetandaperiodis4seconds.
Ifthedistancebetweenlocationuandlocationvis200feetlong,wesaythatthedistance
betweenlocationuandvis10（200/20）.AndifYTktakes200secondstotravelfrom
locationatolocationb,thenwesayYTktakes50periodstotravelfromlocationatob.
Themodelisstatedasfollows,followedbyabriefexplanation.
Objectivefunction

Subjectto
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X
1
i,j,m・

・・・・・・・

1 ifjobiisimmediatelyhandledbeforejobjbyYCm
0 otherwise

X
2
i,j,k・

・・・・・・・

1 ifjobiisimmediatelyhandledbeforejobjbyYTk
0 otherwise

W
1

i,m,p・
・・・・・・・

1 ifYCm completeshandlingofjobiatperiodp
0 otherwise

W
2

i,k,p・
・・・・・・・

1 ifYTkcompleteshandlingofjobiatperiodp
0 otherwise

Sothecompletiontimeofjobci・ ・
・

p・1
・
k

k・1
p・W

2
i,k,pi.

min Cn・1 ・1・

Cn・1・ ci,i・ ・ ・2・

・
j・ ・2

X
1
i,j,m・1,・i・ ・1,・m ・3・

・
i・ ・1

X
1
i,j,m・1,・j・ ・2,・m ・4・

・
M

m・1
・

j・ ・2

x
1
0,j,m・ M ・5・

・
M

m・1
・

i・ ・1

x
1
i,n・1,m・ M ・6・

・
M

m・1
・
・

p・1
W

1
i,m,p・1 ・7・

・
j・ ・2

X
2
i,j,k・1, ・i・ ・1,・k ・8・

・
i・ ・1

X
2
i,j,k・1, ・j・ ・2,・k ・9・
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・
K

k・1
・

j・ ・2

x
2
0,j,k・ K ・10・

・
K

k・1
・

i・ ・1

x
2
i,n・1,k・ K ・11・

・
K

k・1
・
・

p・1
W

2
i,k,p・1 ・12・

・
・

l・1
Ym,l,p・1,・m,p ・13・

・
M

m・1
Ym,l,p・1,・l,p ・14・

Ym,l,p・ ・
l'・ p・l・

Ym,l',p・1,・m,l;p・1,2,3,...,・ ・15・

Ym,l,p・ ・
l'・ s・l・

Ym,l',p・1,・m,l;p・0,1,2,...,・・1 ・16・

・
・i

p'・0
Ym,oi,p・p'・・i・1・ N・W

1
i,m,p・1・ ・17・

N・1・Ym,l,p・・ ・
・

q・ l
Ym・1,q,p;

・p,m・2,3,...,M,l・1,2,...,・ ・18・

・
l・ L

l・Ym・1,l,p・ ・
l'・ L

l'・Ym,l',p・8 ・19・

ci・ cj ・i,j・・ OP ・20・

r
1
jm・ri・N・1・X

1
i,j,m・・

・・・・・・・・・・・・・・・・・

0 fori・0,j・ ・
・i・s

1
ij fori,j・ ・,andi・ j

0 fori・ ・,j・ n・1
・ fori・0,j・ n・1

・21・

r
2
jk・ri・N・1・X

2
i,j,k・・

・・・・・・・・・・・・・・・・・

0 fori・0,j・ ・
・i・ti・・・s

2
ij fori,j・ ・,andi・ j

0 fori・ ・,j・ n・1
・ fori・0,j・ n・1

・22・

ri・max・r
1
im,r

2
ik・ ・23・



WhereNisabigpositivenumber.
Theobjectiveistominimizethemakespan.Constraint（2）ensuresthatthemake-span

wouldbelongerthanthecompletiontimeofanyjob.Constraint（3）meansforeachjob
i・ ・1,thereisasucceedingjobassignedtothesameYCmasjobi.Constraint（4）means
foreachjobi・ ・2,thereisaprecedingjobassignedtothesameYCmasjobj.Constraints

（5）and（6）promisethatthereareMYCsbeingdeployed.Constraint（7）guaranteesthat
eachjobwouldbeservedbyaYCinaperiod.Constraints（8）�（11）aresimilartoCon-
straints（3）�（6）.Constraint（12）guaranteesthateachjobwouldbefinishedbyaYTin
aperiod.Constraint（13）impliesthateveryYCwouldbelocatedinabayinanyperiod.
Constraint（14）promisesthereisatmostoneYCinabayinaperiod.Constraints（15）and

（16）statetherelationshipbetweenlocationsvisitedbyaYCinsuccessiveperiods.Con-
straint（17）ensuresthatduringaloadingoperation,theYCshouldstayinthebaythroughout
theoperation.Constraint（18）isthenon-crossingconstraint.ThefixedYCdistancesepara-
tionconstraintisstatedasconstraint（19）.Constraint（20）isjob-precedenceconstraint.
Constraint（21）depictstherelationshipbetweenreadytimeofajobandthereadytimeofYC.
Constraint（22）depictstherelationshipbetweenthereadytimeofajobandthereadytime
ofYT.Constraint（23）calculatethereadytimeofjobi.Constraint（24）calculatethe
completiontimeofjobiatYC.Constraint（25）calculatesthecompletiontimeofjobi.

4．Multi-layergeneticalgorithm

Asthemodelaboveisnon-linear,exactalgorithmscanhardlygetasolution.Sowe
introducedamulti-layergeneticalgorithm（MLGA）,（H.Y.K.Lau,etal.2008）tosolvethe
model.TheproceduresofthemethodaredescribedinFig.3.Wehavetwolayersinthe
MLGA.Themain-layerisusedtofindthejobsequencesofYCs,andthesub-layerisused
tofindjobsequencesofYTs.Butthegenerationofasub-layerisrestrictedbythemainlayer,
becausethejobsequencesofYTsdependonthejobsequencesofYCs.

4．1．Structureofindividuals

Individualsofthemain-layerrepresentcandidatesofjobsequencesofYCs.Anindivid-
ualofasub-layerrepresentsacandidateofjobsequencesofYTs.Theinitialmain-layer
solutionwasrandomlygeneratedwhileconsideringjob-precedenceconstraints,andindividu-
alsofthesub-layerweregeneratedbyconsideringmain-layerindividuals.Herewetake2
YCs,5YTsand10jobsasanexampletoillustratetheindividual.AsFig.4shows,inthe
main-layer,0isusedtopartitionthejobsintotwojobsequences.ItmeansthatthefirstYC
operationalsequenceis（1,5,2,7,10）andthesecondYCoperationalsequenceis（8,3,9,
6,4）.Similartothis,inthesub-layerasetofjobs（1,5）iscarriedoutbyYT1.YT2will
transportjob2.YT3isaskedtoserve（7,10）.YT4（8,3,9）,andlastlyYT5needsto
transport（6,4）.
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・
M

m・1
・
・

p・1
p・W

1
i,m,p・ ri・・i ・24・

・
・

p'・1
p'・W

2
i,k,p'・ ・

・

p・1
p・W

1
i,m,p・ti・・ ・25・

X
1
i,j,m,X

2
i,j,k,Ym,l,p・・0,1・,・i・ ・1,j・ ・2,k・ K,m・ M,l・ L ・26・
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Fig.3 TheMLGAprocedures.

Fig.4 Structureofaindividual



4．2．Fitnessevaluationandselection

Theindividualisevaluatedbasedon:
eval・1・Cn・1.
Inthispaper,weacceptaroulettewheelapproach.

4．3．Crossover

・Orderedcrossover・isusedtoprocessthemain-layerindividualsinthepaper.Itworks
asfollows:
Step1 Randomlyselectasubstringinoneparent
Step2 Produceaproto-childbycopyingthesub-stringintothecorrespondingposi-

tionsinthechild.
Step3 Deletetheholdswhicharealreadyinthesubstringfromthesecondparent.

Theresultingsequenceofholdscontainstheholdsneededbytheproto-child.
Step4 Placetheholdsintotheunfixedpositionsoftheproto-childfromlefttoright

accordingtotheorderofthesequenceusedtoproduceanoffspring.
Fig.5 isusedtoillustratethe・orderedcrossover・.

Sincethestructuresoftheindividualsofthesub-layerarerelatedtothestructureof
main-layer,theirstructuresaremuchmorecomplexthanthoseofthemain-layer.Theordered
crossoverisnotappropriateforthem.Herewecreateanewsub-layerchildindividualby
propagatingtwoparentindividuals.Thismethodworksasfollows:
Step1 Selectoneparent,andputits0intothecorrespondingpositionofchild.
Step2 Selectonesubstringofthesameparent,andthenputitintothecorresponding

positionofchild.
Step3 Delete0andsamejobsofsubstringfromtheotherparent.
Step4 Placetheremainingjobsintounfixedpositionsfromlefttoright.
WeuseFig.6toillustrateit.
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Fig.5 Illustrationoforderedcrossover

Fig.6 Anillustrationofthecrossmethodforsub-layerindividuals



4．4．Mutation

Byselectingtwojobsandthenalteringtheirpositions,mutationisconducted.Takinga
main-layerindividualasanexample,Fig.7illustratesthemutation.

5．Computationalexperiments

Wefirstgiveadetailedresultofanexample.Fig.8showsalayoutof11jobsinablock.
Intheexperiment,thereare2YCsand4YTs.

WegettheresultbyMLGA,withthefollowingdetails:
JobsequenceofYC1:0�1�2�3�4�5�7�12（where0and12representtheinitialandfinal

statesrespectively）
JobsequenceofYC2:0�6�8�9�10�11�12
JobsequenceofYT1:0�1�9�7�12
JobsequenceofYT2:0�6�3�5�12
JobsequenceofYT3:0�2�10�12
JobsequenceofYT4:0�8�4�11�12
Make-span:c（12）＝703
Operationtrackpositionshavebeenkept,andwecanseetheminFig.9:
WecanknowthepositionsofthesetwoYCsandthedistancebetweenthematany

period.Sowecanchecktoseeiftheresultmeetstherequirementsofthenon-crossing
constraintandthefixedYCseparationdistanceconstraint.Forexample,YC1islocatedin
bay1atperiod0whileYC2islocatedinbay11,sothedistancebetweenthemis10bays
long.
TotesttheeffectivenessofMLGA,wealsogenerateanother15examplestoevaluateit.

TheseexamplesarebasedonacontainerterminalinNingbo,China.Weassumethatthe
speedofYTsis5m/s,andthetravelspeedofYCsis1.5m/s.Theprocessingtimeofajob
byYCsrangesfrom90sto120s.Ittakes90stohandleajobbyQC.Thenumberofjobs,
YTsandYCsarelistedinTable1.TheresultsarelistedinTable2.

Weknowthatbelowacertainnumberofjobs,theincreaseintheamountofequipment
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Fig.7 Anillustrationofmutation

Fig.8 Layoutof11jobs



hasapositiveinfluencetothereductionofmake-spanthroughTable1and2.FromExample
1toExample4,thenumberofYTswassettobe2,4,6and8respectively.Fromtheresult,
wecanseethattheincreaseinthenumberofYTsmakesasignificantcontributiontothe
reductionofmake-span.ButasthenumberofYTsincreases,thereductionofmake-span
decreases.
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Fig.9 TracksofYCs

Table1 Detailsofcomputationalexamples

Examples
Numberof
jobs

Numberof
YTs

Numberof
YCs

1 10 2 2

2 10 4 2

3 10 6 2

4 10 8 2

5 20 10 2

6 20 3 3

7 20 6 3

8 20 9 3

9 20 12 3

10 30 6 3

11 30 9 3

12 30 12 3

13 30 15 3

14 50 15 3

15 50 18 3

Table2 Resultsofexamples

Examples
Result

（period）
CPUtime
（secs）

1 1155 55

2 658 64

3 461 72

4 430 75

5 608 67

6 1498 83

7 833 87

8 462 92

9 373 112

10 1148 104

11 670 106

12 523 118

13 428 127

14 683 135

15 475 148



6．Conclusion

AnintegratedYCandYTschedulingproblembasedonseveralconstraintsisinvestigated
inthepaper.Theseconstraintsincludenon-crossinginterference,fixedYCseparationdis-
tanceandjob-precedenceconstraint.Duetothecomputationalintractability,weintroduced
amethodcalledMLGA（Multi-layergeneticalgorism）tosolvethemodel.Computational
experimentswereconductedtoevaluatetheeffectivenessofMLGA,andweseethatMLGA
canconsistentlygetasatisfactorysolutioninanacceptabletime.
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