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VRP with time window（VRPJrW）is also one of the  

COnSb’ainedVRPs，inwhichprede負nedtimewindowsshouldbe  
COnSideredasconstraintsforthedepotorcustomer’ssites・  
Exceptcoreandsideconstmints ofVRPsthemselves，aVRP  
mayalsoinclude di飴rent kinds of speci負c constraintsthat  

dependonthebusinessareaoftheapplication，SuChasvehicles  
andtheirdriversmayoccasionallyneedresourcesthatcanbe  
COnSidered“extemal’’to the de）ivery processitself．For  

example，there may be handling resources such as people，  

CraneS，OrdockingbaysatadepotthatareneCeSSarytOloadthe  
truCks，Ortheremaybetmi1ers（Sharedbetweenvehicles）that  

areusedforthedeliveries．Thus，COnStraintsmayberequiredto  
allowtheuseofresourcesinadepotorcustomer’ssiteswithin  
alimited capacity・This kind of problem can be typical  
COnSideredasExternalResourceConstrainedⅥ血icleRouting  
andProblem四RC⊥VRP）．DifFbrentfromVRPJrW，ERC－VRP  

hasprede負nedresourcelimitationforthedepotorcustom£r’s  
Sites，Whichmayvarieswiththetimeandmaysubjecttobreaks  
brtheresotmesthatrepresentsabreakforthepeopleloading  
the trucks．Thus，an正RC二VRPis a combinadon of botha  

Vbhicle RoutingPtoblemand E叉temalResource Constrained  

SchedulingPfoblem，inwhichtheresourcesneedtobehandled  
duringthe routing．In such problems，uSual1y，the resource  

COnStraints shouldbetreatedas hardconstraints，thusitis not  
easytobesoIvingbyjustcheckingthesolutionandmakesome  
repalrS・  
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There are many reallⅣOrld，industrialproblems wherethe  

possible solutions are so numerOuSthatitis notpracticalto  
COnSideralloftheminasearchforanoptlmalfeasiblesolution．  
These problems are sometimes referred to as combinatorial  
OPtlmizationproblems，emPhasizingtheideathatthenumberof  
possible solutions grows combinatorially as the number of 
decisionvariablesincreases．TheVRPisoneofthesetyPeSOf  
PrOblems．『or routlng PrOblems ofpracticalsize，COmPlete  
SearChmethodscannotproducesolutionsinashortandreliable  
timeperiod．Bycontrast，1terativeimprovementmethodshave  
PrOVed very successfu1inthis regard・IterativelmprOVement  
methodsoperatebychanglngSmal1parts ofthesolution，fbr  
instancemovlngaVisit打omoneroutetoanother，inhopesof  
e蝕ctingaglobalimprovement．ThistypeofoperationinvoIves  
retracping previous decisions and making new ones. Such 
iterativeimprovement methodsincludes Localsearch，Which  
OperateSbyconsidering asetofpossible moves・Inorderto  
escapealocalmimimum，itis requiredtohave acontrolled  
method of acceptlng a COSt・degrading move，Which may  
increasethe totalcostwiththe o叫ective of航nding a new  
neighborhood to exp10re．Thisis usuauyimplemented by  
meta竜euristics，Which provide theframeworkfor acceptlng  
SuChmoves・Meta鶴euristics，SuChasSA（SimulatedAnnealing），  
GA（GenericAlgorithm），ThbusearChandguidedlocalsearch，  
havebeenextensivelyappliedtoVRPswithgoodresults・  
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Intodayls competitive marketplace，CuStOmerS e又peCtquick，  
timelydeliveryofproducts andservices・Sti触rcompetition  
hasplacedagreateremphasisona允er－＄aleservice．Tbooften，  
COmpamies carefu11y plan allof the stepsleading to order  
fu1fi1lmentbutcan’tmanage負naldeliveryinthewaytheyld  
like．E伍cientrouting and dispatching can reduce costs and  
lmprOVe CuStOmer Service by optlmlZlng Vehicle routes－  
amingtranSpOrtationbmswithacompetitiveadvantage．To  
maintain customerloyalty while preserving pro魚tability，  
COmPanies need their 航eld service to respond rapidly，  
acctmtely and efnciendy．Thus，Vehicle routlng and  
dispatching sylstem are needed to determine how to deliver 
theirproductsto warehouses，Salespoints ord主recdytoend  
usersbyawiderangeofcompaniesinthemanufhctur1ng，fbod  
andtradeindusb’ies・Itbecomeseverimportanttooptlmizethe  
dispatching and scheduling ofcustomer visits，enSunmg the  
rightpeOple and equlpmentSare Sent tO do the job at the  
SpeCi鮎d也me・However，the dispatching and scheduling of  
CuStOmer Visits and allocating equlPment by handis a  
Cumbersome taskatbest，andtheriskoferrorgrows asthe  
numberofservicecal1sincreases・Ane惰cientdispatchingand  
SCheduling systemwi11be able to shortenthe plannlng and  
SChedulingprocesswhileensunngthebe5tSOlutionisfound，  
enablingfastandreliableservicetobedelivered．  
AsaspecialcaseofVthicleRoutingProblem（VRP），External  
Resource Constrained Vthicle Routing and Scheduling  
Problem岬RC－VRP）has been studied and discussedinthis  

PaPer■A Constraint Progranlming（CPトbased（Or Short as  
Constraint」）aSed）routing and scheduling approachis  
introducedtosoIveitandacasestudyisusedtoshowitin  
detail．  

2E畑e『皿a皿汲鮎①Ⅶ陀e C①鮎せ旭志皿ed Ve血豆c地温¢Ⅶ血g a皿d  

Sc蝕e血皿mg伽①b旺℡m  

AVRPconsistsofasetoflocationstobevisitedatthelowest  

POSSiblecost．Itis apracticalproblemthathasbeenstudied  
andisusuallyexpressedasfbllows：glVenaSetOfcustomers  
requlrlngaVisit，andafleetofvehiclesbasedatadepotthat  
Canperformthevisits，COnStruCtaSetOfroutesfbrthevehicles  
thatmimimizesthecostsofoperation・Theobjectivefunctionis  
typical1yexpressedascostsrelatedtothenumberofvehicles  
andtodistancetraveled．Constraintsincludevariouscapacity  
COnStmintsonweight，VOlume，1ength，etC・，timeconstraintson  
Whenthecustomerwillacceptavisit，andthetotal1engthof  
routes．  

Inpracticalproblemstheremaybedi蝕rentkindsofadditional  
COnStraintsincludinglegislativeres扇ctions，eStablishedwork  
PraCdcesandcustomerpreftrences，andacomplexobjective  
function renecting complicated pay provisions．Routing  
problems candi蝕rgreatlydependingonthetimewindows  
and work轟our regulations available for visits，Vehicle  
Characteristics，and pickup瑠ndJelivery routes・Thus，  
COmPlexityofroutingproblemsmayvarygreatly．Forexample，  
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3．2 The Problem and DiLriculty ofthe Various Existing  
Solution Approaches 

There are many di鮎rent existlng SOlution approaches  
proposedtosoIveVRPscanbealsousedforsoIvingERCJVRP  
However，mOSt Ofthe above approaches have difficultyto  
handling complicated hard constraints・For satisfying the  
COnStraints，COnStraintcheckeristheusualwayusedinmost  
approaches・However，COnStraintcheckercanonlybeexecuted  
a氏erasolutionisgenerated．Incomplicatedhardconstraintsor  
OVerl：OnStrainedproblems，theconstraintcheckermayrqect  
mostofdleSOlutionsgenerated，andthusitisnotane疏cient  
approach fbr high）y constrained problems．ERC⊥VRR  
especially，1SaVeryhighlyconstrainedproblem，andmostof  
the existing solution approaches have difficulty to handle 
resource constraints as hard constraints．AIso，mOSt Of the  

existlng apprOaChes have difriculty to soIve corLStrained  
SChedulingproblematthesametime．  
3．3 Constraint Programmlng －もased Approach for  
ERC⊥VRP  

Ontheotherhand，COnStmintprogramrrunglSarelativelynew  
techniquethat has been proved particularly powerfu1when  
usedtosoIveVRPswithcomplicatedhardconstraints．With  
the help ofthe constraint programmlng，Only solutions that  
meetallthehardconstraintscanbegenerated，thusitismore  
e餓cientthantheapproaches withmeta鶴euristicsalone．The  

approach suggestedandintroduced by this paperis the  
CP一もased vehicle routlng and the CP－t）aSed scheduling  
approach，Whichcancombinewithvariousmeta止euristicsto  

solve complex constrained vehicle routing and scheduling 
problems，1ikeERC二VRP  

4 Case Study 
AnexampleisusedhereasacasestudytoshowhowtosoIve  
SuChkindsofERCl／RPproblemsbyCP－もasedapproach・It  
demonstratestheuseofextemalresourcesbystartlngWitha  
StandardPickupandDeliveryProblem（PDP）andaddingthe  

requlrementtOuSeOneOfalimitednumberofdepotdocking  
baystoloadthevehicles．  
4．1Descriptionorlheexampleproblem  
The groblem considers deliveries to customers with several 
Vehicles，andeachofthemmustbeloadedatalimitednumber  
Ofdockingbays atadepot．Avisitmay takecertainunitof  
time to be perfbrmed at the depot．This meansthat the  
maximumnumberofvisitsatthedepotmustbelessorequal  
tothecapacity ofthe depot fbra11visits atany time・This  
CapaCitycanalsobeconsideredasmaximumcapacityofsome  
limited resource，Whichis related to the depot，SuCh as  
maximumnumberofavai1ableparkingslots，loadingbaysor  
fbrkli触，etC．Thereisabreakonthedockingbayresourcethat  

representsabreakforthepeopleloadingthevehicles・Other  
COnStraintsmayexistsuchaspickupsanddeliverieswithtime  
windowconsb－aints・Theo叫ectiveistominimizethecostof  
allthedelivery．Becausevehicleroutingshouldbesu句ectto  

limitedresourceusageandthesequenceofuslngtheresource  
Should also bede負ned，the vehiclerouting problem fbr this  

CaSebecomesanERC－VRP．  

4．2Stepsorproblemmodeling  
l）Theproblem can modeled as two subproblems，One aS a  

Vehicle routlng Subproblem and the other as a resource  
COnStrained schedulingsubproblem・  
2）Then the shared extemalresources docking baysin the  
problem can be simply modeled as discrete resources in 

scheduling subproblem which have a capacity that can vary 
OVertime・ThevisitsinthevehicleroutlngSubproblemareas  
activitiesthatusestheseresources．  

3）Allthe routing related consb－aints are handledin vehical  
routlngSubproblem．  
4）The two subproblelm Can belinked throughconstraints  
between start variables of visits in the vehicle routing 
subproblem and the start variables of activities in the 
SChed山ersubproblem・  

4・3problemsoIYingprocesses  
●Activltyplacementishandledthroughascheduleringsearch  
goal．  
●VisitplacementishandledthrougharoutlngSearChgoal．  
●The schedulering search goalis passed as a subgoalto  
routlngSubproblem’ssearchgoalto負rstsolutionmethod・  
●TheschedulerlngSeaJ｛：hgoalisalsopassedasasubgoalto  
routlngSubproblem’ssearChgoaltoimprovingsolution  
●The solutionislargely computed，improved，with method  
likelocalsearch．  

4．4Res血1t5  

Asasampledataset，1imitednumberofdockingbaysareuSed  
toloaduptomanyvehicles・Theresultshowsaftasibleand  
improvedsolution■（Finalresults willbeprovided duringthe  
presentation）．  

4．5Bene瓜ts  

●Thetwomodelsfbrtwosubproblemsareactiveatthesame  
time．  

●Allthe constraints canbe treated as hard constraints，and  

only the feasible solutions are generated during the solution 
Se訂Chprocesslng．  

●Byincorporatlng SChedulingwith dispatching programs，  
SOmeSOlutionscanbeprunedoutbyscheduleingorrouting  
propagationandthesearch．  
●Theschedulingmodelisveryversatile・  
●It has allthe wealth of constrainトもased scheduleing’s  
modeling ftattues，and constraint一七ased routlng’s modeling  

飴atwes．  

In this case study，mOG Dispatcher，a CP舟ased routlng  
generator，is used to build routes，andILOG Scheduler，a  
CP－basedschedulinglibrary，1SuSedtoschedule．  
5 Remarks 

ThispaperprOmOteSandsuggestsaflexible，pOWerfu1generic  
COnStmint programmlng －based routlng and scheduleing  
approachtosoIvecomple7（reSOurCeCOnStrainedvehicleroutlng  
andschedulingproblems moreefnciently．WiththeCP－もased  
technology，1tCanObtainhighperねrtrLanCeandsoIvirLgpOWer  
fbrmostdifncultyroutingapplications・Itcanbealsoseenthat  
this approach can easily model complex constrained routing 
PrOblems．Mostoftheaboveteclm0logleSandmethodologleS  
areaVai1ableinILOG SchedulerarLdILOGDispatcher・They  
COme aS aframework that sits atopILOG SoIver，Whichis  
mOG’scoreconsb・ainトprogrammlngOptlmizationenglne・With  
theusageofbothILOGSchedulerandn．OGDispatcher，both  
COmplexresourceconstrainedschedulingproblemsandVRPs  
CanbesoIvede疏ciently．  
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