
2001年度日本オペレーションズ。リサーチ学会  

春季研究発表会  
1－B－10  

配送計画への制約ソルバーの適用   

SolvimgDispatchimgProb且emswithCons紘aint－basedme甘a－heuristics  

O3000500アイログ（株）カタイブエレンツーR．OGJapanCo．、KataiFerenc  

OrCuStOmerSite（S）by 

． 

WindowconstralntOfavailability；tlmeWindowsof  
depotuse；altemativesitesandtimewindowsfora  

t  

and delivery； 
． 

COnStraints；PreCedenceofvisitsetc・Besides，based  
On the underlying CP englne and the provided  
Variable objects，SuCh as：tranSition，traVeland  
Cumulative variables between visits for time，  
distanCe and capaclty；Waiting time and delay  
Variable；Variable ofnext andpreviousvisits etc・  
manycustomconstraintscouldbeexpressed，SuCh  
as：a110Wing－disal10Wing splitting orders（10kg  
banana＋101mi1kisdeliveredbythesametruCkor  
by different trTCks）；area related constraints；  

parking－lotcapacltyetC・   

4。Bec馳Ⅱ皿払『kmesⅧ且仕S  

l七sts were conducted on several different  
benchmarkproblemsofSolomon［4］・Someofthe  

且。Ⅰ皿任『①dⅧ正江五①m  

Dispatching problems are generally considered  
difnculttosoIve，duetotheircombinatorialmature．  
Itisespeciallytruefbrindustrialproblems，Where  
manysideconstraintsexist，SuChasvehiclebreaks，  
Parking－lot capacity，POSSibilitytO SPlit or group  
Orders，etC．Intheliteraturethereareseveralattempt  
touseeV叫tionaryalgorith叫SuChasGA（Potvin  
etal【3］，Slmulated annealing Pangiah et al［5］），  

al［5］）・hthepresentpaperweintroducea2－Phase  
approach，uSlng a COmbination of constraint  
PrOgramming（CP）and（meta）－heuristics（local／tabu  
苧earChe）・rmealgorithmsandframeworkhasbeen  
lmPlementedinILOGDispatcherC＋＋library（an  
add－OnOfILOGSoIver（CP）library）togetherwith  
amodelinglayercalledILOGConcerttechnology  
Though，We fbcus on benchmark examples，  
industrialscale applicationsimplemented with  
mOGDispatcherarenumerOuSinthe domainof  
truck，teChnician dispatching，Pick－uP and／Or  
deliveryproblems，etC・eitherinstandalonefashion，  
Or Part Of丑SVs’（independent software vendor）  
packages．   

2。T払eD丘sp如e馳e『加d¢n－S①皿Ⅴ血g皿¢肋①d  

Asolutionfbradispatchingproblemmeans，Ofeach  
truCkisdecidedifitisused，andvisitsareasslgned  
to psed truCksin appropriate order（TPSPeCting  
VarlOuS COnStraints）・The methodcomprlSeS Of2  
StePS・AfirstsolutiqnPyanystandard）construCted  
usingdifferentheunSticsbychoice－in『igurelthe  
resultoftheso－Ca11edsweepheuristicscanbeseen・  

A氏ergeneratmgthefirstsolution，inthenextphase  

the solutionisipproved by either（improve）  
heuristics（movelS aCCePted，Whenit strictly  

reduces the cost）or meta－heuristics，SuCh as  

tabu－SearCh（TS）and guidedlocalsearch（GLS）  

（SOlutionscanbedegraded，thatis，mOVeCanbe  

acceptedevenifitdoesn’treducethecost））・Infact，  

PrOViding move operators，SuCh as20Pt，Or－OPt，  

exchange，etC，the user can build his own  

CuStOm－madeheuristics，Ormeta－heuristics．During  

the moves，the CP englneis propagating the  
Changesto verifyif the moveis feasible・旺the  
moveis not feasible the result ofthe moveis  
discardedandothermovesareexplored・Heuristics  
Can’t provide the proof of optlmality，SO the  

StOPPlng Criteria eitherlimiting searching time  
and／Orthenumberofacceptedmoves．   

3。IPm払且e皿＄a皿de①皿S庄『a丘皿珪ぶ  

ILOG Dispatcher has many built－inconstra  
SuChasexpressing：firstand／Orlastvisittodepot（S）  

弧dhstGLC（氾L亨）  
ese problems haveln  

results by guidedTS（GT  
canbe seenin Tablel．  諷  

general，100 visits，a Centraldepot，CapaCity  
COnStraints，timewindowsonthetimeofdelivery，  
andatotalroutetimeconstraint．Tbeobjectivewas  
to minimizetraveleddistance，meanWhnekeepl皿g  
thenumberoftruCksaslowaspossible．Asitehasx，  
y coordinates，and the distanceis computed by  
Euclidean distance．After generatlng the first  
SOlution，theimprove－heuristicswasuseduptothe  
localmimimum．ThenGTSandfGLSwereusedfbr  
meta－heuristics．me results were obtained with a  

300s timelimit and3000accepted moves，On a  
fairlyslowcomputer（200MHzPentium（bus－SPeed  
66Mhz））・Agivestheratioofourresultandthebest  

One（fbundsofarintheliterature）ip％・Anasterisk  
meansthatasolutionwiththemmlmumnumberof  
Vehicleswasnotfbundduringthetimeelapsed・In  
『igure2and3theshapeoftherou取SOfClOland  
C201canbeseen，reSPeCtively・   

5。C①皿enⅧS五①皿  

OnecouldexploitmorespecificdataorconstTaints  
Oftheproblemathandtodesignproblem－SPeCific  
algorithmsfbrdispatchingproblems・However，the  

2－Phase，2－teChnologyapproachprovedtoberobust  
andfast．Meanwhile，thereis plenty ofroomfor  
impr？VFment，thequalityOfsolutionsismorethan  
promslngWhentheuserwantStOturntOindustry  
Sizeproblems・ReasonlngOntheconstraints，thatis，  
improvlngtheunderlyingCPenglneisnecessary・  
jusoakeydemandistoenabletheuseofcapacity  
resourcesatthesite（W竺rehouse）ofavisit，enabling  
Safety－1evel，maXCaPaClty，etC・COnStraints・  
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Fig・1Firstsolutionwithsweepheuristics  

Problem GTS   

ClO1  828．94   

ClO2  832．48   

ClO3  828．99   

ClO4  825．87   

ClO5  828．94   

ClO6  828．94   

ClO7  828．94   

ClO8  828．94   

ClO9  828．94   

C201  591．56   

C202  591．56   

C203  591．56   

C204  599．76   

C205  588．88   

C206  588．88   

C207  588．88   

C208  588．88  

A（％1 fGLS A（％1  
0．00  828．94  0．00  

0．31  829．26  0．04  

0．00  828．07  0．00  

0．00  824．78  0．00  

0．00  828．94  0．00  

0．00  828．94  0．00  

0．00  ＊  ＊  

0．00  828．94  0．00  

0．00  828．94  0．00  

0．00  591．56  0．00  

0．00  591．56  0．00  

0．06  609．12  3．04  

1．55  720．58  20．79  

0．00  588．88  0．00  

0．07  588．49  0．00  

0．10  588．27  0．00  

0．09  588．32  0．00  
Fig．2SolutionofClOIwithcost828・94  

〔頭二誓l室  

rrhblel．ResultsfbrsomeSolomonproblems   

At the moment thoughitis possible，uSlng the  
TeSerVOir resource object ofILOG Scheduler  
（another add－On tOILOG SoIver for soIving  
SCheduli竺gPrOblems），itisdesirabletomovethis  
concept into the dispatching framework reducing 
the necesslty tO duplicate modeling objects，  
COnSequentlyreducingmemoryusageandincrease  
Performanceandtoeasemodeling   
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Fig．3SolutionofC201withcost591・56  
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