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7Ttere aTe many reaトwor］d，industria］problems where the  

TWSSibIesolutions aresonunlerOuSlha（itisnot practica］to  
COnSiderallor（heminasearchfora110Ptinla］fbasiblesolution・  
llleSe PTOb］enlS are SOnletimes rererred（O aS C（一nlbinatoria）  

OPlinlization problems，em†血asizing theideaLhaHhenunlber  
OfrwssibTesolu（血1SgrOWSCOmbinatoriaIlyas（henunlbrof  
decision vaTiablesincrcases、1mere are nlany dif托rent  

approaches（O SOIve such kinds or op（inlization problenlS・  

LinearpTOgrammlnganditsextensk）TltOintegerprogran】mlng  
訂e（1ne Of the nlOSt Well－known aFVrOaChes．Conslraillt  
PTOgranlnllng由 a re］alh，e］y new techI両ue（halhas been  
fVOVedparticu］aTlyrK）WerrulwhenusedtosoIveconlbhlatOria］  

PTOh］ems with complicated constraints．Both of thenlare  

Wide］vuscdlhroughou＝ndustryandopeTafionsreseaTCh．  

＾newapproachandpracticalwayoratlackingsuchintractab）e  

FOb）enlSis thTOUgh conslrainIprogTanlm）11gIechniquesIo  
reduce theconlbinatoria］expIosion aJld aIthesame time use  
i－1tCger PrOgramnl］ngteChniques ror anyliIlearCOllStrainlsill  
lhemde）Iosr紀edlhesearchofso］uIiol】・Thus，dleaT）PrOaCh  

SuggeSted a－1dinlroduccd bvlhis paf梵ris to conlbille  
COnSlraillt PrOgranlnl］ng Wilh］inear【汀Ogranlnllng tO SOIve  
00n叩Iex c（）nlbi∫1aIoriaIop加1izalion probIen15．By this  
approach．both conslrai11t PTOgrammtng and integer  
PTOgraTnn川Ig nlake use ofIhe structure of a g］Ve11  
Cr7nlbinaIoriaJopl■mizaLioTIPrObIer71，and hybrid c（町匹ra血g  

OPtlm‡7erSareuSedIoprovideraci］itiestocombhlethesetwo  
technklueSinordertotakeadvantageofbolh．   

2。m転倒叩聯m血圧   

LinearprogTamnling（LP）isprobablythebesIknownandnlC6t  
WideTvusedoptin－izationtechn．que・∧nyIVOb］cmlhatcanbe  

払mlU］aIed wilh rea］decision vaTfab］es，a）inear o句ecth，e  
function．and7inearconstraiIlt runCtions，CaIlbesoh，ed usulg  
lhlCar r汀Ogrammlng・Thb afVrOaCh has bcen trenlendous］y  
Su∝eSSfblin so］ving a broad range orcommercialresource  

allocatio11FOblenlS・  

l，1teger Tblear PrOgrammtng and mixedinteger］iIlear  

rwogramm一一1g USe］inear programmIng tO SOIve prob）enlS  
Wilh sonlei11tegerVariab］es（a】lothervariab］e typcs nlaybe  

陀PreSCllted by aconlbination ofintcgervariables aJldljnear  
00nSlraints），but stiT］havinglinear o切ective and constraiTl（  
AJnClions．rmein（eger vaTiables are represented as rea】  
Variab］es．and the resu］tinglinear programisso］ved；then a  
repet吊ve pr∝eSSis usedin which aninteger variab）eis  

boundcdabovcoTbe］owinanatlempttobrceittoanintcger  
ValuebvaddingconstraiIltS．andthenlOdifiedlinea［PrOgramis  
TeSO）ve．pnlbmelhod仲ra∫一Chandt刑nd）tem－ina！eswhe一一a））  
theinlegervariab］estakeintegervalues．Whenlhenumbcror  

illteger VaTiablesis smal］，hl（eger programm［ng SO］ves  
PrOblemsrairlyquickly；unfbrlunate］y．thisprocesscantxtoo  
linle CO11Sunltngfbr．problenlSWithlargenunlbers ofinteger  
Variables．SonlePrOblemsrequirenl川ionsofilerations tobe  

SOIved．   

3。C①mぬⅦ如『喝陀血g   

Constraintprogran一nling（CP）is awayofso］vi）1gCO■lStrahlt  
Satisractionproblems．whichcollSisIsoranumberofvaTiables  
and anumberofre］ations on and amongthose variab）es・A  
COnStraintis anlathenlaticalrelalio）1between possiblevalues  
Of variables・The set of possible asstgnments ofvaluesIo  
Variablesisk110Wn aSthesearchspace．Fhdingso）ution toa  
CP nlOde］cd prob］emis to ass．g－1Valueslo the constTaint  
Variabtesoftheproblenlinsuchawaythata［ltheconstraints  
iIll【ⅥSed o111hevaTiab］es are salisfied simu］1aneously．CPis  

erficiellIbecause，ralherIhan seaTChinglha（SearCh space  
blilld7y，i（expIoils the constrahltS（henlSelves by co）1Strain（  

FOPaga＝on to reduceits cLTortin thc search・TTluS，the  

00ー1封rahlpropagaIiⅢ1誌know－1おthenlOSり旧WerrU】托alures  

OflheCP・JhlOtheradvaJllageofCPinaltackingcombinatoriaI  
OPtinlizationrwoblcn－SislhatCPofrcrsavarielyofmode］ing  
ねciJilies，SL7ChasJoglCaJconstrai17tS．higher－OrdercollS（rai11tS，  
and g］oba］constraints，Which makeit somewha（easier to  
fbrmulate a nlOdelthaIis naturalandintui（ive for peop）e・  
711eSe na（uraf，inlui（ive nlOdcJs nlakei（easier（OeXP［oi＝he  

PrOblemstruCture，rOreXanlP］e，ing］obalor］oglCalcons（raints，  
to rind asolution more efficiently．巴achlime anew search  

decisionis made，alJthe relevant constraints（（inear and  
nonlinear）are automaticaI】y propaga（edin order（O reduce  
furtherexp］orationofthesearchspace．CPa】sofacilitaIesthe  
desigllOfsearch procedures（halexp［oit the structure of a  

g．ve11PrOblenl・For exNllPte．uSer’s search goals can tx  

LbrnlUTatedtoguidease訂Ch，andsonlePredefhledeva］uators  

and se］ectors can aIso be used fbr colltrO肋1g the search  
errbcl毎ely・  

lIowcver，ule Weak－1eSS Orthis approach becon】eS a円）aTent  

WhellSearChingthe ftasib］ereglOTlforaJ10Ptima］solution・Tf  

the fbasibTe reg．onislarge，this approach may beconle  
iIlefficic111atfi11dingthebesIsolution．   

4．湖西ポdC㈲pe柑血g①p嘘m毘㌘m・・C㈲pe陀血圧山野融血  
C『   

u）and CP are proved to be successfu］in soIving  
COn叩］eme一一taryClassesorprob］en－S；LPwhenoptimizationis  

the nlqOr aSpeCl，and CP when feasibilityis the critical  
COnCem．Tn LP，al］the conslrain15are eValuaIed at the same  

Iinle，Whi）eCPeva】uales（heeffectofconslraintssequeI】（ia＝y  
and fVOPagalionitlhrough variable donlains．Due to this，  
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generalty▼itis dirricult to gelordimalsolution by CP br  
loosclyco－1StraifledfYOblcms・0，11heotherhaTld，LPrequfres   
allthe constrainls tobe tinear．whilelhis restricIion does not  

aT，PTyrorCP，inwhichvariouskiI】dsofconslraintsaTealJowed  
a．1ditisverygcK）drornlOdclh－gCOnlPIcxprob］cms・Obviously，  
thecombi．一ationorCPwith LPtofbrnlahybridc仰perathlg  
OP血Iizer wouklbc a better approach when soIving some  
ⅣmP］cx prob］enlS With both reala－1dintcgervariab］es and  
Ii－－eara－－do伽rIypesorco－一雨ainls・¶－isapproachn－aytake  

advantagesfrombothof山emandspeedsupthesearchEbrthe  
SOluti川1S．  

1llere are SeVera］di恥rent approaches for us】ng CP and LP  
togcthcr・SonlearT）rOaChesuselhetwosimullaneouslyこOthers  

appTy the thenlSeqUentfa［1y（OTIC aner the other）・Norn－aHy，  
Withahvbridcwperall．TgOP（inlizerilispossibletomaintaina  
（叩血1al）re）axed so］utio，一autOn－aticaJJyIo］ineaTCOl－StraiJltS  
Whiletakillgintoaccountthemcdiricationorvariabtes－－either  
manua7］v or when CPゝ 叩OPagalion eng．ne deduces new  

tYlu11ds for thenlWhile process”1g Other constrai一一tS・‘By this  

Way，it rmvidcsanencapsu］ati（1一一OrLPit－aglobalcons圧ainl，  

Whk：hhe）門Ioguidefhe5earCh．（OEighLenvariabIeboundsLbr  
tx：ltcrco11StrainIpropagation，and to achieveearIierdetectioll  

OfillrCaSibili（ies・WitJla hvbrid cooperat－11g OPtinlizer．a  
汀Oblcm can contain a nlix oflog．caT aJldlinearconstraints．  

andascarchpr∝eduredevelopedwi（hCPcaJltrea川1eSetOr  

Iillea√CO■l扇rai一帖おa St11gle collSけahL Fhally，仙e donlaill  

rt：duction and co．1Strai11t PrOPagatiollPrOCedures cause  

ⅣnlmuIlication to aulon】alically occurbetwee［1the dintre［1t  

kindsorconstrainIs・llluS，hybridcoopcratingoptin】izersthat  
COnlbi－1C the fX）Wer Or CP a－1d LP alldlry to use their  

COmPlen】entaTyStrCnglhsin alle爪cientway may beable to  

SOIve problenlSthatwould be unsoTvab］e us‖1gJuSt aSl）1gle  
melh（肩0logy．   

5．C8絆さ伽dy   

AvehicleroutingproblemwjlheaT］itlCSSaJldlatenesscostsis  
usedheTeaSaCaSeSIudyloshow（heeLTtc（Ofcoor℃raIingLP  

WithCP．  

Tlle rmblem coIISiders de］iveries to customers within time  
Wi一一dowsthalarenothardbutnlaybeviola（edatac（裕1・Tnrea1  

1ifesjtualio．1S，a］atedeliverynlayCOSlthecustonleraSa］ack  

OrSr∝kleads107osIsa，es；a11earIvdeliverynlayITICreaSC a  

CuStOn－Cr■s storage andhaJldnlgC（諮Isdue toex∝SSive stock  

］evc］s・Becausetheヽ屯hicleRoutingProbtenl（VRP）heredeals  

With costs ror tx）th eaTtV aTldlatc deJiveries、its dirricultylS  

gTeaterlhふ1dlatOraVRPwithlate．1eSSCOStSOnly，Wherelhe  

OPtinlaT arrivaltinleis s山一Pry the ear（fest p（裕Sible・1n this  

rKObIem、thevisitsinaroutearen－Oreit－terdcr椚1dent・Making  
NliniIiaIde）iveryonlime can causesubsequenlde）iveTiesIo  

txlate andcostly；makinglhesutx；equentdeliveries onlinle  

CanCauSClheinitia］deliverytobecost］yasitistooear］y・  

Foravchicleroutlngrmb］cnl．1hemc6tnaturalafT，rOaChisto  

SOtVeitbyusITlgalw（1－Phaseapproachbasedonthescarchbr  

arirsI5（†lu＝onarld肋ein叩「（）Venle1110r仙isso加iollbyu5り1g  

I∝alscarcha］go；ithms，SuChaslabusearchetc・llleSel－hases  

Can themse］ves・be decon－rX）SedinLo two sIe一馬：fiTSt・lhe  

next－VariablpsareinstantiatedlocreatesequenαSOfvisitslhat  
fbrnlrOuteS；SeCOnd．1he arrivaltinleS aI（hesevisits are sct．  

TTl由second stepis cruciatiIlthe［∝a［search phase to  

deternliIleifthereexistarTivaltinlCSforthecurrentroutesthat  
inlPrOVelhecos（．  

However，lhisapFrOaChhasasevcredrawback．L∝a］search  
Can OIl）y m】PrOVelhe soIulion by veTy SmaJJsIeFXS．aS nO  

allcnlPtisnlad占tomininlizclhcgTobaIcostofaTTiva］limes．  

COnlPletetystallingthesearchprcKeSS．Thi畠COutdtxdealtwith  
uslngaVariab］ese］ector．bu＝heresu）tingseaTChlreewouldbe  
inlPraCtical］yhuge．  
rrT7e PreLbrred aI（emaIiveis（O USe LP to soIve arTivaZ time  

reIatedcosIsub－PrOblemop（inla”y．aslhenlOdeIiscomplete］y  
】inearoncetheroutes havebee［1built．TT）uS，uSinghybrid to  
00nlbine the capabilities of CP and LPis a g（Xd way to  
approachlhe resolution orthcse problems．First．CP can be  
uscd to gencrafe routes w山一‖（tle concern fbr costs arising  

rrom ear］y or］ate de］ivcries．and thcn LP can be used to  

Or）linlizelhe earJiness and）alencss cosIs ofIhe routing  
叩Oblenl・  

∧conlParisonoftwoappr（一aChesisshownintabTel・WilhtJle  

COnditionorthelin－itedT－unlberoriteTalionsonirnFXOVeme一一（  

OrSOlulio11S，Whichequalsto30，i（Showsthatwhenusingboth  
CPa一一d LP，霊hebes－c（方（WaSbundveryquick）y（ha，1Whe．1  

usingCPonly・t（CaJlbeseen thatwi（h thehelpinfomlatio－1  

rrom LP，the memoTy uSedis snlaIIer，aJld the nunltXr Of  

Choicepointscreatcdforthesearchhasbcenreducedgreatly・ 

Eva山aり011SilenlS   CP（）IIIy  I」）al】dCP   

BesIcoslroulld   3020．26   430．848   
■ Nunlt光T・ofusedvehictes   3   3   

Null】tXrOfchoicepo］ntS   1073   6   

MenlOryuSed（bytes）   517816   308776  

Tabkl：＾conlParisoIlOftwoapproaches・   

Ifllhk case shldy，1LOG Dispalcher．a CP－based routing  
gencrator，is used to bui］d routes，andlLOGCPLEX，a LP  
SOIver，isusedtoschedu）eoptimaIarrivaltimes，lhusitfomlSa  
hYbridcooperatingopttmizerandtheprob］emishandledalld  
SOIved usIIlg a COnlbi11alion of CP and LP．1Tlis hybrid  
000peratEng optinlizer caIlbe used to buiJdindustria［  
appIicalions for prduction plaJlntng，reSOurCe all∝aIion，  
S（aLrillg，bJending，andahbstofo（herTYObJenlS・   
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IIlthe paper．a Way Or］i，1Car PrOgranlm］ng a］gorithnl  
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appticatio11PrObIems・   

丁． Rekmぐe   

ll】ILOGOptin－izationlt，Chno】ogyWhitePaper，1LOqInc・  

2OOl・（http：／／www・ilog・CO・jp／）  

l2）lLOGSoIver，UserManual，VerSion5・2，2002・  

【3）1LOGCPLEX，UserManual，VerSion8・0，2002・  

【4］1LOG7）ispalcher．UserManual．version3・2，2002・  

L5］ILOGllIybrid CcK）perati一一g Op血一izcrs，U声er Manual，  

VerSiolll．3，2002．  

ー137－   © 日本オペレーションズ・リサーチ学会. 無断複写・複製・転載を禁ず.




