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Linearprograming（LP）is probablythebestknown  
and most widely used optimization teclmique．Any  
PrOblem tha（Can be fomulaIed with realdecision  
Variables，alineuo句ective如nctiom，andlinearconstraint  
functions，maybesoIvedusinglinearprogranmng．nis  
approachhasbeentremendouslysuccessfu1insoIving  
broadrangeOfcommercialresourceallocalionproblems．  
IntegerlinearprogranmlmguSeSlinearprogranmlngtlO  
SOlve probleEmSwith someinteger variables（allother  
Variabletypes mayberepresentedbyacombinationof  
integervariablesandl血earconstraints），butstillhaving  
linear o句∝tive and cons打血t如nctions．職einteger  
V訂iables 訂e repreSentd ぉ red v訂iめ1es，弧d 血e  
resultinglinear programis solved；then a repetitive  
PrOCeSSisusedinwhichamintegervariableisbounded  
above or belowin an attemptto fbrceitto aninteger  
Value by adding constraints，and the modifiedlineBLr  
PrOgramis resolved．T鮎s method（branchand bound）  
teminates w払en組lぬeinteger v血油1es takeinteger  

Values，WhenthenuJnberofintegervariablesis small，  

integer pro騨Ⅶ皿皿mg SOIves problems fairly quickly；  
unfortuna（ely，thisprocesscanbetootimeconsumingfbr  
problemswi也1叫genu皿玩椚Ofhtegerv∬iables．Some  
probleⅡ追requ止em山ionsofiter如ionstobsolvd．   
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One approach to soIvelinearinteger optimization  
PrOblemis to combinelineaq progr皿ng with  
COnStraint prograzELrELLng．T鮎s approach may take  
advantages打ombothofthemaJldspeedsupthesearch  
fortbesolutions．  
ne way to cooperate them togelheris based on the  
traditionalbranChand botmd procedures used to soIve  
integer problemsinlinear progranmlng．Basical1y，a  

linear relaxed problemis used to provide am  
approximationoftheoptimalsolution．Foramimimization  
（maximi2：ation）problem，this approxima（ion provides a  

lowcr（upper）bound of the costfuJICtion．men，the  

Optimal relaxed solution computed by thelinear  
prograJmngCaJlbeusedtoguidcthescaEChprocedure．  
First，thelinearconstmintsintheproblemtobesolvedare  
POSted to bo血 linear prograJnng and constraint  

PrOgramng．men，lineaq programnlng COmPuteS the  
Optimalsolution（ifany）oftheproblem，andsends the  

optimalcost value to constraint programng，Which  
updateslhe domain of the cost variable accordingly．  
Final1y，aSearChprocedurebuiltwiththesearchfacilities  
OfconstraintprogrammlngmayuSetheoptimalrelaxed  
solution provided by the linear programming as an 

皿．Im電rodⅦ¢雨om   

Inallareasofindustryandbusiness，theoptimizaiionof  
resource allocation has become critical．Services and  

productsmustanSWertheincreaslnglyspeci丘cneedsof  
CuStOmerS．T鮎shasledtoaneXPlosioninぬemumberof  
PrOducts andservicescompanies areobligedtoprovide  
tb血customerswith．T出s，Ofcourse，山so血ivesupcosts  
fbr businessesand greailyincreases the complexity of  
bothproblemsandsolutions．Optimizaliomis，therefore，  
neededtocomtrolthisever－increaslngCOmPneXity．  
nere are many difftrent approaches to optimization．  
ne best approacb depモnds on tbe problem．mhear  
pro伊皿ngandits extension tointegerpro訂ammg  
areoneofthemostweu－knownoptimiza（ionapproaches．  
ConstraintprogranmlnglSarelativelynewtechmiquethai  
hasbeenprovedparticularlypower餌IwhemusedtosoIve  
PrOblemswithcomplicatedconstraints．Boぬofthemare  
widelyusedthroughoutindustryandoperaeionsreseaLrCh  
弧dma血prog一礼皿ngCOmmunities．  
The approach suggested by this paperis to combine  
COnStmintprograJmgwithlimearprogramgtosoIve  
COmPle又 hnearinteger optimization problem more  

quickly．   

2．Comst柑imせp叩g柑mm皿mg   

Constraint programing（CP）is a way of soIving  
COnStraint salisEaction problems，Which consists of a  
number of variablesand a number of re皿ations on amd  

among those variables．A constmintis a mathemaiical  
relationbetweenpossiblevaluesofvariab且es．Thesetof  
POSSibleasslgn皿entSOfvaluestovariablesisknownas  
the searCh space．Finding solution to a constraimt－  
PrOgramngprOblemistoasslgnValuestotheconstmint  
Variables of the problemin such a way that allthe  
COnStraintsimposed on the variables are satisfied  
SinultaneOuSly・Constraint pr？gramgis efncient  
because，ratherthansearchingthatsearchspaceblindly，it  
e叩loits tbe constr血ts themselves by coms血nt  
propagalion to rduceits 亡ぼ0正in tbe se訂Cb．1me  
COnSt血nt propagationislmown as tbe most powe血1  
fta（ures of the constmint progranmlng．However，the  
WeableSS Of t鮎s approacb becomes apparemt wben  
SearChingtheftasibleregionfbranOptimalsolution．If  
theftasiblereg10nislarge，this approach may become  
ine飽cientat魚ndingthebestsolution．   
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approximation ofthe optimalsolution．hte during the  
SearCh，WhenthesearChprocedurededucesortriesnew  
boundsonavariable，COnStraintprogrannlngSendsthe  
newboundstothelinearprogramng，Whichupdatesthe  
relaxedsolutionaccordingtothisboundmodi丘cationand  
COmPuteS the newminimum（maximum）value of this  
COSt伽nction．   

5．Case5tudy   

Amulti－knapsackproblemisusedhereasacasestudy  
to show the effect of cooperating linear programming 
Withconstmintprogrammlng．Ahapsackproblemcanbe  
de丘nedlikethis，SupPOSeWehaveaknapsackinwhich  
WeWanttOPutO句ects ofdi鮎renttypeS．Eachtypeof  
Objectshasaweightandavalue．SincewecanCarryOnly  
aglVenWeight，theknapsackcanbepackedonlyupto  
thatlimit．Theobjectiveistoputasetofobiectsinthe  
knapsacksothatthevalueofitscontentsismaximized．A  
multi－knapsack’problemisanintegerproblem（thatis，a  
problemwithlinearconstmintsonintegervariables）with  
morethanoneconstraintontheobjects（e．g．notonlytype  
butalso volume constraint）．There are manyindustrial  
applicationsofsuchproblems，SuChascapitalbudgeting，  
StOCk－Cuttingproblems，reSOurCep匝血ngandsofbrth．  
Forthisproblem，theweightconstraintcanbewrittenas  
alinear1nequality，andtheo句ectivefunctionasalinear  
function，Whereal1theconstrainedvariablesareintegers．  
Thus，theproblemcanbedescribedas，  
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何＝＝ノ，2，…，mノ ノ＝ノ，2，…，〃J  

Onesampleda（asetisasfbllows，  
n＝7；m＝12；  

b【j】＝【18209，7692，1333，924，26638，61188，13360】；  
C【i】＝【96，76，56，11，＄6，10，66，86，83，12，9，81】；  

a【ij】＝【  

【19，1，10，1，1，14，152，11，1，1，1，1】，  

【0，4，53，0，0，80，0，4，5，0，0，0】，  
【4，660，3，0，30，0，3，0，4，90，0，0】，  
【7，0，18，6，770，330，7，0，0，6，0，0】，  

【0，20，0，4，52，3，0，0，0，5，4，0】，  
【0，0，40，70， 4，63，0，0，60，0，4，0】，  

【0，32，0，0，0，5，0，3，0，660，0，9】】；   

Forthisdataset，WeCangetitssolutionasfollowsby  
ILOGplannerCOOperatedwithILOGSoIver．  

Thblel：Acomparisonoftwoapproaches．  

Relaxedcostis261972，and缶nalCostis261922．  

Solution：X【j】＝【【0】【0】【0】【154】【0】【0】【0】【913】【333】  

【0】【6499】【1180】】  

AcomparisonoftwoapproachestogetthesamereSult  
isshownintablel．ItshowsthatwhenpostlngCOnStraints  
tobothCPandLRtheresponsetimeisshorteraJldthe  
memory usedis smal1er，because the number of fai1s  
duringthesearchhasbeinreducedgreatly．   

‘．Remarks   

Linear Programngalgorithns are widely usedin  
SOlvinglineaT PrOblems such asliquid blending and  
PrOduction planmng．lnthe．paper，a Way Oflinear  
PrOgrammlng algorithm cooperated withlconstraint  
programnlngis suggested to soIvelinearinteger  
problemsmorequickly．  
Asan optimizationtool，ILOG Planneris particularly  
We11suited to standardlinearprOgraJmng PrOblems，  
WhileILOGSoIverisbasedonobiect－0rientedconstraint  
programmlng．Thus，linear programmlng algorithm  
cooperated with constraint programming can be easily 
achievedbyILOGplannerCOOpera（edwithILOGSoIYer．  
ILOG Plamer can be used to handlelinear constraints  

while ILOG Solver can be used to handle constraint 

PrOPagation．Besides，thisapproachcanalsobeusedto  
SOIveproblemsfbrwhichlinearprogranmlngteClmiques  
arenotapplicablebutinvoIvealotoflinearconstraints．  
Bythis way，nOn－1inearconstraintscanalsobehandled  
aJldintegratedtogether．Forexample，OneCanaddlogical  
COnStraints，1ike“Ifthisvariableis not zero，theseother  

Variables must be2：erO”．Whenlooking fbr solutions，  
ILOG Plannerreliesonthesearchprocedures ofILOG  
SoIver．It bene負tsfromal1the fkxibility oftheILOG  
SoIverfunctionsin drivingthe seaTCh，implementing  
SearChstrategleSandsoIvingdirectlylogicalconstraints．  
necombinationofconstraintprograLmmlngwithlinear  
programmlng Can bealso very e鮎ctive when soIving  
PrOblemswithbothrealaJldintegervariables andlinear  
COnStraints．Combiningthesetwotechmiquesprovidesan  
moreefBcientapproachthatmaybeappliedtoabroad  
rangeOfapplicationproblems．   
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Ev山uationsiteⅡは   PosttoLPonly   PosttobothLPandCP   
Numberofねils   1807   52   

Numberofchoicepoints   2125   58   

Tbtalmemoryused（bytes）   285636   80616   
Elapsedtimesincecreation（SeCOnds）   2．86   0．16   

－141－   

© 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.




