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WepresenttechniquesfbrenumeratlmgaSub－prOblemoftheNonlinearKnapsackproblemthat  

CanthenbecombinedwithotheroptlmisationtechniquesinordertosoIvelaTgeNonlinearor  

Muitidimensionalknapsackproblems・  
、  TheMultidimensionalNon－1inearK皿aPSaCkProblemcanbedennedas：  
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Where x＝（ズ1，ズ2，…，ズ帽），〟＝（1，2，…，椚〉，勘＝（1，2，…，＆′），andⅣ＝（1，2，…，可．  
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㈹Stemed伽“ModularApproach”（MA）．Esse鵬iallythisapproachisamextensiomofahybrid  
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WecamiedouttheapproachusmgぬeMulti－dimensionalKnapsacktestproblemspublishedby  
ChuandBeasley（1998）andavaildblevia肋eworldwideweb倉omtheORl伽ary  
（坤p：〟mcmga・mミ・ic・aC・叫e肋rlib／血旭p血払餌ml）・prOblemswi也asize（mumぬ●OrVa血bl郎Ⅹ  

m皿beT①fconstTamtS）100Ⅹ5，250x5amd且00Ⅹ10weTeSO且vedopdma11ybyChuandBeasley（1998）  
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Allprob且emsⅥ閻eSO且Ⅴ幽oma00mbin血onoftwoma血mes・meMAⅥ那mmOna『両itsuUnix  
Works旭iomwi払18¢Mぬrgene『血ngthe茄弧1pr曲1em（鮎血estatespaceswere酢me撒11y  

belowl，000，000elememts）。TheenumerationwascamiedoutonGatewayPCswithl．7Ghzhtel  

Pentium4pTOCeSSOrSandaminimumof128MBmemoryrunnlngWindowsMe．Thesame  

COmputerWaSuSedtop椚ひCeSSthesameproblemfbrbothenumerationtechmiques．Weusedboth（1）  
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theConstraintBasedapproachand（2）theStateSearchapproachtoepumeratethesolutionspaces  
inordertoassesshowtheseapproachescompared．   

Tablelshowstheoptlmalvaluesofthe500variable，5constraintproblemsofChuandBeasley  

（1998）．Thetableshowstheproblemnumber，theOptimalobjectivevalue，thevalueprevipusly  

foundbyChuandBeasley（C＆B）andtheperCentagedifftrenceoftheChua叫Beaslqysolution  
丘omtheoptlmal．Thenexttwocolumnsofthetableshowhowmanystateswereinthelast  

Variablefbrthe坑nal‘MAproblemthatneededtobeenumeratedandthetotalnumberofvariablesin  
theproblem．Thenexttwpcolumnsshowthenumberofhoursrequiredtoenumeratethestates  

uslngtheConstraintBasedapproachandtheStateSearchapproachrespeCtively・The丘nalcolumn  
ShowstheperCentageimprovementoftheStateSearchapproachovertheConstraintBased  

Approach．Wheretherearenoentries－inthelast蔦vecoltmnsindicatesthattheMAIWaSableto  

SOIvethe坑nalproblemcompletelywithouttheaidofeitheroftheemmerationteclmiques．Inall  

casestheenumerationswerestartedwithalowerboundofzero．Thiswasinorderthatthetimes  

Shovmwouldbeworst－CaSeSCenarios．Ifthebest－knovmvalueswere’used，thenclearlythe  

processlngtlmeSWOuldimprove・  
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titnaJ C＆B fromOptim＆1St＆teS  V＆riables Titne（Ers）Titne（Ⅱr＄）DifTbrence  

0．0150％  

0．0356％  

0．O182％  

0．0050％  

0．0000％  

10．21   39．3％  

0．10  45．3％  

2．33  6l．6％  

1．52  60．9％  

1．39  －1l．8％  

120148 120130  

117879 117837  

121131 12・1109  

120804 1207粥  

122319 12231．9  

S44703  25  

gO2008  17  

692654  22  

859695  20  

565439  23  
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 0．0036％  

0．0056％  

0．007さ％  

0．0046％  

712gg3  17  0．24  0．09  63．6％  25  302571 302560  

26  301339 301322  

27   306454 3胱仏30  

2S   302828 302814  

29  299910 299904  3．43  22．8％   0．0020％  ．992552  21  4．44  

Tablel．OpdmalSolutionstoChuandBeasley（1998）500variable，5constraintproblems  

Fromthetablewecanconcludtthatcomputationaltimesforeachproblemvariedgreatly，  
dependingonthenumberofvariablesintheproblemandtheproblemitsel【Thedi飴rencesinthe  
COmputationaltimesbetweenthetwosearchesarealsoofinterest・lnmostcasestheStateSearch  
approachclearlydominatestheConstraintBasedSearChwithcomputationaltimesthatare  
Si卯摘caJltlyfaster．TheaveragebercentagespeedincreaseoftheStateSearchApproachoverthe  

ConstraintBasedApproachis42％．   
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