
EleclronicsandCommunicaIionsinJapan,Part２，ＶｂＬ９０,No.12,2007 
TmnsIaIcdlmmDcnshiJohoTsushinGakkaiRonbunshi,Ｗ1.Ｊ86-,-1,Ｎｏｌｌ･Novcmbc「2003.ｐｐ､７９１－７９９

瓜

EffectivenessofanEvolutionaryA'三orithmhrthe

Multi-ohjectiveRectan=ularPackin窪Problem
４ 

ShinyaWatanabe,L*TbmoyukiHiroyasu,２andMitsunoriMiki2 

】Computa(ionalBiologyResearchCenlcr,NationallnsliluteofAdvancedlndus【ria1ScicnceandTbchnology(AIST)，
Tbkyql35-OO64Japan 

2FacullyofEngineering,DoshishaUnivcrsily,Kyo-tanabe,６１０－０３２１Japan 

comparison,lhrceothe｢melhods-NSGA-ILSPEA2,and 

non-NCGA（NCGAwilhoutneighborhoodcrossover)－ 

areinvesligated・o2007WileyPeriodicals,IncElectron

CommJpnPt2,９０(１２)：111-120,2007;Publishedonlinc 

inWileylnterScicnce(wwwjnterscience・wiley・com).ＤＯＩ

10.1002/ecjb20427 

ＳＵＭＭＡＲＹ 

Thispaperconsidersthe唾ctangularpackingprob‐

lemandinvestigalestheeHbctivcnessoflhcneighborhood 

culUivaUongeneticalgori[ｈｍ(ＮＣＧＡ).ＮＣＧＡ,whichwc 

proposed,isancwalgori(hminwhichIheuniqucmecha-

nismofneighborhoodcrossoveriscombincdwithcffeclivc 

mechanismsfbrseamhinmulti-objectivcGAproposedin 

lhepasLTheclTectivenessoftheproposedmethodinlypi-
ca1leslproblemshasalrcadybeenmvesligaにdwilhsatis‐

【ac[oryresultsinpaststudies、Thereclangularpacking

pToblem，ontheotherhand，isappliedlofloorplanning， 

suchaschipareaminimizationinlarge-scaleinlegraled 

circuils・Ｉｔｉｓａｋｉｎｄｏｆｄｉｓｃｒｅｔｃｃｏｍｂｉｎａ[orialproblemin

whichilisknownlhatIhesearchisdifficultandaverylong 

timeisrequiredunlilthesoluUonisobIainc｡､Thispaper 

fbrmulalestherectangularpackingproblemasamuki-ob‐ 

jectiveproblemwiththeverticalandhorizontallengthsof 

[heplacementconfigurationastheobiectives,Ｔｈｅｓｅ‐ 

quence-pairisusedastheblockplacemenIrepresenIation， 

ａｎｄＰＰＥＸｉｓｕｓｃｄａｓｌhccrossoverproccdu1℃､Usingthesc 

processcs,theelYectivenessofNCGAisinvestigaled・Ｆｏｒ

ＫｅｙｗＯＨｄｓ：reclangularpackingpmblcm；multi-

objcclivcoptimization;geneticalgorithm;neighborhood 

cul1ivalionGA;scquence-palL 

LIntmductiOn 

TheapplicationoflhegeneUcalgorithm（ＯＡ）to 
multi-ob．. 、lectlveoptimizalionstarledwithＶＥＧＡ［I］pro‐

posedbySchafIk3randcolleagues・Thetechniquehasbeen

morcintensivelyinvesligatedreccntly,ｗｉ(hmarkedpro‐ 

gress[21.Manystudiesofmulti-objectiveGＡｈａｖｅｐｌＣ‐ 

sentedexcellenloriginalaIgo｢ithmswithexcellentresuIts 

[2-5]､Amongtypicalalgorithms,ＮＳＧＡ－ＩＩ［3］proposed 

byDebandcollcaguesandSPEA2[4]proposedbyZitzler 

andcolIcaguesareconsidcredtohavemarkedlysupenor 

performance、

WehaveproposedlheneighborhoodcultWationge-

neticalgorithm(NCGA),ａ(echniquelbrthemulti-objec‐ 

liveGA,whichhasaleaturenotlbundintheabovemelhods 

l51NCGAisanalgorithmwhichhasauniquemechanism 

ofneighborhoodcrossovcr,andalsousescffectivemecha‐ 

nismsofsuperiormelhodsproposeｄｉｎｔｈｅｐａｓＬｓｕｃｈａｓ 
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（a)IflheにisnoヌＥＲ"whichdominatesrb,ヌois
callcda(slrong)Paretooptimal§oluIion． 

（b)Iflhcrcisno語*ｅＲ"suchthal((昂鵡)〈((ﾇo)(vノー
Ｌ…,k)殉iscaⅡedawcakPa1℃(oopIimlsolulion．

ＮＳＧＡ－ＩＩａｎｄＳＰＥＡ２・ThccfmectivenessofIhepToposed

mclhodinlypicaltesIproblcmshasalrBadybeeninvesli‐ 

ga(cdwithsalisfaclory｢esullsinpaststudies[５１． 

Thcrearcmanyapplicationsoflhcmulli-obicc〔ivc

GAlorcalprobIcms［２１ＴｈｉｓｐａｐｅｒａＵｃｍｐｌｓＩｏａｐｐＩｙ 

ＮＣＧＡｌｏlhereclangularpackingprobleminwhichmul-

liplcrcclangularblocksarclobeplacedinlhcminimum 

arca・Thcrec[angularpackingproblemisapplicdtoawidc

rangcofproblems,suchasfloorplanningl6,７],whcreIhc 

chipa応ainlargc-scalcintcgraledcircuit（LSI）islobc

minimized,andlhcplacemenIofinstalla(ionsandomccs 

inaplanl[8}､Ｔｈｅ肥ctanguIarpackingproblcmisakindol、

combinalorialoplimizationproblcmwhichhaslhcpropcrly 

lhaIlhcnumberofpossiblecombinationsincrcascscxpo‐ 

ncnliallywnhthenumbcrofblocks・

Thispapcrconsideｒｓｌｈｃ”ctangularpackingprob-

lcman｡a[[emplsafbrmulalionasamulti-obiccliveoplimi‐ 

zalionproblemwithlhcvcrticalandhorizontaI1engthsof 

thelinalIyoblainedplacemcnla唾aaslheobieclivevari‐

ablcs・ThepuIposcofthiMbrmulationisthalIhcsolulion

sclec(orcanselccllhcaspectTa(ioofIheconnguraIionlo 

placclheblocks,inaddilionlominimizinglhearea､This 

paperuses(hescqucnce-pairaslhereplCsenlalionlbrblock 

placemenl[7ＬａｎｄＰＰＥＸ[g1aslhecrossoverproccdurc、

AsexamplcsofnumcricalcalcuIalion,[hcproposcd 

NCGA［5］isappIiedtothemuIti-objeclivercctangular 

packingproblem・TheellecIivencssofNCGAcomparcdｌｏ
ＳＰＥＡ２ａｎｄＮＳＧＡ－ＩＩｉｓｅｖａｌｕａｌｅｄ､Thediscussionofthc 

usclillnessofthcproblemlbrmulalion,thepackingreprc‐ 

scnlalion,andlhecrossoverproccdul巳inthissludywiIIbc

pursucdlUrtherinlhclUlurc． 

3．Multi-ohjectMGeneticAIgorithm 

TheappIicaUonofGAslomuIli-ob．． 、1ecIIveop1imiza-

lionisasubjectofinにnsivcsludy,andmanyalgorilhms

havcbcenproposedwithexccIlemresulls{2-5]・Inparlicu-

laEpowerlUIalgoritｈｍｓｓｕｃｈａｓＮＳＧＡ－ＩＩ（Eli【islNon‐

ＤＣminaledSorlingGenelicA1gorilhm）｛3］ａｎｄＳＰＥＡ２ 

(SIrengthPareloEvolutionaryAlgorilhm2)[4lhavcbccn 

proposedrecenlIy，demonslratingbeucrresuhsthanlhc 

prcccdingmclhods・

NSGA-IIisanalgorilhmproposedin2001byDcb 

andAglawalasanimprovcdvcmsionofNSGA[2]・ＮＳＧＡ－

ＩIincludesaddilionalfeaturcssuchasthcpreservalionol・
nondominanlsoIulions,crowdedlournamentselection,and 

lhccrowdingdislance,ｃｏｍｐａｒｅｄｌｏＮＳＯＡ､SPEA2isan 

algorithmproposedin2001byZilzIcrandcolleaguesl41 

ａｓａｎｉｍｐｒｏｖｃｄｖｅｒｓｉｏｎｏｆＳＰＥＡ，ＣｏｍｐａｒｅｄｔｏＳＰＥＡ、

malchingdegrecassignmenlandthearchivetruncalion 

mｃｌｈｏｄａｒｃａｄｄｅｄｉｎＳＰＥＡ２,andthehandlingofthesclof 
archivcindividualsisalsomodified、

Thescalgorithmshavcmanymechaniｓｍｓｉｎｃｏｍ－ 

ｍｏｎ，Amonglhese，thelbIlowingmechanismsareespc-

ciallyhelpfulinlheseamh： 

（a)Prescrvationoflbundsuperiorsolutions 

（b)Rencctionofpreservedsuperiorsolutionsonlhc 
search 

（c)Reduclionofpreservedsupcriorindividuals 

（｡)Normalizationofobjeclivescales 

Comparingthemulti-objectiveGAtothesinglc-ob-

jcctiveGA,whichisusedinsingle-ohiec(iveop【imization，

lhereisagreaIdifferencebe(ｗｅｅｎｌｈｅｌｗｏｉｎｔｈｅｓｃａｒｃｈ 

ｐｒｏｃｅｓｓｂｙｔｈｅＧＡＩnlhesingle-objeclivecase,global 

scarchispcrlbrmedinanearlystageofsearch,main(aining 

lhcdiversityoftheensemble,andlocalsearchisperIblmed 

inthelauerstagesofthesearch,arrivingatauniqueoplimal 

soIulion・InlhecaseofmuIti-objecliveGA,０nlheolher

hand，ｔｈｅｐｕｒｐｏｓｃｉｓｔｏｄｅｒｉｖｅｔｈｅｓｅｌｏfmultiplcPaIUo 

optimalsolulions.Thus,ilisrequiredlomaintaindiverｓｉｌｙ 

ｌｉｒｏｍｔｈｅｃａｒｌｙｓｔａｇｅｔｏｔｈｃｌasts1ageofsearch，ａｎｄ（o 

pcrformlocaIsearchateachsearｃｈｐｏｉｎＬ 
Ｔｈｅ妃asonlbr【ｈｅａｂｏｖｃｓｅａｍｈｍｏｄｅｉｓｌｈａｌｌｈｃ

ｓｃａｒｃhlbrlhewholeregionconlainingthｅｓｅｔｏｆＰａｌｄｏ 

ｏｐ[imalsolutionscannolberealizedi｢dive｢sityislosl,and 

ahighIyaccurateParelooptimalsolulioncannotbcob‐ 

lainedunlcsslocalsea｢chisperIbrmcd、

Inorderloachievelaslandhighlyaccuratesolulion 

scarchlbrｔｈｃｗｈｏＩｅ肥gionconlainingthesetofPaIIX(〕

2．Multi-obiectiveOptimizationProblem 

Themulli-obicclivcoplimizationproblemisdclincd 

ili搬駕WlLknllHWW1搬脇１１W;,lfIIiiIW；
conslraints[211nlhemulli-obiectiveoptimizalionprob‐ 

Iem，iIisdifficulltoaITiveatauniqueopIimalsoluIionif 

【hcobjectivefimctionsarcinalrade-ofYrelation・Inordcr
lohandlesuchasiluation,thcconceptofthcParctoopUmaI 

solulioninsleadoftheoplimalsolu[ionisinlroduced 

TheParelooptimalsolulionisdefincdon(hebasisof 

thedominancerelationofthcsolutionsinlhemulti-obicc-

liveoplimiza【ionprobIemThcdominancerelationoflhe
solulionsinminimiza【ioninlhcmulti-objccliveoptimiza‐

lionproblemisdclincdaslbllows・

Definition(dominanccreIation):Ｌｅ[ヌ,,ｚ２ＥＲ'１．
１『((万,)≦/i(ﾇ2)(vノーＬ…,k)and((x,)＜/i(rz)(ﾖﾉ

→ 

＝1,…,k),ilisdelinedthat牙,dominatesx2，
Basedonlhcabovedominancerelalion，【hePaImo

oplimaIsolutionisdclinedaslbllows， 

Dclinilion(ParctooptimalsoIu【ion):ＬｃＦｏＥＲ１Ｉ．
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senting(hcindividuaInumberlobeusedinslcps3and4is 
inilializedasO 

Step3 
Fromthesetofsearchindividuals(P,)sortcdinstep 

2,thetwoadiacentindividuaIs,(hatis,Khej-【hand[he(j＋
l)-th,arescleclcdastheselofpairindividuals 

S1ep4 

FOrthcselofseleclcdpairindividuals，crossover， 

ｍulalionandevaluationareapplied,andthcsctofpair 

individualsisupdaled・Tbvariableiisadded2Sleps3and

４arerepeateduntiliisequalloIhenumberofindividuals・
Ａｓａｒｅｓｕ１ＬＩｈｃｓｃｔｏｆｓｃａｒｃｈｉｎｄｉｖｉdualsiscompletely 

updated(P'十I)．
ｓにp5
Thesetofsearchindividuals（P,+,）andthesetof 

archiveindividuals(A,)arecomparEd,andtheseIofalchive 

individualsisupdated(A,十I).Inlheprocess,theenviron‐

memalsclcctionprocessinSPEA2isused.＊Inthesame 
wayasinSPEA2andNSGA-Utheselofarchiveindividu-

alsletainsthepresetnumberⅣofindividualsassuperior 
individuals， 

S1ep6 
nisdecidedwhethertheterminationconditionis 

satisfied・Thetenninationconditionisdelinedinthispaper

astheanFivalatthepreselnumberofgeneralions(termina‐ 

tiongenera[ion).IftheterminationconditionissatisfIed， 

theprocedureends､Ifnouhegenera[ionnumberisupdated 

asr＝ｒ＋ｌａｎｄtheproceduregoesbacktoslep2・

Thus,theproposedNCGApelfOrmsgeneticmanipu-
lationsaslbllows・These[ofsearchindividuaIsissortedon

anarbitraryobjectivehmclionaxis・Then,lwoadjacenl

individualsareselectedastheselofpairindividuals,and 

geneticmanipulationsareappliedTheadjacentindividuals 
inthcsortedseIofindividualsarecloselogetherinthe 

objectivelimctionspace・Conscquently,byapp]yingcross-

overbetweentwoadjacenlindividuals，neighborhood 
crossoverisachieved 

ltshouldbenoted,however§thatiflheabovesorlis 

iterativelyappliedonthesameobjectivefUnctionaxis,there 

isadangertha(crossoverwillbeiterativelyappliedonly 

withinthesamepairbInｏｒｄｅｒ［oavoidthissituation,the 

fOllowingprocedureisused． 

optimalsolulions,thcfbllowinglhrcemechanismswillbe 
necessary： 

(1)AmcchanismIoperlbrmlaslsolulionscarchnear 

IheselofParctooplimalsolutions 

（２）Amechanismlomaintainthediversilyofthe 
ensemble 

(3)Amechanismtoperlbrmlocalscarcb 

Inpaslalgorilhms,ilems（a）ａｎｄ(b)coITespondlo 
mechanism（１）,anditems(c)and(｡)colTcspondlomecha-

nism(2)． 

↓ 

4．NeighborhoOdCultivationGenetic 

Algorithm 

Aspoinledou【intheprcvioussection,manymulti-
ohjec(iveGAsp1℃sentedrecenUyusesimilarmechanisms 
toacbievelhcsamepumpose・I1isexpecledlhalmorc

accuratcsoluUonwillbeobtainedbyaddingaprocedurelo 

achievelocalsearchtosuchalgorithms、

Consequently,weproposedanewmethodcalled[he 

neighborhoodcultivationgcnelicalgorithm（ＮＣＧＡ）［5]， 
whichincludesanewmechanismofneighborhoodcross-

overloachievclocalsealChNeighborhoodcrossoverisa 

crossoverpmcedulpinwhichlhcclosenessbetweenlhe 
individualsisconsideredintheselectionofparentindividu-

alsfOrcrossover・Ｔｈｅｎeighborhoodinthispapcrisdefmed
notasthestructuralclosenessbetweentheindividuals,but 

asthedis(ancebetweentheindividualsinlhcobjective 

fUnctionspaceremainingwithinthespeciliedvaluc,Thus， 

ＮＣＧＡｉｓａｎａｌｇｏｒｉｔｈｍｉｎｗｈｉｃｈａｎｅｗｐrocedurcofneigh-
borhoodsearchisaddedtoamechanismthalisusehllin 

thesea1℃ｈｉｎｔhemulti-objectiveGAdiscussedinthep1℃‐ 
vioussection． 

4.LOutIineofneighborhoodcultivation 

geneticalgOrithm 

ＴｈｅｎowinIheproposedmodelisaMbllows、

S1epl 

Theinilialindividualsarcgenerated・Thcgeneration
numberissclast＝lTheindividualsareevaluated・The

setofinitialindividualsisdefinedastheselofarchive 

individuals(Aか

Step2 

Thesetofamhiveindividuals(A,)iscopiedlotheset 

ofsea1℃hindividuals(PJP,issortedaccordingtooneof 

theobjectivelnncKionvalues､TheobjectivefUnction((x)ｌｏ 
ｂｅｕｓｅｄａｓ【heIcferenceisdctcrminedimmtheremainder

whenthegenerationnumberノisdividedbythenumberM

ofobjectivefUnc[ions('＝i(ｍｏｄＭ)).ThevariablejrcprB‐ 

oTheohiectivefimctiontobeusedasthe妃ference

ischangedfbreachgenerati０，． 

・NeighborhoodshuiT1ingisapplieｄｗｉｔｈａｎａｐ－

ｐｒｏｘｉｍａｔｅｌｙｌＯ兜widthoftheensemblesizetothe

se【ofseamhindividualsafiersorting．
ひ

､GeneTalIy,whImthepr巳scrvedsetofⅢchivcindividualsisupdaにｄｏｎｔｈｃ
ｂａｓｉｓｏｆｔｈｃｍｃｗｌｙｏｂ【amedsctofsearchindividuals･Ihenewsetof

supcnorindividualsisgeneratedlhroughselectionfTomlhesumofthesct 
ofseanchindividualsandIhesetofsupcriorimdividuals・nnisselccUon

pmcessiscalledenvimnmcnIaIselection[41. 

イ
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Thcobjeclivclnnction(は)whichislobeusc〔Iaslhc

rc化renccinsorlingis〔lclcrmincdli℃mlhclcmaindcrwhcn

thcgoncralionnumber／ｉｓｄｉｖｉｄｃｄｂｙthcnumbcrA’０［ 

ohjectivclijInctions(ノーｉ(ｍｏｄＡ`)).Bylllisproccss・the

1℃merencechangesf()rcachgcncralion,ａｎｄ[hepail･lowhich 
Crossovcrisapplicd,casilychangcs・Neighborho()dshume

istheproccssinwhichindividualsarcrcarrangedatrandom 

wilhinaccrlainrangc・Considcl1lbrcxamplc,asctorlOO
individuals・TheindividualsalcshullIc〔Iusingarandom

variablcinlbcrangcoIlOindividualsallhcmaximulnBy 

lhisproccss,lhepairismodiHcdeveninlhclInals[ageof 
scarchinwhich(lIelCisliltlcchangcim【hccnsemblc・

Furlhcrmore，ｉｎ［heupda(ｉｎｇｏｆｌｈｃｓｃｌｏ「archivc

individuals(Ａｌ),thccnvironmcntalselcclionofSPEA2is 

applied，whichuseslhemalchingdcgrccassignnlcn【and

lhclruncaljonproccss[4IoThccnvironn1cn[alsc1cc[ｉｏｎｏ「
SPEA2isoutlinedaslbllows・

Ｓｌｃｐｌ:ThesumsclRr0flhcse[olscarchindividuals 

(P,+l)andlhcsetofarchivcindividuals(A!)islbrmcd、

Sleｐ２:ThemalchingdcgreeassignmenlofSPEA2 

isapplicdtoRl[４１ 

Ｓｌｃｐ３:Using[hcassigncdmatchingdegrccandthc 

trullcationprocess,'鵬ｌｈｃｓａｍｃｎｕｍｂｅｒｏ「individualsasthc
numberofindividualsinthearchiveselarcsclec[cdfrom 

R'[ofbrmlhcnewsclofarchivcindividualsAI+[・

Onlhcothcrhand,、alingscleclion,↑ｗｈｉｃｈｉｓｕｓｃｄ
ｉｎＳＰＥＡ２ａｎｄＮＳＧＡ－ＩＩｌｏsclcc(thcsclo｢scarchindividu-

als（P,）lTomthesclofarchiveindividua1ｓ（Ａｌ)，isnol 

applied・Ma1ingsclcclionsclcc(Scspeciallysuperiorindi-

vidualsinduplicationIromthcse[ofarchiveindividuals、

ＴｈｉｓｐｒｏｃｅｓｓｉｓｎｏｔｕｓｃｄｉｎＮＣＧＡ,sincctherecanbcan 

adversee1Tcctonncighborhoodcrossovcrif1hercthcsamc 

individualsoccurillduplicalionlnNCGA,lhccopyoflhe 

selofarchivcindividuals(A,)isusedastheselofscarch 

individuals(日)．

lionsincreascscxponcnliallyｗｉｔｈ[hcnumbcrofblocksl(） 
bcbandlcd 

Inthispapcmhcrcc(angularpackingproblemjsn()ｌ 邑戸

handlcdasthCsimplcminimiza【iollofthearca,butａｓ[hc

multi-ohiectivcoptimizationprobIcminwllichlhevcrlical 

andllorizonlallcn21hsol・lhcllnally()btainc〔ｌｐｌaccmenlarc-

c()nsidcredaslheohiectives・Thcpurposcistolcll11c

soluli〔)、selcclorsclccllhcaspectra[ｉｏｏｆ[ｈｃａｒｃａ【Or1hc

bl()ckplaccnlcntlobcl111ally1℃alizcd・Thisscc1iondc-

scribcslhercprcsenlalionof［ｈｅｄａｔａｓ[ruclure、whichis

closclyrclalcdlolhedclll]ilionofthcproblcm,andalsolhc 

fornlulalionofthcproblcm． 

『
ｂ

5.1．Representationofdatastructure 

OneoflhcmoslimporlanIaspcclsoflhcrcc[angLlIar 

packingproblemisthcrcpresenlationof[hesolulion､thal 

is，thcreprCscnlalionofthedalastructurc・Thereprc-

scntalionorlhcdataslructurein［hcrectangularpackin2 

problcmaUbclsnotonly1hcblockplacemenlconhguration、

butaIsosuchcsscntialaspcctsofthcproblcmastheaccu-

racy()「lheHnallyoblaincdsoluLion・

Variousapproachcslothisaspcctofthcproblcmhavc 

beellpresentedl6-101.Ｂｙｌｈｅｕｓｅｏ｢thesequcnce-pair[７， 

９１ａｎｄＢＳＧｌｌＯ]，whichwcrcdcvelopcdinLSIH()()ｒ 

planning,ilispossibletodcrivethcoptimalpackingina 

finilcsolutionspace、Thispaperuscsthescquence-pair，
whichcanrcalizcamorccflIcienlsolutionseamhthan 

BSG・ThemcchanismoIlhcsequenccpairisdescribcdin
delflilbelow 

Sequeme-pair 

Thcsequcncc-pairisuscdtorcpresen[lhcrcctangular 

placcmenlbascdonthcalTangemcnt(I~L,ITI）oftwosc-

qucnccscomposedoflhcbIocksunderconsidcration・Thc

sequcnce-pairspeciliesthcrelativcpositionrclationbc‐ 

twccnanytwoblocks、ｂａｓｅｄｏｎｔｈｅｐｃｒｍｕｔａｔｉｏｎｏｆ

(I~L,「ｨ).Figurclshowstheconccptualdiagramoflhc

sequcnce-palr、

Fi2urel(a)showsthepermuta[ionoftwoarbilrary 
blocksXandYin(rL,、),andthecorrespondingposition

5．RectangularPackingProblem 

Thcrectan2ularpackingproblcmisapplicabletoa 

widerangeofactivities,ｓｕｃｈａｓ【hefloorplanning,which

aimsatminimizationo「Lhechipareainlarge-scalcinte‐

gratedcircuits(LSI)[6,7Landtheplaccmcnto｢installa‐ 
tionsandofncesinaplant［8]､Thereclangularpacking 

problemiｓａｋｉｎｄｏlcombinatoria]optimiza[ionpr()blcm， 
andhasthcpropcrlytl1atthenumberorpossiblecombina- 、□'

11.-.J､+）＝(ＸＹＷＸ） 

（｢と,Ⅳ）

XisthclcftofY￣(XYXY） 

XislhcriglltofY-〔YX,YX）

XisIhcuppcrorY-(YX,ＸＹ） 

XisthclowerofY-（ＸＹＹＸ） 鶏
固
い)＝(ＸＭＸＹ１

、魁

薄ＴＩ１ｉｓｉｓｔｈｃ雌ducUonproccsslbr[hccxcessnondominatedin(lividuaIs
uSCdinSPEA2l41 

fT1)csclecIi(〕、processuscdtoselcctthcsctofsca1℃hindividlMllsfbr
gcnelicopcmtioniscallcdmatingselcc【i０，.II1malingselcction1lhcseI
olsearchjndividualsisjbrmedbyduplicateselcclingofthccspcciaUy 

supcrioril1dividualｓｌｈＤｍ【hcsctofarcbivcindividuKllsinordcrl()&lchicve

highersearchclHcicncy． 

(「‘ 凡

（nJYI.〉面(YX,ｘｙ）

〔a)rclativepositionofeachblock （b)conceptfigurc 

Fig・LConccptofscquence-pail：

１１４ 



篭
relaIionofblocksXandYThaIis,theblockpermulation 

(｢-,「+)＝(ＸＹＸＹ)indicalesthalXprecedesYin「_and

「+､SuchanorderimpliesthalXisplacedmthelefiofY

Basically,ｔｈｅｌ~Ｌａｘｉｓｒｅｐ妃sentstheverlicaIrclationbe-
1weenlhebIocks,andlhelJaxisrepresenIsthchorizonlal 

relaUonbe(ween1heblocks・ThusJ~LdeIermines【hcpIacc‐

menlfmmlowerIotheuppersidc,ａｎｄ「＋delennineslhc

placemenlb｢omlefltorightside・VisuaⅡy,Fig.1(a)indi-
calcs(heplacemenlfOr(a)． 

Inlhesequencc-pairrep｢csentatioLfOranypelmula‐ 

tion(I~と,ロ),thereisarectangularplacememtha[satisnes

thcindicatedposilionrelatiomConverseIy,foranyrectan‐ 

guIarp]accmenl,lhereisapermutation(I~L,「+)tha1rcp”‐

sentstheplacemenl[７１Thus,byusingthesequence-paiE 

anyrectangularplacementcanberepresented,includinga 

nonslicingstructure 

Figu妃２showsanexampleofthesequcnce-pairilor
[hecaseofsixblocks・TheexampleofIhcindividualsin

Fi9.2(c)represenlsthepemmtation(I-L,「+),andalsothe

orientationOofeachbIocklnthispaper,theorientationof 

theblockinplacｃｍｅｎｔｉｓ帷slrictedtoeilherverticalor

horizontaLFigurc2(b)representinglherelalivepositionof 

theblocksisconstructedH｢omthepermulation(｢-,「+)ｉｎ

Ｆｉｇ２(c)． 

BasedonFig2(b)rep妃sentingthcrelativeposilion，

lherelativeposilionsalcdelerminedfbrallblocksbasedon 

Fig・Landtheverticalandhorizontalconstraintgraphsin

Fi9.3areconstructedIntheverticalandhorizontalcon-

straimblocks,thewidthandhcightof【ｈｅｂｌｏｃｋａｒｅｇｉｖｅｎ

ａｓ【heweightoflhepoinLThenthelongeslrouleisdeler‐

minedbycalculatinglhesumoftheweighls(blocklenglhs） 

oflhepointshomthestart[otheendpoinIsBytheabove 

weightcalculation,theplacemenldiagramoftheblockｓｉｎ 

Ｆｉｇ２(a)isdelermined． 

雲霧5ｔ 

widlh 

height 

◇ 

Fig.３．Horizon[al/vcrticalconslraintgraphs． 

5.2．ProblemfbrmuIation 

TheobjeclivesaredcnnedasthefbIlowingtwointhe 
numericalexpcrimenl： 

ｍｉｎ/,い)＝ｕ）jdth （１） 

ｍｉｎ九(鉦)＝ｈeight（２）

Intheaboveexpression,wMrhisthehorizontallength,and 

h2jg/Jristhevertica1length・

Theabovelwoobjecliveshaveanexplicittrade-off 

1℃lalion，ｂｕｌｔｈｅａＩｍｏｃｃｕｐｉｅｄｂｙ【ｈｅｂ]ockisminimized

bypelfOrmingop1imizalionfbrthe1woobjectives・By

mulIi-obiectiveprocessing,thesolulionselectorcanfIex-

ibIydecidetheaspecｔｒａＩｉｏｏｆｔｈｅｐａｃｋｉｎｇａｌｃａ、After
completingtheblockplaccment,thewidlhandheightof 

thewholeregioncanbederivedfromtheverlicaland 

horizontalconslrainIgrapｈｓｉｎＦｉｇ３． 

6．NumericalExperiment 

meeffectivenessoftheproposedNCGAisinvesti-

gatedinthiss(udyfbrtherectangularpackingproblem 

describedinthcprevioussectｉｏｎＦｏｒｃｏｍｐａｒｉｓｏｎｗｉｔｈ 

ＮＣＧＡ，SPEA2proposedbyZitzlerandcolleagues， 

ＮＳＧＡ－ⅡproposedbyDebandcolleagues，andNCGA 

withoumeighborhoodcrossover(non-NCGA)a1℃alsoin-

vestigated． 

５ 0 

6.ＬＳｏｌｕｔｉｏｎｂｙＧＡ 

６､1.1．Cmssover 
(a)floorplan （b)relativeposition 

Intheproposedmelhod,placemenl-basedpartially 

cxchangingcrossover(PPEX)[9]isusedasthecrossover 

processfbrtherectangularpackingproblemThismethod 

isaprocedurcbasedontherelaliveplacementofthese-

quence-pairs,makingilpossibletoapplylocalcrossoverto 

blocksincloseplacemenL 

ThePPEXalgorithmisasfbllows． 

０１２３４５６７８９ＩＯｌｌｌ２１３１４１５１６１７ 

flcldClplblclclabl｢ldl8a8blOcOdlOeIOl 
（ 

－－－－－－－－－－ 

「「．directionofblock

（c)codingofsolution 

Fig､２．Codingexampleofsequence-palm 
● 

づ
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`､２．S2Impleproblems 

ｌｎｏｕｒｓｔｕｄｙ,ＮＣＧＡwasapplicdloiburdil11ercn〔

problcms（ami33，ami49，pcbI46,pcb50()）wilhvarious 

numbcrsofblocks､ａｎｄｔｈｃｐｃｒｌ・ormanccwascompared[o
lheconvcmionalme〔hods､ami33andami49arebcnchmark

pTｏｂ１ｃｍｓｉｂｒＭＣＮＣ，ｃｏｍｐｏｓｃｄｏｌ３３ａｎｄ４９ｂｌｏｃｋｓ、

1℃speclivclypcbl46andpcb500aresamplcproblcmsusc(I 

byMllralaandcolleagucs，ｃｏｍｐｏｓｅｄｏＩｌ４６ａｎｄ５()O 

blocks,rcspcclivcly[71.Inthispaper,()nly1hercsultslt)r 

alni33andpcb5()Ｏａｒｃｓｈｏｗｎ,ｄｕｅ[ospacclimita[ions、

Intheoxpcrimcnl，［burmcthodsal･cuscd，namely， 

SPBAZproposcdbyZMcrandcollcagucs[41,NSGA-II 

proposcdbyDcbandcollcagucsl3],andNCGAproposc〔ｌ

ｂｙｕｓ，ｐｌｕｓｌ】on-NCGAwithou〔neighborhoodcrossovcT

(non-NCGA).率ＢｙｃｏｍｐａｒｉｎｇＮＣＧＡａｎｄｎｏｎ－ＮＣＧＡ,lhc
effectol・searchusingncighborhoodcrossoverisclearly
indicnIcd 

Ｕ ５ 。

⑩ 

PaTentl 

０ う ５ ０ 

PaTent2 Child２ 

Fig.４．ＰＰＥＸ． 

6.3．Evaluationofobtainedsolutioncandidate 

Ｓｌｅｐｌ:OneblockisseleclcdatrandomhomeachoI 

thcparents 

Stcp2：Thcwindowregionisformedwilhthesc-
Iecledblockasthecenter・Thcsclofblocksconlaincdinthc

windowisdcl]nedaslhccrossovertargcUVc・Ｔｈｃ〔)therscl

ofblocksisdcnotcdasM,ＩＣ・TheblocksoflV(・aresortcd

[bllowingthoordero｢(r-,,),andthcresulliscopiedlo 
lhechi１．． 

Ｓｌｅｐ３：EachblockorM1IcisdircclIycopicdtolhc 
child． 

lnlhiss(udy,/L八whichsampleslheinterscclionwi[h

lhcapproximalcParelofront,ｉｓｕｓｅｄａｓａｍｅａｎｓｏｆｅｖａｌｕ‐ 
ationolthesc［ofsolulionsoblainedbythesearchThc 

distributiondiagramofthcsoluUonsetisalsouscdinordcr 

loshowvisuauylhedistribulionrange()fthesolutionscL 

Bclow,ILﾉ,wMchsamplcstheinlcrscctionwithlhcapproxi-
mateParelononいsdcscribed.

IntersectionIIJwithapproximateParetofront 

ThisisatcchniqucproposcdbyKnowclsandCornc 

[ocomparetwoormorcnondominatedsolutionscls[111f 
Inlhismethod，nondominatedsolutionsetsarecomparcd 

intermsordominanccalongmultipledircctionalvectoT 

axes,ａｎｄｔｈｅｄｃ２ｒｅｃ[ｏｗｈｉｃｈｌｈｃｎｏndominatedsolution ￣ 

dominatcsisdccided・Figure5showsacoI1ceptualdiagram
ofthcmcthodwhcntwonondominatedsolutionscts(X,Ｙ） 

arecomparedinthetwo-obiectiveproblcm 
lnthismcthod,thcarrivalnont(doUedlineinFig､５） 

fbrmcdbythcobtaincdsetofnondominatedsolutionsis 

calculated､ThcsamplinglineisdefinedsothattheParelo 

rCgionisunimormlysamplcd・Thcinterscctionsofthesam-
plinglineandthcalTivalh･ontofthcnondominatedsolution 
aredctermincdandcompared・Whentherearetwosets(X，

】')tobccomparcd,IIJ(X,】うreprcsenlstheperccntageol
cascｓｉｎｗｈｉｃｈＸｄｏｍinatcsYinthecolnpansonofintcr-

sections・ConsoquenUy，ｔｈｅｂｅｓ［ｒｅｓｕｌｔｆｏｒＸｉｓｔｈａｌ
肋(X,Ｙ)＝ＩａｎｄＭＸＸ)＝０．

Thewindowregionmenlionedaboveisthcconlinu-

ouspartialrcgionontheobliqucgrid蟻represcnlingthc
relativeplaccmcntofthcsequcnce-pairs・Inthispapel1thc
windowre2ionishandlcdasasquarcparUalregion． － 

Ｆigure4showsaI1examplcofPPEX,wherctheedgc 
lengthofthcwindowrcgionisseLas41nthiscasc,blocks 
cJandbcontaincdin[hcrandomlygeneraledwindowregiｏｎ 

[orparcntlarclhe[argctblocko[crossover(Ｍ:).Bcfbrc 
crossover,thcorderwas(T-,Ｔ十)＝(｡a,。a),bulthcorderis

modificdtotheorderofparent2,【hatis,(rL,IT,.)＝(a｡,a｡）
af[ercrossovcr・Theblockso[herthanthctargeto｢crossovcr

(Ｍ､:）aredirccllycopicdhomparentltochildLThc 
orienlalionisalsomodiEedl(〕lhcorienlationoflhcmalc

ｐａｒｃｎＬ 

6.1.2．MUtation 

Asmutalion,thcorienIationofarandomlyselected 
b1ockisrevcrscd． 

Ｉ 

率OldinKu･ycrossovcrisapplicdinno趾ＮＣＧＡ・
fAnondomimntcds(〕lutio】１isasolulionwhichisnoldominllIcdbyany
solulionc【、did【l【coblainedbythescarchThesctorsolutionsobmincd
bytllesc(l】ｒｃｈａｒｃｃＫｌｌ]cdnondomina【cdsolulions．，Basicllllytheobliqucgrid,ｓｅｅFig.２(b） 

l］６ 



ＳＰＥＡ２ aIgoTitbm 

A 

④ Ｂ aIgorithm 

B 
ＮＳＧＡ－ＩＩ 

囑鱒蝿巴鯵 nｏｎ－ＮＣＧＡ Ｊ’ 

［】BDOQoOo色

鋤鰯⑱ 
↓ 

ＮＣＧＡ 

Fig.6.RcsuItsofb(ami33). 
Fig.５．Schematicofノリ．

6.5.1．ami33 

TheresulllOrﾉulbrami33isshowninFig､６.Figurc 

７ｓｈｏｗｓ［heplolonhescIofnondominatedsolulions 
obtainedbyeachmclhodl、Fig.７，theselofnondominaled
solutionsissummarizedinlheploL 

Ascanbeseenll｢omFigs,６ａｎｄ７，ＮＣＧＡｃａｎｄｅｒｉｖｅ 

ａｗｉｄｅｒａｎｇｃｏｆｓｏｌｕtionsclosertolhcParetoopUmal 

soluUonthananyolhermethod・InparU6ul巫whenthe
vcrlicalandhorizomalleng[hsofthereclangledifferg唾ａｌｌｙ

Ｗｘ)＜750,（は)＜2500ｉｎFig.７],NCGAcanseamhtbe

rangcfOrPare1oopUmalsolutions，whichcannoIbc 
achicvedbyolhermethodsnon-NCGA,ontheotherhand， 

dcrivesawiderrangeofnondominaにdsolutionsthan
SPEA2andNSGA-II,ｂｕｌｉｓｗｏｒＢｅｔｈａｎＮＣＧＡintelTnsof 

lhccIosenesslotheParelooptimalsolution 

Thus，neighborhoodcrossoverinNCGAisavery 

ellec[ivemethodofsearchintherectangularpackingprob‐ 
1cｍ 

Byapplyingthisprocess､lheoblaincdnondominalcd 
solulionlbrtheParc[ooplimalsoIulioncanbeevalualcd 

homthetwoviewpoinlsofwidthandaccuracy・Forprob‐

lemswiththIceormoreobjeclives,however,thismelhod 

isdilYiculttoappIy,sincethelbnnalionoflhealTivallTonl 
becomesdifficulL 

6.4．GAparamete応

TnblelshowsthcGAparameleITiusedinthisexpcri‐ 
ment． 

6.5．NumericaII℃sults 

Forthefbursampleproblems,lhenumericalresuIls 

lbrami33andpcb500areshownin1hispape正Thclbur
melhodsNCGA,SPEA2,NSGA-ユandnon-NCGAwerc

uscd、Eachoflhcscmethodsisapplicdtoeachsamplc

problcm30times・TheresuItsfOrthescproblemsandlhc

placementdiagramIbrami33obｔａｉｎｅｄｂｙＮＣＧＡａｌＩ３ｐｒｃ‐ 
sentedbelow． 

ご
国

こ
□
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Fig.７．Nondominatedsolutions(ami33)． 
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aspeclralio(widIhmenglh） 

鋤 ＮＣＧＡ 

騒騒Fig.８．Resultsofﾉ1J(pcb500)． 

、。｡⑥

Theplacemenloftheblocks(ami33)． 

③ 

Fig.10 
6.5.2．pcb500 

The妃sultfOrJLJlbrpcb500isshowninFig.8.Figure

，ｓｈｏｗｓ［ｈｅｐｌｏｔｏｆｔｈｅｓｅｔｏｆｎｏｎｄｏｍｉｎａｔｅｄｓolutions 

obtainedbyeachmethod､ItisseenfiromFigs､８ａｎｄ９ｔｈａｔ 
ＮＣＧＡｃａｎｄｅｒｉｖｅｂｅｔｌｅｒｓｏｌulionsthanothermeIhods,ａｓ 

ｉｎｔｈｅｃａｓｅｏｆａｍｉ３３・HowevenobservingindetaiIthe

regionwhichisclosetoasquareinFi9.9(1400＜（は)＜

1600),beUersolutionsareobtainedbySPEA2andNSGA‐ 

ⅡｔｈａｎｂｙＮＣＧＡ,althoughlhedifferenceisonlysliｇｈＬ 

ＩｔｃａｎａｌｓｏｂｅｓｅｅｎｔｈａｔＳＰＥＡ２ａｎｄNSGA-IIgivea 

solutiondistributionthatisextremelyconcentratednearlhe 

center,ｃｏｍｐａｒｅｄｔｏＮＣＧＡａｎｄｎｏｎ－ＮＣＧＡ,Thereason 

seemstobethatpcb500isadifficultproblemwithIaIge 

scale,makingtheseaI℃hconcemrateinaregionclosetothe 

squalalbrwhichbetlersolutionsalceasilyobtainedinthe 

earlystageJnpcb500,thenumberofpossiblepennutations 

ismorethanlOzoootimesasgreatasthatofami33Because 
oflhisscalediffelCncathesea1℃ｈｉｎＮＳＧＡ－ⅡａｎｄＳPEA２ 

concemratesinaregionthatisclosetoasquareandbetter 

resultsareobtainedfbrsucharegion,ｃｏｍｐａｒｅｄｔｏＮＣＧＡ 
ａｎｄｎｏｎ－ＮＣＧＡ,whichsea【ChfOrthcsoluUonoverawider

range← 

IlshouldbenotedthatNCGAattemptsaverywide 

rangeofseaI℃ｈｅｖｅｎｆｂｒｐｒｏｂｌｅｍｓｉｎｗｈｉｃｈｓｅａｍｈｉｓ 

difficult,whileprovidingnondominatedsolutions,which 

isonlyslightlyworseinthesquaI℃regioninwhichthe 

seamhisconcentratedinNSGAandSPEAZ・Ｃｏｍｐａｎｎｇ

ＮＣＧＡａｎｄｎｏｎ－ＮＣＧＡ，non-NCGAismolemarkedly 

worsethaninami33・Thus,neighborhoodcrossoverismo正

elfecUveinhighlydifficultproblemswilhawidersearch 
● 

“glon． 

６５．３．Placementdiagram 

TheaboveexperimentalresuItsshowthatNCGA 
derivｅｓｔｈｅｂｅｓｔｓｏｌｕｔｉｏｎｉｎａｌｍｏｓｌａｌｌcases・Thus，［he

validilyoftheplacementdiagramfbrthenondominanl 

solmionobtainedbyNCGAisinvesligatedinthisstudy・

FigurelOshowsaplotofNCGAfbrami33,together 

withplacementdiagramscol7℃spondingtosevemlplol 

poinls・Inlhefigure，theaxesarenottheverticaland

horizontallengthsofthearea,but(heareaandaspectratio、

Thercasonisthatthesolutionselectoratthefinalstagewill 

selectthesolutionbalancingtheareaandtheaspectralio・
Itcanbeseenfi｢omthefigu1℃thatalmostaUsolutions 

giveadequateplacementswithoutgaps・Itisalsoseen【hal

solulionsareobtainedfOrawiderangeofaspectranosfrom 

OtoLIlisevidentfiPomtheplacementdiagramsinthe 

figurethattheareaofplacementrCmainsalmostconstam 

from`９A,，to`狙;，rCga【dlessoflheaspectratio・ItisinfelTed

lhatthereisnostlongeffectoftheaspectratioonthegaps 

intheplacementdiagram(i､ｅ,thetota]areafbrwiring)． 
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