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Chapterl.Introduction

Chapterl

Introduction

1.1GeneticAlgorithm

1.1.1 0utlime

GeneticAlgorithm(GA)[1-4]is a model丘)r maChineleamingwhose

mechanismisderivedfromametaphorofevolutionaryprocessin nature.This

algorithmisimplemented▲in amachineby creatlngaPOPulationofindividuals

representedbyasetofbinaryOrCharacterstrlngS.Thisrepresentationisanalogous

tothefbur-basechromosomesinbiologlCalDNA.Throughselection,rePrOduction,

CrOSSOVer,andmutationlikethebiologlCalevolution,thesetofstnngsevoIvesto

fuln11thetasksrequiredofthemachine.

CodingisthemostimportantsteplnaPplyingGA.Therecanbemanyways

toencodeasolutionoftheproblem,SuChasbinaryencoding,graySCaleencoding,

andrealvalueencoding.Thereisnowaywhichalwaysoutperfbrmsothers,Since

-

thecodingwaylSprOblemdependent.Mostoftheapplicationproblemshavea

de蔦nitestructureofthesolution.However,therearesomeproblemsinwhichthe

StruCtureOfthesolutionisindennite(e.g.,thecomplexknowledgerepresentation).
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Chapterl.Introduction

Inthiscase,GAitselfisexpectedtofindoutthestructureofthesolutionby

devisingacodingway･

ReproductionisaprocessinwhichindividualstrlngSareCOPiedaccording

totheiro句ectivefunctions.Thiso句ectivefunctioniscalledntnessfunction.In

PraCtice,the fitnessfunctionis a measure ofprofit,utility,Or gOOdnessof

individualsunderataskenvironment･CopylngOfstrlngSaCCOrdingtotheir丘tness

Valuesmeansthatindividualswithhigherfitnesshavehigherprobabilitiesto

COntributetothenextgeneration･Variouswayshavebeenreportedtoimplementthe

reproduction.Oneofthemis tocreateabiasedroulettewheelwhere,fbreach

Currentindividualinthepopulation,arOulettewheelslotissizedinproportiontoits

fitness･AsimplesplnOftheroulettewheelselectsanindividualofthecurrent

POPulationtoyieldanewoffsprlng･Inthisway,mOrehighlyfitindividualshave

moreoffgprlngSinthesucceedinggeneration･

Intheprocessofcrossover,aPalrOfchromosomesexchangechunksof

geneticinfbrmation･Crossoveriscarriedoutintwosteps:thenewlyreproduced

StrlngSin the matlngPOOlare mated at random･Then,eaChpalr OfstrlngS

undergoescrossoverasfbllows:

Anintegerpositionkalongthestringisselectedatrandominthedomainof[1,l-

1],Wherelisthestringlength･Twonewstringsarecreatedbyswappingallthe

Charactersbetweenpositionk+1andl.

Mutation,insimpleGA,isoccasionalrandomalterationofthevalueata

CertainstrlngPOSition･Forexample,inabinarycoding,thissimplymeansto

ChangethevaluefromltoO,OrViceversa･Thisoperationisnecessarybecause,

eventhoughthereproductionandcrossoveroperationsefftctivelysearchbetter

COmbinationsofstrlngS,OCCaSiona11ytheylosesomepotentiallyusefulstrlngSand

- 2 -



Chapterl.Introduction

they probablycauseprematureconvergence･In artificialgenetic systems,the

mutationoperatorworksagalnStSuChmissesofstrlngSandlocalminima･

1･1･2 AdvantagesofGeneticAlgorithm

GeneticAlgorithmhasbeenappliedtoanumberofdifftrentq)Plications[5-

14]･Multidimensionaloptimizationproblemis a typicalapplication of GA.

Conventionalsearch methods studied for the multidimensionaloptlmization

PrOblemsareCalculus-based,enumerative,andrandomsearChes.

Calculus-basedsearChislocalinscope,theoptimumitseeksisthebestina

neighborhoodofthecurrentpolnt,anditisnotnecessarilytheglobaloptlmum.

Moreover,the calculus-based methods assume the existence of derivatives of

Objectivefunctionswhilemanypracticalproblemshavedimcultiesinobtainlng

difftrentiablefunctionstooptlmize.

Enumerativeschemeshavebeenconsideredinmanyshapesandsizesofa

Objectivefunction.Theideaisfairlystraightfbrward:lookingatobjectivefunction

Valueateverypolntinsearchingspace.Althoughitisattractivebecauseofthe

Simplicity,1tislackinglnemCiency.Manypracticalproblemsaresimplytoolarge

tosearchtheoptlmuminthesearchspaceinapracticaltime.

Random search has achievedincreaslngPOPularityas researcheshave

ShowntheshortcomlngSOftheabovetwomethods.Yet,thisalgorithmisshortof

emciency.Inthelatersearchofthelongrun,itisnotexpectedtodobetterthan

enumerativeschemes.

GAisdifftrentfromtheseconventionaloptlmizationandsearchprocedures

inseveralaspects.GAsearchesfromapopulationofpoints,nOtaSlnglepolnt･In

- 3 -



Chapterl.Introduction

manyoptlmizationmethods,aSearChpolntmOVeSglngerlyfromapolntinthe

SearChspacetothenext,uSlngSOmetranSitionrulestodeterminethenextpolnt･

Thispolnt-tO-POlntmethodisdangerousbecauseitisprobablytrappedintoalocal

minimumlocatedinthemultimodal(many-Peaked)searchspace.Bycontrast,GA

SearChesmanypolntSSimultaneously,Climbingalotofpeaksinparallel;thus,the

probabilityofnndingafalsepeakissmallerthanthatofthepolnt-tO-POlntmethod･

GAusespayoffinfbrmation(ntnessfunction),nOtderivativesofo句ective

functionsorotherauxiliaryknowledge.Toperfbrmaneffbctivesearchfbrbetter

StruCtureS,theyonlyrequirepayoffvalues(Objectivefunctionvalues)associated

Withindividualstnngs.

ConventionaloptlmizationmethodscansoIveonlyproblemswhichhave

Predictablestructuresofsolutions.GA,Onthecontrary,Can坑ndoutthestructure

Ofthesolutionbycontrivlngthewayofcoding.ThesecharacteristicsmakeGAa

moreusefulmethodthanmanyothersearChschemes.

1.1.3 Modifications for GA

Ingeneral,GAissaidthattheabilityofglobalsearchishighbutthatof

localsearchisnot.TosoIvethisproblem,mOdincationsfbrGAhavebeenstudied.

HybridGA

Oneoftheefftctivemethodtoenhancethecapal)ilityofthelocalsearchis

hybridGA[15-18].ThehybridGAisthemethodcombiningGAwithheuristic

algorithms.Inthismethod,GAisusedfbrglobalsearchesandheuristicalgorithms

areusedfbrlocalsearChes.M.Maleketal.proposedacombinationofpluralsearch
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Chapterl.Introduction

algorithms[16]fortheimprovementofprecisionandemciency.D.Powelletal.

achievedafastsearchofsolutionsfbrdesignoptlmizationbyacombinationofGA

Withanexpertsystem[7][17]･H･Kitanoproposedanewweighttrainingmethod

Ofneuralnetworks,WhichusesGAinearlygenerationsandBackPropagation(BP)

inlatergenerations[18].He showedthattheGA-BPmethodisfasterthanthe

SimpleBPlearn1ng･

VEGA

Schematatheoryis well-knownas afundamentaltheory ofGA[2].

Abundanceofvarioustypesofefftctiveschematainthepopulationenablesthe

e伍cientsearchforthesolution･AproportionalselectionandcrossoverofGAoften

CauSeaPrematurelocalconvergencebecauseanindividualwiththehigher丘tness

ValueisselectedmanytlmeS･Theproportionalselectionprevailsnotonlyefftctive

SChematabutalsoinefftctiveschematainthepopulation･N･Kubotaetal.have

PrOPOSedVirus-EvolutionaryGeneticAlgorithm(VEGA)[19-22]in orderto

transftronlyeffectiveschemata･Thismethodisbasedonthevirustheoryof

evolution,WhichisbasedontheviewthatviruStranSductionisakeymechanism

fbrtransportingsegmentsofDNAacrossspecies[23].

PBGA

T･Furuhashietal･haveproposedanemcientmethodforlocalsearChes

usinganewGAtechnique･TheyhavepresentedPseudo-BacterialGA(PBGA)

[24-26]whichis simple and very efficientinimprovinglocalportionsof

Chromosomes･Theyhaveintroducedmechanismsofgeneticrecombinationin

bacterialgenetic戸[27-30]intoGA･ThePBGAisveryemcientinfindingfuzzy

COntrOlru1es.

ー 5 -
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l.2 DiscoveTTOfFuzzy Rules

1.2.1FuzzyInrerence

FuzzyinftrenceisbasedonfuzzyrulesdescribedinIF-THENrules[31-

34].Theprocessofthefuzzyinftrenceusedinthisthesisis describedinthis

Subsection.

Thefuzzyruleisgenerallyexpressedas:

Rl:IFxlisAilANDx2isAi2AND…XmisAim THENv=Bi

(～=1,2,…,〝)

where Riisthei-thfuzzyruleandA¢,Biarefuzzyvariables.nisthenumberof

fuzzyrules.Thefbllowlngmethodisusedtoobtainthecnspoutput:

Fig.1.1deplCtSaneXamPleoftheinferencemethodwiththreelnputSXl-

x3,andthreefuzzyrulesRl-R3･Thetriangularshapesinthe坑gureareexamples

Ofmembershipfunctions･Thetruthvalueforeachruleisderivedastheminimum

Ofthegradesofmembershipsintheantecedent,andtheheightofthemembership

functionintheconsequentisreducedtothetruthvalue.Theinferredvaluey*is

Obtainedbysummlngupthetriangularmembershipfunctionsintheconsequentand

bycalculatingthecenterofgravltyOfthesummedfunctions.

SincetheminimumoperationisusedR)rderivlngthetruthvalueofthe

fuzzyrule,thewholegradesofthemembershipsAuu =1,2,…,m)inthe

antecedentshouldhavecertainvaluessothatthefuzzyruleisactivated,i.e.thetruth

Valueisgreaterthanzero.
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け爪

Fig･1･1AnExampleofFuzzyInftrence
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1.2.2 ApplicationofGA toDiscovery ofFuzzy Rules

FuzzyrulescandescribehumanknowledgeuslnglF-THENrules.Fuzzy

COntrOIs,describedinlingulSticIF-THENrules,havebeenwidelyusedinindustry

fbr･theirhighdegreeofperR)rmanCeinhuman-COmPuterinteractions.However,if

theknowledgeisnotknowninadvance,itcannotberepresentedbyfuzzyrules･

Therefbre,GAhasbeenappliedtodiscoveryoffuzzycontrolrules.C･L■Karr[35]

[36]hasproposedanapplicationofGAtothedesignoffuzzylogiccontrollers,and

hisworkwasap10neenngefbrtintheapplicationofGAtofuzzycontroIs･M･

Valenzuela-Rendon[37]has proposed a fuzzy classiner system(FCS)by

introducingfuzzylogicintotheclassinersystem[38]andbyapplyingtheFCSto

approximateanonlinearfunction.T.Furuhashi,K.Nakaokaetal･[39-41】have

StudiedapplicationsoftheFCStoknowledgenndingtbrfuzzycontroIs.M.A.Lee

andH.Takagi[42]havedevisedanotherinterestingapproachtothefusionofthe

fuzzyloglCandGA.Theyhavepresentedamethodtocontroltheparametersof

GA,i.e.mutationrate,CrOSSOVerrate,etC.,by fuzzyloglC.Selectionofinput

VariablesfbrfuzzycontrolruleswasaddressedbyT.Hashiyamaetal.[25]using

theemcientPseudo-BacterialGA(PBGA)[24][26].
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Chapterl.Introduction

1.3 ReseaI℃hGoals

Theaboveconventionalmethodsencodethefuzzyrulesdirectlyuslngthe

POSitionandwidthofmembershipfunctionsorlingulSticlabelsofmembership

functions,Orrealvaluesofinput/outputparameters･Thisthesispresentsanew

COdingmethodforGAbasedonbiologlCalDNAandamechanismofdevelopment

fromthearti丘cialDNA･Thisthesiscallsthisnewcodingmethodthe･･DNAcoding

method-l･TheDNAcodingmethodandthemechanismofdevelopmentfromthe

artincialDNAaresuitablefbrknowledgerepresentation･ThismethodusesDNA

itselfandawayofdevelopmentfromDNAtoasetoffuzzyru1es･Thisthesiscalls

thischromosomethe‖DNAchromosome.一･Eachfuzzyru1eistranslatedfromapart

OftheDNAchromosome,andtheDNAchromosomehasmanyredundantpartsJuSt

asbiologlCalDNA･Thismethodallowsoverlappedrepresentationofgenes,and

eachoverlapplnggenePlaysanimportantrole･Ithasnoconstraintoncrossover

POlntS,andthesametypeofmutationcanbeappliedtoeverylocus･Thelengthof

theproposedDNAchromosomeisvariableanditiseasytoinsertanddeleteparts

Ofchromosomes･Thisthesisalsopresentsadiscoveryofeffbctivefuzzycontrol

rulesuslngtheDNAcodingmethod･Thisthesispresentsasimplemethodof

representlngfuzzyrulesdevelopedfromthisDNAchromosome.

Thefuzzyru1esarediscoveredthroughcontroIsofmobilerobotswhichplay

Chasingandavoiding･SelectionofinputvariablesandtunlngOfmembership

functionsare doneby thismethod.Thisthesisshowstheefftctivenessofthe

redundancyandoverlapplngOfgenesrealizedbythisDNAcodingmethod･The

redundancyandoverlapplngOfgenesworkwellsothatgenessurvivefarbeyond

thelifbtimeofindividuals･Efftctivefuzzycontrolru1esofrobotsarediscoveredby

- 9 -
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thismethod.

TheVEGAdescribedinsubsectionl.1.3usessomeofthecharacteristicsof

thebiologlCalvirus,howevertheprocessofthevirusinftctionispurelyanartincial

oneandspecialdevicesfbreachproblemshouldt光neededbecauseoftheconstraint

Ofthiscodingmethod･Forexample,thebiologlCalviruSinsertsitsownDNAinto

theDNAhost.However,theVEGAisappliedtoaTravelingSalesmanProblem

(TSP)asatypicaloptimizationproblem,andtheinftctionoftheVEGAtransftrsa

StrandofstrlngStOOtherchromosomes･Thisoperationmakesduplicatedcitiesin

therecIPlentChromosomes･Therefbre,Otherlociofthechromosomeshouldalsobe

modinedbythisinfbction･Thesedevisedoperationsareapplicableonlytothis

particularTSPproblem･Thisthesisalsoshowstheefftctivenessofanapplication

OfvirusandenzymeoperatorsintotheproposedDNAcodingmethod.Theenzyme

Operationisintroducedinthisthesistocutthechromosomeshort･Thisisbecause

thevirusoperationJuStmakesthelengthofthechromosomelonger･Thesevirus

andenzymeoperationsontheDNAchromosomecanbeappliedeasilywithno

dimcultytoapply.

ThoughthePBGAappliedthemutationoperationtoallofthepartsofa

Chromosome,thedivisionofthechromosomeintothepartsneededheuristics.This

thesispresentsacombinationoftheDNAcodingmethodandthePBGA･The

mutationofthe PBGAin this combinedmethod,Whichis ca11edthe t'bacterial

Operation'',isappliedtomeanlngfulpartsofachromosome･ItmeansthatJuStthe

activatlngfuzzyrulesarechanged.ThiscombinationoftheDNAcodingmethod

WiththePBGAacceleratestheknowledgediscoveryprocess.Thesimulationresults

Showhowthebacterialoperationisappliedandhowtochangethegenes(fuzzy

ー10
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Chapterl.Introduction

ru1es)bythisoperation･Thechangeofageneandtheoverlappedgenebythis

OPerationresultsineffbctivemovementsoftherobots.

1.4 CompositionoftheThesis

TheDNAcodingmethodandthecombinedmethodwiththePBGAare

appliedtothediscoveryoffuzzycontrolru1es･Thisthesisconsistsofsixchapters･

Thebackgroundandtheresearchgoalsaredescribedinchapterl･TheDNAcoding

methodis presentedin chapter2･TheflowofdevelopmentfromtheDNA

Chromosome,thegeneticoperationsincludingviruSandenzymeoperations,andthe

ftaturesoftheDNAcodingmethodarealsodescribedinthischapter･Inchapter3,

thebiologicalwayoftransftrofbacterialDNA,theconventionalwayofthePBGA

andtheproposedcombinationoftheDNAcodingmethodandthePBGAare

examined･Chapter4describestheproblemfbrmulationfbrknowledgediscovery,

Whichisadiscoveryofeffbctivefuzzycontrolru1esuslngtheDNAcodingmethod･

ThewayofdevelopmentfromtheDNAchromosometothefuzzyrulesandthe

COnCreteWayOfthegeneticoperationsincludingvirus,enZyme,andbacterial

OPerationsarepresented･Chapter5showssimulationresultsoftheknowledge

discoverybychasingandavoidingoperationsoftwomobilerobotstoshowthe

efftctivenessofthisproposedmethod･Theeffectivenessofredundancyand

OVerlapplngOf genes realizedby the proposedmethodis also shown.The

redundancyandoverlapplngOfgenesworkwellsothatgenessurvivefarbeyond

thelifetimeofindividuals･Chapter6summarizesthisthesisanddiscussesthe

futureprospectsofthismethod.

-11-
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Chapter2

DNA CodingMethod

2.1Introduction

GeneticAlgorithm[1-4]hasbeenwidelystudied,andithasbeenappliedto

thediscoveryoffuzzycontrolrules[35][36][39][43].ItisdiⅢcult,however,tO

acqulreeffectiveruleswhenthesystembecomesverylarge･Codingmethodhas

been one ofthe mainissues to selecteffbctivelnputparameterSfromvarious

CandidatesofthelargeSyStem.Variouscodingmethodshavebeenstudied【25][26]

[41][46].However,theseGAsencodethefuzzyrulesdirectlyusingtheposition

andwidthofmembershipfunctions,OrlingulSticlabelsofmembershipfunctions,

Orrealvaluesofinput/outputparameters.Furthermore,GAusua11yusesacoding

methodwhichhasnoredundantparts.Asaresult,thegeneticoperationshavesome

COnStrainttoapply.Forexample,thecrossoverpolntSarelimitedtotheborderof

rules,thechangeablerangebymutationvariesateachlocus,anditisdiⅢcultto

insertanddeleterandomportionsofchromosomes.

ThischapterpresentsanewcodingmethodfbrGAbasedonbiologlCal

DNAandamechanismofdevelopmentfromthearti坑cialDNA.Thisthesiscalls

-12
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Chapter2.DNACodingMethod

thisnewcodingmethodthe"DNAcodingmethod=【47-53].TheDNAcoding

methodandthemechanismofdevelopmentfromthearti丘cialDNAaresuitablefbr

knowledgerepresentation.ThismethodusesDNAitselfandawayofdevelopment

fromDNAtoasetoffuzzyru1es.Thisthesiscallsthechromosomeusedfbrthis

methodthe一一DNAchromosome‖.Eachfuzzyru1eistranSlatedfromapartOfthe

DNAchromosome,andtheDNAchromosomehasmanyredundantpartsjustas

biologlCalDNA･Thismethodallowsoverlappedrepresentationofgenes,andeach

OVerlapplnggenePlaysanimportantrole.IthasnoconstraintoncrossoverpolntS

andthesametypeofmutationcanbeappliedtoeverylocus.Thelengthofthe

PrOPOSedDNAchromosomeisvariableanditiseasytoinsertanddeleteanyparts

Ofchromosomes.

ThischapterdescribestheflowofdevelopmentfromtheDNAchromosome

tofuzzyrules,and geneticoperationsincludingvirus and enzymeoperations

PrOPOSed･The featuresofthe DNA codingmethodare also describedin this

Chapter･

2.2 DNA Chromosome

Fig･2･1(a)showsaflowfrombiologicalDNAtocells.ThebiologicalDNA

COnSists of nucleotides which have four bases,Adenine(A),Guanine(G),

Cytosine(C),Thymine(T)[28-30][54].Mostofthesebasesinthetopfigurein

Fig･2･1(a)arenotusedforthesynthesisofproteins.AmessengerRNA(mRNA),

WhichhasmanyunusedpartsナisfirstsynthesizedfromDNA･Inthesynthesisof

RNA,eaChbaseistranslatedintothecomplementarybasei.e.TintoA,Ginto･C

ー13
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and soon.Moreoverin RNAthebase Uis usedinsteadofT.Thentheunused

partsarecutout･Thisoperationisasplicing･Anerthisspliclnghasoccurred,the

mRNAis completed･Three successive bases called codons are allocated

sequentiallylnthecompletemRNA･ThesecodonsarethecodesR)raminoacids･

Allofthe64kindsofcodons(4bases3)exceptendcodons(TAA,TAG,andTGA)

correspondto20kindsofaminoacids･Thedetailsoftranslationintoaminoacids

fromcodonsareomittedhere.Thisa1locationofaminoacidsmakesproteins,and

proteinsmakeupcells･

Fig.2.1(b)showstheDNAcodingmethodandtheflowofdevelopmenttoa

setoffuzzyrules･This丘gureshowsacorrespondenceofthismethodtothe

biologlCaldevelopment･GAusuallyusedacodingmethodspeci丘callydevisedわr

eachproblemandithadnoredundantparts･Thisconventionalcodingmethodcould

beregardedasacodinglntOthecompletemRNA･Thenewcodingmethoduses

DNAitselfandawayofdevelopmentfromDNA to asetoffuzzyrules･A

chromosomeconsistsofcombinationsoffourbases,A,G,C,T.Thechromosome

hasmanyredundantparts,andafterthesplicing,themRNAiscompleted･Inthis

artincialRNAsynthesis,eaChbaseistranslatedintothesamebase･Moreoverin

RNATisalsousedinsteadofUofthebiologicalRNA.ThecodonsinFig.2.1(b)

alsocorrespondtoaminoacids･UnlikethebiologlCalaminoacid,eaChartincial

aminoacidhasseveralmeanlngS,andthemeanlngOfageneisdeterminedbythe

combinationoftheaminoacids.Anaminoacidcanbetranslatedtobeanlnput

variable,afbrmofamembershipfunction,andsoon.Asequenceofaminoacids

makes a fuzzy rule･One gene corresponds to one fuzzy rule･The DNA

ChromosomehavingseveralgenesmakesupasetoffuzzyrulesR)rCOntrOllinga

mobilerobot.

-14
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Chapter2.DNACodingMethod

Fig･2･2showsanexampleoftheDNAchromosomeanditstranSlation

mechanism･InthisfigureagenestartsfromthestartcodonATG,andendsatthe

endcodonTAG,andcodonsinthegenearetranslatedintoaminoacids:Tyr,Thr,

….Eachaminoacidhasitsownrolefbrtheproblem.

Thebiological¢X174phage,bacteriophage,has11genesinDNA･Inthis

PhagethestartlngPOlntisshiftedandsomegenesareoverlapplngOnOthergenes,

and each overlapping gene plays animportantrole[28][30]･By the new

mechanismofdevelopmentfromDNA,thestartlngPOlntCanbealsoshiftedfroma

basetoanotherandsomegenesoverlapplngOnOthergenescanbetranslated･Each

OVerlapplng gene Plays animportant role･Fig･2･3shows this overlapped

representation･Inthisfigure,GENE5inadditiontoGENE3andGENE4canbe

readfromtheDNAchromosome.ThisDNAchromosomehasredundancyandalso

COmPreSSeSinfbrmationbytheoverlapplngOfgenes･

-15
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‥･G11GCCTGTrACCGNrCGrTC(ェ;CTÅAAT‥

⑳

::三盛監≡表短盃注二==二::

(a)BiologicalDevelopment

頂且肌岨旧匡口害

与
IlプSer】SerlisSm辻u ANr)VisSmall

l≠馴l-isR帥.ViBig

廿R-S亡nS亡risSmau ANDF-R-Sense【isMdiunl

■作用N〃kR帥

11ごVis S□1au 心Jl)‥●

'廿日N●●●

与

IF∴1'HEN-

ⅠトTHEN-

IF-THEN-

ⅠトT肥N-

IF-T沌乙N-

IF-T旺N･

(b)ArtincialDevelopment

Fig･2･1FlowsofDevelopmentfromtheDNAChromosome
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TAAATCC TACGGTTGTGG GTCTrAGG

DNAChromosome:

AminoAcid: Tyr Thr Cys GlnLeuArg

GENEl GENE2

Fig･2･2 AnExampleoftheDNAChromosomeanditsTranslationMechanism

GENE5

GENE3 GENE4

Fig･2･3 0verlapplngOfGenes
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2.3 GeneticOperations

Fig.2.4shows examples of crossover and mutation.Fig.2.4(a)is an

exampleofone polnt CrOSSOVer.Righthand sidesofthe crossoverpolntSare

exchangedandnewGENE2',4.,5.aregenerated.

Fig.2.4(b)showsaneXamPleofmutation.Onebaseindicatedinthefigure

ischangedfromTtoG.As aresult,GENElischangedtoGENEl'.Thestart

COdonATGisnewlygeneratedandnewGENE7isread.Themutationcanbedone

equallyto everylocus by changlngeaCh base.The changes ofbasesin the

redundantpartsbythismutationareaccumulated.Oncethesepartsareused,this

accumulationofchangeisexpectedtomakethephenotypedrasticallychangeJuStin

thesamewayastheneutralmutationinbiology[55].

ー18
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GENEl
CrossoverPoin[

GENE2

GENE5-

GENEl GENE4-

GENE2

GENE3

CCATGTACGGTrGTGGCTAGGTCT

GENE2▼

(a)Crossover

GAATGTACACCTGTCAA CGGTAGTAAATGGTAGTGGCGGTCTCTACCGTrAGCl

｢ ｢ ｢ ｢
GENEl

GAATGTACACCTGTCAA

昌
GENE4-

下等FGENE7

｣
CGGTAGTAAATGGTAGTGGCGGTCTCTACCGTTAGCT

GENEl- GENE4t

(b)Mutation

Fig.2.4 CrossoverandMutation
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2.4 ViruSandEnzymeOpemtions

N.Kubotaet al.haveproposedVirus-EvolutionaryGeneticAlgorithm

(VEGA)[19-22].Thismethodisbasedon virustheoryofevolution,Whichis

basedontheviewthatvirustransductionis akey mechanismfortransportlng

SegmentSOfDNAacrossspecies[23].Thismethodusessomeofthecharacteristics

OfthebiologlCalvirus,howevertheprocessoftheviruscannotbecompletely

realizedandspecialoperationsarerequiredtousethismethodbecauseofthe

COnStraintofthecoding.Forexample,theVEGAwas appliedto aTraveling

SalesmanProblem(TSP)whichwasatypicalconventionaloptimizationproblem

[56].Theinfbction by the VEGA transfers a strand of strings to other

Chromosomes.ThisoperationmakesduplicatedcitiesinthereclplentChromosomes･

ThereR)re,Otherlociofthechromosomeshouldalsobechangedbythisinftction.

ItiseasytoinsertanddeletepartsofchromosomesrepresentedbytheDNA

COdingmethod.Theprocessofthevirusinfectioncansimplyberealizedbythe

applicationofvirusoperator･Furthermore,Sincethelengthofthechromosomeis

madelongerandlongerbythevirusoperation,theauthorproposesanewoperation

Whichiscalledenzymeoperation.

Fig･2･5showsexamplesofthevirusandenzymeoperations･ThebiologlCal

functionofvirusandenzymeisnotknowncompletely.Theartincialvirusand

enzymeareappliedinthefo1lowingway:Fig.2.5(a)showsavirusoperation･A

Part Of sequence of DNA from other DNA chromosome movesinto the

chromosome･Asaresult,thetwogenesofGENE7一一,GENE7.1Taregeneratedfrom

GENE7.Fig.2.5(b)showsanenzymeoperation･Theenzymedistinguishestwo

aminoacids,andsplicesthepartbetweenthetwo･Inthisngurethepartbetween

- 20 -
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thecodonAGT(Ser)andthecodonGGT(Gly)iscutout,andGENE4■isdeleted

andGENE7‖一一isproducedfromGENE7.

- 21-
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GENEll GENE4一

GENE7…

~｢+｢~
GENE4'

(a)Virus

GENEl'

GAATGTACACCTGTCA

Enzyme:A
Re

GT

OgnlbonC don

GENE7

_｣ATGACGGT丸
:謙AAAT庖震

｣
:;･`甜AGTGGCGGTCTCrACCGTTAG

GENEll GENE4t

GENE7'川

GAATGTACACCTGTCAATGACGGTAGTGGCGGTCTCTACCGTTAGCTAG

GENEIT

(b)Enzyme

Fig.2.5 VirusandEnzymeOperations
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2.5 FeatuI℃SOftheDNA CodingMethod

TheDNAcodingmethodhasthefbllowlngftatures:

(a)Flexiblerepresentationofknowledgeisrealizable.

This artificialchromosome consists of four bases and three continubus

bases calledcodonscorrespondto amino acids.Each amino acidhas several

meanlngS,andeachparameteroffuzzyru1esi.e.anlnPut/outputvariable,aformOf

amembershipfunction,andsoonisdeterminedbythecombinationoftheamino

acids･Thecorrespondencebetweenaminoacidsandtheparametersoffuzzyru1es

Canbedeterminedflexibly,andtheDNAchromosomeistranslatedintoasetof

fuzzyrulesflexibly･Therefore,theflexibleknowledgerepresentationglVenby

fuzzyru1esisrealizable.

(b)Thecodingisredundantandoverlapped.

TheDNAcodingmethodusesDNAitselfandtheDNAchromosomehas

manyredundantpartsJuStthesameasbiologlCalDNA.Usuallytheseredundant

PartSarenOtuSedforsynthesisoffuzzyrules.Potentialandinactivegenesare

PrObablyaccumulatedintheseredundantstrlngS.ThechromosomecanadaptltSelf

tovarylngenVironmentbyhavlngtheseredundantparts.Theneutraltheoryof

moleculareVOlutioninbiologylSalsoexpectedtobeobservedinthesimulation

uslngthismethod･Thismethodallowsoverlappedrepresentationofgenes,and

each overlapplnggene Plays animportantrole･The DNA chromosome has

COmPreSSedinfbrmationbytheoverlapplngOfgenes.TheoverlapofgenesmeanS

inter-dependenceofpluralgenes,andachangeofagenecausesanotherchangeof

OVerlapplnggene･ThedetailsofeffbctivenessofredundancyandoverlapplngOf
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genesareShowninchapter5･

(C)Thelengthofthechromosomeisvariable･

TheDNAchromosomegeneratesfuzzyrulesbytranslatlngthegenesfrom

startcodonsinthechromosome.Thenumberofgenesinachromosomeisnot

nxed.ThelengthoftheDNAchromosomeischangeable･Inadditiontothisflexible

representationoffuzzyrules,itiseasytoinsertanddeletepartsofchromosomes･

Asaresult,thegeneticoperationsincludingvirusandenzymeoperationscanalso

beappliedeasilywithnodimcultytoapply･

(d)Noconstraintoncrossoverpointsisimposed.

The conventionalcoding has constraint on crossover polntS because

CrOSSOVer OPerations cause overlaps of the same variablein one rule･So

conventionalGAlimitsthecro･SSOVerPOintstotheborderofrulesorthesame

POlntSinaruleinbothchromosomes･Thisproposedmethodhasnoconstrainton

CrOSSOVerpOlntSeVenifanytypeofcrossoverisused･
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