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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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(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

一19
一



Chapter2.DNACodingMethod

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

andGENE7‖一一isproducedfromGENE7.
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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

- 22 -



Chapter2.DNA Coding Method

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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2.` Conclusions

Thischapterpresentedanewcodingmethod,DNAcodingmethod,anda

mechanismofdevelopmentfromthearti丘cialDNA･ThisDNAcodingmethodand

themechanismofdevelopmentfromthearti丘cialDNAareSuitableforknowledge

representation･SelectionofinputvariablesandtunlngOfmembershipfunctionsare

done･TheDNAchromosomehasredundancyanditcanbetranslatedflexibly･

TheflowofdevelopmentfromtheDNAchromosomewasshownwiththe

COrreSPOndencetothebiologlCaldevelopment･ThenewcodingmethodusesDNA

itselfandawayofdevelopmentfromthearti丘cialDNAtoasetoffuzzyru1es･The

DNAchromosomehasmanyredundantPartS,andallowsoverlappedrepresentation

Ofgenes･ThisDNAchromosomehascompressedinfbrmationaswellasredundant

Examplesofthegeneticoperationswerealsoshowninthischapter･The

lengthofthe chromosomeis variable,andit had no constrainton genetic

OPerations･Thevirusandenzymeoperationswereproposed･Theseoperationsalso

haveno dimcultyto applybecauseitis easy toinsertand deleteparts of

Chromosomes･Theproposedcodingmethodmakesthesegeneticoperationseasy･
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Chapter3

Combinationofthe DNA Coding

Method andPseudo-BacterialGA

3.1Intmduction

FuzzycontroIs,describedinlingulSticIF-THENrules,hasbeenwidely

usedinindustryfbritshighdegreeofperfbrmanceinhuman-COmputerinteractions･

Demand for fuzzyinftrence systems which can describe complex,multi-

1nPut/outputsystemsISgrOWlng･Thedifncultiesassociatedwiththefuzzyinftrence

includethediscoveryoffuzzyrulesandthetunlngOfmembershipfunctions･To

addresstheseproblems,geneticalgorithm(GA)[l-4],OneOfthebasicmodelsof

evolution and an effective toolfor constructlngeVOIvable/adaptlVeCOmPlex

SyStemS,hasbeenapplied[35][36][39][43][44]･

T.Furuhashietal.haveproposedaneⅢcientmethodfbrnndingfuzzy

rules uslng.a neW GA technique･They have presentedPseudo-BacterialGA

(PBGA)[24-26]whichissimpleandveryefncientinimprovinglocalportionsof

chromosomes･They haveintroducedmechanismsofgeneticrecombinationin
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bacterialgenetics[27-30]intoGA･Inthisstudy,thePBGAisappliedto丘ndfuzzy

rulesfbranobstacleavoidanCePrObleminvoIvingamobilerobot･Thesimulation

resultshowsthatthePBGAisveryemcientinfindingcontrolru1eswithlimited

infbrmationfromthepayoffSprovidedbythetaskenvironment･

ThischapterpresentsacombinationoftheDNAcodingmethodandthe

PBGA[57][58]･ThePBGAproposedin[24-26]appliedthemutationoperationto

allofthepartsofachromosome,andthedivisionofthechromosomeintotheparts

neededheuristics･IntheDNAchromosome,ageneCOrreSPOndstoafuzzyrule･

Accordingly,thePBGAmutationappliedonlytotheactivatlngfuzzyrulesis

expectedto be efftctiveinimprovlnglocalportions of chromosomes･This

COmbinationoftheDNAcodingmethodwiththePBGAacceleratestheknowledge

discoveryprocess.

ThischapterdescribesthebiologicalwayoftransferofbacterialDNA･

BacteriacantransftritsownDNAfrommalecellstofbmalecells･Bythistransftr,

the characteristicsofone bacteriumcanbe spreadamongthe entirebacteria

POPulation･ThischapterdescribestheconventionalwayofthePBGA,andthe

COmbinationoftheDNAcodingmethodandthePBGA.
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3.2 TransferofBacterialDNA

Bacterialgenetics providesinterestlng meChanisms for genetic

recombination[27-30].BacteriacantransftrDNAtorecipientcellsthroughmating.

Maleandftmalecellsaredistinguishedbythepresenceofadistinctsupernumerary

SeXChromosomecalledF(ftrtility)factor[28].Whenitispresentasadiscrete

body,thece11saremale(F十)andcapableoftransftrringgenesintofbmalecells.ln

itsabsence,thecellsareftmale(F)andactasrecipientsfbrgenetransftrfrommale

Cells･TheFfhctorisacirculardouble-helicalDNAmoleculepresentinonecopy

PerCell.Malece11spossessF sexpilionitssurfaceto attachto femalecells.

Transferofmostbacterialgenesfrommaleto fbmalecellsonly occurswhen,

throughacrosslng-OVerPrOCeSS,theF'factorbecomesintegratedintothecell's

Singlemainchromosome.SuchHfr(highfrequencyofrecombination)cellsremain

male,POSSeSSFsexpili,andfusewithFcellsasfrequentlyasF'cellsdo.When

anHfrcelljolnStOanF-cell,COqugation-inducedreplicationofFDNAbegins,and

becausetheleadingedgeoftheF'factorisnowattachedtothemainchromosome,

transftrofthemainchromosomefbllows.Fig.3.1showsthebiologlCalwayof

transftrofbacterialDNAfromanHfr(male)celltoaftmalecell.Hfrcells,Which

haveF factor,tranSftrstrandsofchromosomesintoftmalecells as explained

above.ThentheftmalecellsacqulreCharacteristicsoftheHfrcellsandFfactor,

and finally changeinto Hfrcells.By these means,the characteristicsofone

bacteriumcanbespreadamongtheentirebacteriapopulation.Fig.3.2showsthe

DNAtransftrprocessofbacteria.Whenbacteriaarereproduced,SOmebacteriaare

mutated.ThebacteriawhichcanadapttheenvironmenttransftritsownDNAto

ftmalecellswithFfactor.ThentheftmalecellsbecometheHfrcells.Bythis
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transfer,mOre adaptablebacteriacan spreadtheirDNA strands amongthe

POPulation.

BacterlOPhagescarryacopyofthehostgeneacrossandincorporateitinto

thechromosomeoftheinftctedcell･Thisprocessiscalledtransduction･Bythe

transduction,itisalsopossibletospreadthecharacteristicsofaslnglebacterium

amongotherbacteria･Thesegeneticrecombinationhaveledtoamechanismof

microbialevolution[27]･Mutatedgenescanbetransftrredfromasinglebacterium

toothersandeffbctrapidevolution･
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FDNA

Hfr(male)cell

ゆ
Bacterial

Fpilus

Fig･3･lTransftrofBacterialDNAfromanHfrCelltoaFemaleCell
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H丘`(ma】e)001l

H丘(male)∝11

H舟(皿ale)α11

Fig.3.2 DNATransferenceProcessofBacteria
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3.3 ConventionalPBGA

T.Furuhashietal.haveintroducedthemechanismsofthebacterialgenetics

describedin3･2intoGA･Multiplebacteriaarereproducedandsomegenesofeach

chromosomearemutatedandtested.Thebestgenesarechosenandtransftrredto

otherbacteria.ThePBGAstreamiinesthismechanismintheextreme.

Fig･3･3showsthebasicflowoftheconventionalPBGA･

(1)Generationoftheinitialpopulation

nchrindividualsaregeneratedrandomly･Eachchromosomeisevaluated･

(2)Geneticoperators

The fbllowlnggenetic operations are applied toindividuals and new

populationsofchromosomesaregenerated‥

(i)MutationandSelectionofgenes

Supposethereareq,partSin achromosome･Onechromosome一一1一'is

chosenandthisisreproducedtomclones.Parti(iisrandomlydecided)ofm-1

clones are mutated.Each chromosomeis evaluated.The elite among m

chromosomesisselectedandtherestaJedeleted.Theaboveprocess-reprOduction,

mutation,eValuation,and selection-is repeated.Themutationis appliedto a

randomlychosenpart,eXCludingpreviouslychosenparts,andanewchromosome

‖1川is finally obtained･This genetic operationis applied to allthe nchr

Chromosomesonebyone.

Theaboveprocesscanbeinterpretedasfbllows:

AbacteriumisreproducedtomclonesandthesamepartSOftheirchromosomesare

mutated.Theelitebacteriumisselectedandtransferredtootherm-1bacteria,and
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infbriorpartsarereplacedwitheliteone･Thenotherpartsofthechromosomesare

mutated,eValuated,Selected,andtransftrred.Alltheelitepartsareaggregatedtoa

Chromosomeofonebacterium.BacteriaevoIveinthisway.

(ii)Selectionandreproductionofchromosomes

Theselectionandreproductionstepsareappliedtothechromosomes･Each

chromosomehasitsfitnessevaluatedthroughtheaboveoperations･Thosewith

lowerfitnessvaluesaredeleted.Somechromosomesrandomlychosenfromthe

remainlngChromosomesarereproduced･In fig･3･3,Chromosomek,is deleted,

sinceits fitness valueis theleast.The chromosomesi',j'are selected and

reproduced.

(iii)Crossover

Thecrossoveroperationisappliedtothenewlygeneratedchromosomesand

theoffsprlngSi′′,j"aregeneratedandevaluated･Thisisanoperationofthe

COnVentionalGAandisalsoefncientforimprovlngthechromosomes･

(3)Stoppingcondition

Ifastoppingconditionisnotsatis丘ed,gObackto(2)･Ifsatisned,StOP･The

stopplngCOnditionis,forexample,aCertainvalueoranumberofgenerations･

The abovegeneticalgorithmis emcientin thelocalimprovementof

chromosomes,Sincetheevolutioniscarriedoutonthelevelofchromosomalparts･
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t-th generation (t+1)-thgeneration

Fig.3.3 TheFlowoftheConventionalPBGA
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3.4 CombinationoftheDNA CodingMethod

and the PBGA

TheauthorhascombinedtheDNAcodingmethodwiththePBGA･The

PBGAapp]iesthemutationtoalltheseparatedpartSOfachromosome･However,

anyefftctivewayofseparationisnotshownin[24-26].Theauthorappliesthe

mutationofthePBGAtomeanlngfulparts･Thiscombinedmethodappliesthe

mutationofthePBGAtogeneseachofwhichcorrespondtoafuzzyrule･The

mutationofthePBGAisappliednottoal1partsorgenesinachromosomebutonly

tongenes.ThiscombinationoftheDNAcodingmethodwiththePBGAaccelerates

theknowledgediscoveryprocess.

Fromonechromosome,multiplebacteriaarereproduced,andthesamegene

ineachnewbornbacteriumismutated.ThebestgeneamOngthebacteriaischosen

andtransferredtootherbacteria.Inthisthesisthisoperationiscalled‖bacterial

OPeration".Fig.3.4showsanexampleofthebacterialoperationofthiscombined

method.Inthisngure,GENElischosenandreproducedtofburclones･Theclones

exceptonearemutated.Theeliteamongthemisselectedandtherestaredeleted･

Thisoperationisappliedtorandomlyselectedgenesofthechromosome,andtothe

Wholepopulationoneby one.Afterthisoperation,theconventionalselection,

reproduction,CrOSSOVer,andmutationoperationsareapplied･
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ACGGrrrGTGGCTAGGTCTTAGG

与Reproduction

Elite

ATGTACACCTGTCAATrACGGTAG

ATGT働CCTGTCAATT傲GTAG Mutated

ATGTACACCT(:壊CAATTCCGATAG Mutated

A層rACACCTGTCAATl潔CGCTAG Mutated

GENE2

Fig.3.4 AnExampleoftheBacteria10peration
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3.5 Conclusions

ThischapterdescribedPseudo-BacterialGA(PBGA).ThePBGAissimple

andveryefncientinimprovlnglocalportionsofchromosomes.Thebiologicalway

OftransftrofbacterialDNAwasshown.BacteriacantranSfbrtheirownDNAfrom

malecellstoftmalecellsthroughtransftrofFfactor.Newbacteriawhosepartsof

DNAaremutatedaretestedintheenvironment,andthebacteriawhichcanadapt

themselvestotheenvironmentcansurvive.Bytheseprocess,thecharaCteristicsof

moreadaptablebacteriacanbespreadamongtheentirebacteriapopulation･

TheauthorhascombinedtheDNAcodingmethodwiththisPBGA.This

COmbinationwasalsoshowninthischapter.TheconventionalPBGAhasapplied

themutationtoalloftheseparatedpartsofachromosome.However,anyefftctive

WayOfseparationisnotshown.TheauthorappliedthemutationofthePBGAto

geneseachofwhichcorrespondedtoafuzzyrule.Notallthepartsofchromosome

arethesubjecttothisoperation.ThiscombinationoftheDNAcodingmethodwith

thePBGAisexpectedtoacceleratetheknowledgediscoveryprocess.
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Chapter4

Applicationof

theDNA CodingMethod

4.1Introduction

This chapter,nrSt,describes the problem formulation for knowledge

discovery,WhichisadiscoveryofefftctivefuzzycontrolrulesuslngtheDNA

COdingmethod.Thesefuzzyrulesareusedtocontrolmobilerobotswhichplay

Chasingandavoidinglntheareasurroundedbywalls.Therobotwhichreachesor

avoidstheotherrobotreceivesmorepayoffsfromtheenvironment.Considering

these payoffs as fitness values,the genetic operations are applied to the

Chromosomes,andthefuzzyrulesareevoIved.Selectionofinputvariablesand

tunlngOfmembershipfunctionsaredone.

Thischapter,SeCOnd,describesthewayofdevelopmentfromtheDNA

Chromosometothefuzzyrules.Thecorrespondencebetweenaminoacidsandthe

ParameterSOffuzzyrulesisglVen.LikethebiologlCalprocess,64kindsofcodons

COrreSPOndto20kindsofaminoacids.Onegenewhichstartsfromastartcodon
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COrreSPOndsto onefuzzy rule.Eachfuzzy ruleis translatedfrom the DNA

Chromosomeaccordingtothetranslationru1e.

The concreteway of genetic operationsincludingvirus,enZyme,and

bacterialoperationsis also described･The payoffs fbr fitness values of the

ChromosomeareglVenfromtheenvironmentaccordingasthemovementsofeach

robothavingasetoffuzzyru1estranslatedfromtheDNAchromosomeareefftctive

OrnOt.Usingthesepayoffsofeachchromosome,Selectionandreproductionare

done.TheviruSandenzymeoperationsarecarriedoutbyinsertlnganddeletinga

PartOfachromosome.

4.2 Problem Formulationfor

KnowledgeDiscovery

Theefftctsofthenewmethodaredemonstratedthroughtheevolutionof

fuzzy rules･Fig･4･1shows the simulationconditionsofthe problemand the

COnStruCtionoftworobots.Twodifftrenttypesofmobilerobotsplaychasingand

avoidinglntheareaof2.33mwideand3mlongsurroundedbywa11s･Thereare

SeVeralfoodintheareafbrtheavoidingrobot,howevertheavoidingrobotcannot

recognlZethefbodinthearea･Theradiusofthechasingrobotis150mm,andthat

OftheavoidingrobotislOOmm.Thechasingrobothaseightultra-SOnicsensors

(SeVeninthefront,andoneintherear).Thesesensorscanmeasurethedistances

between obstacles and themselvesin the range of200mm to1700mm･The

measuredtimeisO.1secondsperasensor.Soitneedsaboutonesecondtomeasure

al1directions.Thereforethechasingrobotmustacqulreru1estocatchtheotherrobot
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avoidingcrashesintothewallsuslngthemeasuredvaluesonesecondbefbre･The

avoidingrobothas twelveinfraredsensors to see around･Thesesensors can

measurelimiteddistancelessthan350mm.Therefbretheavoidingrobotcannot

recognlZetheapproachingrobotuntiltheenemycomesneartoit･Theavoiding

robotmusthdfuzzyrulesnottobecaughtbymovlngquickly.Theserialnumber

of the front sensor of each robotis No.0.That of the next sensorin the

COunterClockwisesideisNo.1.EachrobothasaDNAchromosomecontainlngaSet

Offuzzy rules.The fuzzy rules steer and accelerate/deceleratethe robot to

Chase/avoidtheotherrobotandstayawayfromthewalls.

Therobotwhichreachesoravoidstheotherrobotandstaysawayfromthe

Wallsreceivesmorepayoffsfromtheenvironment.Consideringthesepayoffgas

ntnessvalues,thegeneticoperationsareappliedtotheDNAchromosomesofthe

robots,andthefuzzyrulesareevoIved.
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(a)SimulationConditions

3/′′′′/

Serial

6

ChasingRobot

6

AvoidingRobot

(b)TopofViewofRobots

Fig.4.1TheSimulationConditionsandtheConstructionofTwoRobots
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4.3 RepresentationofRules

Thecandidatesfbrtheinputvariablesofeachrobotarethedetectedvalues

OfsensorsDandthevelocltyOfarobotV,andthosefbrtheoutputvariablesarethe

Steenngangleu,andthevelocltyVTheDNAchromosomehasasetoffuzzyrules

Which are represented byIF-THEN rules.The chromosome determines

COmbinationsofinput/outputvariablesandmembershipfunctionsofeachfuzzy

rule.ThecentralpositionxcandthewidthGOfthemembershipfunctionsarealso

encodedintothechromosome.Thedetailwayoffuzzyinftrenceinthismethodis

Showninchapterl.

InthebiologlCalDNA,ageneStartSfromthestartcodonATG,andendsat

theendcodonTAA,TAG,OrTGA.Inthisthesis,agenealsostartsfromthestart

COdonATGwhichcorrespondstoIF.Theendcodonisnotdennitelydetermined.

A gene consists of the codons betweenIF codon and some relatedcodons

?uCCeedingtoTHENcodon.Whenthereisnoruleinachromosome,therobot

havingthatchromosomemovesonlystraightforward.Evenifthelengthsofallthe

ChrornOSOmeSinthe populationaretooshortto havearule,therobotsinthe

populationwillgetrulesbythegeneticoperationsi.e.crossover,mutation,andso

On.ReadingfromthetopoftheDNAchromosome,thetranslationtoafuzzyrule

StartSuPOn丘ndingthestartcodonATG.Asdescribedinchapter2,theoverlapsof

genesareallowedintheDNAchromosome.Afterreadingafuzzyrule,re-reading

isrestartedfromthesecondbaseoftheIF-COdonandanewIFcodonissought.

Fig.4.2showstheflowoftranslationfromtheDNAchromosomeintoafuzzyrule,

andTable4.1showsthecorrespondencebetweenaminoacidsandtheparameters

de丘nedinthissection.LikethebiologlCalprocess,64kindsofcodonscorrespond
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to20kindsofaminoacids･ThemeanlngOfeachaminoacidisdeterminedbyits

POSitioninthesequenceofaminoacids.Forexample,(1)WhenPheisinthenext

POSitionofthestartcodonATG,itsmeanlngisthattheinputvariableisthesensor･

(2)WhenTyrfb1lowsPhe,themeaningsofTyrbecomesthatthenumberof

SenSOrSis2･(3)Inthiscase,SuCCeedingtwoaminoacidsdeterminethesensorsto

be used･In the sameway,themeanlngOfaminoacidsin the sequenceare

determinedbythetranslationrulesinTablel･Fig･4･3showsanexampleofthe

DNAchromosomeandgenes(fuzzyrules).Inthisngure,thebasesarereadfrom

theheadoftheDNAchromosome,andifthestartcodonATGisfound,afuzzy

rulestartsfromthispart･Inthisexample,thenextcodonGCTisAlanine,and

Alanineheremeansthattheinputvariableissensor･ThesequenceofAlanine,

Serine,LeucinemeansthatthissensorisNo.Osensor(inputvariableisDo).The

nextpartofGlyclne,Cysteinedeterminesthefbrmofmembershipfunctions,the

Centralpositionxcandthewidtho,fbrtheinputDo･ThenextcodonGCCmakes

alsoAlanine,andthisAlanineheremeansANDofthefuzzyrule･Likethis,eaCh

aminoacidhasseveralmeanlngS,andonemeanlnglSSelectedbasedontheposition

inthegene･Inthisexample,GENE2inadditiontoGENEIcanbereadfromthe

DNAchromosome･TheaminoacidsforviruSandenzymeoperationsarede丘nedin

Subsection4.4.2.
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StartCodon

Parameter

(7)

Membership

Function

(4)(5)

Fig･4･2 TheFlowofTranslationfromtheDNAChromosomeintoaFuzzyRule
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Table4･1TheCorrespondencebetweenAminoAcidsandtheParameterS

Amino

(1)一(8)Cid
Pゐg エビ〃 JJg l旬J ゴビr Pr(】 乃r Ah りr 〃f∫ GJ〃 A川 わ･∫A甲 GJ〟 q,∫ 叫 A曙 GJγ

凪
InputParameter

Sensor *1 *2

(2)
Nll血ゎーofSensors

6 2 3 4

(3)
SerialNumberof

Sensor

0 3 9 2 10 n 田 4 8 5 7 6

(4)
Cel血alPositionor

MembershiDFuctionX

(5)
Wid也ofMemtxrship

Fl】Ction(7

(6)
ANDorTHEN

AND THEN

(7)
OutputParamete

SteerlngAngleu VelocityV 〟andV

(8)
VirusorEnzyme

Enzyme Vims

*1:Veloclty *2:ViruSOrEnzyme
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GENE2

Ala Ser Leu

ORO BIG芋エ‥T壬三己ENTURNRIGHT

Fig.4.3 AnExampleoftheDNAChromosorneandGenes
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4.4 GeneticOperations

4.4.1PayoffsforFitnessValues

For the genetic operations,Pluralrobots are needed.There are seven

Chasingrobotsandsevenavoidingrobotsinonegeneration･Eachrobot,either

Chasingoravoiding,1SteStedtwicebyrandomlychooslngltSOPPOnentSfromthe

SeVenCOunterPartS･EachrobothasinitialpayoffsEl.Eachtestendswheneitherof

thetwoconfrontlngrObotscrashesintothewall,thechasingrobotcatchesthe

Other,OraCertainamountoftimehaspassed･Thepayoffgfbr丘tnessvaluesofthe

ChromosomesareglVenaSfbllows:

Iftherobotcrashesintothewall,therobotlosespayoffgEv;

Ifthechasingrobotreachestheavoidingrobotwithinanxedtime,thechasing

robotreceivespayoffs&,COnVerSelytheavoidingrobotlosespayoffs&;

Ifthechasingrobotdoesnotreachtheavoidingrobotina丘xedtime,thechasing

robotlosespayofhEn;

Iftheavoidingrobotreachesthe払ods,theavoidingrobotgalnSPayOffsEfpera

丘)Od.

Afterthese tests are done,the
geneticoperationsare appliedto the

Chromosomesoftherobotsbyregardingthepayoffsoftherobotsastheir丘tness

Values･One chromosomeofchasingrobotwhichhas the smallestpayoffsis

deleted･TwochromosomeswhichareselectedfromtheremainlngSixrobotsare

reproduced,andone-POlntCrOSSOVerShowninsection2･3isappliedtothemto
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generateanewchromosomeforachasingrobot.Thechromosomeofavoiding

robotisnewlygeneratedinthesameway.Thereisnoconstraintonthecrossover

polntSaSdescribedinchapter2.Themutationoperatorisalsoappliedtothenewly

generatedchromosomes.Themutationoperationcanbedonesimplybychanglng

thebases.ThismutationisdonetoeachbaseatarateofPm.Thepayoffgofallthe

robotsareresetatElagaln.Afteranothersimulationlbrthenewgenerationisdone,

thegeneticoperationsareappliedagaln.Thesestepsarerepeated,andfuzzyrules

Whichcontroltherobotstochaseoravoidtheotherrobotandtostayawayfromthe

WallsareexpectedtobeevoIved.

4.4.2 VirusandEnzyme Operations

EachchromosomeismadetocontainviruSandenzymeru1es.Theflowof

translationfromtheDNA chromosometothesevirusandenzymerulesinthis

thesisisalsoshowninFig.4.2.ThetranslationrulesaredennedinTablel.Ifone

OfcodonsGG*whichmaketheaminoacidGlyisfbundintheDNAchromosome,

thenextcodondecidesthevirusorenzymerule.Thethirdand fburthcodons

determinethestartaminoacidandtheendaminoacidofthevirusorenzyme,

respectively.Ifmorethantworulesareinonechromosome,thefirstvirusor

enzymerulewillbeused.ThevirusiscopiedfromotherrandomlyselectedDNA

chromosome.A virus startsfromthestartaminoacidandends attheendamino

aciddeterminedbythevirusruleandmovesintothechromosome.ThecodonATG

mustbeincludedinbetweenthestartaminoacidandtheendaminoacid.Bythis

ViruSOperation,atleastonemoreru1eisaddedintotheDNAchromosome･

Anenzymecutsthepartofthechromosomebetweenthestartaminoacid
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andtheendaminoacid.ThecodonATGmustalsobeincludedinthispart.Ifthe

payoffsoftherobotbecomeslessinthenextgenerationcomparedwiththatinthe

previousgeneration,thechangedpartbytheviruSOrenZymeOPerationrestoredto

thepreviouspart･TheviruSOrenZymeOPerationontothepartwillt*PrOhibitedfbr

thefuturegenerations･ThechromosomeonwhichtheviruSOrenZymeOPeration

wasonceappliedhasimmunltyOfthatviruSOrenZymetOPreVentthesameviruSOr

enzymefromchanglngthechromosomeagaln･

4.4.3 BacterialOperation

ThissectiondescribesthecombinationoftheDNAcodingmethodandthe

PBGA･Thebacterialoperationisappliedtoeachchromosomeoneafteranother･In

chapter3,Fig･3･4showsthecasewherethebacterialoperationisappliedtoone

geneandthenumberoftheclonesarefour･Inthis thesis,thenumberofthegenes

andclonesaredefinedbytheparametersn,mandthisoperationisappliedas

bllows:

Fromachromosome,Onegeneisrandomlychosenandreproducedtomclones･To

them-1clones,themutationisappliedattherateofPmperabase･Howeverthat

meanspossibilityofdisappearanCeOfanimpedimentoruselessru1e･Eachcloneis

recombinedwiththerestofthechromosomeandevaluated.Theevaluationofeach

chromosomehavlngOneCloneisdoneinthesamewayasinsection4･3･

Eachofmclonesistestedonebyone･Theeliteamongmclonesisselectedandthe

rest are deleted･The above process:rePrOduction,mutation,eValuationand

selectionisrepeatedtorandomlyselectedngenesofthechromosome･Afterthis

bacterialoperationisdonetoallofthechromosomes,theconventionalgenetic
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Operationsdescribedinsection4.3areappliedtothepopulationofchromosomesby

regardingthepayoffsoftherobotsastheirntnessvalues･

4.5 Conclusions

Thischapterdescribedtheproblem丘)rmulationfbrdiscoveryofefftctive

fuzzycontrolrules･Thesefuzzyrulesare usedto controlmobilerobots･The

SimulationconditionsandtheconstruCtionoftworobotswhichplaychasingand

avoidingwere shown･The robotwhose movementwith a set offuzzyrules

translatedfromtheDNAchromosomeiseffectivereceivesmorepayoffgfromthe

environment.Consideringthesepayoffgasntnessvalues,thegeneticoperationsare

appliedtothechromosomes,andthefuzzyrulesareevoIved･Selectionofinput

VariablesandtunlngOfmembershipfunctionsaredone.

This chapteralso describedthe way of developmentfrom the DNA

Chromosometothefuzzyru1es.TheflowoftranslationfromtheDNAchromosome

andthecorrespondencebetweenaminoacidsandtheparameterSWeredenned･One

genewhichstartsfromastartcodoncorrespondstoonefuzzyru1e･Eachfuzzyrule

istranslatedfromtheDNAchromosomeaccordingtothetranslationruledennedin

thischapter.

The way ofgeneticoperationsincludingvirus,enZyme,and bacterial

Operationswasalsodescribedinthischapter･Thevirusandenzymeoperationsare

doneinthesimplewaybyinsertlnganddeletingapartofachromosome･The

bacterialoperationis carriedout throughthe process:reprOductionofgenes,
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mutationofgenes,eValuationandselectionofgenes.Afterthisbacterialoperationis

appliedtoallofthechromosomes,theconventionalgeneticoperationsareappliedto

thepopulationofchromosomesbyregardingthepayoffsoftherobotsastheir

ntnessvalues.
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Chapter5

Errectiveness or

the DNA CodingMethod

5.1Intmduction

Simulationsweredone,andtheefftctivenessoftheproposedDNAcoding

methodandthemechanismofdevelopmentfromtheartincialDNAwasexamined.

Thischapterdescribesthesimulationresults･Thevalueofeachparameterwasas

bllows:

ThelengthofeachinitialDNAchromosomewas500.ThepayoffsEl,Ew,EL･,E",

Em,EfWereO,20,50,20,20,5,reSpeCtively.Thoughtheseparameterswere

determinedafterseveraltrials,theefftctsofchanglngtheseparameterSWerelittle.

TheprobabilityofthemutationPmwasO.05.Thenumbersofgenesandclonesn,

mfbrthebacterialoperationwerel,6,reSpeCtively,1nthisthesis.Thechasing

robotwhichcouldnotreachtheavoidingrobotwithin30secondslostpayoffgEm.

Thegeneticoperationswereappliedtothechromosomesofchasingandavoiding

robotsfbrlOOgenerationsalternately.IfthegeneticoperationsareapPliedtoboth
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therobotssimultaneously,theenvironmentforeachrobotchangestoorapidlyto

adaptltSelf.

TheeffbctivenessofviruS,enZyme,andbacterialoperationswasalsotested

undertheconfrontationofthetwomobilerobots･Theefftctivenessofredundancy

andoverlapplngOfgenesrealizedbytheproposedmethodisalsoshowninthis

Chapter･TheredundancyandoverlapplngOfgenesworkwellsothatgenessurvive

farbeyondthelifttimeofindividuals･Someimprovementsofrobots-behavior

Observedinthesimulationswereexamined･AsmallchangeOfagenecouldcausea

drasticimprovementintheperformanCeOftherobots.

5･2 ViruSandEnzymeOperations

First,the effectivenessof the DNA coding method was examined･

Fig･5･1(a)shows the averagesof payoffs of7chasing robots unti15000th

generationandFig･5･1(b)showsthosevaluesobtainedduringthe3000-5000th

generation･Thesolidlineisthecase(i)wherethechasingrobotsusedtheproposed

COdingmethodandtheavoidingrobotsusedtheconventionalmethodin[25].The

dottedlineisthecase(ii)wherethechasingrobotsusedtheconventionalmethod

andtheavoidingrobotsusedtheproposedcodingmethod･Inboththecases,nO

Virus,enZyme,nOrbacterialoperationswereused･EachistheaverageinlOtrials･

Inatrial,thesimulationfromtheinitialgenerationtothe5000thgenerationwas

done･Sincethegeneticoperationswereappliedtothechromosomesofchasingand

avoidingrobotsfbrlOOgenerationsalternately,thepayoffsfluctuatedperiodically･

TheparameterSOfthegeneticoperationsoftheconventionalmethodweretunedand
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theresultinFig.5.1wasthebestamongobtained.This甫gureshowstheadvantage

Ofthenewcodingmethod.

Next,theefftctivenessofthevirusandenzymeoperationswasexamined.

Fig.5.2(a)(b)showstheaveragesofpayoffsof7chasingrobotsinlOtrials.The

SOlidlineistheresultofthecase(iii)wherethechasingrobotsusedthevirusand

enzymeoperatorsandtheavoidingrobotsusednovirus.norenzymeoperators.The

dottedlineisthatofthecase(iv)wherethechasingrobotsdidnotusetheviruSnOr

enzymeoperatorsandtheavoidingrobotsdid.In boththecases,nO bacterial

Operationwasused.Thevirusandenzymeoperationsworkedwell.
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5.3 RedundancyandOvedappingofGenes

TheauthorexaminedtheefftctivenessoftheredundancyandoverlapplngOf

genes･Fig･5･3(a)(b)showstheaveragesofpayoffsof7chasingrobotsinlOtrials･

Thesolidlineisthecase(v)wherethechasingrobotsusedtheproposedcoding

methodwithredundancyandoverlapplngOfgenesandtheavoidingrobotsdidnot･

Thedottedlineisthecase(vi)undertheconditionviceversa.Inthecaseofno

redundancyandoverlapplng,nOStartCOdonwasused.TheDNAchromosomewas

translatedfromits head.In both the cases,nO Virus,enZyme,nOr bacterial

OPerationswereused.This丘gureshowstheefftctivenessoftheproposedcoding

methodhavlngredundancyandoverlapplngOfgenes.ThealternatlngPeriodofthe

applicationofthegeneticoperationstothechromosomesofchasingandavoiding

robotswaschangedfromlOOto200,300,and500.Theresultsshowedthesame

effectivenessofthe redundancyand overlapplngOfgenes.The effectsofthe

redundancyandoverlapplngOfgeneswereinvestlgatedfurther.Fig･5･4showslift

timeofthegenessurvivedfbrmorethan300generationsinoneofthesimulations

inFig.5.3.Onegenecorrespondedtoafuzzycontrolru1ewhichhadtruthvalue

largerthanO･1inthe chasingor avoidingcontrol･Thehorizontalaxisis the

generation.Theverticalaxisisthetypeofgenes.ThehigherthedensltyOftheline,

themorethenumberofthegenesofsametypeinthepopulation･Fig･5･4(a)shows

aneXamPleofthecasewhere(A)thegenesorchromosomesusedtheDNAcoding

methodwith redundancyand overlappingofgenes.Fig･5･4(b)shows another

examPleofthecasewhere(B)noredundancynoroverlappingwasused･Thegenes

intheearlygenerationsdisappearedina shorttime,andthegenesinthelater

generationssurvivedforlongergenerations･Fig･5･5shows durationsofeach
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Chromosomewhileitwasunchanged.Fig.5.5(a)and(b)showthecases(A)and

(B),reSpeCtively.Thehorizontalaxisisthegenerationandtheverticalaxisisthe

Serialnumberofchromosomes.FromFig.5.5(a),itisknbwnthatthedurationsof

ChromosomeswereshorterthanthelonglivedgenesinFig.5.4(a).Somegenesin

Fig.5.4(a)survivedforthousandsofgenerations.Thechromosomesdidnotlive

longerthanonethousandgenerations.Thedisappearanceofchromosomesdidnot

meanthedisappearanceofgenes.ItisalsointerestlngtOnOtethatmanygeneswere

activatedagalnafterlonglnaCtivetime.ThesegeneswerekeptlnChromosomes,

eventhoughtheydidnotwork.Fig.5.4(b)andFig.5.5(b)showadifferentstory.

From the early generations,SOme geneSlived for a verylong time.The

Chromosomesinthiscasealsolivedverylongerthaninthecase(A).Thedeletion

OfthechromosomesmeantthedisappearanCeOfthegenes.Theinredundantcoding

inthiscaseworkedagalnStquickgenerationofefftctivesetsofgenes.Theaverage

numbersofthegeneswhichlivedfbrmorethan300generationswere588inthe

CaSe(A),236inthecase(B),reSPeCtively.EachwastheaverageinlOtrials.Inthe

CaSe(B),it was difficult to generate new chromosomes which had better

COmbinationsofchromosomesandwereabletoovercometheexistlngOneS.Thus,

most of the genes other than those shownin Fig.5.4(b)were shortlived.

Fig.5.6(a)(b)(C)(d)showexamplesofgenesinaDNAchromosomeatthe300th,

1000th,2500th,and5000th generations,reSPeCtively.The robot havlng the

Chromosomereceivedthehighestpayoffgatthegeneration.Theblackpartsarethe

genes,i.e.fuzzycontrolrules,WhichhadtruthvalueslargerthanO.1inthechasing

OraVOidingcontrol.InFig.5.6(a),mOStOfthegenesespeciallytheoverlapping

geneswerenotusedyet.InFig.5.6(b),thoughsomeoftheoverlappinggeneswere

used,mOStOfthegeneswerenotused.InFig.5.6(C),thelengthofthechromosome
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becameverylong,andmanyoverlappinggeneswereused.InFig.5.6(d),uSeless

ruleshadbeencutout,andthelengthofthechromosomebecameshort.Fig.5.7

Showstheaveragesof(a)thenumberofthegenes,(b)thenumberofthegenes

WhichhadtruthvalueslargerthanO.1,(C)thenumberoftheoverlappedgenesinthe

Chromosomes.Thisistheaveragein30trials.Thisngureshowsthesimi1arreSults

ShowninFig.5.6.
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Fig.5.4 LiftTimeofGenes
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SERIALNUMBEROFCHROMOSOMES

(a)RedundancyandOverlapping

,喜≡
SERIALNUMBEROFCHROMOSOMES

(b)NoRedundancynorOverlapping

Fig.5.5 DurationsofEachChromosome
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Fig･5･7TheNumberofGenesintheChromosonleS(30Trials)
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5.4 ExamplesoftheRobotBehavior

Anexampleofevolutionofcontrolrulesofchasingandavoidingrobotsis

ShowninFig.5.8.Fig.5.8(a)showstheinitialpositionanddirectionofthechasing

robotandtheavoidingrobot.Fig.5.8(b),(C),(d),(e)and(f)showsanexampleof

each movementat the300th,400th,500th,2300th,and5000th generation,

respectively.In Fig.5.8(b),the avoidingrobot turned right at first and went

Straight.Thechasingrobotonlywentstraightandreachedtheavoidingrobot･In

Fig.5.8(C),theavoidingrobotwentstraightandthechasingrobotcrashedintothe

wa11.In Fig.5.8(d),the chasingrobotturnedrightat first,Went Straight,and

reachedthe avoidingrobot.In Fig.5.8(e),eaCh movementwasbecamealittle

COmplex･Thechasingrobotmovedaroundintheupperleftarea,andtheavoiding

robotdrewarhombus.Fortheavoidingrobot,therhombicmovementwasableto

getmuchfood,butitwasdangeroustobecaughtbythechasingrobot･Fig･5･8(f)

WaSthecasewheretheavoidingrobotacquiredveryefftctiverules.Theavoiding

robotwas runnlngalongthewalls･Thechasingrobotcouldmeasureonlythe

distanceuslngtheultra-SOnicsensors･Therefore,theavoidingrobothad,SOtO

Speak,PrOteCtivecolonng･Theavoidingrobotcouldavoidthechasingrobot丘)r30

SeCOnds.ThefbllowlngSaretheexamplesoftheacquiredrulesoftheavoiding

robot.Theseweretherulesmainlyusedtorunalongthewalls.Themembership

functionsdeterminedby the centralpositionxc and the widthGin the DNA

Chromosomearelabeledfbrclanty.
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IFDoisMediumANDD2isMediumANDDlisFarANDDllisMedium

THENuisVerySmallLeft,VisMediumSmall

IFDlisMediumANDDoisMediumANDDllisMedium

THENuisZERO,VisMediumBig

IFD3isNearANDDoisFar THENuisSmallRight

IFDoisNear THENuisMediumRight

Theseru1esareuSedtogoalongthewa11sontheleft-handside.Inthiscase,

theavoidingrobotacquiredveryeffectiverules･Inothercases,thechasingrobot

acquiredeffectiverules･Forexample,thechasingrobotsran alongthewalls

lookingfbrtheavoidingrobots･
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AvoidingRobot

O

1
ChaslngRobot

(a)TheInitialPositionandDirection

Fig.5.8 MovementsofEachRobot
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(b)The300thGeneration

(c)The400thGeneration (d)The500thGeneration

Fig.5.8 MovementsofEachRobot
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(e)The2300thGeneration

Fig.5.8 MovementsofEachRobot
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(f)The5000thGeneration

Fig.5.8 MovementsofEachRobot
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5.5 BacterialOperation

Lastly,theauthorexaminedtheefftctivenessofthebacterialoperation.

Fig.5.9(a)shows the averages of payoffs of7 chasing robots unti16000th

generationandFig.5.9(b)showsthoseduringthe3000-6000thgeneration.The

SOlidlinewasthecase(Vii)wherethechasingrobotsusedtheDNAcodingmethod

andthebacterialoperationandtheavoidingrobotsusedonlytheDNAcoding

method.Thedottedlinewasthecase(Viii)undertheconditionviceversa.The

alternatlngperiodoftheapplicationofthegeneticoperationstothechromosomesof

Chasingandavoidingrobotswas120.Tomaketheevolutionalopportunltyequal,

Onegenerationofthebacterialoperationwasconvertedtonxm=6generationsin

Fig.5.9.Thebacterialoperationalsoworkedwell.Theparameters(n,m)were

Changedfrom(l,6)to(2,3),(1,4),(2,2),(1,8),and(2,4).Theresultsshowed

thesameefftctivenessofthebacterialoperation.

Thisthesisstudiedtheefftctsofchangesofgenesbythebacterialoperation.

Fig.5.10(a)(b)andFig.5.11(a)(b)show examplesofthe changesin genes and

movementsofrobotsat(a)the500thand(b)the2000thgenerations,reSpeCtively.In

Fig.5.10(a),thebacterialoperationwasappliedtoGENE2andthreebaseswere

Changedbythisoperation.Asaresult,theaminoacidswerechangedfromThr,

Gly,and SertoLys,Asp,and Thr,reSpeCtively.TheoverlapplngGENElon

GENE2wasalsochangedbythisoperation.Twofuzzyruleswerechangedas

fbllows:
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IFDoisMediumANDDlOisVeryNearTHENuisMediumRight,VisSmal1

--》》IFDoisMedium
THENVisVerySmall

IFD2andDlisMediumANDD6isNearANDDllisNearTHENuisLeft

--》》IFD6isNearANDDllisNear THENuisLeft

Befbrethesechanges,thechasingrobotwasturnedrightbythefirstru1e

andcrashedintothewallatthepointAintheFig.5.11(a).Thesecondru1edidnot

nrebefbrethechange･Bythechange,the丘rstrulehadnosteerlngCOrrmanduin

theconsequentandthesecondru1e丘red･Asaresult,thechasingrobotturnedleftat

thepolntAandavoidedcrashinglntOthewall･InGENEl,Sincethechangeof

aminoacidfromThrtoLyschangedANDintoTHENinthefuzzyru1e,thelength

Ofthe丘rstru1ebecameshorter.

Atthe2000thgeneration,GENElandtheoverlapplngGENE20nGENEIwere

alsochangedasshowninFig･5･10(b)･Thefuzzyru1esaffectedbythisoperation

WereaSfo1lows:

IFD3isVeryNear THENVisSmal1

IFDoisMedium THENuisLe氏

Thechangeswerethewidthofmembershipfunctionintheconsequentpart

Ofthe firstruleand the positionofthatofthe secondrule･Thoughthese

modificationswerealittle,themovementofthechasingrobotwasdrastically
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Changedanditcouldreachtheavoidingrobot.ThecodonAGGwaschangedinto

AGA,buttheaminoacidcorrespondingtothesecodonswasnotchanged･The

ChangeofaminoacidfromAsntoLysdidnotchangetheparametersinthatrule.

ThechangefromGlytoArgJuStChangedthemembershipfunctionsalittle.
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GENE2
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(a)The500thGeneration
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(b)The2000thGeneration

Fig･5･10ExamplesofChangesinGenesbytheBacterialOperation
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(a)The500thGeneration

(b)The2000thGeneration

Fig･5･11ExamplesofChangesofMovementsbytheBacterialOperation
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5.6 Conclusions

UsingtheDNAcodingmethodanditscombinedmethodwiththePBGA,

Simulationsweredone･TheefftctivenessoftheproposedDNAcodingmethodand

themechanismofdevelopmentfromtheJarti丘cialDNAwasshown.

TheeffbctivenessofthismethodwasshownbycomparlngltSPerformanCe

Withthatoftheconventionalcodingmethodoffuzzyrules･Thiscomparisonwas

donethroughcompetitionofchasingandavoidingmobilerobots･Onerobothadthe

PrOPOSedmethodandtheotherhadtheconventionalmethod.Theevaluationwas

thepayoffswhichthechasingoravoidingrobotscouldobtain･Theefftctivenessof

Virus,enZyme,and bacterialoperationswas also examinedunder the same

Simulationconditions･Theefftctsofchangesofgenes(fuzzyru1es)bythebacterial

OPerationwerealsostudiedinthischapter･Thesmallchangeofagenecouldcause

a drasticimprovementin the performanceof robots-The effectivenessof

redundancyand overlapplngOfgenesrealizedby the proposedmethodwas

examinedindetails･TheredundancyandoverlapplngOfgenesworkedwellsothat

genessurvivedfarbeyondthelifttimeofindividuals･TheDNAcodingmethod

havlngtheftaturesoftheredundancyandoverlapplngOfgenesissuitablefor

discoveryoffuzzycontrolru1es･
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Chapter6

SummaⅣ

6.1SummaⅣOftheThesis

Anewcodingmethod丘)rGAbasedonthebiologlCalDNA,CalledtheDNA

COdingmethod,andamechanismofdevelopmentfromtheartincialDNAhavebeen

proposedin this thesis.The DNA coding method and the mechanism of

developmentfromthearti丘cialDNAareSuitablefbrknowledgerepresentation.One

OftheftaturesofthismethodisthatthelengthoftheproposedDNAchromosome

is variableanditis easytoinsertanddeleteparts ofchromosomes.By these

ftatures,Variousoperationsincludingvirusandenzymeoperationscanbeapplied

easilywithnoconstraint.Anotherftatureoftheproposedcodingmethodisthatthis

methodhasredundancyandoverlapplngOfgenes,andthisnexiblecodingworks

Wellsothatgenessurvivefarbeyondthelifttimeofindividuals.Thismethodwas

COmbinedwiththePBGA.ThiscombinationoftheDNAcodingmethodwiththe

PBGA acceleratesthe knowledge discovery process.The summarizedresults

ObtainedinthisthesisareaSfb1lows:

Inchapter2,theflowofdevelopmentfromtheDNAchromosome,the
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geneticoperationsincludingviruSandenzymeoperations,andtheftaturesofthe

DNAcodingmethodweredescribed･Thenewcodingmethodusesthefburbases

OfDNA,andthewayofdevelopmentfromDNAtoasetoffuzzyru1esisasimple

analogyofdevelopmentofbiologlCalDNA･TheDNAchromosomehasmany

redundantparts,and allows overlappedrepresentationof genes･This DNA

ChromosomecompressesinfbrmationbytheoverlapplngOfgenes･Lengthofthe

DNAchromosomeisvariable,andithasnoconstraintongeneticoperations･The

ViruSandenzymeoperationsalsohavenodi伍cultytoapplybecauseitiseasyto

insertanddeletestrandsofstrlngSfromtheDNAchromosomes･

Inchapter3,theDNAcodingmethodwascombinedwiththePBGA･The

biologicalbacteriacantranSftritsownDNAfrommalecellstoftmalecellsthrough

transferof F factor･New bacteriawhose parts of DNA are mutatedwhen

reproductionhasoccurredareteStedintheenvironment,andthebacteriawhichcan

adaptthemselvesto the environmentbestcan survive･By theseprocess,the

Characteristicsofmoreadaptablebacteriacanbespreadamongtheentirebacteria

POPulation･ThePBGAutilizesmechanismsofgeneticrecombinationinbacterial

genetics･ThePBGAissimpleandveryefficientinimprovlnglocalportionsof

Chromosomes･Genesarereproducedandtested,andtheelitegenesaretranSftrred

tothechromosomes･ThePBGAcanbecombinedwiththeDNAcodingmethod

easilyandacceleratestheknowledgediscoveryprocess･

Chapter4describedtheproblemfbrmulationforknowledgediscovery,

WhichwasadiscoveryofeffectivefuzzycontrolrulesuslngtheDNAcoding

method･Theconcretewaysofgeneticoperationsincludingvirus,enZyme,and

bacterialoperationswerealsopresented･Thesefuzzyrulesareusedtocontrol

mobilerobots･ThesimulationconditionsandtheperfbrmanCeOftworobotswhich
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Playchasingandavoidingweredescribedinthischapter.Therobotwhichperfbrms

Wellwith a set of fuzzy rules receives more payoffsfrom the environment.

Consideringthesepayoffgasntnessvalues,thegeneticoperationsareappliedtothe

Chromosomes,andthefuzzyrulesareevoIved.Thischapterdefinedtheflowof

translationfromthe DNA chromosomeandthecorrespondencebetweenamino

acidsandtheparameters.Onegenewhichstartsfromastartcodoncorrespondsto

Onefuzzyrule.TheviruSandenzymeoperationsareappliedinthesimplewayby

insertlngOrdeletingapartofachromosome.Thebacterialoperationisalsoapplied

to fuzzy rules.Afterthis bacterialoperationto allofthe chromosomes,the

COnVentionalgeneticoperationsareappliedtothepopulationofchromosomesby

regardingthepayoffgoftherobotsastheirntnessvalues.

Chapter5showedtheefftctivenessoftheproposedDNAcodingmethod

and the genetic operations describedin the previous chapter.Simulationsof

COmPetitionsbetweenthechasingrobotsandtheavoidingrobotsweredone.The

efftctivenessofthismethodandthevirus,enZyme,andbacterialoperationswas

Shown.Theperfbrmanceofthismethodandtheseoperationsshowedbetterresult

thanthatoftheconventionalmethodandthosewithouttheseoperations.Theefftcts

Ofchangesofgenesbythebacterialoperationwerestudiedinthischapter.The

Smallchangeofagenecouldcauseadrasticimprovementintheperfbrmanceof

robots.TheeffectivenessofredundancyandoverlapplngOfgenesrealizedbythe

proposedmethodwasalsoshowninthischapter.Theredundancyandoverlapplng

ofgenesworkedふellsothatgenessurvivefarbeyondthelifttimeofindividuals.

Theresultsshowedthatdurationsofchromosomeswereshorterthanlonglived

genes.Thedisappearanceofchromosomesdid not meanthedisappearanceof

genes.Forthermore,manygeneSWereaCtivatedagalnafterlonglnaCtivetime.

ー 84 -



Chapter6.Summary

ThesegeneswerekeptlnChromosomes,eVenthoughtheydidnotwork.

6.2 FutuI℃OutlookoftheStudy

We,human beings,have DNA.In the realworld,Various creatures,

includingus,haveevoIvedthroughverylonghistoryofchangeofbiologlCalDNA.

DNA chromosome has amazlng meChanisms of adaptability to varylng

environment.InthisthesistheDNAcodingmethodisappliedtothediscoveryof

fuzzycontrolrules.However,therearetremendouspossibilitiesofmakinggood

useofitsnexibilitynotonlyfbroptlmizationbutalsoR)rdiscoveryofknowledge

representation,andsobrth.

TheartincialDNAchromosomeinthispaperconsistsoffburbases.This

numberis not necessarilylimitedto the naturalfour bases.AnalysIS On the

appropnatenumberofbasesbrtheartincialDNAshouldbedone.

ThewayofdevelopmentfromtheDNAchromosometofuzzyrules,andthe

COrreSpOndencebetweenaminoacidsandtheparametersofthefuzzyrulesglVenin

this thesis are the first trials of the author.In the future,this development

mechanismtofuzzyrulesshouldbereexaminedandtheoreticalpathsshouldbe

Cultivated.

Therearevariousgapsbetweenthesimulatedrobotsandtherealworld

robots.ItistimeconsumlngtOmaketherobotsevoIveuslngtherealmobilerobots.

Combinationofsimulationsandexperimentsshouldbestudiedandsomee用cient

WayStOeVOIvethecontrolrulesinrealtimeshouldbedevised･

Infuture,aframework丘)reVOIvablehardwareaswellassoftwareShould
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beestablishedanditistherealgoalofthisresearch.
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