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Itiswellknownthatastockindexofamarketport－  

folio，SuChasTOPIX，S＆P500etc．，isameasureof  

theperformanCeOfahypotheticalbasketofstocks．In  

recent，it ha5becomeverypopularin theinvestment  

industrytodesignportfoliosoranindexfundwitha  

SeCuritiesthatcloselytrackvisibleindices．  

Inthisstudy，WeCOnSiderthetraditionalassetalloca－  

tionofMarkowitztypeanddevelopanefBcientmethod  

ba5edonGA（GeneticAlgorithm）fordesigninganin－  

dexfund．TheGAisknownoneofthemostpowerfu1  

tooIsforsoIvinghardconstrainedcombinatorialprob－  

lemssuchasKanpSaCkProblem，Trave11ingSalesman  

Problem，PortfolioSelectionProblem，etC．Theprob－  

lemofminimlZlngthetrackingerrorundertheglVen  

number of securitiesin theindexfundis a combina－  

torialproblem，Whichisformulatedas quadraticpro－  

grammingproblem with O－1variables【1ト Sinceitis  

Verydi伍cult to soIvein practice，We PrOpOSeanefi－  

icientalgorithm・Next，Wediscussthee侃ciencyofthe  

algorithm by utilizing theJapaneSeindex NIⅨⅨEI  
p 

225anddemonstrateseveralmodificat．ionsofthebasic  

geneticproceduresincludinganew飢nessandmuta－  
tion rate．  
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私＝∑叫彗（月m＝∑瑚彗）：  
；＝1 i＝l  

randomreturnofn（m）portfolios  

aij＝VarianCe－COVarianCematriⅩOfsecurityiandj・  

Wi：fractionofinvestor’swealthinvestedinsecurityi．  

Xi：Weightofsecurityi（i＝1，2，．．．，n）   

This problem is a qudratic programming problem 

WithO－1variables・Howeverthisoptimizationprob－  

lemis very dimcult to soIve，Sinceit belongs to the  

Cla5SOfNP（non－pOlynomial）completeproblems，eVen  

ifthevalues of＝iaregiven．TheGA approachwi11  

bedescribedinthenextsectionforsoIvingtheabove  

roblem．  
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SO：Cromoso・merepreSentatiom  

binaryrepresentationoflength＝n   

（1：Selectedseccurity，0：nOn－Selectedseurity）   

Sl：Gemerateam五mi七ialpopuAaton   

Produce popsize Chromosomes vた（k ＝1，2，‥．，   

popgiz亡）randomly．   

S2：Repea屯  

S2－1：Evaluate臨tness ofeachindividual  

丘t．nessfunctionis denoted as fb1lows：  

1  1  

2 MC…コさE］L  

Weareparticularyinterestedin払rmlnganindex－  

1ike m security portfolio Rm of the n original  

SeCurities（n＞m）inthemean－VarianCeframeWOrkof  

Markowitz，Satisfyingthetraditonalcriterionthatthe  

trackingerrorE（Rn－Rm）2isminimized．ItisvariSed  

thattrackingerrorbetweenportbliosRnandRmis   

β（私一月m）2＝Ⅴαr（軋一月m）＋（且（月n卜且（月m））2．   

Letyi（i＝1，2，．．．，n）beaO－1variabledefinedas  
α＊十T＋（1－α）＊  
r＋1■、‾ “′■ （c－βeJecf）2＋1  
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iftheithsecurityisnotincludedinRm  

iftheithsecurityisincludedinRm．  

Then theproblemtominimizetrackingerrorcanbe  
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α‥Weight，C：numbersof’1’inthestring．  

S2－2‥Selection（RouletteSelectionmethod）  

Let（Il，I2，・・・，IN）besetofpopulation．Se－  

lectsolutionIiaS aparent Stringaccording  

toselectionprobabilityP（Ii）．  

generation rorl）eStfitness＝971  

ChromrormaximurnRtnessis［0011000000100000  

1000010110000010100100100100001000000100000り  
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f（・）is丘tnessvalueoftheslutionI．  

S2－3：Crossover  

Two－pOintcrossover   

S2－4：Mutation  

Invert each bitin the solution with a smal1  

probability．  

Fig3．n＝225，m＝30（Globaloptimais unkn0wn）  

bestfitness＝0．938751   

generation forbestfitness＝1540  

Chromformaximum6tnessis【010000010000100100010100000  

000000000000000000011010000000000010001100000000000000   

100000000000000000000000001010010000000000001000000000   

000000000000000000100010100000101010110000000000000001  

0100000010000000000110000000000000000J  
4 A NUNIERICAL EXAn/IPLE 

Wetestnumericalexamplesincasesof（n＝14，m＝7），  

（n＝60，m＝15）and realcase（n＝225，m＝30）by using  

NIKKEI225（1984－1988）fordiscussingtheefBciency  

OfproposedGA．Incaseof（n＝14，m＝7），GAresultis  

COmparedwithknownoptimalsolution．  

5 CONCLUDING REMARKS   

In this research，We developedanefBcient GA to  

design anindex fund with a glVen number of secu－  

rities that minimizes the tracking error between the  

benchmark portfolioand theindex fund．The pro－  

posedmethodcanfindthesolutions as optimalorat  

least sub－Optimal．Many problems areleft】brfuture  

research．In particular，itis necessary more theoret－  

icalanalysis，Simplification ofoperator andsettingof  

parameterforbetterGAconvergency．   
Figl・n＝14，m＝7（Globaloptimaisknown）  

best伝tness＝0．663826  

generationforbestfitness＝38  

chromfbrmaximum丘tnessis［00111001001iol】  
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Fig2・n＝60，m＝15（Globaloptimaisunknown）  

best伝tness＝0．919908  
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