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AbStract 

Eightsetsoftime-series(mainlyproduction)statisticshavebeenassembled,coveringthe 
lateeighteenthandtheHrsthalfofthenineteenthcenturiesinJapanManyofthedata 
indicateaclearincreaseduringthel790s-1820s,fbUowedbyaperiodofeitherstableor 

slightlyupwardmovementsuntilthemiddleofthenineteenthcentmy・Togetherwiththe
nowwidelyacceptedknowledgethatpopulationwasstagnantinthesameperiod，theabove 
observationislooselyconsistentwitharevisionistviewthatthestandardoflivingintheearly 
modernJapanmoderatelyimproved． 

Ｉ 

ThereisarevisionistviewthatthestandardoflivmgmJapanimprovedduring 

theTokugawaEra（seeHanleyl983,1986,1987andYasubal986lBehindthis 
view,supportedbyvanoussocialphenomenasuchasthespreadofeducationandof 

newlifbstyles,istheconvictionthattheaveragelevelofper-capitarealmcomemoved 

S1owlyupwardovertheperiod,asevidencedbysocio-economicindicatorssｕｃｈａｓ： 

（１）Astablepopulation,whichrCachedasaturationpointataroundl700and 
remamedatthatlevelfbrthefbllowingl50yearsorsｏ（Saito1985,pl85)； 

（２）Practicallynoexpansionofarableland,butclearsignsofimprovementin 
averagericeyieldperunitland(ibjdL）； 

（３）Thespreadofnon-riceproducingactivitiesincludmgcashcropsandnon-
agriculmralproduction；ａｎｄ 

（４）Adecliningrelativetaxburdenonthepopulace（Miyamotol989,ｐ75)． 
Thisofcoursemeantnotonlythattheeconomlcsurplusincreased,butalsothat 

agreaterproportionoｆｔｈｅｓｕｒｐｌｕｓｒＥｍａｉｎｅｄｉｎｔｈｅｈａｎｄｓｏｆｔｈｅｃｏｍｍｏｎｅｒＳ，ｉ､ｅ､， 

fammers,artisansandmerchants・

Theimprovementin塵alper-capitamcomeandthusmthestandardofliving

createdagrowmgeffectivedemandevenunderaconstantpopulation、Buttheimpo壬

tationofmemhandisewasvirtuallynegligibleunderthepoUcyofseclusion(suzkokzJ)， 
especiaUyafterl750orthemabout,andtheriseindemandfbrgoodsandserviceshad 

tobemetbyanincreaseindomesticsupply・Ｔｈｅｒｅsponsetothisneedbyproductive
agentsmusthavebeenreasonablygood,ｓｉｎｃｅｏｎｅｄｅｔｅｃｔｓｏｎｌｙａｍｎｄｒｉｓｅｉｎｇeneral 

pricelevelsovertheperiodｏｆ(say）175D1850untUtherapidinflationwhichsetin 
towardｔｈｅｖｅｒｙｅｎｄｏｆｔｈｅｒｅｇｉｍｅ． 
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ＮＣ⑪AgrarianProductionamdCapitalFOrmationinPrc-ModemJapan 

Ｎｏｗ,ifaneconomyoperatesoverthelongrunwithitseconomicresourcesfnlly 
utilised,theexpansionofoutputrequiresanincreaseinfactorsofproductionand/or 
theintroductionofnewmethodsofproduction（sometimescalledtechnological 
progress)．SincewearereasonablycertainthatduringthelatterhalfoftheToku‐ 
gawaeratherewaslittlechangeinthesizeofthepopulation,andthattheinfluxof 
newtechnologyfiPomabroadwasalmostnon-existentduetotheseclusionpolicy，it 
fbllowsthattherequiredexpansioninproductionftlcilitiescouldnothavetakenplace 
withoutdomesticcapitalfbrmation,andthattheincreaseinphysicalfacilitiesmust 
havebeenfInancedbyamatchingriseindomesticsavings，whichwereavailable 
thankstotheincreasingeconomicsurplus， 

Ｔｈｅquestion，then，becomessimply：howmuchcapitalwasfbrmed，during 
whichperiod,andinwhichindustry？ 

Ofcourse,ｔｈｅｑｕｉｃｋａｎｄｈｏｎｅｓｔａｎｓｗｅｒｔｏｔｈｉｓｑueryis“ｗｅｄｏｎｏｔｋｎｏｗ.,,Eco-
nomichistoriansinteresteｄｉｎｔｈｅＴｏｋｕｇａｗａｅｒａｈａｖｅｂｅｅｎｈａｕｎｔedbythesheer 
shortageofbasic,quantitativedata、Eventhemagnitudeoftotalagriculturaloutput
cannotbedetenninedfbrcertainlbrthisperiod:agreatdifHcultyconsideringitwas 
dominatedbytheprimarysector、Ｎｏｗｏｎｄｅｒｗｅｋｎｏｗｌｉｔｔｌｅａｂｏｕｔｔｈｅｑｕantitative
weightsofnon-agriculturalactivities， 

ThesedifTicultiesnotwithstanding,wecanstillattempttomakeabold,educated 
guess・ThefbUowingsectionswillattemptjustsuchatask．

IＩ 

Therearenosystematicrecordswhatsoeverofcapitalfbrmationduringthe 
Tokugawaera・Butonemaystillgathersomeinfbnnationonnon-primaryproduc‐
tion,althoughitisoftenquitemicromnature,fmgmentary,andscattercdoverwide 
geographicalareas．、espitetheshortcomings,ｉｔｍａｙｓｔｉｌｌｂepossibletoutilisethe

dataanddelineateperiodswhencapitalfbrmationwasbriskandproductivecapacities 

FigurelLogOutputinTanba(ｉｎ１，OOOjo） 
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Figure2CharcoalOutputamdSalesinmShuDomain(、1,000tawara）
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sCuにe：ZenkokuNemyOKaikan（1960)，ｐｐ､296-300．
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ValuesfbrI807-O8andlO-l6includelinear 

Figure3AnnualCopperOutputatBesshiMines（ｍ1,000ｋｇ） 
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Sourcc：SumitomoKinzokuK6zan（1991),AppcndixVolumc,ｐｐ､225-29. 

1900 

expandingfromthosewhenitwasrelativelyinactiveandeconomicdevelopment 
relativelyslow・

Thebalanceofthepresentessayservesthreepurposes・First，itattemptsto
coUectrepresentativestatisticalinfbImationonthenon-prlmaryoutputsmthelatter 
halfoftheTokugawaera・Second,iｔｓｐeculates,onthebasisofthatmfbrmation,on
themagnitudeoLandt1℃ndsin,thecapitalfbrmation,inthesaidperiodFmally,it 
reflectsonthechangingnatureofinvestmentastheeconomymovedawayfiom 
proto-tofilU-scaleindustrialisation・

Ascorematerialsfbrthisanalysis,Ｉｈａｖｅｕｓｅｄｔｈｅｆｂｌlowmgeighttimesenes 
statisticswhicharereadilyavailablefrompublication（seeFiguresl-10)： 
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Figurc4PigIronOutputinNanbuDomain(ｉｎ1,000ｋ日､）
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Figure50utputlndicesofCotmnclothes（1850＝100） 

ＭＯＯ 

1200 

100.0 

llRcgioI1s 80, 

３Regions 

600 

400 

ZＯＯ 

0 

１７９０１８１０１８３０１８５０l870 

Source：Ａｂｅ（1988),ｐｐ､79-83． 

(a）logproductionmKyoto（FUjita,1973;seeFigurel)， 
(b）charcoalproductioninKj3h画（nowinWakayamaPrefbcture）（Zenkoku

NenryOKaikan,1960;Figure2)， 
(c）thecopperoutputattheSumitomoHouseinBes5hi（nowmEhimePrefec‐ 
ｔｕ1℃）（SumitomoKinzoku,1991;Figure3)， 

(d）traditionalironmakingm1Vmzb虹（nowinAomoriPrefecture)，whichis
renownfbritscastironproductsfbrdomesticusesuchasagriculturaltoolsand 

cookingutensils（Mori,1983;Figure4)， 
(e）cottonweavmgmelevendistricts（Abe,1988;Figure5)， 
(０mdigoproductionintheTbk皿sﾉｾimaregion(Amano,１９８６andlzumi,1989；

Figure6)， 
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Figure61ndigoOutputintheYoshino-gawaPlaim(ｉｎ１，OOOtawam） 
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Source8Izumi（1989),ｐ223．Reportedvalues（shownbysquarcs)havebeenlmeaT1yintcIpolatcd． 

Figure7SoySauceOutpmtatTatguno（incho） 
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Source：Hasegawa（1993),ｐ・gLMissingvalueshavcbccnlinearlyinterpolatcd．

（９）soysaucebrewingmlVbdz（nowinChibaPrefbcture）andinTmHzJ"ｏ(now 
mHyOgoPrefbcmre）（Tanimoto,１９９０[notshowninthefIgures］andHase‐ 
gawa,1993;Figure7),ａｎｄ 

（h）coastalshippingonthewestsideoftheHonshtiisland（Omura,1992,Takei， 
1972,andUemura,1989;Figures8-10)． 

Uponcloseexaminationsofeachofthesetimeseriesdata，oneobservesthe 
fbUowing・

First,theeightsetsofdatamaybeclassifiedmtotwogroups:namely,(i)mdus‐ 
trieswithstableoutputlevelsoverafairlylongperiod,stretchingfromthelateeight‐ 
eenthtothefirsthalfofthenineteenthcenturies（(a),（b)ａｎｄ(c)),ａｎｄ(ii）those 

whichindicateaclearrismgtrendthroughthel830s（(d)－(h))． 
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Figure8VesselArrivalsatTabuchiHouseinAwa（weightedindex,１７”＝100） 
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SouI℃e:Ucmum（1989),ｐ150.Rcportcdwhlues(showninsquares)havebcenlinearlyintcrpolatcd． 
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FigureDTranSactionsofMerchantHouseswithCoastalVesslesatP⑪rtShimi弦uu

inlwamiDomain（numberofc2mBes） 
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Source：Takci（1972),ｐｐ､285-86．Reportednumber5（showninsqua施sandcrosses）bavcbecnlinearly
interpolatcd、

Theindustriesinthefirstgroupallftlcednaturallimitationstogrowthofonekindor 
another・Inthecaseoflogproduction，fbrinstance，thephysicalcapacityofraft
transportingontheYbdORiversetamaxlmumannualquantityoflogsobtainable 
fromthemountains・Ｂｙｔｈｅｓａｍｅｔｏｋｅｎ，copperandcharcoaloutputswerecon-
strainedbythesupplyofwood,whichwastheessentialenergysourcefbrthechemi-
caltransfbrmationoftherawmaterials・Intheseindustriesinvestmentwashardly
possibleabovetheneedfbrsimplereproductｉｏｎ 

Ａｎｅｘｃｅｐｔｉｏｎｔｏｔｈｉｓｗａｓｔｈｅｃａｓｅｏｆ１ＶＺｚ"bzJcastiron，anothernatural-resource 

dependentindustry,whereoutputclearlygrewthroughl830．Therelativelysmall 
sizeofitsoperationmusthavefacilitatedfrequentshiftsofitsproductionsitesfrom 
oneregiontoanother,asthesupplyofrawmaterials（ironoreandwoods）ｗａｓ 
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FHgurelORatioofLong-distanceTrHwelVesselsatlzumiyainSadoIsIaI1d（％） 
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Source：Ｏｍｕｒａ（1992),ｐｐ､152-54. 

FigurellGrossProfitRatesofMajorMerchantHousesinEdo（％） 
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Souにe：Yasuoka（1970),ppl40,１４３．
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exhausted・Thesharpdeclineofpigironoutputafterthemid-nmeteenthcentury,on

theotherhand，ｗａｓｐｒｏｂａｂｌｙｄｕｅａｔｌｅａｓｔｉｎｐａｒｔｔｏｔheemergenceofapowerfUl 
competitoｒａｔＫＺｚｍａｍｈｉ（nearSendai),wherethewestem-stylemethod（albeitprimi-

tive）ofpigironproductionwassuccessfilllyadoptedbyTakat60shimaunderthe 
auspicesoftheBakzﾘiJ（theShogunate)． 

Insharpcontrasttothefirst厚Cup,theoutputsofthesecondgroupofindustries

contmuedtogrowthroughouttheearlypartofthemneteenCentury（theso-called 
Kmciera）befbrereachingapeak・Thespeciflctimmgvariedfromonecasetoan‐
other：１８２０fbrindigo，１８３０fbrpigironasweUascottonweaving,andaroundl850 

fbrTtzZmJ"osoysauceandcoastalshipping．Ｃﾉi応ｈｉｓｏｙｓａｕｃｅｗａｓｔｈｅｏｎｌｙｅｘａｍｐｌｅ
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Figurel2CrewSizeofVesselsArrivedatTabuchi（permns） 
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Soume：Ｕｅｍｕｒａ（1989),ｐ､150．Reportedvalues(shownbysquares）havcbeenlincarlyinterpolated． 

1870 

inthegroupthatdisplayedcontinuousexpansionthroughouttheentirenineteenth 
century,thoughataverymodestrate（Tanimoto,1990,ｐ250)．Ｉｎａｎｙｃａｓｅ,the 
growthoftheseoutputswassubjectonlytothesizeofmarketdemand、

ThercaresomeindicationsthataftertheKZzseiEratheeconomicactivitiesof 

majorcitiessuchasEdo,KyotoandOsakafacedrelativedeclinewhereasthoseof 

provincialdistricts，especiallyinthewestempartoftｈｅcountry，flourished、One
notes,fbrinstance,thattherateofprofitactuallydeclinedfbrsomebigmerchant 
housesmurbancenturies（seeFigurell）whilethoseinthelocaldistrictsrose 
(Yasuoka,1970,chs､7-8)．Bythesametoken,inter-regionaItravelbecameincreas‐ 
inglymorefrequentbetweenlocalcommumties,asevidencedbytherisingnumberof 
coastal,passengervesselsinthemid-nmeteenthcentury(Takei,1972,pP282-83)．In 
oneregion,short-distancevesselswerephysicallydown-sizedtosuitthelocaldemand 

fbrmorefrequenttravelusingrelativelylightpassengerloadspertrip（seeFigure 
l2)．Itislikelythattheslowmgofeconomicactivitiesinthel840s(orl850s),which 
wasapparentinthe印Cup(ii)industries,reflectedtheworkingsofthesetwoCounter‐
actingfbrces， 

A11inall,onemayconcludethatproductionrecordedatleastanon-negative， 
and,inthecasesofclothing,fbodandtransportindustries,aclearlyrisingtrenduntU 
theendoftheseclusion,ａlthoughtherewereclearsignsofaneconomicrecessionin 
thel850s． 

ⅡＩ 

Themature，peacefnlconsumption-orientedTokugawasocietyofthemid-
nineteenthcenturyfncedanewchaUengemthedecadesimmediatelyafterthearrival 
ofCommodoreMatthewPelTy（1853)．Hand-in-handwiththefreerinflowsofper‐ 
sonnelandmerchandisefromovelseas，thevolumeofdomestictransactionsand 

exportationincreasedseveral-fbld． 
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ThissuddenexpansionofthemarketofTeredanopportunitytorealiseeconomies 

ofscaleincertaincases,andthusconstitutedanewopportunityfOrdomesticsuppli‐ 
ersofgoodsandservices・Whereassomeindigenousmanufacturerswereunableto

competewiththe、ewlyintroducedwesterncommoditiesandwerephasedoutof
existence,theoverwhelmingmajoritycamriedontheirbusinessesbyincorporating 
somechanges,eitherintheirmannerofproductio、and/orintheirstyleofactivities・

Oftheeightcaseswhicharedealtwithinthepresentessay，actualdeclinesin 
productiontookｐｌａｃｅｉｎｔwoinstances:old-stylepigironmanufacturing,andcoastal 
shippingbyindigenousvessels,whichwerCrapidlyreplacedbysteam-engmelmerson 
thePacificcoastaswellasbyrailroadnetworks・Intheremainderofthemdustries，
however,theoutputsmaintainedamoderatelyupwardtrenduntiltheveryendofthe 
Tokugawaera． 

1Ｖ 

Onemayinferthattherisingtrendinnon-primaryoutputsduringthefiIBthalf 
oftheeighteenthcenmrywasaccompaniedbypositivegrosscapitalfb1mation，Cases 
ofnewinvestmentwereprobablymorcnoticeableinthelatterhalfoftheeighteenth 
andearlypartofthenineteenth,thaninthemid-nineteenthcenturies，Foronething， 
neitherpnmarynornon-primaryproductionrequiredmuchmotivepower・Japan,s
waterwheels,fbrinstance,welCconsiderablysmallerthanthoseusedineighteenth‐ 
centuryEngland，ThelongpoliticaltruceduringtheTokugawaregimealsodeprived 
thecountryoftheopportunitytonurturethedevelopmentofmachinetools、

Moreover,thesizeofinvestments(say,inrelationtooutput)werequitemode盃
atebyWestemstandardseveninthedaysofprotoindustrialisationAccordingtoa 
detailedlistinginl823ofphysicalassetsatMatsukura,atraditional-styleironmaker 
intheMz"ｂｚイｄｏｍａｍ，theproducerowned，inadditionto75buildingsofvarious
kinds,lodgingandboardingfacilitiesvaluedat5911c[z"、o〃(monetaryunitofcopper
orironcoins),smeltmgequipmentvaluedatl341cmzmoMbrgmgequipmentvalued 
at91Acｍｚｍｏ",andhandtoolsetc.,loanedtoworkers,ｖａｌｕｅｄａｔ５２ｋα"、o"・

Accordingtotherecordofanotherironmine,thebuildmgswereworth（ap‐ 
proximately)2.2timestheproductionequipmentaslistedabove,Adoptingthisvalue 
asafirstapproximation,ａｎｄusingtheeHbctiveexchangerateof６．３ｋｍｚｍｏ〃ｔｏｌ
ｌＷ(monetaryunitofgoldcoin),thetotalvalueofthephysicalassetsatMatsukura 
wouldhavebeen235びdAsone秒Dwouldpurchase55AEα〃（ｉｎvolume)ofcastiron
attheofTiciallyquotedpriceofiron,theaverageannualgrossoutputbetweenl823 
andl828wouldhavebeenl,782楓yieldingacapital-outputratioofjustO131

Onemustquicklyaddthａｔｉｔｗａｓｎｏｔｅａｓｙｍｔｈｏｓｅｄａｙｓｔｏｒｅｃｍitanadequate 
numberofproductionworkerswhowerewiuingtolivemtheworke応，quartersdeep
inthemountainsawayfromtheiｒｆａｍＵｉｅｓｆｂｒｌｏｎｇｐｅｒｉｏｄｓｏｆｔｉｍｅ、Ｔｏｏｖｅ1℃ome
this,employersbegantooffbrtosettletheaccumulateddebtsofprospectiveappli-
cantsbyadvancingtheirannualwages、Ｔｈｅａｄｄｉｔｉｏｎｏｆｔｈｉｓｌｕｍｐｓｕｍｐａｙment，
essentiaUyapartof“work、ｇcapital,”totheabove-mentionedvalueofphysical
assets,yieldsacapital-outputratioofastUlmeagerO､７１． 

Thislow-assetcontentofthetraditionaliron-makingtechnologystandsinre-
markablecontrasttotheWesternstyleofironmaking，Forinstance,ａｔｔｈｅＴａｎａｋａ 
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Foundry,whichtookoverfromtheKamaishilronFoundry,thathadoriginaUybeen 
establisheｄｂｙＴａｋａｔＯＯｓｈｉｍａｉｎｌ８５７ｗｉｔｈｔｈｅａｄoptionofwesterntechnologyunder 
govemmentownership,thecapital-outputratioml895was３．７（calculatedfrom 

Mb奴28〃e"1W`zreke〃kobzJ"ｓｈｏｍ“〃［ColIectedPublicDocumentsoftheIwate
Prefecture,18951unpublished)． 

A11ofthissuggeststhatthefinancialburdenofcapitalfbrmationwasconsidera‐ 

blylightinpre-industrialisedJａｐａｎｃｏｍｐａｒｅｄｔｏｔｈａｔｉｎｔｈｅａｇｅｏｆｉｎdustrialisation 
comeofage,whenlarge-scale,expensivemachineryandbuildingshadtobeinstalled 
inlinewithWestemtechnologies． 

Ｖ 

ＷｅｗｉｌｌｎｏｗｍｏｖｅｏｎｔｏａｇｅｎｅｒａｌｐｉｃｔｕreofinvestmentactivitiesintheToku‐ 

gawaeraFirst,improvementsinagriculturalproduction（ｍｏｒｅspecifically,an 
upwardmovementmlandproductivity）resultedinanincreaseinagrarlansurplus， 
whichwasretainedinthehandsofvillagers，Inthissense,thebasicprerequisitelbr 
capitalfbrmationwasmetbythebeginningpartoftheeighteenthcentury・

Second，notableinstancesoflarge-scaleinvestmentduringtheTokugawaera 
were,ｉｆanything,confinedtotheprimarysectorbywayoftheconstructionofwater 

controlfncilitiesandlandreclamation、Nonetheless,therisingtrendinnon-pmnary
investmentsintheearlypartofthenineteenthcentury(KtzsEiperiod),thatappeared 
in摩owthsectorssuchascottontextileandshipbuilding,wassustainedthroughthe
middleofthecentury,whentheeconomyfellmtorecession・

Third,thefinaldecadesoftheTokugawaerasawarelativedeclineintheeco‐ 

nomichegemonyofthebigcitiesandacounterbalancingriseoflocaldistricts・In
otherwords,manyinvestmentprqjectsstartedinthelocalcities,incontrasttothe 

muchslowerinvestmentinthemajorcities、Inalllikelihood,thesumofthesetwo

counteractingfbrcesresultedinapositivegrossinvestmentfIgure,ｂｕｔｂｙｏｎｌｙａｓｍａｌｌ 

Ｆｉｇｕｒｅｌ３ＲａｔｉｏｏｆPIUductInventorytoTotalAssetatlndigoMerchantHomsesin 

AwaDomain（％） 
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Som℃c:Amano（1986),ｃh9.3-4. 
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margln 

Afimdamentalcharacteristicofcapitalfbrmationinthenon-pnmarysector3in 

theTokugawaeramaybefbundintherelativeimportanceofinventoryinvestment， 
Recordsfromwell-knownmerchantmanufacturerssuchastheMikiandOkumura 

Housesindicatethatanywherｅｂｅｔｗｅｅｎ３０ａｎｄ８０ｐｅｒｃｅｎtoftotalassetswereheld 

inthisfbrｍ（Amano,1986,ｐｐｌ３４-35,138-39,272-73；seeFigUrel3)．Notonly 
wasproductiontechnologyrelativelyunsophisticatedandinexpensive,butthescaleof 
productionwaslimiｔｅｄｂｙｔｈｅｓｍａｌｌｓｉｚｅｏｆｔｈｅｐｒｏｄｕｃｔmarket、Sinceittookquite
sometimefbrgoodstoreachthefinalconsumers,ｔｈｅwholesalersfbunditabsolutely 
essentialtomaintainarelativelylargestockofinventories・Thepredominanceof
inventoryinvestmentwasasalientfeaturealsoofBritishmanufacturingmthedays 
ofDavidRicardo・ThecapitalfbrmationintheTokugawaEraechoedthespiritof

thisage,perhapsinamuchsharper,unmistakablefashion． 

ＶＩ 

CapitalfbrmationmtheTokugawaera,whileincreasing，wasmodestinscale， 
becauseoftheunderdevelopmentofmarketsandthercstrictionsimposedbypolitical 

aswellasadministrativenecessities・Ｔｈｅｓｉｚｅｏｆｔｈｅｐｒｏｄｕｃｔｍａｒｋｅｔｗａｓseverely

limitedbythelackofexportation，andthehaphazardconditionsoftransportation 

andcommunicationwhichseverelylimiteｄｔｈｅＨｏｗｓｏｆｐｅｏｐｌｅ，merchandiseand 
infbrmation 

TheRicardiannatureofcapitalfbrmationintheTokugawaErastandsinclear 

contrasttotheinvestmentactivitiesintheageoffUllindustrialisation(say,1906-80)， 
whichwascharacterisedby（１）acontinuousriseinthecapital-outputratioaccompa-
niedby（２）ever-risingefTiciencyofproductionActiveinvestmentcalledfbrthe 
mobilisationofmassiveflnancialresources,whichwasmetbyrismgdomesticsaving 

ratiosofbothhouseholdsandcorporations、

Ｉｔｗａｓｔｈｅｏｐｅｎｉｎｇｏｆｔｈｅｃｏｕｎｔｒｙｉｎｌ858ｔhatbroughtafimdamentaltransfbr‐ 

mationtotheeconoｍｙ・Inthissense,theMeijiRestorationmarkedawatershed

pointmthechangingnatureofcapitalfbrmation，andalsomJapaneseecononuc 

development． 

Notes 

＊MoredetaileddiscussionofthesubjecthasbeenattemptedinOdaka（1998)． 
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