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PREFACE

Thisthesisisastudyofformalandnaturallanguages

andastudyofcharacterrecognition,bothofwhichconstitute

centralproble皿Sininformationprocessing｡

Informationprocessinghavingbeenprogressedrapidlyin

recentfewyears1Sthedevelopmentofthetheoriesandtech-

niqueswhichperformveryrapidlyandmechanicallythejudge-

mentsandactionsofhighprecisenesswhichhumanbeingsare

doingordinarily.Thefundamentalstudiestodoarethe

clarificationofthemechanismsofman'sthoughtprocesses,

which1Scalled"thestudyofautomataorartificialIntel-

ligence";therecognitionmechanismofpatterns,speechsounds,

foreignlanguagesetc.,･theabilityofplayingseveralgames,

problemsolvingetc.,andthelearningprocea8e80fhumanbe-

ingsEUld800n｡

Anengineeringfundamentalforinformationprocessingi3

thedigitalcomputer.･HowavertoU8ethedigitalcomputer

veryeasilythedevelopmentofprogramminglanguagesi3imper-

ative,forwhichmanyformallanguagetheorieshavebeenstud-

ied.0ntheotherhandnaturallanguageisoneofthemost

interestingobjectsofman'sactivitiestobestudiedinin-

formationprocessingfield.Althoughthetheoriesdeveloped

onformallanguages(whicha.realsocalledasartificialIan-

guageagainstnaturallanguage)canbeappliedpartlysucces8-

fullyonnaturallanguages,itcanbeseeneasilythatitIs

1



notenough.Thestudiesonnaturallanguagesperformedin

engineeringaremainlyrelatedtomachinetranslationbetween

differenttwoormorelanguages,butitIsstill1nthein-

choatestage.･‥‥‥‥t

Patternrecognitionfunctionisanotherimportantactivi-

tyofhumanbeings.Thiscanbe･saidmoreprimitiveyetmore

higherfunctioningthanthelanguageactivity･Patte:rnrec-

ognitionincludestherecognitionoffigures,(speech)∧sounds｡
-l

etc.andeventherecognition6flanguages.Whentheregion

ofpatternrecognitionisrestrictedtocharactersonly,the

problembecomesrathereasyandcanberea!izedinengineering,

which,ifrealizedinsimplemachine,isveryusefulforactu-

aluse｡

Patternrecognitionmaybesaidastheextractionofin-

variantparameters,butwhenpatternsareverycomplicatedand

drasticallydifferent,thesyntaxofpatterns'becomesvery

important.Theresultsofthelanguagetheorycanbeapplied

onthisproblem.0ntheotherhandforthemechanical:Ian-

guageprocessingthefirstthingistorecognizethewritten

charactersautomaticallybymachine.

PARTlofthisthesis1sastudyofformalandnatural

languagesespeciallyfromthesyntacticandsemanticaspects･

Thealgorithmsofthestructuralanalysisaj'ftpresentedfora

formallanguage,whichdoいnotrequireanyotherinformations

otherthangrammaticalrule8.Thisisaformdirectlyappli-

cabletothedigitalcomputer.Naturallanguages,onthe

otherhand,haveso･manyspecialities,thatit?1sveryhard

i1
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toestablishadefinitegrammaronit.Forthestructural

analysisofnaturallanguagestheanalysisalgorithmobtained

fortheformallanguageisnotenough.Thesemanticinforma-

tionofnaturallanguagesareimperativeforthecompleteun-

derstandingofthepropertiesofthelanguages.Therefore

thesemanticsoftheEnglishlanguageisstudiedfromthestand-

pointofsentencegeneration｡

41:Ltheseresultsaredirectlyapplicabletomachinetran3-

lationofnaturallanguages,whichalmsatthereplacementof

humantranslatorsintheconfrontationwithsomanyliteratures

l
to"beinterchangedamongdifferentnations｡

PARTI工ofthisthesisisastudyofcharacterrecognition

machine.Therearefewcharacterrecognitionmachinesdevelop-

edintheU.S.A.andsomeotherplaces.Howevertheyarea11

veryexpensive.Thismachinealmsatthehighrecognition

ratewithverysimpleandinexpensivemethod.Patternrec-

ognition･1soneofthemostcomplexoperationsinhumanactivi-

tiesandthedetailedmechanismofithasnotyetbeenknown.

Eventhemostpowerfuldigitalcomputeroftodayisnotenough

fortheprocessingandrecognitionofpatterns.Thereforethe

studyisconfineditselfintherecognitionofnumeralsand

Englishalphabetintypedform.Howeverthiskindofmachine

isveryimportantforthepracticalU3e.Alsoinmachine

translationofnaturallanguagesbydigitalcomputertheauto-

matichighspeedinputoforiginaltextisessential.工nthis

respectthestudiesofPART工andPARTIIhavecloseconnection

eachother.

111



PAR¶rlofthisthesishadanorigininthecompilercon-

structionofALGOL60,inwhichtheauthorengagedfiveyears

agoundertheguidanceofProfessorTakeshiKiyonoforthemas-

ter'sthesisinKyotoUniversity.Afterthatperiodtheau-

thorcompletedhisstudyofformallanguageandappliedthat

techniquetotheanalysisandsynthesisofnaturallajiguage

undertheguidanceandsuggestionofProfessorToshiyukiSakai｡

ThecharacterrecognitionmachinedescribedinPARTI:[of

thisthesiswascompletedthreeyearsagounderthedirection

ofProfessorT.SakaianditwasconstructedbyNipponElectric

CompanyLtd.(NEC),Tokyo,aboutayearandahalfago.｀other

parts6fPART工工,havebeendoneduringthesetwoyearsinparal-

leiwiththeconstructionoftherecognitionmachine.
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PARTI

ANALYSISPROCEDURESOFFORMALANDNATURALLANGUAGES



CHAPTERI

工NTRODUCT工ON

1.1ProblemsinFormalLanguage8

Bytherecentrapidadvancesinthefieldofdigitalcom-

1■I

puterandinformationprocessing,manyprogramminglanguages

havebeendevelopedextensivelyinsomanyplaces.Among

themFORTRAN (1)/kndALGOL60(2j(3)aretheino8tfamous.

.WhereasthesystemofFORTRANisdefinedempirically,

ALGOL60isdefinedverystrictlybythelanguageformation

rules,i･e.byBackusnormalfoI‘m(4)whichisessentiallya

phrasestructuregrammar.Therecenttrendinthestudy

ofprogramminglanguagesistorelatethelanguagestructure

totheautomatatheoriessuchasTuringmachineontheone

han(l,(6)(7)andtomechanizethecompilerconstructionbythe

supportoflanguagetheoryontheotherhand.
(8)(9)The

theoryofprogramminglanguageiscloselyrelatedtothestudy

offormallanguagewhichhasbeendeveloped1nthefieldof

logics｡

Amonglotsofproblemstobesolved,animportantproblem

forcomputerprogrammersistodeterminewhetheragivenstring

belongstoalanguageornot,andtoknowwhatisastructure

ofthestring.Byaprogram"linglanguage,thecentralprob-

lemisthatagivenstringwhichmaybeaprogram18tobe

analyzedandtobeconvertedintotheformbywhichacomputer

canoperate.Acomputerprogramwhichdoesthisprocedure

automaticallyisacompiler.Theconstructionofacompiler

2



needsagreatamountofmanpower,andtherehavebeenveryfew

theoreticalsupportsforit｡

工nthisthesisIsshownageneralmechanicalmethodfor

thestructuralanalysisofoperatorlanguagewhichismore

strictthancontext-freephrasestructurelanguage.Asmost

partofALGOL60hasthestructureofoperatorlanguage,this

structuralanalysiswillcontrlliuteverymuchforthecompiler

construction｡

Operatorlanguage^'isdefinedasaphrasestructure

language,eachruleofwhichhasaspecialsymbol,i.e.anope-

rator.Theconceptofprecedenceofleftandrightsidesis

introducedforallthepairsofoperators.Thisprecedence

relationisrepresentedinamatrixwhichIsderivedautomati-

callyasaresultofmatrixoperationsamongthematricesre-

presentingthegrammarrules｡

Bythecompilerconstructionatpresenttheanalysispro-

oedureisfoundempiricallyfromthegrammarrules,sothatit

takesmuchtimeandisoftenaccompaniedbyerror.Bythe

methodpresentedhereascomparedtothis,atableofgrammar

rulesonwhichthecompilerconstruction18basedisobtained

purelymechanically,andtheprocessofthecompilercanl)e

writtendowningeneralform.Thereforeevenifadifferent

grammarisgiven,onlythegrammartableistobechanged,

whilethealgorithmofthestructuralanalysisremainsunal-

tered｡

工naprogramminglanguagebyitsnature,anyambiguity19

notpermittedbothsyntacticallyandsemantically.Thisre'

5



strictsthestructureofalanguageconsiderably.0ntheoth-

erhandambiguitydoesexistveryofteninageneralphrase

structurelanguage.Thestructuralanalysisinthiscasebe-

comesrathercomplicatedbecauseseveralstructuresmaycor-

respondtoagivenstring｡

工nthisthesisageneralmethodforthestructuralanaly-

sisofanycontext-freephrasestructurelanguage18presented,

inwhichallthepossiblestructuresareobtainedforagiven

string.Anotherpeculiarfeatureoftheanalysismethod18

that4stringisreadinonebyonefromtheleft,atanystage

ofwhichallthepossiblestructuralanalvBesareoffered｡

Thismethodofanalysisisverypowerfulfortheanalyses

ofnaturallanguages,inwhichanutteredsentencemayoften

stopatanypreferredpoint.

1｡2ProblemsinNaturalLanguages

Onthefoundationofthestudies1nformallanguages,the

authorhashadaninterestinthesimilarprocessfornatural

languages｡

Problemsinnaturallanguages,especiallyofmachine

translationmayroughlybeclassifiedastheformalizationof

syntaxofalanguage,therepresentationofsemanticsofwords

andphrasesInasentence,dictionary,andsoon.(11)At

presentthemostprevalentandpotentialmethodforthesyn-

tacticanalysis1saphrasestructuregrammar,whosetheoret-

icalsidehasbeenstudiedextensively,andwhichisactually

putintouaeinseveralMTresearchprojects.

4



Whileontheotherhandforthesemanticsideofnatural

language,therehavebeentriedveryfewstudies
(12)and

thosearepowerlessfortheapplicationintothemachinetrans-

latlon. Semanticaha8closeconnectiontothehumanactivi-

tiesorrealworldaswella81thasavarietyoffacetsinthe

meaningitself･､4

Hithertotheseproblemsofnaturallanguagesi.e.syntax

andsemanticshavebeenstudiedindependentlyeachother,but

theunifiedtreatmentofbothproblemsisobviouslyrequired

forthecompletestudyofnaturallanguage.standingonthis

viewpointtheauthorhasproposedamethodofsentencegener-

ationbysemanticconcordance.
(13)(14) Firstakernelsen-

tenceisgeneratedbyaphrasestructuregrammar,andthena

propertransformation18appliedtothekernelsentence.The

firstexperimentofsentencegenerationwasdonebyV.H.Yngve

1n1961,(1?)1nwhichcaseonlykernelsentenceswereproduced

withoutanyconsiderationonthesemanticsofwordsand

phrases.Thereforegeneratedsentenceswereabsurdornot

understandableforus｡

Bytheexperimenttheauthorhasdone,theeffortshave

beendirectedtothegenerationofmeaningfulsentencesby

takingintoconsiderationthesemanticsofwordsandtheir

mutualrelationshipinasentence.Consideringanaturalsen-

tencegweoanpointoutacertainnumberofkeywords,there-

latlonofwhiohconstitutesameaning.Asimilarconceptis

introducedtotheexperimentofsentencegeneration.The

methodproposedinthisthesis1stoselectfirstofalla

沁φ

'-'4/I
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wordwhich.expre88e8thecentralconceptofasentenoe,which

isusuallyamainverbofasentence,andthentoselectasub-

jectwordandanobjectoracomp!ementwhichdonotcontra‘

diettothemainverbasasentence,andnext･someadjectival

modifierswhichalsodonotcontradicttothe8ubjectorobject

inthemeaning,andsoon.

Todothiseachwordmusthavepropersemanticcategories

towhichitbelongs,thesecategoriesofwordsbywhichitcan

bemodified,thesecategoriesofwordswithwhichitmayhave

asubject･predicaterelation,averbobjectrelatio!letc･and

soon. Withthe8einformationsasentenceisgenerated.

!I!hequalityofthegeneratedsentencessuggestthequalityof

structuralrulesandsemanticinformation.!I!hU8wecanIm-

provethegrammarruleB,semanticcategoriesandthei男rmutual

relationshipinasentence.Theresearchvasdoneonthe

Englishlanguage,inwhichaphrasestructuregrammarand

transformationalruleswereestablished,severalhundredsof

Englishwordswereclassifiedinsemanticcategoriesandwere

attachedsomeadditionalsemanticinformations｡

Moreoveritwasclarifiedthatastructuretobeexplain-

edbyaphrasestructuregram万mar181aphraseamongwhoseele-

mentsthereisacertainsemanticrelationship,whileastruc-

turetobeexplainedby‘transformationalrulesisaphrase

whereitisimpropertofindasemanticrelationshipamongthe

wordsconstitutingaphrase.
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1.3OutlineofthePARTI

ThePART工ofthisthesisconsistsoftwomainsubjects･

One18thestructuralanalysisofphrasestructuregrammars,

theotherisanexperimentofsentencegenerationfortheclari-

ficationofstructureandsemanticsofnaturallanguages｡

Chapter21sastudyofoperatorlanguageswhicharemore

restrictivethangeneralphrasestructurelanguages,butwhich

makeanessentialpartofprogramminglanguages.Theconcept

ofprecedencefortheleftandtheright･1sintroducedandthis

precedencerelationofallthepairsofoperators1sexpressed

inamatrix,whichisshowntobederivedfrommatricesre-

presentingthegrammarrules.Ageneralprocedureofstruo-

turalanalysisofanoperatorlanguage18shownwiththispre‘

cedencematrixoftheoperatorsofthelanguage｡

Chapter31sthestudyofstructuralanalysisofagener-

alcontext-freephrasestructurelan^age.Firstthecanon-

icalformofacontext-freephrasestructurelanguage18de-

fined,bywhichaformalrepresentationofthetreestructure

1sclarified.Nextbyusingthisexpressionallthepossible

structuralanalysesareproducedforagivenstring,wherethe

topsymbolofananalyzedstringmaybeanynon-terminalaym-

bola8wellastheaxiom.Inthisrespectthismethod18more

powerfulthanthepreviousoneswhichworkonlyforthestrlngB

derivedfromtheaxiom｡

Chapter41sdevotedtotheeχperimentofsentencegener-

ationwhichalmsataunifiedInvestigationof8yntaxand8e-

mantioB.Firstthealgorithmofthegenerationprocess18

7



explained,whichincludesthetreatmentoftransformational

rulesandsemanticinformation.Thebasicdataaregivenof

thesemanticcategoriesofwordsandtheirmutualrelationsin

phrases.Nextthepositionofmorphophonemiorulesandpos-

sible･applicationsofthereaultsofthisexperimentsaredis-

cussed. FinallyanexperimentofthesegmentationofJapan-

esesentencesintowordcomponentsisillustrated,1nwhich

semanticsofwordsinasentence18takenintoconsideration

aswellastheirgram皿aticalconnectivities.

'へ

8
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CHAPTER2

OPERATORLANGUAGESANDTHEIRSTRUCTURALANALYSES

2｡1Introduction

工nthischapterthepropertiesofoperatorlanguagesare､

1nve8tigate(1.(16)(17)Alanguagemeanssimplyasetof

3tring81nsome､finitesetofsymbolscalledthevocabularyof

thelanguage.Agrammarisasetofrulesthatgivesanenu-

meratlonofstringsbelongingtothelanguage.Thereforea

grammarofalanguagecanberegardedasatoolofgeneration

ofsentencesfromthevocabularyofthelanguage.Alongthis

linetheformaldefinitionisgiventoaphrasestructuregram-

mar｡

Programminglanguagessucha8ALGOLaredefinedbyBackus

normalform､(4)(18)whichisjustthe十sameasacontext-free

phrasestructuregrammar.Especiallythegreaterpartofa

programminglangoiageiscomposedofanoperatorgrammarwhich

ismorerestrictivethangeneralphrasestructuregrammar｡

Thestudyofthepropertiesofoperatorlanguage18impor-

tantbecause*the､resultsofthestudycanbedirectlyapplied

tothecompilerconstructionofaprogramminglanguage.A

compilermightberegardedasanalgorithmofstructuralanal-

ysisofthestringsofalanguage･

2.2DefinitionofOperatorGrammarsandOperatorPrecedence

Firstaphrasestructurelanguageisdefineda8follows.

Alanguageisgenerallyasetofstringscomposedofafinite

9



8etofsymbols(orcharacters)calledavocabulary.A8tring

consistsofafinitenumberofsymbolsjoinedbyconcatenation

fromthevocabulary.Herewemustbeabletoidentifywhich

stringsbelongtoalanguageandwhichdonot.Usuallythe

numberofstringsofalanguageisinfinite,sothatthecen-

tralproblemistodefineapotentiallyinfinitesetof8trings

overafinitevocabularyusingafinitesetofrulesorinstruc-

tions｡

Thisfiniteruleswhichservetodefinealanguageiscall-

edgrammarrulesorsyntaxofalanguage｡

Wedefinealanguagebyaphrasestructuregrammar,which

ispresentedasfollows.ThevocabularyofalanguageGis

definedby

v(G)･鴎β,ら‥‥}

Afiniteset亜ofrewritingrules中whicharethefol-

lowingformsconstitutesthegrammarofalanguage｡

卜=o‘4?

where041sasymbolofv(G)and?1sastringoverv(G)･

Thesesymbolswhichappearontheleftsideof→inrewriting

rules中a?ecallednon-terminalsymbols,whilethesesymbols

whichdonotappearontheleftsidearecalledterminalaym-

bols. Therewritingrules中areappliedasfollows.If

thereexiststringsuandvsuchthaty“uo<v,andybelongs

toalanguageG,thenz'u?valsobelongstothelanguage･

Inthiscaseitissaidthatydirectlyproducesz(y→'z)l

andconverselyzdirectlyreducesintoy｡

Wedefinethecaseyproducesz(y⇒z)andconversely

10



zreducesintoy,ifandonlyifthereexistsasequenceof

3tring3xoﾀxl9‥･･ﾀXTi,(n≧O)suchthaty-XQ,x71･zand

xもｰ|→x4.･

Aphra8estructurelanguageisanorderedquadrupleG-

(v(G),il1ﾀT夕A)9wherev(G)isthevocabulary,亜1stheset

ofrewritingrules中9Tisthesetofterminalsymbols,and

isthesubsetofv(g),whilev(g)-Tisasetofnon-terminal

symbols,allofwhichoccurasleftpartofatleastonerule.

Aisthesymbolwhichoccursinnorightpartofanyruleof

亜andiscalledtheaxiom.

Whentherearemanyruleswhoseleftpartsareequalwe

willexpresstheseinthefollowingway･

/9･(哨,%9･･゜9‰)

This1sanotherexpressionofthesetofrules

/3゛?｡

β→返

-"--W

戸→孔

Sowewillexpressaphrasestructuregrammarinthefol-

lowingway･

戸1'(%,?2,･‥･,¶月9,)

烏゜(‰,･%2ﾀ゛'゛゜≫J2mP

痔･(邸,毎2ﾀﾞ･･'ijdり)

-

(1)

゛hereS.'(/3･'政9･･･夕乃)lsthesetofnon-terminalsymbols

v(G)-T.

Each鴉jiscalledasyntacticunitand18theform,

11



勾'凡玩…｀づ)4･
(2)

whereJ141sasymbolofthevocabularyv(0).Eachexpression

of(1)statesthatanon-terminalsymbolontheleftofequal

signcanbereplaced.byanysyntacticunitintheparentheses

oftheright.

Herethefollowingtworestrictionswillbeappliedon

thegrammarrulesｿﾉ.

(1)工ntheexpression(2)ﾀ

町･/ぶ｀/,･ geDform>2.

(li)ThesameSappearinginasyntacticunit句cannot

beanelementofanyothersyntacticunits.That

istosayg18propertoonlyonesyntacticunit.

Fromtherestriction(ii)SisaterminalsymbolandD

1sthesetofalltheelementsofg.

ThesetDisasubsetofthesetoftermina:LsymbolT.

ThesetT'D18denotedasv.¶rhephrasestructuregrammar

thusdefinediscalledgrammarGandthelanguagewiththis

grammariscalledanoperatorlanguage£･

Whetheranoperatorlanguage£hasarecursivestructure

ornotcanbetestedbythefollowingprocedure･
(19)

%'(/3,･丿･隔･････≫Pop'゜(0,Cり..･,^)

?,ﾊﾞ/3/.li戸;2,･･■･>/3/∩べ掌賜),ち隋い･ぷ抑,))

工ngeneralatthei-thstep:

かて郎,/貼,…･,西)ﾊﾞ邨‰)息(気4),‥.函(影,))

共/x/meansthattheelementxisaconstituentofasyntactic

unit.

12



゛here店(Yt'-/^represe°tsthestringsetobtainedfromthe

●
substitutiono£A≫ﾉ3λ1¨゛･/ﾖjappearingintherighthalfof

eachequation(1)by/ﾐｰ1､1｀戸i-|､z9､･･゛゜･βi-/､£゜Thesub-

stitutionoperationmayingeneralcontinueinfinitely.The

recursivenessofthelanguage£canbeseenfromthefactthat

thereappearsinthestringsetof7f゛atleastoneterminal

stringinwhichthe･samecharacteristicsymbolappearsmore

thanonce.Hereafterwewillassumethatalanguagetobe

treatedhasnostructuralambiguity｡

Wecanintroducetheconceptofpartialorderrelationto

thesetofSUV.WhenPcanbefoundinasyntacticunit沢j

be1°ngingto凡,where/F/s胎9j)ﾀﾞD.thenthefollowing

orderissetup･

●い●爪●く了△一一‥

Theorderingpropertyinthissense18notsatisfiedgen-

erallyinaphrasestructuregrammar,butthefollowingfact

remainsbecause.thegrammarGisasetofsentencegeneration

rules.･

Bydeletingsomepropersyntacticunits?りfromthegram-

marG,thesetofSuVcanbemadeapartialorderset.Here

aphrasestructuregrammarG118madefromGbydeletingthe

minimumnumberofsyntacticunitsinorderthatCcanobtain

thepropertyofpartialorder.ThegrammarG'iscallednon-

recursivegrammar.Thisdeletionoperationcanbedonefor

anyphrasestructuregrammarwiththerestrictionthatGcan

produceatleastoneterminal8tring.ThuswecanwriteHasse

diagram･fortheelementsofSUV｡
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AseachelementofDispropertoasyntacticunit‘?り,

thesubsetD戸iofDcanbedefinedastheelementsofDap'

pearingi゛辰jf°I｀j'1゛2,゛･･･9mi゛Forthefamilyof

subsets(:D戸t.Dμ"････≫!Dfi£)ﾀ゛ecanintr゜ducethe°rder゛s

thesameorderof(/S,1?y21･‥･･･Bji

^

)definec!above.This

partialorderoftheset(D附)hasthefollowingmeaning･

Inaterminalstring゛hereQgSjappear,

(i)bi>SjmeansthatthesyntacticunitcontainingSi18to

bemergedbeiヽorethatofSj.

(ii)WhenS£andojcannotbecompared,itmeansthatthe

bothsyntacticunitscontainingS;and§jcanbeprocess-

.-

edindependently･

2.3structuralAnalysisofNon-recursiveOperatorLanguage

andPushdownstore

EachelementofDispropertoasyntacticunitﾀandwhen

thelengthof%islongerthan1,Ithasatleastoneelement

ofD.Sothesyntacticanalysisofaterminalstringcanbe

donedependingexclusivelyontheprecedencerelationofchar-

acteristicsymbolsandnoneedtopayanyattentiontothe'

othersymbols｡

Fig.2.1showsthesyntacticanalysisofterminalstrings

generatedbythegrammarG'.Theexpressionsinthisfigure

areduetoK.E.工verson.(20),Whenasyntacticunitissuch

as

g1-/ぶ1,/亀/

thenSi,and乱之hasthesameprecedenceandtheirtreatment
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..あ

り1

M)-]

元(1〉-1

2-λ

戸-0

5-0

S'9-0

a?-ΦI

u(a):Nuniborofcomponentsinvectora.
osNullcharacter.

C←bia:c-o1fQμ,otherwiseCisthe1-originindexofthefirstoccurrenceofainl,.

c←u/a:CIsobtainedfrcciabysuppressingeach4£forwhichUi-o(compressionλ

C゛‘a?6:c-(<tりazj…4心Iffc/≫Olt…*Hf≫l)(catenation).
lぴ4‘虞J陶:Firstkofvr.areunity,wherek-nin(j,h),h=μ(≫*').

TC(S)･-&:Setfile5topositionh.Calledrewindifh=l.

盃←a.zWrite4.tothepresentpositionoffile5andmovetothenext.
a←盃sHeadthepresentpositionoffileiandmovetothenext.

亜
lz工npu七file°Agiventerminalstringis＼
stored. 工七isassumedthat七heterminal

-
λ-ﾆｰ一･

partitionλisattachedtothelas七〇f

thestring･

^:Outputfile.

戸zstackfortheelementsofD.

S:stackfortheelementsofv.

S゛tAuxiliarystackforS.

j)sMatrixofthegrammarG'･

几sColumnvectorofDUλ.

D,-Columnvectorindicatingthepartialo:rder

relationoftheelementsofD.

P,:Columnvectorofy(∠1H),where∠IHP.∠3T=9ij

2)3=Columnvectorofふﾉ(jT)ﾀwhe:re∠IHJ?21T゛吼j

恥.sColiunnvectorof角゛he:rej>.6])sj･

(曇)zWhen巧landacannotbecomparedﾀthe

sequenceisin七henormalorder.

£-£}｡､Xご

d一収,

j^Do.Z

島･14j(゛゛

ぶ'~(oi°'Vs)@ﾀﾞ

s-i芦?/j

iz~ot^Vs

S一?を/S

応-z

$,~-ofi'Vs

,.-ﾌｼj

j-0≫R∫

丿戸):l-

z―o(V戸

戸一司/戸

丿一0,.z

D^r-js

j一紅な/∫■)es
-

ぶ--0(&ｼﾀﾞ

Fig.2.1AlgorithmofsyntacticanalysisforthelanguageG'.



mustl)edonebysomeotheradditionalconditionssuchasthe

meaningattachedtotheunit.工nFig.2.1theencircledpart

byadottedline18thatfortheprocessingofasyntactic

unit.Thiscorrespondstothegenerationofanobjectpro-

gramfortheprogra"unlnglanguagessuchasALGOL,andtothe

wordselection,wordorderingandadditionalinsertionetc.for

themachinetranslation.Inthefigure.theprocessisshown

totransferthesyntacticunittotheoutputfile.Theele-

mentofDinthestackpisfromtoptobottom,

2ﾝ豚ﾝ8糾〉‥‥

30thatvhenanelementSofDappearingafterzhasthe

relation z≧Sorcannotbecomparedwithz,thepre-

cedencerelationforzislocallymaximum,andthesyntactic

unitcontainingzcanbeprocessedonthespot｡

Theworkingmemoryortheoperandstackwhichcanbeused

hereisnotthestackoflast-in-first-outprinciple.A8Fig･

2.2indicates,theterminalsymbolsofVhavingarelationwith

thecharacteristicsymbolzisstoredinBC.Whenthenext

symbolSofDhasappeared,theoperandsCDwhichhaveare-

lationtoSbutnottozmighthavebeen3torecLinthestack.

DC･B A

stacks巨口ﾆﾕﾆｺ
CD匹]

"-ja･･-･･--y-S-㎜-a-stackp固し已枇がﾄ‾こ‾7ｺ

Fig.2.2ThreestacksforthealgorithmofFig.2.1.

Thereforefortheoperationofz,itisnecessarythatthe

elementsCDaretransferredtoanotherauxiliarystacks'and
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theelementsBCcometothetopofthestack.Thissituation

ariseswhenmorethanonenon-terminalsymbolsarecontiguously

inasyntacticunit.Onthecontrary,whencharacteristic

symbolsandnon-ter･minalsymbolsappearalternatelyinasyn-

tacticunit,theabovesituationdoesnotoccurandthelast-

in-first-outstackcanbeused.

2.4ExplicitlyRecursiveGrammar

GrammarG゛9fromitsformation,cannotproduceinfinite

terminalstrings.Thisisnotpreferable.Sohereagram-

marhavingrecursivestructureistreated.AgrammarG'does

nothavethepartialorderrelationthatholdsinarestricted

grammarG'obtainedfromG.Howeveritwillbeexpectedthat

Gha3thesimilarproperty･

Theexplicitrecursionisheredefinedasagrammarcon‘

tainingrulesoftheform｡

戸に゛呪jand乳事/几/゛

besidestherulesofnon-recursivegrammar･

Inthiscasetherecursionislocalforthenon-terminal

symbol戸乙anddoesnothaveeffectsontheotherpartofthe

grammar,sothatthepartialorderrelationdefinedinthepre-

vioussectionholdsasawhole.Butthepropertyofthechar-

acteristicsymbols‘of戸ishouldbeinvestigatedfurthermore°

Forthesimplicityeachsyntacticunitbelongingto凡1sre-

strictedtohaveonlyonecharacteristicsymbol｡

㈹-/&/●&6≒

Thefollowingnotationsaredefined.Whonaterminal
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stringistheform,

∠ﾌHI･&･∠J叫･&∠1侑

where∠IH2doesnotcontaincharacteristicsymbols,

Sontheleftisdenotedby's,and

1●
Sontherightisbyぐ.

TheprecedencerelationbetweenthesetwolSﾀgy91s

asfollows.

(1)when吼ﾄﾞZSﾉ医Z･

thesuccessivereplacementshowsthat

辰j゛ZSZ(/片凡/)/-/7/が/凡/,

fromwhichyg<&risconcluded･

(ii)when.‰゛ﾉ医ﾉ日

thesuccessivereplacementshowsthat

(iii)when 勾-/&//9/ﾀﾞ/･

etc.,

y

g>s'isconcluded.

%rIpnﾉ戸'ﾉ･

theprecedencerelationbetweeny&andS'cannotbedeter-

mineduniquely･

(iv)whentworecursiverulesaretherefor/9fgsuchthat

≒=/乱//鳶/,‰=/ら/凡/,

then≒,くS乙/脳く記areconcluded.

IHoweverinmoreintricaterulesas沢jり乱山ﾘ,

河｡゜/凡‘/&&ﾑtheprecedencecannotbedetermineduniquely･

Wecansaythenoethatwhentheexplicitrecursionisofthe

form(i),(ii),(iv),therightandleftprecedenceofぶcan

beintroducedandthesyntacticanalysiscanbedoneaccording

totheprecedencerelationsamongthecharacteristicsymbols

alone.
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ForexampletheruleinALGOL60s

〈simplearithmeticexpressionﾝ:s-〈term〉|くsimple

arithmeticexpression〉〈addingoperator〉<term〉

indicates,

゛〈addingoperator>〉〈addingoperator〉7

Thismeansthattheadditionorsubtractionshouldbe

donefromlefttoright.Thereforea十b十c十dmeans

(((a+b)+c)+d)definitely･

ALGOL60definesthelefttorightprincipleinsemantics,

butthiswillbeunnecessarywhentheinterpretationofa

stringfollowsstrictlythesyntacticanalysisofthecon-

structionrules..TheInterpretationinsemanticswillhelp

clarifythetreatmentofsyntacticunitssuchas?-m゛

etc.,whereitisnotknovmwhichoneofy?and/3yistobe

treatedfirst.

2･5GeneralRecursiveGrammarandPrecedenceMatrices

Agrammarhas1ngeneraltherulesoftheform,

凡々?,?-/鳶/

butnotβi→(ﾐr°

Thisisnamedasimplicitrecursion.Theprecedencerelation

amongtheelementsofDvariesaccordingtotheirrelative

situationinastring･

Thereforetheprecedencerelationfortherightandleft

sidesistobeclarifiedamongalltheelementsofD.

Thefollowingpropertiesoftheterminalstringsgenerated

19



byGareinvestigatedhere.

(A)WhatsymbolsofTconstitutetheterminalstringof/∂2?

(B)Whatkindofsymbolscanbetotheimmediateright(or

left)ofanelementPofTinaterminalstringof/9i?

(C)Whatkindofcharacteristicsymbolscanbetothenear-

estright(orleft)ofacharacteristicsymbolSandin

whichprecedence?Inthiscaseelementsofvmay

be"betweenthetwocharacteristicsymbolsconsidered.

TheseproblemscanbesolvedbyutilizingtheBooleanmatrices.

ThesumandproductoftwoBooleanmatricesaredefineda8

follOW8.

C=AuBmeansCij･AijUBij･

D･AnBmeansDij-Uk(AiknBkj).'

Here,Uandnareusedintheusualsense.

(A)AmatrixAﾊﾟi8constructedfromthegrammarGinthe

followingway.A11theelementsofTUSarecorresponded

totherowsandcolumnsofA(thisisasquarematrix).The

matrixelementAijwhichreferヽstotherow几,columnP-is

definedas,

Aiisl,

Aij°1･for8niPi,Pj),providedf.eSandasyn-

tacticunit(fbelongingtoj)Eistheform

?゜/乃/.

Aij-0,otherwise.

Here,A2-AnA

ﾆA3=A2nA

20



●●

A71･A゛゛^-'nA,

arecalculatedsuccessivelyandwhenamatrixAKisobtained

whichsatisfiesA^く'AK十l,thisi8denotedasA°].Thematrix

A°:showsthefollowingproperty.Whentheelementsbelonging

totherow戸ihasvalue19thecorrespondingcolumnelements

canbecomponentso1丙.Thiscaneasilybeseenfromthe

constructionofmatrixAanditsproductionprocess･

(B)TheBooleanmatrixl3havingthesamerowandcolumnele-

ment8asAisformedasfOllOW8.

Bii=1,

Bij'19f°l｢all(fi9焉)9p゛ovided几6Sandasyn-

tacticunit?belongingto夕j:hasforitsleft‘

mostelementf:((f･弓/),

Bij･0,otherwise･.

TheBooleanmatrixCisformedasfollows

Cii=1,

Cij.゛1,fora11iPiffj)fprovidedp-eSandasyntac-

ticunitybelongingto瓦hasforitsright-most

ele!nent乃(?-/乃.)

Cij･0,otherwise.

FurthermoreamatrixDofthefollowingproperty'1sformed.

工nasyntacticunitofthegrammar(1)if9-/几片/,

thentheelementDijcorrespondingto(几,弓)1sone

(Dij･i),otherwisezero(Dij･O)･

ThenthefollowingBooleanproductissucceasivelycalculated.
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I)B"DnB

I)B2-DBnB

])B゛-DB｀‾¶AB

Whendb"^-DBK十'canbeobtainedthisisdenoted'byDB"゜.

Thismatr･ixDB°゜showsthatwhentheelement(i,j)ofl)B°゜

isl,……Pjcanbejuxtaposedimmediatelytotherightoffi.with

higherpriority(烏く八白).

Inthesamewaythematrixl)t C゛isproduced.Thismeans

thatwhen(i,j)=1,f;canbejuxtaposedimmediatelytothe

leftof八withthehigherpriority(鳥ﾝ几八)･

Fromthesetwomatrices,

E'I)B゛U(DtCc゛))t

isfozヽmed.Thismeansthatwhen(i,j),-1,巧canbecon-

tig゛o゛slyjuxtaposedtotherightof几.Thesepropertiesof

terminalstringsgeneratedfro皿thegrammarGcan!jeusedfor

thecheckingofagivenstringifitcanbelongtothatof

grammarG･

匹

九卜(0,ﾄx,/),S3-(ｷ,-)

4べ0,りO),か(y)

β,=(c仏亀角硲っ)し

ぬ=(/914/好&φ)十

二尚=('/や,jj2渥)

ﾀﾞｸﾞ十Å゜(/33,み&3芦)

ThematricesofFig.2.5areobtained.DB'*,forinstance,

showsthatg4canbejuxtaposedtotheimmediaterightof&1,
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β

Fig.2.う

函=

亀=

A'-'A" ρ

2?'C*-が『

I>B*-X!『

£･D!rvcDtc°)t

Severalmatricesfortheexample

(t),&=(x,/),心=(+,-)

(0,心=O),oC=(n,v)



亀ﾀら9S49andg4hasthepriority.Thiscorrespondsto

thesequences4｀(?andthepartbeginningwith(

shouldbeprocessedbeforetheoperationof‘t､×り+､y(･

(C)ThematrixFisconstructedbyapplyingthefollowing

procedure.

(i)When几6¶r=

(ii)WhenPieS''

り几゜1√り3.,P,°o(iﾒj)‘

asyntacticunitbelongiりgto几18denoted･?s

肋゛秘ﾙ2‥‥几｡

Whenl1°1゛F几几ﾉl゛1゛goto(vi).

Whenn7ZIﾀsupposingf)4istheleft-mostelement

Dandmaking£=1.goto(v).

(iii)Whenf^6Ss

ifaterminalstringofvcanbegeneratedwhichbelongs

to戸々9

F几几々'1ﾀgoto(iv).二゛

Ifitcannotbegenerated,F几戸4゛1andtherepeti-

tionisterminatedforj.goto(vi).

(iv)I+1->iandifi<kgobackto(iii).l

(7)工f/-k,F几脳゜landtherepetitionforjis

terminated,goto(vi).Ifnotgoto(iii).

(vi)Forallsyntacticunitsofthegrammartheaboveoper-

ationisdone夕goto(ii).

I?'romthismatrixF,thematrixDF°゜isformedinthesame

wayof(B).Ifinthismatrix.

m^pp.s19几JJ6D
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Fig.2.4Precedencematrices

fortheex9万mple.
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巧can'betotheimmediaterightofPi(theelementsofVcan

bebetween八andPj),andthepriority18八くf>j(thatis

゛八く丹｢｣･

Ifthesameprocedureof(i)一一(vi)isdone･ithと-n

insteadofと･1,andぞ-1-ﾀ･ぶInsteadofi+1→ぷ9an-

othermatrixGisobtained.Whenl)Gcgiscalculatedfroml)

andG,thismatrixmeansthatifl)G1今'1･乃'がD,fjcan

betotheimmediateleftof几(theelementsofvcanbebe'

tweenPiandpj)･andthepriorityi8Pj>p.(thatis≒〉ﾎﾞ)｡

ThematricesF,DF?G,DG7fortheaboveexampleareshown

inFig.2.4.･

2.6structuralAnalysisofGeneralRecursiveOperatorLanguage

UsingthesematricesDFc゛)orDG゛thesyntacticanalysisof

theterminalstringsgeneratedtythegrammarGcanbedoneas

showninFig.2･5≫dependingexclusivelyonthecharacteristic

symbols. Whenasyntacticunithasmorethanonecharacter-

isticsymbol､suchasCD=/gjgj､thesequenceoftreatment

amongthesesymbolsistobedetermined8eman､ticallyandthese

relationsaretobeaddedtothematrixDFa°.

Thepropertyofaclassofphrasestructurelanguageis

explained､whichhascharacteristicsymbols.ineachsyntactic

unit. Howeverthetreatmentdevelopedin2.5andtheresult-

ingmatricesdonotdependonthecharacteristicsymbols,so

thattheyareeffectiveforanyphrasestructurelanguage･

ThemechanicalanalysisshowninFig.2.5canbeconstructedin

hardwarewiththematrixofthegrammarstoredinafixedmem-
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Ory･

2.7ALGOL60andPolishNotation

ThealgorithmiclanguageALGOL601sthefirstprogramming

language(21)whichisdefinedstrictlyintheformalrepresen‘

tation.Butbecauseoftheuniversalnatureofthedefinition

therearemanydifficultproblemsfortheconstructionofits

compiler.InconstructingcompilersofarithmeticandBoolean

expressions,Polishnotationisused1nmanyplaces.(22)

Polishnotation18thewritingofalgebraicorlogicalexpres-

sionswhichdonotrequiregroupingsymbolsandoperatorpre-

cedenceconventions.Forexample,theexpressionA+Bis

writtenasAB+or十AB,andtheexpression,

A+(3-CXI))/(E十i･)

1swrittenas｡

ABCDχ-EF十/十

〇r十a/-b>くCD十EP｡

Whenanarithmeticexpressioniswrittenlikethis夕there

i8noneedoftheconceptofoperatorprecedence.Bytheex-

pressionABCDX-EF十/-,thesymbolsaretakenoutoneby

onefromlefttoright,untilthereappearstheoperator"×″'･

Atthispointthecorrespondingoperation(multiplication)is

performedwiththetwooperandsCandD,andtheresultre'

placesthethreesymbolsCDX.Nexttheminusoperation19

donewithBandthemultiplicationresultofCandD,and80

0n｡

Thisfactthatnoreferenceisneededfortheoperator
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precedenceinPolishnotationcanbeexplainedtythetheory

presentedintheabovesections.(25)

Polishnotationisanexpressionoftheruleswhereeach

operatorspecifictoaruleisplacedtotherightoftheop-

erandsortotheleftoftheoperands･ぐlnthelattercaseit

1scalledinversePolishnotation.ThereforePolishnotation

constitutesanoperatorlanguage･･'｡

HowthematrixDforthePolishnotationisconstructed

asshowninFig.2.6,whereDdenotestheoperators,Vdenotes

theoperandsgandSdenotesthenon-terminalsymbols.

D
V

S

D VS

Fig.2.6MatrixDforthe

rulesofPolishnotation.

D
V
Ｓ

DVS

Fig.2.7Precedencematrix

DF゛forPolishnotation.

HerealltheelementsoftherowsoftheoperatorsDarezero,

becausethereisnoruleoftheformthatanelementofVor

Scomestotherightoftheoperators.ThereforewhateverF

maybe,I)Fc゛becomesasshowninFig.2.7≫wheretherowsofthe

operatorsDarezero｡

Thistellsusthattherei8nooperatorwhichcanbeto

therightofanoperatorwiththehigherprecedencerelation･

Thisresult･thusguaranteestheusualoperationsofPolishno'

tationwhichdoesnotrequiretheoperatorprecedenceconven-

tions.
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CHAPTER5

STRUCTURALANALYSISOF

GENERALCONTEXT-FREEPHRASESTRUCTURELANGUAGES

3｡1Introduction

Inthischapteramethodofstructuralanalysisofgeneral

context-freephrasestructurelanguagesispresented.Gener-

allylanguagesunderinvestigationhavestructuralambiguity.

thatIs,astringofalanguagemayhavemultiplicityofstruc-

ture.工fthenumberofgrammaticalrulesisfiniteanda

givenstringisalsofinitelength,thestructuralanalysis

terminatesinfinitesteps,andthestring18determinedwheth-

erit■belongstothelanguage(inwhichcaseallthepossible

structuresofthestringareobtainedsimultaneously)ornot.

Themethodpresentedhere(24)i8superiortothepreviousones

(25)whichgivethestructureforonlythestring3generated

fromtheaxiom,inthepointthatthestructurecanbeclari-

fiedforanystringsgeneratedfromanynon-terminalsymbols

ofthelanguage｡

Moreoverallthestructuralanalysesareobtainedtothe

substringwhichisformed1ntheinternalbythereading-in

ofonecharactertyonefromtheleftofthegivenstring･

Thereforeevenifagivenstringterminatesinanyplacelike

conversationalsentences(26)oftenendinthehalf,itsstruc-

turalanalysesareobtainedimmediately.Inthissensethis

structuralanalysismethodmaywellsuittothatofnatural

languages.
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工nsection2,thecanonicalformisdefinedforthecon-

text-freephrasestructuregrammar.Thisisthattheright-

halfofarewritingruleiscomposedofnomorethantwosym-

bols. ¶rheprocedureisshowntoderivethecanonicalformof

thegrammarfromanarbitrarycontext-freephrasestructure

grammar,andthiscanonicalformisprovedtobeequivalentto

theoriginalgrammar｡

Sections3and4dealwithamethodofstructuralanalysis

bythecanonicalformandtherepresentationoftreestructure

tyasetofsuffixesattackedtonon-terminalsymbols.

3.2CanonicalFormofContext-FreePhrasestructureLanguages

Wetreathereaftercontext-freephrasestructureIan-

guagesG=(v(G),S,T,a),whoserewritingrulesψareof

theform.

/S→ﾁ)l'几‥･‥瓦.myI

Here71isnotlessthanl,sothatthereisnoruleoftheform

ﾄ∧.Adenotesthenullstring.

戸isanon-terminalsymbolandP^,Pa'*･･,Pn.areei-

thernon-terminalorterminalsymbols.Thissetofnon-

terminalandterminalsymbolsisnamedvocabularyofa゛Ian-

guageGand･isdenotedbyv(G).

Promasetofrewritingrules歪weconstructanotherset

ofrewritingrules亜ﾀ1nthefollowingway･

(i)A11thesymbolsofgrammarGbelongstothevocabulary

ofG'.

v(G)⊂v(G･)
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(ii)ThefollowingrewritingrulesoflanguageG'arecorre-

spondedtoarewritingrule､

戸゛八八‥…迄ひ心･)(1)

oflanguageG.ﾆ'

(a)Forn°ltherule/3→､p,oflanguageGitselfisthe

ruleoflanguageG'.

(b)･For･n=2therule/3-･月I瓦6fGitselfistheruleof

languageG'●'尚

(c)Fort≧3→thefollowingsetof1･ules‘belongstogram-

marG゛.

戸→乃几

み→β函
●●●●

A-r叩,-ふ-1

/3→几一2見

(2)

Here/?1゛/32゛'‘'゛/3?1-2aredifferentfromanyofthe

vocabularyv(G)sofarasthere18noruleinGwhose

rightsideofや1sjusttheSameasoneoftherules(2).

Inthelatterc芦8ethesymbolontheleftsideof→･should

bethesameasth白oneoftheruleinG.Thesenewsym-

bolsβI/3a)≪･･゛ofcourse,belongtov(G-).

((i)GrammarG1Sdefinedonlyby(a),(b),and(c)m‘entioned

above.▽

Therewritingrulesthusobtainedarecalledcanonical

form. Thelanguage"(v(G･),!',T,A)thusdefinediscalled

languageIG'.NowwewillshowthatthelanguageGI･defined

a8above18equivalenttolanguageG.Here"equivalent"means
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thatalltheterminalstringsbelongingtoGarecontainedin

thesetofalltheterminalstringsofG'andviceversa｡

WewillshowthataterminalstringbelongingtoGbelongs

toG'.AterminalstringofGisgeneratedbyasequenceof゛

applicationofrewritingrulesofGtotheaxiomA,sothat

itisenoughtoshowastagethatastringgeneratedbythe

applicationofaruleofGuponanotherstringbelongingtoG

canbegeneratedbytheapplicationofsomerulesofG',in8e-

quenoetoastringbelongingtoG',becausetheinitialsymbol

isthesameaxiomA｡

Foragenerationstep

‘ｽﾞ/卵)-'ﾀﾞ町い‥良φ

ofG,thefollowinggenerationstepsofG'arecorresponded.

ｽﾞ/3φ→ｽﾞ几一之瓦φ

--y

-ヽ

→

ｸﾞ/‰-3凡｡浪φ
WI

y

'心
内

一一一一一

几‥‥几φ

犬-･ｸり?月B･‥只湧

TheaxiomsofGandG'arethesame,sothatifyβφbe-

longstoG,thenitalsobelongstoG'tytheabovecorrespon-

denceofgeneration.

Galso!DelongstoG･.

Thisprovesthatastringbelongingto

Nextwewillshow･thataterminalstringbelongingtoG'

alsobelongstoG. ForanyterminalstringofG',there18

correspondingtreestructureS'whichshowsthegenerationproc-

essoftheterminalstring.AtreestructureofS'iscom-

posedofrewritingruleswhichareeitherofthefollowing

cases.
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(1)ArewritingruleofS'istheformofﾔﾘor戸りPf',and

/39f)り:)゛allbelongtothevocabularyofG.Inthis

casetherules/3゛pand/9->fP'belongto亜.Therefore

ifastring'XβφbelongstobothG'andG,thegenerations

竃戸φ一々卿)φor即φやｽﾞ叩゛φofGcorrespondtothegener-

ationsofthesameformofG'.

(2)ArewritingruleofS'istheformof/ﾖ9戸長and/3,長e

v(G),りヽ,(G).

Becausethisrewritingrulemustbethelastruleof(2),

theremustbearewritingruleoftheform夕→J)ff)n-|‘

IfF'ﾀﾞv(G)thenthesimilarruleﾀﾞ‾゛f"瓦-2･,･゛゛‥

mustexist,untilfinallyF㈲6v(G).

Theserulesarejustthesameas(2),becausetheleft

partsymbolsof(2)appearnowherethanonlyhere.Thus

thesubstructureof/9ofS゛iscomposedofrewritingrules

(2).Whentherewritingrules(2)areappliedto/3ｻ

F瓦successively,untilfinallythereremainsnosymbol

whichdoesnotbelongtov(g),thestringobtainedlike

thisclearlybelongstolanguageG.Tosummarize,ifa

stringﾀﾞ戸φbelongstobothGandd･,thegeneration

ﾘφ→ｸﾞJ)瓦φﾗﾀﾞ戸Pn-lPnφ-ﾀ･･-‥-ﾔｸﾞがい‥瓦φ

ofG'isauniqueexpansion,towhichthegeneration

ﾀ/9φ→ﾀﾞ兄島‥ヽ･瓦φ

ofGcorresponds.

(5)ArewritingruleofS≪istheformof/3->-p'pandP6

v(G)･戻りv(G).Thisisacaseoftheintermediate

stageofcase(2).Theremustbeasymbolf"ev(G)to
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therightofrofthesubstructureS'9and

ﾀﾞ→所"

mustexist.lfS'eV(G),thisisreducedtothecase

(2).:Ifnot,wecanfindanothersymbolﾀﾞ'£v(g)to

therightofｱ"and■

戸μ→戸,,,

mustexist. Inthiswaytheprocesscontinuesasfar

a8thesymbolt6theleftof→,inthisstage戸l″,be-

∧longstov(G).

(4)ArewritingruleofS'istheformof/8りﾀﾞJ)9and/Sﾀf

v(G),F,ﾀﾞ6v(G).Thiscanbealsoreducedtothecase

(2)bytheSamereasoningas(3).

(5)Thむstartpointofgeneration,thatis,theaxiom,isthe

sameinbothlanguages.

十Fromtheaboveinvestigationifﾀﾞ呻belongstolanguage

GandG'9ﾀﾞf/?2---f,tφbelongstoG'andviceversa‘

3｡3InverseofTreeStructure

Inthissectiontheexpressionisdefinedoftheconnec一

tionofsubtreesrepresentedbythecanonicalformofthegram-

mar.
Anon-terminalsymbolfcanbeexpandedinmanyways･

!rhe一一strμctureofthesesubtreesfromf>isrepresentedby

attachingthesuffixestoj).PropersetsT^(i=1,2,....)of

non-terminalshavingtheinternaltreestructuresaresetup,

andtheirelementsarenximberedagainproperlyl,2,5,‥‥by

naturalnumbers.Thisisnecessaryforthedistinctionof

thesamenon-terminalsymbolwhoseinternaltreestructures
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aredifferent.

Whenanelement乃ofasetTiandanelementらofaset

larecombinedinarewritingruleﾀ

心肺

andj3isanelementofasetTk≫thisrelationshipisexpressed

bythesuffixattachedto/3.Generallyseveralsymbolswhich

arethesamenon-terminalsymbols,butwhichhavedifferent

internaltreestructuresareincludedinasetT;,sothat

naturalnumberisattachedtoeach几belongingtotheset丁乙｡

HereafterasthesetTiisconstructivelydefined,anat-

uralnumber,(thenumberofsetT;)十1,isassignedtoanew-

1yintroducedelement｡

Fortheaboveexamplethefollowingnotationisused.

When A(p',*,*,*,*)6Tl,弓(p9驀,養,驀9驀)6乃9

/3→JUﾓ513expressedby

β(lﾉ(Tr)゛1,j,p,i,p')6へ･

Hereｿ(Tu)meansthenumberofTk.誉isusedforproper

entrywhichisnotconcernedhere.Thisexpressionsaysthat

thep-thelementofT.andthep'-thelementofTiarecon-

nected゛s/3‾゛f1?Pand/3is'ﾉ(へ)+1-thelementofTk.

Thesefiveindicestellthepositionof/3in1?kandtheposi-

tionsofbothelementsineach3et.

Fortherulesoftheform/3一々f.f(p.゛,≫,*,*)Tj'β6R,

/3i8denotedty

/S(y(¶rk)+1,j,p,0,0)6?K･

Hereastheobjectistoperformastructuralanalysisof

astring,thesetTKi3defineda8composedofnon-terminal

35



symbolswhichconstitutethetopsoftreesinclusiveofthe

/c-thelementandexclusiveoftheK+1-thelementofastring

countedfromtheleft.ThereforejcanbesetequaltoK

(j=K),andthesecondparametercanbediscarded.Sothe

generalformbecomes

P(p.q.r,s)T/(c.

ThismeansthatFisthep-thelement'ofthesetTkand

iscomposedofthes-thelementofthe8et耳(whichisdenoted

as几)9andtheq-thelementoftheset飛(whichisdenoted

as巧)intherewritingrule

夕→尺胎

FromtheconstructionalgorithmofthesetTk,Pisgreat-

erthanq(p>q)I･

AnexampleisshowninFig.5.1.Thistreestructureis

representedbythefollowingexpressions.

TI T2

x
＼

べ
几

一一

T
う T4

＼

X
2

入＼｀､

舅^.-^6,"

T5T6

Fig.う.IAnexampleoftreestructu:reand

thesetsT..
1

56



汚 is ら(2,1,3,1)6T4

5isfo(3,2,2,i)eT4

Sis91(2,1,5,1)6T6

n｡isfio(5,2,4,3)^飛

只lisRI(4,3,1,1)6T6

工tmaybeunderstoodfromthisexamplethatthetree

structureofthetopelementPI｡has歿a8theleft-mostele-

mentofitsinitialstring.

Thiscanbetracedbytheaboveexpressionsuchas,the

leftelementoff;a(5.2,4ﾀ3)isthe5rdelementofT4,1‘e'

1p8(3,2,2,i),whoseleftelementi3the1stelementofT2,

i.e.p.｡工ftheleft-mostelementofaterminalsubstring

whosetreestructureisderivedfromanon-terminalsymbol｢

belongstothesetTi9orinotherword,1sthe1‘thelement

fromtheleftofthegiventerminalstring,itisexpressedas

i-LX(r).

Bythestructuralanalysisofagiven3tring,ifU(p)-

lforacertainnon-terminalsymbolf,theinitiallygiven

substringfromthetoptothei-thelementformsasyntactic

unitr.ThereforeforthegivenstringZ°X|x2¨"■'^n.tif

?6Tx,andL｡(?)･lthenthegivenstringZisderivedfrom

thenon-terminalsymbol?,1notherword,Zformsthesyn-

tacticunit?.ThestructureofZfromthetopsymbolPcan

betracedbythesuffixesattachedtoeachsymbol.づ

3.4structuralAnalysis‘ofGeneralContext-FreePhraseStruc-

tureLanguages
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NewsetsSoくaredefinedinthefollowingwayforallthe

symbols≪ofvocabularyv(G')oflanguageG'definedin5.2.

(i)o<eSo(

(ii)β6So(.whenβ→Pandj)e>S≪｡

(iii)A&So(twhen/3->PandPe-Soior/39叩゛and?e£ac

(/xisanullsymbol)

(iv)ForanyterminalsymbolsO?,A6£｡

Theset5Q(hasthefollowingproperties.

(1)Eachelementof^,3^:producesthesyntacticunitoぐitselfﾀ

i･e.夕⇒uholdsforl)6ぶ｡･

(2)工iSo(h&6nullsymbol,1･e.A6S｡,o(mayheaterminal

symbol,orthereisatleastonerewritingruleofcanon-

icalformwhoseleftsymbolproducesoく｡

(5)工fΛﾀﾞSc<≫therewritingrulescontainingαforits

rightpartareonlytheforms/3-^fo(･

NowthestructuralanalysisofagivenstringZ=XIX2･‥χ,t

isdonebypickinguptheterminalsymbolsX,,X,,･･‘･

fromlefttoright,andbyperformingthefollowingsequence

ofoperations.

(工)ForxS;X|(iﾀ09090)6Tx,.X11sthefirstele-

mentofTXI･

Fora11F6SX＼whereSohasAelement√P(V(Tx,)+

1夕1,0,0)6■^x,･

ThismeansthatP=^K,holds･つｴfΛﾀﾞ石か/9Tや約)

mustholdforsome/3andP',butthisisimpossible

tecauseX|1Stheleft-mostelementofagivenstring･

(ｴ:r)Forxﾊﾞk〉1);ﾚ
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XK(i,o,o,o)eTxkgXkisthefirstelementofTXK°

(A)(1)ForallfeSχ｡whereA6Sp;?(V(Tχj+1,1,0,

o)eTχK

･(ii)Fora11F6S)Ckwhere∧/Sp;

Ifthereateanelementf･(p'9q'･m゛,n')e¶IりぐK-|

andarewritingrule/9゛f)y,thenf)(μ(Txχ)゛

1,1,0,0)GT^°

ThismeansthatasymbolP6SXKwhereA6Sfcanexista8a

non-terminalsymb°1｀9whereasSsymb°1P6SxkwhereAﾀﾞSﾀmu3t

bemergedtotheformﾀﾞfgwhichcannotexist,iftherei8no

suchP'eT>ぐx-19andthisdeniestheexistenceof?itself.

(B)(i)Forf(p,q,r,s)TXKwhere∧∈ぶ戸

Fora11罵e-Sp,4≠∧,tφP,whereA6SI;;

ぢ(ヽｼﾞ(Tχg)+1,p,0,0)6Tχ.･

Fora11弓6S9,耳≠∧,苓ｱ!f,where∧ﾀﾞSland

makingt･L仇(罵)･

ifthereareanelementぢ'(pりqlﾀm',n')eTxt-,

andarewritingrule/8々t弓,then葺(y(T4)+

19p9090)6T〉ぐK゛

ThismeansthesameoperationasAforthenewlyintro-

ducedelementsatthestage(a).

(ii)ForP(p,q,r,s)6Txべ゛dmakingt'L"i(F),

1fthereaVeanelementP'(p'.q'.m゛ﾀn≪)6Txt-i

andarewi･itingruleﾉ3→rや,then/9(y(T4)゛

19p夕t゛1,P')6TχK.

Thismeansthemergeoftwoelementsintoone.

ThisprocedurestartsatX,andprocedestoxλ゛X3.｀゜'ﾗXrt゛
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wheretheoperationsonxkarerecursivelyperformeduntil

therei8notermwhichcanbeappliedtheoperation｡

Theset･^xithusconstructedbytheread-inuntilX;,

containsallthenon‘terminalsymbolswhichoorrespondtothe

structuresofsubstringxs°X2¨゛‘xi°

工nthiswaywhenthefinalterminalsymbol-X"M.ofthegiven

stringi8readinandanalyzed,thetreestructureiscorre-

spondedtoeachoftheelementofTX｡ta8itstopsymbol.

Herethetreeswhoseleft-mostelementsareχ1,i.e.Lm°>1,

areselected,whosetopsymbolsrepresentthesyntacticunits

ofthegivenstring,andthesetree8aretherequiredstructur-

alanalyses.｡

Whenthegrammarhasambiguity,theremayexistseveral‘

structuralanalysesforagivenstring.工nthiscasethere

aresomanysyntacticunitsofLm=linthesetTχt.

Examplei

■Agivensentence18s(26)‥

Amaneatingfishhasanunbalanceddiet.

Thegrammarrulesare,

N→(man,fish,diet)

Det→(agan)

Adj→(unbalanced)

vt→(has,eat,unbalance)･

N→-Adj.●Nﾊ

N゛→N･●＼

N'→Det･N

ll'→N゛･Adj,
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Adj.→N'･Vting

A(1j2→Vting･N'

Adj2→･Vted･N'

Vp→vt･N･

S→N'･Vp

ThesetsSo(areinthiscase,

Sn･(A,N,N')SVt-(∧,Vt)‘

Sn--(A,N')Svt,=(Vt>)

SI)et'(AgDet)Svt吻･(A,Vt吋)

SAdj,-(AgAdj･)SVteoL-(∧.Vtel)

SAら･(Adj2)Sg-(∧,S)

Forthe･axiom,whichdoesnotappearintherighthalfof

anyrewritingrules,thesetSistheaxiomitselfandnull

8ymbol∧.･

Eachstepofanalysisofthegivensentencebythegiven

rules'isinﾉﾆTable･5.1.1nthe8etTg,theelements

whoseLmisequaltolareS(1O),S(12),andS(15),andthe

structuresfortheseanaly8e8areshowninPig.3.2.A11these

threeanalysescanactuallyexist,becausewehavesuchasen-･

tenceas,"Amaneatingfishcalledthepiranha13found1n

thetropicalwatersofBrazil."
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.4

｢＼｣

Table3.1Possiblestructuralanalysisofasentence;

Amaneatingfishhasanunbalanceddiet.

v/ord setT.
1

syntacticunitsbelongingtothesetTi

A

man

eating

fish

has

an

unbalanced

diet

TI

T2'

T3

T4

T5

T6

T7

T8

Det(i,0,0,0)

N(1,0,0,0),N'(2,0,0,0),N'(5,1,1,1)
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CHAPTER4

SENTENCEGENERAT工ONBYSEMANT工CCONCORDANCE

4.1ProblemsinMachineTranslationandComputational

Linguistics

Thepossibilityofusingdigitalcomputerforthetrans-

lationbetweentwonaturallanguageswassuggestedbyA.D.

:Boothandsomeothersin1946(11)andsometrialsweredonein

word-for-wordbases.Afterthattimetherapidadvancesin

computertechnologyhasenabledtheuseoflargememorycapaci-

ty,andhasmadeaprojectofmachinetranslation(MT)acur-

:rentone.ManyMTprojectshavemadeitclearthattheword-

for-wordtranslationisinsufficientforthedifferentlanguage

systems,andthatthesyntacticstructuresofalanguagemust

betakenintoconsideration.
(27) Thefamousbook,"Syntactic

structures"ofN.Chomsky(28)whichappearedin1957,clarified

thatthesentencestructurehasthreedifferentlevels,i.e.

phrasestructuregrammar,transformationalgrammarﾀandmorpho-

phonemicrules.Healsoinsistedthatagrammarmustgenerate

allthesentencesbelongingtoalanguageandnomore｡

ThepropertiesofthephrasestructuregrammarwhichN.

Chomskydefinedhasbeenextensivelystudiedinconnectionwith

thetheoryofautomataandtherehaveappearedmanyfruitful

results.(6)(7)(29)

Ontheotherhandactualexperimentsonreallanguages

alsoweredoneinmanyplacesbasedonlanguagetheories･

｢rhe･conclusionhasbeen,however,thatthemachinetranslation
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isnotpossibleatthepresentknowledgeandtechnology.(30)(51)

ThemeaningisthatthisdIrectionofstudyisveryimportant,

butthatthemultifariousfacetsofnaturallanguagearebeyond

ourtreatment｡

Wehavenocompleteorenoughtoolsforsyntactic(ieDcrip-

tion,norhaveweanymethodologyfortherepresentationof

semantics｡

Bythesyntacticorstructuraldescriptionismeantthe

scopeofmorpheme,word･phrase,clauseandsentencelevels.

Atpresentinthemachinetranslationstudy,morphemeandword

levelsaretreatedseparatelyfromothers.Thisismainlya

dictionaryproblemandotherlevelsfromwordtosentenceare

aproblemofstructuralanalysis｡

ThemostfamousandpowerfultheoryoflariOTiageisa

phrasestructuregrammar.Therearemanyvariationstothis

whentheyareappliedt0languageanalysis.Howeverthe

fundamentalprincipleistoconstructahigherlevelphrase

fromseveraladjoiningelementsoflowerlevels,sothatitis

alsocalledimmediateconstituentmethod.(32)Thisgrammar

reflectsourconceptsofEnglishgrammarverywellandishigh-

1ysuitedforthehandlingbydigitalcomputer.Manyother

analysismethodssuchasdependencyanalysisoftheRANDCorp･

(33)andpredictivesyntacticanalyzerofNBS(う4)andHarvard

University(2-5)areprovedtobeequivalenttothephrasestruc-

tureanaly8is.(6)

■Nextlet'sseethefollowingfamousexample.^'

Colorlessgreenideassleepfuriously･
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Thisstring(heretheproblemiswhetherthisisasen-

tenceornot,sowedonotuse"sentence"butweuse"string")

maynotberegardeda8asentenceoftheEnglishlanguageand

maybebetterexcludedfromthelanguage,althoughthisseems

tobegrammatical.

Howevertheproblemiswhatthecriterionofexclusionis.

Anotherexampleis,

lboughtacarwithfourdollars.

lboughtacarwithfourwheels.

Thedifferenceofthesetwosentencesisonlydollars

andwheels,butthesentencestructuresare'completelydiffer-

ent.

.Heretheproblemishowtofindthisdifferenceofsen-

tencestructures.Thesearetheproblemswhichcannotbe

explainedtythesyntax,andaregenerallycalledtheproblems

ofsemantics. Itmaybenoticedthatsemanticsisintrinsic

inmachinetranslation,becausemachinetranslationisessen-

tiallythesearchforthesentenceofequivalentmeaningoris

themeaningtransferfromonelanguagetoanother｡

Inthiswaysemanticsisacentralprobleminlanguage

processing.Howeveranapproachtosemanticsisfarmore

difficultthaぐsyntaxgbecausesemanticshascloserelationto

ourintel:Lectualactivitiesortotherealworld.Thisis

whytherearesofewinvestigationsandsofewpowerfulresults

inthestudyofsemanticsoflanguage･ (55)(56)(37)Thefol-

lowingsaresomeoftheproblemstobeconsideredinsemantics･

Firstthemeaningsofawordaretoberepresentedinthe
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formapplicabletodigitalcomputer.Eachwordbearstheim-

ageofhumanculturesothatmanyfacetsoftheusageofa

wordmustbeinvestigated.Forexample｡,へこ"pigeon"1sa

kindofbird,canfly,isnotharmful,andi8relatedtoan

abstractnoun"peace"atleastfortheJapanesepeopleand30

on. Thoseencycfl･ヽopedicinformationsaretohesuitablyab-

atractedtoasetofsemanticcategories｡

Nextproblemistherelationshipoftwoormorewords

whentheyappearinasentence.Asentenceexpressesare-

lationshipamongwordswhichappearinit.Theirrelation-

shipcannotheunderstoodbythemerecollectionofthewords,

butthesyntaxexistingamongthewordsplaysanimportant

role. ｢I!hisisthesemanticrelationahipinaphrase.

Intheaboveexample,

工boughtacarwithfourdollars.

lboughtacarwithfourwheels.

1ftherelationshipoffourwords,bought･car,dollars,anl

wheels,aregraspedcorrectlywiththehelpofstructuralin-

formation,thesμ

Concerningthemeaning,P.M.Rogetpublishedhisfamous

dictionary,"ThesaurusofEnglishWordsandPhrases"in1852.

(58) Thiswastheclassificationofwordsaccordingtothe

ideasthattheyexpress.Recentlytherapidadvancesofdig-

italcomputertechnologyhaveenabledstatisticalmethodssuch

a8concordancewhich,foreχample,countsthecooccurrenceof

twospecificwordsinacertainrelationbydigitalcomputer.

Thesemethods,howeveriftobesuccessful,needagreatamount
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ofinputdata｡

Dictionaryisanotherimportantprobleminmachinetrans-

lation.Hithertothisproblemhasnotbeenthoughtsoseri-

ousbecausetheythoughtthatthedictionarywasonlytheentry

ofwords.Howeverthesituationhaschangedsomuchthatthe

dictionaryisprovidedforwords,conjugationofwords,gram-

maticalrules夕semanticinformations,thesimilarinformations

oftargetlanguageandsoon.Thatis,thedictionaryplays

acentralroleinmachinetranslation.Thesizeofadiction-

aryisanotherproblem.Nowadaysseveraltenthousandsof

dictionaryentriesarenotrare.工nthiscasetheaccesstime

foracertainentrybecomesanimportantfactorinmachine

translation,andtheupdatingofthedictionaryinformationbe-

comesatrouble.(59)

4｡2Methodology

Atpresentonbehalfoftheexperienceobtainedfromthe

researchalreadydone､wehavefairlyexactknowledgeabout

therealdifficultiesintheMTresearchwhicharetobesolved

inthenearfuture.Amongtheproblemsthemostimportant

onesmightbehowto､constructthesyntaxofalanguageand

howtograspthesemanticsof､sentencesofthelanguage｡

Therehavebeenmanyexcellentcontributionstotheprob-

lemsofsyntax､buttherearestillfewtotheproblemsofse-

manticsandtheinterrelationshipbetweensyntaxandsemantics.

Theauthorhastriedaninvestigationinthisareabythemeth-

odofgenerationofEnglishsentence.
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Thefirstpapereverpublishedconcerningthegeneration

ofsentencesmighthavebeenthatbyProf.V.H.YngveofM工T

1n1961.(15)Herethemethodhasbeenadoptedonceagainfrom

thefollowingpointsofview.

(1)Itactsasapowerfultesttothestudyofsentence

structure.

(ii)工tactsasapowerfultesttothestudyofsemantics.

(iii)工tactsasapowerfultesttothestudyoftherelation-

shipbetweenajmtaχandsemantics1nnaturallanguage｡

Generallyspeakingthesentencegenerationmethod,con-

trarytotheanalysisofagivensentence(whichisguaranteed

tobeacorrectone),tendstodemandasevereconstructionof

syntacticrulesandwordselectionrules.Itmayseematthe

presentlevelofmachinetranslationthatthetreatmentofthe

sentencepropertyinitsentiretyistoodifficulttorealize.

Butifwehopetohavethe･translationasperfectaspossible,

wearenecessarilytoconfrontwiththisproblem.Thequality

ofalinguistictheoryofalanguagemaybebestexaminedby

thegenerationofsentenoesaccordingtothelinguistictheory｡

Especiallytheeffectoftheinterrelationshipbetween

syntaxandsemanticsseemstobeclearlyexemplifiedbythis

80tospeak"crude"test｡

Thusthesentencegenerationmethodsurelyrespondsto

thisoveral!treatmentofthesentenceproperty.Thismaybe

consideredasa3teptowardsthegeneraltheoryofnatural

language｡

Severalmethodshavebeendevelopedforthedescription
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ofsentencestructure.ThesyntaxofEnglishishereヽrepre-
■■●●｀'χ

sentedbyaphrasestructuregrammar,transfor!!lationalgramma:r,

andmorphophonemicrules.Thekernelsentenceisgenerated

byaphrasestructuregrammar,theりsomepropert:ransformation-

alrulesareappliedtoit,andthenthemodificationofthe

sentencebymorphophonemicrulesproducesthefinaloutput･

Theserulesshouldgenerate"conceivablesentencestruc-

tures",althoughtheactuallyusedsentencestructureshave

severalconstraints.Theseare.forexample,･

(1)thedepthofthesentencestructureﾀ

(ii)･thecoordinationstructure,卜･,･.

(iii)theintrinsicunsymmetryofsentencestructure一一一一pro-

gressivestructure,topheavystructureetc.

Ingeneraltheruleswhicharesuitableforanalysisofa

givensentenceseemtodifferfromtheruleswhichgenerate犬

goodsentences.Thedifferencebetweenthesetwoisthedif-

ferencebetweentheactualspokensentencesandtheconceivable

sentences.

structure.

Herewecanseeman'stendencytothelanguage

Thereforeitwillnotbeworthlesstoknowthe

frequencyratiosofthephrasesusedintheactualsentences.

Thenextquestion,andthemoredifficultonethanth夕……

former,isthedeterminationofwhatisthepropermeaningful,上

sentence.‥

･1/141'●j;r･

Thetestforthesemanticanomalyofasentenceisfar,.

moredifficultthanthetestfortりegra平maticalitygf‘thesen-

tence.Thefollowingthreelevelsofcriteriamightbesup-

posedforthecorrectsentence..
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(1)Thegrammaticalsentencewhichisspokenorwrittenby

theaverageperson(andthesentencewhichconveysacon-

Creteconceptwithoutknowingthecircumstancesthesen-

tenceisspoken).Here"grammatical"coversthephonol-

o&y≫phonemics,morphology,syntaxetc.Thesesentences

whicharegrammaticalbutwhicharecontradictoryin

meaningandwhichwedonotspeakaretoberejected.

(ii)ThesentenceswhichareIncompleteInthewordusages,

inflexionsandsoonbutwhichconveyclearunderatanda-

bleconcepts.Thesearetheso-calledcorrigiblesen-

tences.

(iii)Thesentenceswhicharegrammaticalbutcarrynoconcrete

meaningiftheyarenotsupplementedbytediouslylong

explanationsabouttherighteousnessoftheexpression.

Thesecondcriterionwasadoptedforthegenerationof

Englishsentences.That18becausewecantransformthecor-

rigiblesentencesintothecompleteonescomparativelyeasily

bycheckingtheconcordanceofgender夕number,caseetc.

Hereafterthemainconcern18thereforewiththesentencewhich

carriesverydefiniteconcept,thatistosay,thesentenceof

completesemanticconsistency･

4･3SentenceGenerationbySemanticConcordance

Theprocessofgenerationoftheaffirmativeactivede-

clarativesentences18presentedherebythephrasestructure

grammar.Bythegenerationofthekernelsentencetheatten-

tionisonthestructuralbalanceofthewholesentence,the
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influenceofthechoiceofawordtotheotherpartofthe

phrase,andtheirrelationtotheunifiedconceptofthesen-

tence.Anexpansionrulehasamainconstituentandtheother

non-mainconstituentsintheeχpandedpart.Thelattersym-

bolsmaycontainoptionalele皿ents.

WhenanexpansionruleIsappliedtoanon-terminalsym-

bol,towhichthere18alreadygivenaooncreteword,theword

isassignedtothemainconstituentoftheexpandedpart.

Thewordstothenon-mainconstituentsymbol8areselected1n

relationtothemainconstituentword.AverboranouniB

takena8themainconstituentofthenon-terminalsymbol"sen-

tence"(initialsymbol).

4.3.1｢rerminology

Asetofsyntacticwordclasses(abbr.SWC)

S-(s,,s29●●‥●)

Asetofwords

W°(w,,w29‥●●●)

Asetofsemanticcategories

p-(p,,p29¨¨‘)

Asetofnon-terminalsymbols

Zs(Zo.Z|fz2●･････/tZq:axiom

M-SuZ-(f,●島9‥●●●)

A8etofp゛sbelongingtoawordw

ﾆﾉ尚P(w).(p,(w),Pa(w).‥‥.)

P,(w).(p,.゛Pwiz●?゛゛¨)

A8etofwordBbelongingtoa･syntacticwordclasss
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W(3)=(Ws,'*5a≫゜¨¨)

Thetypeofexpansionrules:

z→渚,z6Z

%'.stringofsymbolsinM.(ぶ1scalledasyntacticunit)

応一階既£‥‥焉｡,｡.

M(応)=既｡lsmainconstituentofstringZ･

NMj(名卜脳snon-mainconstituentof名.jisattached

1,2,5,°゛゜fromlefttorighttothenon-main

constituentsofstringぶ｡

工fXiscomposedofonlyonesymbol,there

18nonon-mainconstituent.

Optionalelementsintheexpansionrulesareindicatedby

apair6fbracketsattachedtothesymbols.Anoptionalele-

mentin名cannotbethemainconstituent.

Thetypeofselectionrules:

S一やW ○『 8･4-●･W

Semi-terminalderivations

Expansionrulesareappliedonnon-terminalsymbols,to

thestagewheretherei8nosymboltobeexpanded.The

finalstringiscomposedofswc.

Asetofthederivedmainconstituentsforasymbolz>

Asetofalltheswcwhichcanbethemainconstituentof

anon-terminalsymbolzorthemainconstituentsofa

phrasewhichisgeneratedbysuccessiveexpansionsofthe

mainconstituentsoftheoriginalz.

S(z)s(szl゛8z2゛¨¨゜゜゛)

S(s乙)
-

一

一 (s£)1sassumed.
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4｡3.2TheProcessofGenera!tionofaKernelSentence(i)

Itissupposedthatasentencehasonecentralthingor

concepttobementionedfirstofall.11?hisisthemaincon-

stituentofasentence.

＼Thenasecondimportantconceptisdetermir!edwithits

grammaticalposition,referringtothecentralconceptalready

selected.Nextathirdimportantone18deter皿inedlikewise,

and8oon.¶rhisprocess18formallyrepresentedinthefol-

lowing･

(1)z｡･･→･w(si(z,))

Si(Zo)1sanelementofS(zo)whichisthesetofthe

derivedmainconstituentsforzo･w(si(zo))isaword

belongingtothesetW(si(z｡)).

Thisshowstheprocessstartsfromtheselectionofaword.

wfortheaxiomZn.andthesentenceistobeconstructed

withthecorewordw｡

(ii)z｡り･名,1fSi(z｡)6S(M(ぶ))

Theaxiomz｡canbeexpandedintothesyntacticunit応if

andon:lyifthealreadyselectedS:(Zo)atthestage(i)

1scontainedinthesetofthederivedmainconstituents

‥forM(応)｡'

(111)M(名)←≫w(s£(z｡))

Thealreadyselectedwordw(s£(z｡))isassignedtothemain

constituent}i{Z)oftheexpandedsyntacticunitZ.

(1v)N暇(7)4→w｡a(8z爪N町(名))),forallk,

ifacertaincondition

石CP佃),Pぐら･f･),゛P(y4,･6),‥‥)
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1ssatisfied.

Toeachnon-mainconstituentNMk(.t)1scorrespondedeach

wordwり,ヽfKifthesemanticcategor･1e8forthewordshavea

certainrelation刄withthatofthewordwassignedto

M(ぶ).

Atthen‘thstageofthegeneration:

工tissupposedthatawordi8alreadyassignedtoanon-

terminalsymbolz.

Z<->w(3(z))

Then:

(1)z→名,1fs(z)6s{m{z))

(11)M(応)4→w(s(z))

(iii)N嘸(名)4→w｡M(s£ﾊﾞNM｡(名))),1facertaincondition

石ぐP㈲,町ら｡),?(w42),‥･)

1ssatisfied.

4.3･3Conditionj^

Toalltheelementsofthesemanticcategories.P-(p.9

p2,･･.),thesemanticdistancesaresupposedtobedefined.

dり-d(p.･pJ)i/i

dLl-d(p..Pi)-0

Theconditionjmaybethefollowing･

z→Z(E亀以…･尽.)

M(ぶ),s,w(8(z))

NM,c(ぶ)4→w(s(NH,i(Z)))

戸24Σai(え(M〉.)十ΣbﾘdCh･ら)≦c4名,‘t6btj,吟,鳶:constants

i,J,koverallnon-mainconstituentsymbolsofX.
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Pk6P(w(s(NMk(^);))

p6P(w(s(z)))

Anexampleofthisprocessi8illustratedinFig.4.1.The

7(precede)

SK(precede)

(specialist)

(several)AD1(mos
ﾄ

ART

sev

!

ral

椋lalr:iこpr:Ley(speci811sﾌﾞﾔ血d)
卜心

NOPRPHP1(trend)t)血NQ(computer)1lI

li/｀へヽspecialistintoNO

竹JNQ(numb
こご
NO(computer).しj

nocomputer
|

nﾑ｡ｴ､

Severalmoatxll°bercomputeralreadyprecedespecialistinto
trend.

Fig.4.1Sentencegenerationfromtheaxiomandaverb"precede".

doublelineindicatesthemainconstituentofaphrasesym-

bolwhich18writtenonelineabove.Certainsemanticcondi-

tionsareimposedonthepairofphrasenamesinphraseswhich

areunderlined.

4.3･4TheProcessofGenerationofaKernelSentence(il)

Thegenerationprocessexplainedin4.3.2isfromthe

axiom.Buttherearethecaseswhereasentenceistobe

oonBtructedfromanarbitrarygrammaticalpositionandagiven

word.Forexamplewhenwewriteacomplexsentencelike゛'¶rhe

oldgentlemanwhomwesawatthetheatrewashisfather.",the
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mainconstituentofthesubordinateclauseisnot"gentleman">

buttheverb"saw".Sowemustgenerateasentencefroma

noun"gentleman"anditsgrammaticalposition:objectivecase｡

Theprocessisthatfirstthestartpointofgeneration

isgivenbyawordanditspartofspeechinasentence.Mext

aproperrewritingruleisselectedwhichcontainsthepartof

speechofthewordselectedjustnow｡

Thentotheremainingelementsoftherewrittenphrase

theproperwordsareassigned,thesemanticcategotiesofwhich

coincidewiththeoneofthealreadyselectedword.Thi3

processiscontinuedasfarasthereremainsnoelementwhich

canberewrittenbyaphrase.Theprocessisformallyrep-

resentedinthefollowing･

(1)Givenz,wﾀs,wheresらw,36S(z)

(ii)Atreestructurewhosetopsymbolisz18constructedby

themethodexplained1n4･3.2.

(iii) z｀→χ､名一只ζ､SIヽ‥Z･･･&､

Aphrasez'isselectedwhichcontainszasacomponent

oftheexpansionrulez'→Z｡

(iv)Z<-4>･w.P^;<-゛WZ11゛1,2,･･･････9n

wherecertaincondition

五('P(吻,)√P(吻2),‥･,Pfiv),...p(wz｡))

issatisfied.

∧Aproperwordiscorrespondedtoeachphrase疫;゛

(v)Treestructureswhosetopsymbolsare｡Pzi(i°1,2,..゜)

areconstructedfora11&il)ythemethodmentionedin4･3.2.

(vi)Atthestage(iii)･z'isnewlyreplacedbyzandthe
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sameoperationsfromstage(iii)to(v)areperformed.

(vii)犬Whenz'“Zo(axiom)isreachedandthesteps(iv)to

(v)arecompleted,thenthewholetreeisaccomplished

undertheaxiomZo･

Anexampleofthisprocess18IllustratedinFig･4.2.

SE(read)

(specialist

(specialist)

(the

よ

ﾕ
(read)ﾊﾞ☆水

上ﾔ

ﾑA1
(specialist)

the

specialist

Thespecialistreadthepaper.

paper

Fig.4.2Sentencegenerationfro皿NPlandanoun"specialist".

ThedirectionIndicatesthestepsthesentenceisoonstructed.

4･4!X!ransformationalRules

4･4.1Representationofthe･Rules

Thetransformationalrulescanexplainmanysentence

｀y

structureswhicharedifficulttobetreatedinanImmediate

constituentmethod.Foreχamplebyasentence"Isheyoung?",

whichisaquestionformof"Heisyoung.","1syoung"becomes

discontinuous,separatedby"he".Thisisdifficulttotreat

やytheImmediateconstituentmethod.Iti8farmorenatural
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toexplainthisbytheapplicationofatransformationalrule

concerningquestion゛totheoriginalaffirmativesentence｡

Thetransformationalruleshereusedareclassifiedto

threetypes.Thetypelisunarytransformationswhichmay

hethoughtofasconvertingasentencefromonetoanother.

Thetype21sbinarytransformationswhichcombinetwosen-

tencestoformathird.Andthetype3isatransformation

betweentwophrases.Inallthesecases,however,thetrans-

formationalrulescanleformallyrepresenteda8follows.

ZS XI'X2‥‘"恥｡->y,-Xi､･y.-xu-3S･‥‥y､'xi｡;y;､､1 (1)

Thesymbolzwhichiswrittenontheleftsidemeansthat

thistransformationalruleshouldbeappliedtothephrasez.

χ|,χ2,'゛'゛゜,χ-n.areeithertheelementsofMorwordsthem-

selves. Amongthemmayexistsaspecialsymbol^,whichin-

dicatesthatforthissymbol¢theremightormightnotcor-

respondsometermsinaninvestigatedphrasez.Thatis,ef

expressesanarbitraryterm.y..yz.････≫yin+iarevacant,

somesymbolsorwordswhicharenotequaltoX,.x29¨゛ﾀX皿･

SE

11

SK

Thesebetheredbook.

NP
ふ

l

?0

these

!||1111
ARTNOwhichbeADJ

tliebook red

Thesebethebookwhichbered.

NP1s¢･AI)･NO→¢･liQ･WHICHBE･AD

Fig.4.5Trsinsformationinaphra8e･
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xi･|゛xi･2゛¨'゛xisare･somesymbolsamongχ19χ29･･･夕Xyi.

Thephrasezhasaninternaltreestructure,bothetrans-

formationalruleisappliedt6thisti･ee.Anexampleofthi8

isillustratedinFig.4.3.

Inthisfigureanounphrase"theredbooks"istransformed

toanothernounphrase"thebookswhicharered".Thistran8-

formationisdonebytherule,

NP1:¢･AD･NQ'→¢･NQ･WHICHBE･AD

Thereareproblemsinthetransformationalrulessucha8

follows.

(1)Wehavenodefinitecriteriaastowhatkindofsentence

structure･1stobetreatedinthescopeofphrasestruc-

turegrammar,andwhatisinthescopeoftransformation-

alrules.

(ii)Wecannameempiricallyorinformallythetransformation-

alrulessuchaspassive,thatdeletion,complement/object

transposition,etc.,butthe:formalrepresentationof

theserulesintheformof(1)withoutcontradictionfor

allthesentencestructuresgeneratedfromthespecified

phrasestructuregrammar,isdifficult.

(iii)Transformationswhichaccompanythechangesinthepart

ofspeechorthemorphophonemicformsofwordsaredif-

ficulttotreat.

(iv)Atransformationalrulecannotbeappliedunconditional-

1ytothestructuresatisfyingtheruleform,butthere

aremanycaseswheretheapplicationofrulesdependson

thesemanticsofthesentence.
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4.4.2ApplicationofTransformationalRules

Forthetransformationalrulesofthetypel,asentence

isgeneratedbyaphrasestructuregrammarandatthesametime

thegeneration3tepsofthesentencearememorizedbythetree

structurerepresentation.Nextcomesatransformationalrule

ofthetypeltothistree.Ifthei･uleisfoundtofitto

thestructure,thenanothertreei8constructedfromtheorgi-

naltreereferringtothetransformationalrule｡

Examplesofthistypeares

52S･NP-VT･NP1･¢→･1･4･BE･yBT･2･5 (passiveform)

Thisbookemphasizedtherecentdevelopmentclearly･

Therecentdevelopmentbeempha3ize(d)bythis

bookclearly.

¢･NP-V工2･NPI･¢→1･WHAT･DO･2･3･5･? (question)

LastyearJohnbecameadoctorofphilosophyatthirty｡

LastyearwhatdoJohnbecomeatthirty?

Theapplicationofmorphophonemicrulestothesetransformed

sentencesareexplainedin4.6.

Forthetransformationalrulesofthetype29firsta

sentenceisgeneratedbythephrasestructuregraminar≪withits

internaltreestructure.Thenaproperphrasenameisselect-

edwhich18aproperbranchpointofthetree夕withtheword

attaohedtothephrasename.Nextthegenerationofanother

sentenceisdonestartingwiththephrasenameandthecorre-

spondingword,whichareselectedjustnow.Thisgeneration

isbythemethodexplainedin4.3･4･

Thenthetwosentencesthusgeneratedhaveasameword,
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whichisthekeypointintheusualtransformationalrules

ss
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computer
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郭
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paper

Severalmostnumbercomputeralreadyprecedespecialistinto

trendwhichreadthepaper･

ss:かWT1･NP1･¢･CM･NP1･μ→1･2･3･WHICH･7･4

Fig.4.4Transfoimationbetweentwosentences.CMscomma.

ofthetype2｡.

AnexampleofthistypeisillustratedinFig.4･4.This

isacombinationoftwosentencesofFig･4.1andFig.4.2･

Theruleappliedhereis,

SS:μ･WTI･NPI･¢･CM･NPI･¢→1･2･3･WH工CH･7･4

andthegeneratedsentenceis,

Severalmostnumbercomputeralreadyprecedespecialist

intotrendwhichreadthepaper･

Thisexampleindicatesthatatransformational:rulescannot

beappliedineverycase,evenifthestructuresatisfiesthe

ruleform.Therearemanyotherexamplesofthisnature･

Forthetransformationalrulesofthetype5,mainlythe

nounphrasesarestudiedwhicharetheresultsoftheapplica-
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tionoftransformationalrulestocertainphrases,especially

tothesentenceformSE.

Forexample,

NPI･BE･NP1→1･CM･3-CM

KennedyisthepresidentoftheU.S.

→Kennedy,thepresidentoftheU.S.,

NPI･BE･pp→1･3

Scientistsareinthedomeofthesouthpole

→Scientistsinthedomeofthesouthpole.

Thistypeoftransformationalrulesareincorporatedinthe

generationi>ythephrasestructuregranniar*

Anotherimportanttransformationalrulesarethoaewhich

accompanythechangeinthepartofspeechofwords.

Porexample,l!:nomlnallzatlonoperator

VI!1･NPI-d→‘丑旦.1‘PRP･2･3

applycomputertotheMTresearch

→applicationofcomputertotheMTresearch

VT1-･NPI･が→nn-1･BEG工VENTO･2･3
-

considertheproblemsofthetheory

→considorationIsgiventotheproblems

0fthetheory

Thistypeoftransformationalrulesremainstobeinvestigated,

1nwhichtheworddictionaryshouldhaveinformationaboutthe

interchangeofthepartsofspeech.Examplesofthesetran3-

formationalrulesareshowninTable4.1.
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Table4.1E】【a町】lesoftransformationalrules.

Questions:

0NPEμ=1324?

βNPHV¢=1324?

βHPMMμ=1324?

βNPVE¢=1DO234?

0NPVC¢=1DO234?

βNPVO¢=1DO234?

NPVPIWT2?

NRVQ=WT2?

PNVQ=W02?

βVCNQμ=WT124?

βVONPOB¢=WT125?

βPONPOB‘=2WT1?

Negation:

NPBEjZ5･=

NPHV¢=

NPMM¢=

NPVE¢=

NPVCμ=

NPVO¢=

12m3

12NT3

12NT3

1DO町23

1DOMT25

1DONT25

Thereis(are):

NPBEAV'=TR213

NPBEAV=2TR:L3?

NPHVBEAV十=TR2314

NPHVBEAV=2TR314?

Passive:

NP¢VONPOBβ=42BE36BY1OB
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Table4.1(continued)

Binarytransfomatlons:

HP0VONPOB0CMSB=1256TT8

NPVPCMSB=1TT42

HPVPCMSEzIF4ORNT2

HP0VONPOBJ2iCMSB=1256IF

NP0VOUPOB0CMSB=1236HW

NPVPCMNPVPs1WH52

NP0HPOB0CMHPVP=1253OBWH8

NPVPCMNP0NPOBβ=1WHOB4582

NP0VONPOB0CMNP¢BENAβ=123680B1112

NP0VOPNOB0CMNP0YONPOB¢=1234OB6aOB13

Where:

HP,m,NQarenounphrases,

PNispronoun,

OBIndicatestheprecedingtermisobjectivecase,

misbe,

HVishave,

MMisauxiliaryverb,

VEisintransitiveverb,(complete)

vcisintranよiitiveverb,(incomplete)

V01stransitiveverb,

VQisverb,

AVisadverb

CMisconmiawhichseparatestwosentences,

SEissentence,N?isnot,

DO13do,Tllisthere,

WTIswhat,BYisby,

voi8who,｢I゛risthat,

EWishow,1?i8if.
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4･5SemanticCategoriesandTheirRelationshipinSyntactic

Unit

工nthegenerationprocessthusdefined,eachwordisde-

terminedbytheselectionrules4→･wappliedtoSWC's.

Howthiswordselectionshouldbedoneisthesemanticshere

considered.Iftheselection18donerandomlywithoutany

semanticrestriction,completelyanomaloussentencewillappear･

Topreventthisanewword18tobeselectedcompatible

withthealreadyselectedwordswhichareintheneighborhood.

Suchsemanticselectionofwordswillespeciallybeimportant

inthesyntacticrelationssuchas

3ubjeotnoun&predicate･verbl

subjectnoun&predicateverb&complement(orobject)

adjectivemodifier&noun

noun&noun

adjective

'

&adjective

l

verb&verb

(coordinationstructure)

etc.

Selectionofaproperwordinrelationtotheotherwords

willeventuallyrequirethesemanticnotificationstothewords

andtheirmutualrelationshipinasentence｡:Inotherwords

thesystemofsemanticcategoriesistobesetupandthe

meaningsofallthewordsaretoberepresentedinthesystem｡

Theconstructionofasystemofthesemanticcategories

maybedonebestbythereplaceabilityrelationamongwords

insentences.Forexample,totheverb"walk",thereIsa

groupofwordswhichcanbethesubjecttotheverb"walk".

Tothewordgroupthusformed夕therewill･beanotherwordgroup
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whichcanbethepredicateandhasverb"walk"asitsmember.

Thiswordclassificationhasnotbeentriedyetonthewhole

scale,andindeedthis18verydifficulttodo.Sotheauthor

tookaslightlydifferentway,althoughthefundamentalatti-

tudeofthewordcategorizationwasthereplaceabilityofwords

1naentencea.

1tispostulatedthatalltheword3mightbeproperly

characterizedbysettingupanumberofkeyconcepts.For

exampleaword"voyage"1scategorizedasjourneywiththe

additionalimagessuchasamusementﾀtimeduration,oceanetc.

Infactwhenwespeakweactuallyconstructsentencesfully

awareofsuchadditionalmeanings･

Thustheaimistoextractsuchwordimage8andtoknow

howtheseimagesaremutuallyconnectedinsuchandsuchsen-

tencestructures.Sotheextractionofsemanticcategories

IsdonepartlytakingintoconsiderationtheRoget'3thesnurus

(38)andsomeotherpublications.(37)(40)The'followingnum-

bersareassignedtothesemanticcategoriesofthepartsof

speech.

100一一299verb

300一一499noun

500一一699adjective

700一一799adverb

900一一preposition

Theten'8digitindicatestheroughsemanticcategories1na

partofspeechandtheone'sdigit18tothefurtherclassifi-

cations.AtpresentthenumberofcategoriesfortheverbIs
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?able｡2aSemanticCateoriesverb

Hand(iOO)

(Ill)close9opencover,fill,hold,drop,mark.

plant,put,fire,take,draw,make

(112)keepgcarry,useghaveﾀget･give,help,

bear,raise,hold,take

(113)connect

Eyesetc.(120)

(i2i)hear,fin4,see,look,watch

(122)say.･speak,talk,tell,call,laugh,order.

read,sing,state夕citeﾀpronounce

Intelligent(i30)

behaviour

Mental(i40)

Spiritual(i60)

Meals(i70)

Social(i80)

(i5i)ask,answer,hear,find,order,cite,

address

(132)add,get,receive,send,need,select,

treat,eliminate,accept,arrange

(133)learn,read,find,write,see,process.

^PPly≫program,compute,specialize,

compare,judge,indicate,understand.

translate,know

(134)deal,treat

(155)interest,experience

(I4i)feel,remember,think,reflect

(142)enjoy,thank,love,fear,like

(143)wish,hope,care,want

(144)stimulate,attract

(161)"believe,know,mind,think,mean

(162)attempt,aim,intend十

drink,eat

(181)build,found,publish,generate,develope.

assemble,bridge｡
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?able4.2acontinued)

(182)kill,care

(185)pay≫receive,buy,get,give,aave,need,

present,provide,precede,concede

(184)drive,fly,sail,ride,guide

(185)follow,lead,elect,participate

(186)live･work,make,cooperate,exi3t

(187)contribute,serve,help,save,pronounce

(188)consist,exist

(189)correspond,concern

Bodyaction(i90)

(191)play*show,try

(192)sit,stand,start,atop,put,set

(193)visit,call,meet,show,see,appear.

address

(194)3leep,rest,remain,wait

(195)walk,move,pass,leave

(196)come,go,reach,run,stay,arrive

Changeofstate(23O)

(231)change,turn,arise,remain

(232)8tart,go,come,drop,leave,begin

(233)extend,follow,increase,form

Naturalph8nomena(250)

(251)rain,blow,cover,drop

(252)burn,fire

(260)

(261)grow

(262)scatter

(280)

(281)be,become,seem

(282)need

Table｡2bSemanticCateoriesnoun

Humanbeings(300)
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Table,
-

man

.2b

family

social

continued

(301)boy,child,girl,person,man.woman,

Jack,Betty,Nelson

(302)brother,company,family,father,friend,

people夕sister,son,mother

(303)king,soldier,god,president

(304)specialist,reader,scientist,profession-

a19group,blind,editorﾀdebutant

(305)

Partsof300(310)

generation,group

outward (311)body,ear,eye,face,foot,hand,head.

hair

Animal(32O)

terrestrial(321)horse,lion

aerial(う22)bird

aquatic(323)fish

Plant(33O)

(531)flower,grass

(532)tree,forest

(555)apple,pear

Nature(54O)

celestial(341)sun,moon,earth

atmospheric(542)rain,wind,air

geographic(343)river,hill,mountain,road,land,field,

sea,Mt.Fuji,KaatSklll,Appalachia,

LakeBiwa

minerals(344)rock,stone,gold,silver

water(345)water,sea,rain

Largethings(36O)･'

movable(56i)bus,train,car,ship

building(562)house,church,school,KyotoUniv･

partsof562(363)door,window,room

place

Articles(57O)

books

(364)road,street,garden

(371)book,picture,paper,story,Newsweek,

Bible,handbook,library,monograph.
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｀､

Table4.2bcontinued

articleﾀsummary,literature,supplement,

journal,proceeding,report,volume,text-

book

foods(372)food,egg,bread,milk,corn,salt,pep-

per,water,beer

furniture(575)table,box,bed,dress

playthings(574)ball,tennis

(375)processor,machine,computer

Mentalaction(580)

thinking(381)reason,idea,hope,mind,thought

feeling(582)love,life,fear

(585)aim,end

(384)readiness

(385)gratitude,thank,patience,acknowledge-

ment

(386)knowledge,thought,view,opinion,refer-

encegaspect,conception,comment,con-

sideration,understanding

(387)sense,art,view

Action(390)

(391)life,love

(592)war

(593)question,answer,speech,call,order.

●judgement,citation,problem,example

(594)death,existence

(595)visit,watch,indication,advance,access.

response,change

(396)work,help,treatment

(397)voyage,play,trip

(398)research,work,study,aid,contribution

(599)selection,processing,use,app:Lication,

programming,elimination,addition,pres-

entation,publication,specialization

Abstract(400)
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Table .2b

(410)

continued

(401)name,word

(402)thing,matter,something,state

(403)^a.y≫form,mean,point

(404)case,matter,measure,course,use

(405)cause,change,end

(406)color,sight

(407)sound,voice

(41i)group

(412)gap,point,boundary,link

(415)interest,value,validity

(414)limitation,difficulty,success,problem

(415)kind,respect,branch,feature

Socialterms(42O)

(421)money

(422)bank,company,shop

(423)law,right

(424)city,country,street,town

(425)world,十country,Japan,America,nation

(430)

(431)data,language,word,German,English,

French,reference

(452)technique,science,manner,way,method-

ology,originality

(433)particular,detail,summary,assembly

(454)translation,generation,development.

appearance,comparison,arrangement9

cooperation

(435)information,fact,source,consequence

(436)subject,material,list,listing,title

Measure(44O)

I十(441)one,two,threeﾆ

(442)first,second,third

(443)feet,mile,length
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Table .2b

Time(46O)

(470)

continued

(444)east,west

(445)right,left

(446)part,whole

(447)line,°arkﾀpoint,top

(46i)morning,night,day,hour

(462)today,day,week,Sunday,Monday

(463)spring,summer,winter.May,month

(464)date,period,time

(465)present-day

(466)year,generation

(471)field,area,circle,center

(472)course,3tate,live,manner,way,stage

(473)context,implication,content,indication,

source

Quantitative(510)

number(511)allfmany,several

quantity(512)all,much,little

cardinal(516)four,five,three

ordinal(517)first,last

multiplicative(518)half

Pronominal(520)

definite(521)same

indefinite(522)another,any,certain,other

distributive(523)every,each,

quantitative(524)any,various

(525)own

Outwardstate(55O)

color

shape

length

height

extent

(551)black,blue,green,red,white

(532)round,plain

(553)long,short

(554)deep,high,low

(535)･''ide,narrow
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Table

size

.2C continued

(536)large,little,small,big,least

(557)single,individual,numerous,multiple

Subjective(55O)

beauty

fair

free

full

Interr!al(57O)

material

weight

hardness

temperature

new,old

soft

(551)beautiful,pretty

(552)fair,clear,fine

(555)free,fresh

(554)full,complete

(555)undisputed

(571)gold

(572)light,heavy

(573)hard,soft

(574)cold,warm,hot

(575)nei≫,old,fresh

(576)soft,sweet,fresh

Hunian(58O)

age(581)old,young,fresh

health(582)sound,sick,dead,strong

Socialstate(59O)

wealth(59'')rich,poor,cheep,modest

position(592)great,deep

fact(595)true,correct,natural

restriction(594)free,strict,major

(595)skilled,detailed

(596)commercial,available

(597)neighboring

Mentalstate(600)

sentiment(6O1)glad,happy,sad

intimacy(602)dear,ready,desirable,familiar

(603)aware,wary,afraid

(604)active,attractive

＼･(605)proud

Time(620)

(621)fast,quick

74



continued

(622)ｴ･eady

(625)late,recent,current,present,final

Valuation(640)

(641)good,bad,right,modest,valuable

(642)very,immense

(643)natural

Abstruot(660)(661)general,collective,common,particular.

special,comprehensive,standard,specific

(662)next,certain

(663)present,absent,conventional

(664)relatedtinformed,concerned

(665)complex,detailed,bound,complete

Relation(670)

(671)right,left

(672)close,near,intermediate

(675)direct,conclusive,extensive

(674)individual

(675)possible,impossible,necessary,enough

(680)/

(681)digital,linguistic,automatic,spectral.

technical,scientific

(682)literary,professional

(685)world-wide

Table .2d SemanticCate ries adverb)

Time(710)

｡(711)before,ago,early,lately,already

(712)today｡soon,now

timeduration(713)always,daily

(714)again,just

Plaoe(720)

here,there,far,near,elsewhere

Number(73O)

onceﾀsometimes,often

Way(740)

well,thus,kindly,wisely,due,together
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Table .2d

Degree(75O)

(760)

(770)

(780)

(790)

Time(95O)

continued

little･more,greatly,enough,further,

rather,somewhat

almost,yet,certainly

closely,highly,selectively,directly,

primarily,successfully,clearly,pro-

bably,completely,widely,absolutely.

similary

namely,mainly

nevertheless,hence,now,therefore,also

Means&object(960)

Place(97O)

Movement(980)

Relation(990)

about,after,around,at,by,behind,

from,on,off,on,till,within,until

at,by,for,of,on,to,with,without

about,across,alonggaround,at,amongﾀ

between,by,behind,from,in,under,off,

on夕upon,over,within夕above

across夕after,along,from,into,off.

over,toﾀagainst

about,after夕among,between,by,for.

in,of,under･on,over,to,with,with-

out,above,against
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about40,forthenounsabout90,fortheadjectivesabout50,

etc.Differentnumber13attachedtoeachpreposition.

ThesesemanticcategoriesareshowninTable4.2.Nextthe

connectivityofwords1nasentenceistobeclarified.This

isachievedbyattachingseveralkindsofsemanticcategories

toeachwordinthefollowingway｡

Verb:

PIj

P2:

P5t

P4:

巧s

:P6:

Novm:

?IS

P21

categoriesIntrinsiototheverb.

categorieswhichcanmodifytheverb(additional

imagesoftheverb)

categorieswhichcan3tandassubjecttotheverb.

categorieswhichcanstandasobjectorcomplement

totheverb.

specialprepositionsfollowingtheverbifany･

grammatloalindicationastotheformoftheverb｡

categoriesintrinsictothenoun.

categorieswhichcanmodifythenoun(additional

Imagesofthenoun)

P3≪grammaticalindicationastotheformofthenoun.

Adjective:

P1:categoriesintrinsictotheadjeotive.

P2: categorieswhichoanmodifytheadjective(addition-

alImagesoftheadjective)

P5sprepositionsfollowingthepredioativeadjective

ifany.

Adverb:
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･PIscategoriesintrinsictotheadverb.

Thisexpresses,forexample,thataverbcantakeanoun

forthesubjectwhosesemanticcategoriesP1belongtoP5of

theverbﾀ'凡ndcantakeanounfortheobjectorcomplement

whosesemanticcategoriesPIbelongtoP4oftheverb.etc.

Thesearetheconditionsjxintroducedin4.5.3.

Examplesofwordshavingtheseconnectivityinformations

areshowninTable4.5.･.

Thegenerationprocessisthusfirsttheselectionofa

verb,andthenthedeterminationofsubject,objectorcomple-

mentreferringto'thesemanticconcordancementionedhere.

Thereforeeachexpansionruleofthephrasestructuregrammar

hastheindicationsuchas

SE→NP/P1,P3/･Σ□.･NP1/P1,P4/･PRP/P1,P5/･NP1

NP-やADJ/P1,P2/･!!!!

InthisexampleVT1,NQwhichareunderlinedarethemaincon-

stituentstowhichsomeconcretewordsareselected.Sofor

NP,NP1,PRPandADJ,properwordsaretobeassignedhaving

thesemanticconcordan‘cebetweenthepairofcategoriesbrack-

etedby//.Thefirstelementin//isjthecategoryof

thephrasetotheleftof//,andthesecondelementisthat

ofthemainconstituent.ThereforeawordisassignedtoNP,

whosesemanticcategoriesでPIhavethesameterminP5ofVT1,

andsoon.

Buttherearemanygrammaticalphra8eswhereitisnot

clearwhatkindofsemanticrelationshipistobeestablished.

Thesemanticrelationshipcannoti)eattachedclearlytothe
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Table4.5Semanticcategoriesattachedtowords

pi

P2

P1

P2

P3

P3

P4

P1

P3

S

S

S

S

S

S

S

S

S

152

730760

112

722741

300320340360

300

500380400

196

300320341361

380

P4s300

build

P5

P1

P3

P4

P1

P3

P4

P1

P3

S

:

:

:

:

:

S

S

S

980

181

300

346361364368

121131

300520

390380400412

413414418

112186

300541342360

380

P4:300320380390

400

see.P1:195121150

P3s300320

P4:300310520530

540360380

thinkP1s160130

P3･300425

P4=380390402403

405425

enjoyPI:142

P3s300う20425

P4s340372591395

597463

79

Verb

add

P3=300

P4sう69420.

P5=990hear

answerPIs151

P2s730740

P3=300

P4s300395395396help

bear

P4S381400

P5s960

beginP1s232260

P5:300

P4=390

believeP1s160

P2･745744

bring



Noiin

:P1

:P2

PI

P2

PI

:P2

S

I

S

S

S

S

368

536575591592

640660

522

510520550551

578

562

510520550551

572641

orderP1･395

P2z556555573621

640660

fear PI

P2

:

:

591595

534556578592

595

loveP1S382383

P2s550574576578

595595

r工ghtPI･388411

P2=554592595594

640

sightPI:405

P2=534555551574

597660

Adjective

oldPI≪575581623

fleshP1･575576555

strongPI:575582

P2･51052053655159OgreatP1s592

PI

P2

I

S

410

597594620640

660

plainP1:552596

freeP1s553594

rightPI･538595641
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answerP1S393

P2=510520550590

640660

apple:PIs3う0

P2S510520551532

536551575

bank

bird

book

change:P1s413

P2s520536550590

620640

countryPI:584585

flowerP1s330

P21551536551

576591
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phra8eslike,

mainverbsadverbialphrasesprecededbypreposition

mainsentencesssubordinateclause

noun:1t8adjectivalclause etc.

Itisalsodifficulttofindoutthesemanticrelationship

betweenthenounsoftheform,

NO十N0,NO+NO十N0,NOofNO

suchas,

machinetranslation,informationprocessingmachine

generationofsentences.

Howeverwhenthesephrasesaregivenfromsuitabletrans-

formationsofanotherphra3essuchas

solutionofaproblem4一一や･solveaproblem,

generationofsentences<->generatesentences,

thesemanticrelationshipcanbeestablishedtothesetwonouns

inthephrasebeforethetransformationisapplied.工nthis

caseitisnecessarytoknowthenounformofaverborits

viceversa.Thisinformationiscontainedintheworddie-

tionarya8P6fortheverbandasP3forthenoun･

Thesemanticrelationshiphei･eintroduced18essentially

theconnectivitybetweentwowordsinaphrase,sothereremains

aposaibilityofgeneratingabsurdsentences.Topreventthis,

investigation18farmorerequiredontheminutemutualin-

fluenceofmeaningsamongwordsinasentence｡

4.6MorphophonemicRules

Theauthorproposedthatthemorphophonemicrulescanbe

81



representedbyakindofoperatorsoperatingonthewordsin

theneighborhood.Initareincludednegationaction,tense,

caseetc. Theoperatorssuchasfollowsarestudied.

丑(not),pr(presenttense),l旦(pasttense)ﾀ

主!£(infinitive)･sg(thirdpersonsingular),

l!_(plural),豆!ib(subjectivecase),obj(objective

case)!!!1(ingformofaverb)ﾀed(pastpartici-

pie)丑!!(nominalizationofaverb)､etc･

Thefunctionsoftheseoperatorsare､

丑十verb→do+not十verb

丑十aux.verb→aux.verb+not

££+verb→verb(presentform)

1匠十verb→verb(pastform)

j丑旦十verb→verb(gerundorpresentparticiple)

並十verb→verb(pastparticiple)

:Besidesthese､fortheverbBE(!)ant!HAVE(h)､thefollowing

threestepsaretobeappliedinthisorder.

#SE井
||

SK

……に
一に∩､､､､､

z.一--"……χ゛゛ヽヽ､､､

NP十sub
11‾

NPl

/＼
ADI
I

ART
l

the

Q
1
0

N
I
I
N
―
l
l

ぶ
T
=
尨

4'旦&

father

丿
入丿覧予

VTlADNO

enjoy
＼
s
j
一

/
R
-
h
一

ADNQ
UII

ｻﾞJ?O十旦&

freshbr

J
eze

がthefather孤旦辿!!!enjoyfreshbreezeS£Ob.iが

Fig.4.5Applicationofmorphophonemicrulesasoperators.
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(1)!+!+verb―やbe+being゛!!!+verb

(2)旦十verb→be+!!!1十verb

(3)並+be→havebeen

ForexampleinthegenerationofasentenceshowninFig.4･5,

thesentenceobtainedinitiallyis,

#thefather_3£^!!!!!2!enjoyfreshbreezeS£O^/ﾀ

Herethefollowingoperationsareapplied.

3gobj→些j‥堅,

noun.!!!j.→nounﾀ

左!旦十enjoy--i-enjoying,

3g3Ub→subsg,

nouns旦!!→noun

Andthefinalform18,

5が-y¥

亙enjoy―>be+!∃I+enjoy

･旦+be-゛havebean

､j!ihave―*･ha8

素thefatherhasbeenenjoyingfreahbreezeが

Theseoperatorscanappearbothinthephrasestructure

grammarand1nthetransformationalrules,buttheoperations

ofthesearesupposedtobedoneaftertheapplicationof

transformationalrules.Butthereoccurmanycomplicated

situationsforthesentencesaftertheapplicationoftran3for-

mationalrulesandtowhatextentthismightbesuccessfulre-

mainstobeseeninthefuture.

4.7ProgrammingTechniquesandtheGenerationResults

4.7.1Prog:rammingTechniques

Therearemanyphrasestructureruleswhicharedefined

recursively8othatthere18apossibilitythatthesamestruc-

●IF11
tureisrepeatedmanytimesbythegeneration.Thereforethe
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八゜ W

/

adoptionofarulebyrandomgenerationistol】emadeinpro-

portiontotheactualfrequencyoftheappearanceoftherule･

Fortherulesofphrasestructuregrammarthefollowingadop-

tionratiosareattached..,

iﾄ4JI

Z→

●●●

Z→

池

●●●

(几

(p,)

(p2)

(p｡)

Thismeansthattheexpansionof-anon-terminalsymbolzto</j

occursbyPl%.toもbyP2%.°¨¨‘9to肢byp･J"‘

Thesentencegenerationaccordingtothealgorithm4-3.2

canberealizedeasilybyapush-down-pop-upstoreorastack.

Firsttheaxiomisputinthestack.Nextthefirstexpansion

ruleoftheaxiomisadoptedrandomly.Theaxiominthestack

1scanceledandonittheexpansionruleispiledup｡

Thenthetopelementofthestackisexaminedwhetherit

isaterminalsymbolornot.Ifitis,itisprintedout.

Ifnotanexpansionruleofthesymbolisrandomlyselected

andispiledupinthestack,aftercaiicellingthetopsymbol.

1nthiswayonlythetopsymbolisexpandeduntiltherere-

mainsnosymbolinthestack.Thisistheendofanexpansion

andtheoutputi8ageneratedsentence｡

Inthecaseofthesentencegenerationaccordingto4･3･4･

thestackinthissenseoannotbeused.!I!he皿e皿oryutil-

izationismorecomplex｡

Thetreestructureistobe皿emorizedwiththe･non-terminal

symbolandacorrespondingwordforeachnode.Fortheappli-
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cationoftransformationalrulestothistreestructureand

therearrangementofthestructure,thelinkageofeachnon-

terminalsymbolinthetreeistohenotified.Inthisway

thethreeItemsi.e.non-terminalsymbol,thecorresponding

word,andthelinkingaddresstothenextexpansionsubtreea1･e･

●●･-････-●-･･--･

NP

--･･--〃---

father

･･-･-･還･･

(ﾄ≒
'enjoy1
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ﾎﾞ
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- - ･

father

4
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!
―
i
I
I

father

-4-一白-‘"今“‘'゛゛~｀゛｀'-･｀¶

WTliNPl1

｡-I………‥-･-,-

enjoyjbreeze

l

il

ま∠ｺﾞ犬丿

白y六二‘1

う

午
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Fig.4.6TreestructurerepresentationIncomputermemory｡

Xmeansnofurtherlink･agefromhere.

tobeheldineachnodepoint.AnexampleIsshowninFig･

4.6.ThisIsakindofliststructure,butthisisdifferent

fromothersinthepointofreversiblelinkageamonglistele-

ments.

4.7.2!I!heGenerationResults

Theexperimentwasdonebyacomputerinstalled1nKyoto

University,whichIscalledKDC-ｴ.工ttookusuallylto10

minutestogenerateasentence.Thisisbecausethecomputer

doesmanyfalsetrialsintheadoptionofexpansionrulesand

wordsatthesteps(ii)and(iv)respectivelyofthegeneration

algorithmmentioned1n4･5.2.Someofthegeneratedsentenoes

byaphrasestruoturegrammarare8howninthefollowln≪r.

OftenrayfriendalwaysenjoymanygoodvoyageltoKyoto



andsea.

Yougrowfree.

Hebelievesomeonenext.

HefindtheMt.FujibuttheLakeBiwadark.

Toりavethemlead,thegodthinkJapanbad.

Becausewesee夕thebreadseembluebutredorblackand

five.

Thenorthlookcold.

工knowthattheyandshesetofdoor.

工markIttoseemten.

WhenhesendustheNewsweek,Jackrun.

Thesesentencesaregeneratedtythephrasestructuregram-

marshowninTable4･4.Althoughsomesentencesmaybebetter

explainedbytransformationalrules,theyaretreatedbya

phrasestructuregrammarforthefirstexperiment.Thefol-

lowingsaretheresultsoftheapplicationoftransformational

rulestothekernelsentences.

YougoU

)o.yougo?

Theysendthey(obj)'｀I

Dotheysendthey(obj)?

(Theywillhavebe(en)ask(ing)they(obj?often･

Iwilltheyhavebe(en)ask;(ing)they(obj)often?

Bettyaskyouofyou･I

Betty(ionotaskyouofyou･

｢Hemusthavebe(en)go(ing)ofthe8trongidea°

lyAfalseideashallhavebe(en)afterit.
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Table4･4Expansionrules

SE→LAR･SI･PRD

VLAR-SK･SN･PRI)
-

SK→CCO･SN･CMA
-

S1→

SN→

PP→

NP→

NQ→

(ごｷﾞ

ｰ

(70)

(50)

(100)

(80)

(20)

HP/15/･旦

NP/15/･旦･As)･PR/11/

PRP･m

-

T00･PR
-

PRP･PR
-

旦!

趾

旦旦

旦!

旦

Ｅ
一
r
-
l
C
＼
J
|

I
ぐ

ブ
皿

ing

(50)

(35)

(15)

(50)

(55)

(15)

(70)

(30)

(50)

(30)

(20)

RE→RD'AND･rd/ii/ぐ⊆
･cn･re/11/
-

即→翌1･AND･N04/11/(荒:二こﾂ

RG÷ﾘH03･朋I)･N05/11/(

匹旦･c以･rg/ii/

RD→(BBB(5))･亙!!･(PP(5))(

THE･NO3(PP(5))

NI-ﾀ･!!Aヽ(PP(5)) (100)
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(70)

(30)

RI→

R2-や

R5→

R4一ヽ

(70)

(30)

(70)

(30)

(70)

(50)

(70)

(30)

(65)

(35)

と

里

竪

竪

N04

旦

包旦

旦

(70)

(30)

(70)

(30)

(70)

(50)

(70)

(30)



NA-う

NB→

J
極

9
慌

-

AJI･NC
-

(40)

(30)

(50)

(80)

(20)

NC→ND
Uj2/12/･亙2

ND→NE (て

3/12/･!2

NE-や

NM→

NG→

PR→

BE-‥t･

VT~>

N01
-

N01･

N02･

(80)

(20)

(80)

(20)

N01
-

N01
-

NO5･N01

-

些

AJ2/

N02

-

12/

(40)

(20)

(20)

(20)

(60)

NM
-

AJ3/12/･匹

(40)

(70)

(30)

(AB4(3))･里･(PRP/i5/･NQ/16/)(5)

(AB4(3))･里･(TOO/i5/･PR/16/)(5)

(AB4(3))･里･(PRP/15/･PRing/i6/)(5)

(AB4(3))･匹･(PRP/i5/-NQ/i6/)(5)

(AB4(5))･匹･(TOO/15/･PR/i6/)(5)

(AB4(5))･豆･(PRP/i5/.PRing/i6/)(5)

(AB4(5))･ヱ竺･TAT･SN

VII(30)
-

VI2･cm/i4/(4o)

Vｴ31･(ﾎﾟ/14/(30)

豆とNQ/14/

VT2･NO5.･NR/14/
一

旦Σ･W1/14/

VT4･W2/14/

Σ!l･W5/14/

(20)

(40)

(20)

(20)

(20)
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(10)

(15)

(15)

(10)

(20)



WI→

W2→

S･nr/ii/

NQ･CN/12/
一
取･VI1/31/
-

讐
芋
然
叫
一

― NR/11/

AJ2/12/

･AJ3/12/

･AJ1/12/

w3→S･NQ/11/

CM→

CN→

NP(65)

＼CN(35)

な

｡g

I

AJ1

(50)

(40)

(30)

(30)

(30)

(20)

(20)

(100)

(60)

(25)

(15)

AK→AJ(75)(石
･An･AK/11/(25)
-

AJ→AJ2(70)(辺
(5,)

AA→AAA ⊆ﾐ

BB→BBB喘

(40)

(30)

(50)

(50)

(50)

LAR:

CKAz

FRDs

AAAs

sentencetop
comma
period
indefinitearticle

THEzdefinitearticle

BBBzpronoun(f)03sessivecase)

AMDscoordinateconjunction

ceossubordinateconjunction

ABl,ABA:adverb

FRPspreposition

AJl:quantitiativeadjective

AJ2,AJ3squalifyingadjective

N01:coitrnonnoun

N02:materialnoun

N03:propernoun
N04:pronoun(nominativecase)
N05Z

VIIS

VI2Z

VI:3

VTl

VT2

●
●

●

●

11 (objectivecase)
completeintransitiveverb
incompleteintransitiveverb
specialintransitiveverb
completetransitiveverb

n

(doubleobjects)v≪S¨‥Vuuuu』LCUU､j

VT:3zincomptetetransitiveverb

VT4,VT5,VTA:3pecialtransitive
verb

T00zto
TATsthat
PRingsingform
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Hemusthavebe(en)go(lng)ofthestrongideathatshall1

hav6■be(en)afterit･

Hemayhavebe(en)sailingonthebeautifulsea.

Seabegreat.

Hemayhavebe(en)sail(ing)onthebeautifulseathat

l

begreat.

Atthepresentthemorphophonemicrulesarenotprogrammed

inthegenerationsystem,sothattheabovesentencesarein-

correctinthenumber,case,pastparticipleform,present

participleformetc.Thecharactersinthebracketsarein-

sertedmanuallyfortheeasyreading･

4.8Considerations

Whetherthesegeneratedsentencesareadmissibleornot

isveryhardtojudge.Thedifferencebetweenthesesentences

andthosegeneratedtyV.H.Yngvemaynotbeseenataglance,

butifweexamineveryclosely,therearenotsuchmeaningless

sentencesas

Waterispolished｡

Ablacksmokestackisproudandpolished.

ofYngveinthesentencesgeneratedhere.-Theexperimentof

Yngvewasdonebyveryfewwordssuchas16nouns,7verbs,

7adjectivesandsoonwhiletheexperimenthereisdoneby

500words,80thatthecomparisonofthequalityofthegen-

eratedsentencesbetweentheseismeaningless.Thiscomes

fromthefactthattherelationsamongthesemanticcategories

areverydifficultandcomplextosetup,whenthenumberof
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categoriesandwordsincreasesconsiderablyandwhenthemean-

inglesssentencesaretobepreventedtoappear.

Anounphrasewhichappearsinasubjectisingeneral

simplerinstructurethananounphrasewhichappearsina

predicate.HoweverinsomeinstancGSthestructureofftsub-

jectismorecomplexthanthatofapredicate.

Thesestructuralunsymmetriesareverydifficulttoreal‘

Izeinthegeneration.Onewayistoadjusttheadoption

ratioofaphraseexplainedin4.7.1properly.Thatis,when

aprepositionalphraseisadopted,theadoptionratioofan-

otherprepositionalphrase19decreasedwhichmodifiesaword

intheprepositionalphrasealreaiyadopted.

Theresultsofthisgenerationcandirectlybeappliedto

themechanicaltranslation.Forexamplethesentenceslike

工■boughtacarwithfourdollars.

工boughtacarwithfourwheels.

areanalyzedstructuallythesameineverymethod.However

ifthesemanticconsistencyisexaminedineverypossible

phrasejustasitisexaminedinaphrasebythegeneration,

thefirstsentenceisknownashavingthestructure｡

(bought(acar)(withfourdollars)),

whilethesecondhasthestructure9

(bought((acar)(withfourwheels)))｡

Fromtheprocedureofsentencegenerationandthefact

mentionedhere,theboundaryofthestructuretobetreated

byaphrasestructuregrammarandbyatransformationalgram-

marmightwellbedefinedasfollows.
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工feveryphraseofasentenceissemanticallyconsistent,

thesentencecanbeexplainedtyaphrasestructuregrammar,

andifnot,thesentencemustbetransformedtytransformation-

alrulestoasetofkernelsentenceswhichcanbetreatedby

aphrasestructuregrammar･

Bythiscriterioncompoundandcomplexsentencescanbe

correctlyanalyzed.Forexample,

Peoplewhoapplyformarriagelicenseswearingshortsor

pedalpusherswillbedeniedlicences.

canbeconsideredasthecompositionfromthefollowingkernel

sentences.

Peopleapplyformarriagelicenses.

Peoplewear8horts.

Peoplewearpedalpushers

xwilldenylicensestopeople.

Asimilarsentence,

studentswhoapplyforuniversitycoursesrequiringassign-

mentsorlaboratoryexperimentswillbededicatedstudents.

canbeconsideredasthecompositionofthefollowingsentences･

studentsapplyforuniversitycourses･

Universitycoursesrequireassignments.

Universitycoursesrequirelaboratoryexperiments.

studentswillbestudents.

studentsdedicatethemselves.

Thesedecompositionsofsentencestokernelsrequiretheminute

semanticinformations.Howeverthiskindofsentencedecom-

positionsuggestsawiderrangeofcomputationallinguistics,
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sucha8questionanswering,
(41)
abstractingandsoon.

4｡9SegmentationofJapaneseSentences

BytheJapaneseEnglishtranslationoneoftheproblems

intheJapaneselanguageisthesegmentationofaJapanese

sentenceintowordlevel.Japanesesentencesarecomposedof

ChinesecharactersandKanaletters.Thisis6.nimportant

informationinthesegmentationofaJapanese･sentence,a1-

thoughthis18notenough.AnotherimportantkeyisJapanese

auxiliaryverbsandpostpositions,whichareratherfewin

numberandwhichareneverwritteninChinesecharacters.1n

thissectionasegmentationexperimentisillustrated,which

wasdoneontheJapanesesentenceswrittena111nKanaletters.

4｡9.1ConnectivityofPartsofSpeech

FortheseparationofeachwordinaJapanesesentence,

connectivityofadjacentwordsaretobetestedreferringto

thegrammaticalrulesamongpartsofspeech.Especiallythe

finiteformsofverbsﾀadjectivesandauxiliaryverbsrestrict

■■φstronglythepartsofspeechwhichsucceedthem,sothatthese

informationsaretobeutilizedproperly｡

Thefollowingsarethelistofpartsofspeechwhichpre-

cedeanotherpartofspeechiForverbs,adjectives,and

auxiliaryverbssevenconjugationformsgenerallyexist,which

arenegative,adverb,present,adjective,conditional,impera-

tive,andfuture.Hereafterthesearereferredtoasthe

firstconjugationform,the3econdconjugationformetc.゜
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(1)Aheadofaverb

(i)Thesecondconjugationformofaverb.

(ii)1111

(iii)adverb.

(iv)conjunction.

n

110fanadjective.

.4'‘

(7)postposition(fewareexceptions).

(2)Aheadofanoun

(1)A11thepartsofspeeohexceptshu-joshi(postposi-

tionoftheend).

(ii)Bytheconjugativewordsthefourthconjugationform･

(5)Ahead6fanadjective

(i)A11thepartsofspeechexceptnounandshu-joshi･

(ii)Bytheconjugativewordsthefourthconjugationform･

(4)Aheadofarentaishiandanadverb

(i)ﾆÅ11thepartsofspeech･

(ii)Bytheconjugativewordsthesecondandthefourth

conjugationforms.

(5)Aheadofaconjunction

(i)Noun.

(ii)Bytheconjugativewordsthesecond,thirdandthe

fourth,conjugationforms.

(6)Aheadofanau耳iliaryverb

Thereareseveralkindsofconnectivities.Connectivity

tableispreparedforeachauxiliaryverb.

(7)･Aheadofanpostposition

Thereareseveralkindsofconnectivities.Connectivity

t‘ableispreparedforeachpostposition.
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(8)Aheadofacomma

(1)Noun,(ii)Adverb,(111)Conjunction,

(iv)postposition,

(v)Thesecondconjugationform.

(9)Aheadofaperiod

(i)postpositionoftheend

(ii)Thethirdandthesixthconjugationform･

(10)Partsofspeechwhichdonotcometothetopofasen-

tence.

(i) Auxiliaryverb,(ii)Postposition

4.9.2AlgorithmoftheSegmentationof8.SentenceintoWords

.Asentencei3supposedtobecomposedofnKanaletters

(i=1929･･･≫n),suchas

S°a,･a^'･･･ay,･

Whenaword18denotedbyw19thentheobjectistotransform

theabovesentenceinto

S'≫w,-w2●‥‥w74mをn

where

w,°al'‘'‘゜a:,w2爽a1叫"゛･aj,'･･,w゛sak剌･゛‘a?t°

Alsothefollowingconditionsarenecessary･

(1)Wl,Wj,･･‘ﾀw7ytmustbeproperJapanesewordB(which

areexpectedtobefoundinadictionaryortobe

recognizedbycertainalgorithm).

(ii)Wlandw29w2andw3･･･‥9^･m-landw･m.teachmust

havecorrectconnectionrelationaccordingtothe

Japanesegrammar(inthisexperimenttheabove10
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restrictionsaretobesatisfied).

ThetransformationfromStoS<isnotuniqueeveniftheabove

conditionsaresatisfied.Thereforeallthepossiblesegmen-

tationsaretobeproducedforthelateranalysisbysemantic

informations.

Theoperationstobeperformedare,

(1)todevideasentenceSintoaseriesofwordsW(,w2｡

･●･･●9W7n9

(2)｀toknowthepartofspeech,andconjugationformof

eachword,

(5)totestwhethertheconnectiontotheadjacentwords

arepermittedornot｡

Todothesethreeoperationsefficientlythestepsshown

1ntheflowchartofFig.4.7aretaken.Theprogramdeter-

mineseachwordfromthetopofasentencesuccessivelyty

testingthe･connectivitytotheleftelementuntilfinallythe

endofasentenceisreached.工ftheconnectivitytestis

‘failedatacertainpointthelongerword1stakenout.When

onesegmentationiscompleteditismemorizedinotherplace･

Thenitslastwordisdiscardedandthesecondwordfromthe

lastismadeonecharacterlongerandthesameoperationis

resumedto･searchfortheothersegmentation.Theendofthe

programiswhenthereremainsnoothersegmentationatall.

Actuallythewordlengthi8limitedwithinfivecharacters,

sotha,tifastringoffivecharactersdoesnotformaword,

itisabondonedandtheprocessgoesbacktoonewordbackword.

Thispathisindicatedbydottedlinesintheflowchart.
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1<-1

m秀一1

fetch

at9°･■≫al･爪-|

(a,,..,a^十m-|/

makesaword

yes

withaformer

word

yes

transfertothe

resultstorage

no

no

nextistheend

ofasentence

_よno

1<-1十m

mを-1

next18theend

ofasentence

yes

discardthe

lastwordw

1ntheresult

storage

(onesegmentation

iscompleted)

no

no

yes

→END

word＼inthe

resultstorage

k
and

■"koftheword''k

m*-m
k

｀k

+1

一一 -

_j

‾1
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Fig4.7Plowchartofthesegmentationofasentence.
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4｡9.3Dictionary

(a)PresentationofKanalettersincomputernumbersystem.

Thecomputertheexperimentwasdone18KDC-I,whichisa

decimalmachinewith11degitswordlength.Therestriction

thatawordiswithinfivecharacterscomesfromthis.How-

everitisnotsoinconvenientbecauselongerwordscanbe

treatedasacompoundwordoftwoorthree.

EachKanacharacteriscodedty2digits.Thefive

vowelsA,‘工,U,E,andoarecodedas01,02,05,04,05,while

KA,SA,TA,NA,HA,MA,YA,RA,andWAarecodedas11,21,

31,41,51,61,71,81,and91respectively･

Voicedconsonants,suchasGA,ZA,DA,etc.arecodedas

thecodeofthecorrespondingunvoicedconsonantplusfive｡

ヽ･‥‥‥゛ConsonantsPA,PI,PU,PE,andPOarecoded

-
as66,67,68,69,and70respectively･

SpecialcharactersN｡,･arecodedas97,98,99･

Contractedsoundswerenottreated,sothatkya,sha,

etc.aretobewrittenaskiya,siyaetc.

Alsoassimilatedsoundswerenottreated,sothatitta

istobewrittenasituta.EuphonicalchangesinJapanese

arenotsofrequentthattheyaretreatedbytheprogram･

(b)Dictionary"

Inadictionarythefollowingitemsarestored｡

(1)＼Japaneseword5charactersin10digits

(2)Degreeofmultiplicityldigit.

(3)partofspeech2digits
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(4)Conjugationformldigit

(5)Distinctionofvoicedandunvoicedsoundsldigit

(6)Addressoftheconnectiontableforpostpositionand

auxiliaryverb4digits

A11theconjugationformsoftheverbsofirregularconjuga-

tion,i.e.SURUandKURU,andalltheauxiliaryverbsarelist-

edinthedictionary.FortheverbssuchasKAKUwhose7con-

jugationformsareKAKA(1111),KAKI(1112),KAKU(1115).KAKU(11

13),KAKE(1114),KAKE(1114),andKAKO(1115),onlytheconstant

part,1nthiscase(111),isstoredasentryword｡

DegreeofmultiplicitymeansthatthesameKanawordbe-

longstosever･aldifferentwords,suchasSIRO1scastleand

white.Thereareprovidedasmanyentriesasthedegreeof

multiplicity.Souptoninemultiplicitiesarepossible･

Thistreatmentofmultiplicityisabbreviatedintheflowchart

ofFig.4.7.Thedictionarysizewas200wordsbytheexperi-

ment,andthemaximumdegreeofmultiplicitywasthree.

4.9.4SemanticComponents

Usuallythereappearspluralityofsegmentationsfora

sentencebythemethodmentionedabove.Akeyforthedeter-

minationofapropersegmentationamongthepluralitylies1n

thesemantics.Theconsistencyofasentenceisveryhard

todetermineespeciallywhenthesemanticsmustbeconsidered.

OnetrialispresentedintheformersectionsofthischapterI

Hereanothertrialisshownwhichiafarmoresimplerthanthe

former､and､canbeusedveryconvenientlyfortheotherfields
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suchasabstracting,indexingandsoon.Alsothedata

preparationiseasierbythismethodthantytheformerone.

Forthedeterminationofapropersentenceamongseveral

possiblesegmentations,thefirstthingistoseethemutual

relationsofthenounsincludedinthesentence.Nounsare

classifiedveryroughlyintothefollowingfivecategories.

(1)Nounsofabstructrelations.

工nthiscategoryisincludedtime,year,seasonﾀdi“

rection,space,dimensions,movementetc｡

(2)Subjectofhumanactivity.

工nthiscategoryisincludedreligion,politics,com-

munity,occupation,family,etc･

(5)Activityofhumanbeing.

:[nthiscategoryisincludedspiritualaction,phy-

calaction,physiologyetc.

(4)Productsandtoolsofhumanaction.

工nthiscategoryisincludedmeals,clothes,home,

tools,buildingsetc.

(5)Naturalphenomena.

Naturalphenomena,animals,plants,celestialsphere,

etc･areincludedinthiscategory･

Amongthesefivecategoriessemanticdistancesareintro-

ducedinthefollowingway｡Thesefivecategoriesarere-

gardedasthefivetopsofapentagon,andeachsideofit

representsthedistance.Herethreekindsofdistancesare

setup･

(i)Betweenthenounsbelongingtothesamecategory｡
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thedistanceisdi｡

(2)Betweenthenounsbelongingtothecategoriesofthe

adjacenttops､thedistanceisdz｡

(5)Betweenthenounsbelongingtothecategoriesofthe

topswhichholdathird､topinbetweenﾀthedistanceis

d3.

Nowwhentherearennounsinasentence､thecombinationsof

2oftheseare｡､､C2.Amongthesecombinationsitissupposed

that"lpairs■belongtothedistanced□n2pairsbelongto

thedistanced2夕andn3pairsbelongtod3(nl十n2十n3-､C2).

Fromthese

D=
n,d|十nad.十n3d3n,d,十rijdj十n3d3
----･--------一一-----

･y､C2
nl+n2+n3

iscalculated.Whentherearemanynounswhichbelongtothe

samecategoryortothenearestcategories,Dbecomeslsmall.

工nthisexperimentthesegmentationwhoseDisthesmallestis

regardedasthebestone,althoughthishasnodefiniterea-

soning.Inotherwordsl)ycalculatingD91tistestedhow

farthedistinctioncanbedoneamongdifferentpossiblestruc-

tures｡

Fewexamplesofthesegmentationexperimentareshownin

thefollowing,whered,=1,dz･2,andd.=s3.

(1)

1 INAKANOSIZENHATASIKANIUTUKUSｴｴ.(D･2.00)

(Thenatureofthecountryissurelybeautiful.)

工NAKANOSIZENHATASIKAN工UTUKUSII.(D=.2.53)

(Thenaturalleafofthecountryissurelybeautiful.)

rH工TOHATUSINSURUDOBUTUDEARU.
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(2)
ｔ

(Manisananimalwhocomunicates.)

HITOHATUSINSURUDOBUTUDEARU.

(Fireisananimalwhichcommunicates.)

(D=2.33)

(3)SOUIUUTUKUり工SAMONARERUTOUTUKUSISAOKANZINAKUNARU

DAROUTOIWUHITOMOARUGAsouTOMOKAGIRANAI.

(D=1･55)

(Somepeoplesaythatsuchkindofbeautymaynotbe

appreciatedwhenitbecomesveryfamiliarforus,but

itisnotalwaystrue.)

(4)SORANO]:RODEMOKINOHANO工RODEMO,TOKAIDEMIRU

MONOTOMARUDET工GATUTEI工RU.(D-1.86)

(Everythinglookscompletelydifferentherefromthose

inthetown,suchasthecoloroftheskyandtheleaves

ofthetrees.)

4.9.5Consideration

FortheJapaneseEnglishtranslationbymechanicalmeansﾀ

thesegmentationofaJapanesesentenceintowordsisessential,

whetherthisisdonebyhandaspreprocessingorbymachine･

WhenasentenceisgiveninordinarystyleofChinesecharac-

tersandKanaletters,thesegmentationmaybeabiteasier

thanbythesentencesofa11Kanaletters.Howeverinthis

caseanotherproblemappears,i.e.thecodingofChinesechar-

acters｡

Thisexperimentisnotsatisfactoryinmanyrespects･

Dictionarysize1,ぞverysmall,thesemanticcategoriesintro-

ducedarenotenough,andtheremustbemorefundamentaldata
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forthedeterminationofsemanticdistances.Alsotherea-

risesadoubtwhetherthissimplesemantictreatmentwithout

anysyntacticinformationsisenoughornot.Forthesuccess-

fulsegmentationsyntacticstructurewillbenecessary,whereas

forthedeterminationofsyntacticstructurethesentencemust

havebeensegmentedintowordsfirstofall.Thisisappar-

entlycontradictory.Thereforeamethodistoknowallthe

possiblestructuresforallthepossiblesegmentations.Here

themostimportantproblemistofindamethodtodetermine

thebestamongmanypossiblecandidates.工t18notstill

knownforusbutitmaybetheover-alllinguisticdesctiption

includingsyntaxandsemantics.
(42)

103



CHAPTER5

CONCLUSION

ThroughoutthePARTlofthisthesisthefundamentalat-

titudewastoknowthecompletestructureofalanguage,either

isitaformallanguageoranaturallanguage.Byformal

languagesthestructuraldescriptionisdefiniteﾀsothatif

thelanguagehasnoambiguitythesyntacticanalysisisunique,

andtheanalysisalgorithmisobtainedasexplainedinChapter

2.Howevertherearisesometimesthecaseswherethestruo-

turaldescriptionisnotadequate.ForexampleALGOL60de-

finedbyBackusnormalformhasdefiniteconstructionrules,

buthasnodefiniteinterpretationrules.Thislatteris

describedbyanaturallanguagequiteconventionally,sothere

remainmanyspecialcaseswherenodefinitionisgivenfor

interpretation.Oneoftheseispointedoutattheendof

2.4･

Thereareotherkindsofproblemsofsemanticambiguities･

Forexamplethesamevariablecanbeusedindependentlyfor

anymeaningindifferentblocks.Thisfactisverydifficult

toexpressbysomeformalrepresentations.

Likewisetherearemanyinterestingprotlemstobesolved

concerningtoChapter2.Amongthemtheambiguityproblemof

operatorlanguagemustbesolvedfirstofall.Semanticprot-

lemswillbecomeveryimportantinformallanguageﾀespecially

inprogramminglanguageinthecomingfewyears.Theappli-

cationoftheanalysismethoddevelopedinChapter2onALGOL
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60may1)everyinteresting,inwhichcaseALGOL60mustbe

slightlydeformedtomatchtherequirementofoperatorIan-

guage.HerethesemanticsofALGOL60mustbedefinedin

formalrepresentationespeciallyforthehandlingofdeclara-

tions.Howtheformalizationofsemanticsmustbedoneand

canbedoneismostimportantproblemforformallanguagesas

wellasfornaturallanguages｡

Chapter51sastudyofstructuralanalysisofgeneral

context-freephrasestructurelanguages.Animportantpoint

1sthatlanguagesareassumedtohavestructuralambiguity.

Theanalysisalgorithmmustbenecessarilytheformwhichexam-

inesallthepossiblepathes.Amethodwillbethestudyof

minimizingthetotalstepsofanalysisalgorithmreferringto

somespecialsymbolsorelse,becauseforthesearchofa11

possibilitiesagreatamountoftimeisnecessaryandinsuch

casesusuallysomeheuristicmethodsareintroduced.Here

howevertheaimwastheanalysisalgorithmofasubstringfrom

thetoptoanypointofagivenstring.Andthealgorithmis

tofindoutnotonlysentencestructuresbutalsoanyphrase

struetures,sucha8nounphrase,predicativephraseandsoon｡

Whenananalysisalgorithmcanfindallthepossible

structuresthegra万mmarconstructionforanaturallanguage

beoomesveryeasy.0nthecontraryifanalgorithmisre-

strictedtofindonlyastructure,thegrammarconstruction

becomestoodifficulttodo,sothattheformermethod181m-

perative.｡

ThealgorithmexplainedinChapter31sverypowerfulfor
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theanalysisofgeneralformallanguagesandnaturallanguages･

Thisishoweverrestrictedtothecontext-freephrasestructure

languages.Thestudyofthepropertiesandanalysisalgo-

rithmsofcontext-restrictedphrasestructurelanguagemustbe

doneextensively.For十eχample,transformationalgrammars

arenotcontext-freephrasestructuregrammars,butareinclud-

edingeneralcontext-restrictedphrasestructuregrammars･

Howeverthisgrammaristoogeneralforsomeusefulresultsto

beproduced｡

InChapter4semantictreatmentisstudiedasanimportant

keyinthestructuralanalysisofnaturallanguages.Promthe

standpointofcomputationalliguisticsandmechanicaltransla-

tionstudies,semanticsashasbeendevelopedinthepastis

ofnouse.Itisbecausesemanticsmusthaveveryclosere'

lationwithsyntax.Forthestudyalongthislinesynthetic

methodisadopted.Thisclearlypresentsmanyspecialities

ofnaturallanguageswhichwedonotrealizeata1:L.The

proposedgenerationprocessmightbedifferentfromthatof

humanbeing,butitclearlyshowedwhatkindsofsemanticin-

formationsarenecessaryfortheprocessingofnaturalIan-

guages.Thepositionoftransformationalrules1sclarified

inaccordancewithsemantics.Howevertransformational･rules

havemorecloserconnectionwithsemanticsthanphrasestruc-

turegrammars･sothathowtocombinetransformationalrules

withsemanticsisanimportantproblemtobesolvedveryur“

gently,aswellastheformalizationoftherulesinaccordance

withphrasestructuregrammar･
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Anothertrialonsemanticsisshowninthestudyofthe

segmentationofJapanesesentences.Theaimwastoseehow

thedifferencebetweensentencescanberecogT^izedbysuch

smallsemanticinformations.Thiskindofapproachisvery

usefulforthestudieswhichmustprocessagreatamountof

documents,sucha8abstracting,indexingetc｡

ThedigitalcomputerKDC-:ristoosmallfortheprocea-

singoflanguages.Highspeed,largememorycapacityofrapid

access,largeback-upmemory,cardbaseetc.areessential.

Al30theremustbeaconvenientprogramminglanguageparticu-

larlysuitedforlanguageprocessing･
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PARTII

DESIGNOPASYNCHRONOUSCHARACTERRECOGNITIONMACHINES



CHAPTERI

INTRODUCTION

1.1CharacterRecognition

In.｡discussingpatternrecognition,therealwaysarisesa

problem;whatisl!leant'by"pattern"?工fpatternisrestrict-

edtosomecharactersorsymbols,theproblembecomessomewhat

clear. Actualpatternsaretherealizationofabstructsym-

bolstowhichtheyaretobereduced.Thisreductionprocess

totheabstructsymbolsmaybeﾕsaidasaproblemofcharacter

recognition.Therearesomanypatternswhicharetobere-

gardedasasamesymbol,thatthereductionisusuallydone

byabstructingproperinvariantparameterswhichcommonlyexist

foragroupofpatternstobereducedtoasymbol.Thesepa-

rametersaretobelsufficientinthese!lsethatthey.cansep-

aratedistinctlythepatternsofdifferentsymbols.Butthis

isadifferentproblemfromwhetherthecombinationofthese

parameterscanreproducetheoriginalpatternsornot.工f1.t

can,theparametersarecomplete,andtherecognitionscheme

doesnotdependonthenumberandkindsofcharactersincluded

otherthanitself･,Ifitcannot夕therecognitionscheme

largelydependsonthem,whichistheusualcaseinactualchar-

acterrecognition｡

Howevertheparameterstobeextractedshouldbeinvariant

againstshape,size,position,thickness,inclination,extra-

neousink夕voidsandsoon.Therehavebeenmanyinvesti-

gationsfortheexcellentparameterssatisfyingthesecondi-
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tions,butstillthere18nodecisivemethodforthat.(1)(2)

Ontheotherhandthereareseveralstudiesforprintqualities,

scanningmethodsetc.,whichmaketheextractedparameters

reliable.(3)

:Incharacterrecognitiontherearemanyfactorstobe

consideredsuchasfollows.

(1)Thekindandnumberof,characterstoberead.

10numeralsarethecharactersmostwidelystudied.

Neχt.isthecapitalEnglishalphabet.FortheJapanese,

KATAKANAcharactersareimportantobjects.H工RAKANA

andChinesecharactersarebeyondourabilitystillnow.

Whetherthesecharactersareprinted,typedorhand-wri-

ten(4)1s‘anotherimportantfactorfortherecognition.

Mostoftheinvestigationsarefortheprintedortyped

charactersofthesamesize,althoughfewtrialsare

therefortheh!ind-writtencharacters.

Forthecommercialusewherehighspeedandhighcor-

reotreadingratearerequired,somestylizedcharacter

fontsareinvented3UChasOCR-A(5)andCMC-7(6)etc..

●Alsothereismagneticinkprintingaswellasordinary

inkprinting･

(2)Scanningmethod.

Therearetwodistinctattitudeforthescanning･

OneIstoinputthepatternimagesasaccuratelyaspO3-

sible,inwhiohflyingspotscanner,videoscannerﾀetc.

areclassified.Theotheristoprocessthepattern

Imagestoacertaindegreeattheinputstage,1nwhich
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theslitmethod,fixedpointsampling,etc.areclassifi-

ed.

(3)Thepositioningofacharacterandthepaperhandling･

Patternstobereadaretobebroughtintotheregion

wherescannercanaccept.Thispaperhandlingisan

importantfactorincharacterrecognitionmachine.

Howeverthereisalimitationtotheprecisenessofthe

mechanism.Thereforeitishopedthatanacceptedsig-

nalpatternistobeshiftedinsuitablepositionbefore

theanalysisprocedure.

(4)PreprocessingofInputpatternsagainstnoise,shape,

size,boldness,inclinationsandsoon.

Thisis,closelyrelatedtotherecognitionprinciple.

Howeverthisprocessisoftenperformedindependentof

therecognitionprinciplefortheelim:inationofnoise,

normalizationoflinewidthetc.

(5)Recognitionprinciple･上

(7)

!Iherehavebeensomanyrecognitionprincipleforthe

patternrecognitionthathereeverythingcannotbelist-

ed.(1)(2)(5)Onewayistoconstructaspecialpurpose

･』
machineandanotheristoutilizedigital･computerfor

theprocessingofdigitizedpatterns.Anotherclassi-

ficationiswhethertheprocessincludesthelearning

processornot.(8)(9)

Inanycharacterrecognitionmethodtheusefulnessof

thesystemshouldbejudgedbythereadingspeed,accuracyof

correctreadingrate,andcost.
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Thecharacterreaderconstructedbytheauthorhasthe

followingexcellentpoints,andthesystemi3believedtobe

highlysuitableforthecommercialuse.
(10)

(1)Themachinecanreadmultifontsof10numerals,capital

Englishalphabet,andsomeothersymbols.

(2)1Ordinarytypedcharactersarereadoptically･

0)Themachinecanreadawholepageofcharacters,scanning

manylinescontinuouslyinveryhighspeed,aswell凡s

alongtapewherecharactersaretypedinaline.

(4)Therecognitionprincipleisessentiallyasynchronous,

sothatthevariationsofscanningspeedhavenoeffect

fortherecognition.

(5)Therecognitioncircuitsarecombinatoriallogicalcir-

cuitsandasynchronoussequentiallogicalcircuits,both

ofwhichareverysimple,sothattheconstructionex-

pensesareverylow.

(6)Thecorrectreadingrateisveryhigh.Theerrorread-

ingrateislessthan0.2価andtherejectionrateisless

than0.1価.

1.2OutlineofthePARTII

Theparttwoofthisthesisisanexperimentalstudyof

characterrecognition.Theemphasis1sontheconstruction

ofahighspeedhighaccuracycharaoterrecognitionmachine

whichisworthforpracticalusage.

Chapter21sdevotedtothecompletepresentationofthe

characterrecognitionmachineconstructedbytheauthor.The
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asynchronousrecognitionprincipleisfirstintroduced,in

whichareexplainedthebasicrecognitionprinciplegsomemod-

ificationsoftheprinciple,inhibitionlogicsforthedis-

criminationofsimilarpatterns,thehandlingofspecialcharac-

tersandsoon.Thentheinputdeviceandsomeotherauxil-

iarypartsoftherecognitionmachineareillustrated.

Finallytherecognitionresultsofthemachinearepresented

andtheperformanceofthemachineandthefactorsaffecting

therecognitionresultsarethoroughlydiscussedfromevery

respect.

Chapter3isthedesignofsomeothercharacterrecogni-

tionmachineswhicharealsoasynchronousandmaybethought

asthevariationsofthemachinepresentedinChapter2.

Thefirstoneistheseparaterecognitionofupperandlower

subpatternsbythesameprinciple.
(11)(12)Thisaimedatthe

decreaseofthenumberofcharacteristicfeaturelogicsand

alsooftherecognitioncircuits,butwasnotsosuccessful.

Thesecondoneprovidestwoinputpartsofmanychannels

verticallyalignedinparallel.Thisinputdeviceisforthe

detectionofthepositionofeachcharacterandisveryeffec-

tiveforthespecialcharacterstreatedinChapter2.The

thirdone
(13)

hasthetwodimensiona]ﾆinputpartwhichelimi-

●

natesthememorydevicesrequiredfortheotherrecognition

methods.Thesecharacterrecognitionmachinesarenotactu-

allyconstructed,butthefunctioningshavebeensimulated

successfullybyadigitalcomputer.

Chapter4explainesacomputerprogrammingsystemwhich
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1sparticularlysuitedforthesimulationoflogica,!circuits･

(14)(15)
Thissystemwasdevelopedbytheauthorforthe

simulationofseveralpatternrecognitionmachinepresentedin

Chapters2and3.Thissystemisnewinthepointthatasyn-

chronouscircuitscanbeacceptedaswellassynchronousone.
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CHAPTEE2

DES工GNOPANASYNCHRONOUSCHARACTERRECOGN工TIONMACH工NE

2.1OutlineoftheMachine

2.1.1DesignPrinciple

Bythepatternrecognitionmachinessofardeveloped,the

recognitioncriteriaaresoseverethatforthepatternswith

noiseorwithslightmodificationsthecorrectreadingrate

decreasesconsiderably.Thereforethereareverystrictlim-

itationsonthesize,position,printquality,etc.ofthechar-

acters,andthehighprecisionisdemandedforthemechanism

ofpagefeederandscanner.

Tosavethesedeficienciesofthepreviouspatternrecog-

nitionmachines,thefollowingpointsareespeciallytakeninto

considerationtothedesignofthispatternrecognitionmachine.

1.Therealtimereadingofcharacters,ortheveryhigh

speedreading･

2.Thecontinuousreadingofmanylinesofcharactersona

page.

3.Thereadingmachinewhichshouldbeverycompactandlow

1ncost.

4.Opticalｴﾌeadingwhichdoesnotrequirethespecialprint-

mg.

5.Thecharacterstobereadarenotonlynumeralsbutalso

Englishalphabet.

6.Thereadingmachinewhichcanacceptseveralkindsof

4
fonts.
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7.Thehighaccuracyofreadingratewhichisenoughforthe

practicalmachine｡

Therearetwomaintrendsfortheresearchstudyofpat-

ternrecognition.Oneisbyusingthedigitalcomputer,in

whichcaseanyconceivableoperationscanbedoneonthedigi-

tizedinputpattern.(3)Theotheristoconstructapracti-

calmachine,1nwhichcasetherecognitionspeedshouldhevery

high.MostoftheresearchesofchaTacterrecognitionsofar

havebeentorecognizecharacterswhicharesupposedtobepo'

aitionedappropriatelytotheinputpart,andInwhichcase

thecontinuingofreadinganothercharacterswasoutoftheir

studies.Howeverifacharaoterrecognitionmachineaimsat

apracticalusethehighspeedfeedingofmanycharactersto

theinputpartisessential.Anexampleistoreadthewhole

pagewheretherearemanylinesofcharacters｡

Wedonotwanttog0intothecomparisonofsuperiority

■betweenM]:CR(MagneticInkCharacterReader)andOCR(Optical

CharacterReader)methods,butitmaybeenoughtosaythatthe

printingofMICRneedsspecialandpreciseprintingdevices｡

Thecostversusrecognitionspeedandaccuracyisanother

importantfactorbythepatternrecognition.Itmaybewell

knownthattherecognition･accuracycanbebroughtupvery

high,ifweadoptaverycompricatedmethodofrecognition.

Sothepracticalmachineisalwaysthecompromisebetween

accuracyandcost｡

Whenaχ!inputpatternisdigitized,forexample,20times

209theinformationwhichcanbe･expressedbythismesh18

9



2400･＼Howeverthepatternswewanttorecognizeareperhaps

lessthanonehundred,sothattheproblem18howtodiminish

efficiently:theverygreatamountofInformationreceived･t;o

lessthanonehundred.Moreoverdigitizationwillneedcom-

plicatedc!evicesandtakemuchtimeforthesamplingandalso

needaverylargememorystorages.Consideringthesedisad-

vantageswehaveadoptedadifferentscanningmethod.The

scanningisdonebyanumberofinputchannelswhicharealign-

edverticallyandtheinputpatternsaretobeshiftedhorizon¬

/'.

tally･.IInthiscasethereceivedsignalsareessentially･a-

synchronousonessothattheasynchronousrecognitionlogic

circuitsareadopted.

2.1.2TheBlockDiagramoftheMachine

TheschematicblockdiagramisshowninFig.2.1.The

photoelectricconversionisdoneby22photo-transistors,

whicharealignedverticallyandthepatternscomeinhorizon-

tally.･ThissituationisschematicallyshowninFig.2.2.

Theheightofapattern18adjustedtothatof16channels.

Another6channelsareprovidedforthemechanicaldeviation

oftheshiftingl再pthepaperformanylinespacings.･Thebase

linedetectioncircuiti.e.thelinepositioningcircuitdeter-

minesthepositionofaline,i.e.theproper16channelsout

of22｡

Thelscanningofavhole･pageisdoneasshowninFig.2.3･

Firstthescanningisdonefromtherightend参otheleft,and

thexiithesameposition18scannedfromleftto･right.Attねe

10
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endofthisscanthepaperisshiftedonelinespacingupand

thesameoperationisdone.Duringthefirstrighttoleft

scanthebaselinedetectioncircuitoperatesandattheend

ofthisscanthetopchannelofalineisdetected.TheChan-

nelselectionlogicsconnectthe16channels,namedA,B,C,･･

‥‥GgH,h,g,‥･‥｀.bﾀa,fromtoptobottom,tothepro-

per16channelswherethereisalineofcharacters,bythe

signalfromthebaselinedetectioncircuit.

Thecharacteristicfeaturedetectionlogicsarethelogi-

calfunctionswhichareestablishedamongthe16channelsA,

Bﾀ･゜゛ﾀG,H,h,g,...･‥.bga.andwhichdetectthefeaturesof

verticalsectionsofcharacterstest.

Therecognitionlogicsareprovidedforeachcharacter

andworkbythesequentialappearanceofsignalsfromthree

characteristicfeaturelogicsforeachinputcharacters･

Thesignalsfromthecharacteristicfeaturelogicsarenot

synchronousones,butveryirregular,sothatonlythesequence

ofsignalappearanceofcharacteristicfeaturelogicsisdetect-

edbyasynchronoussequentiallogiccircuit.

Therecognitionoutputiscodedin6bitscodeandtrans-

ferredtothecorememory.Therecognitionresultisprinted

outfromthecorememoryandwecanseehowtherecognition

hasbeendone.Therecognitionlogicforcharacter"1"1s

differentfromtheothers.Thenoiseeliminationlogicworks

forextraneousInkandsuppressestheerrorrecognitionoutput.

Thewordandcharactercountersareprovidedfortheread-out

ofonlythespecifiedpositionsofadocumentbythecounters.

13
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Severalcontrolsignalcircuitsgovernthetimingrelations

betweenthescannerandtheelectroniccircuits,providethe

recognitioninterval,andresetallthecircuits･totheinitial

states.Themachinealsoprovidesthedisplayforthemonitor-

ingofinputpatternsandthealarmsignalcircuitwhichworks

whenaprintedlinelargelydeviatesfromtheplannedregion

fortheinput.Fig.2.418theoverallviewofthecharacter

recognitionmachine.

2.1｡3CharacterFonts

Thestructureofacharacterrecognitionmachinelargely

dependsonthenumberandthenatureofcharacterfontswhich

themachinewantstoread｡

Concerningtothenumber,10numeralsmaybethefirst

aimoftherecognition.Next10numeralsplussomespecial

symbols.Fortheordinarypurposesofthebusinessfieldthis

repei‘torymaybeenough.Thereforethecharacterrecognition

machinesofseveralyearsagowereofthiskind.Themost

famousoneisMICR(MagneticInkCharacterRecognition)adopt-

edforcheckhandlingbytheAmericanBankersAssociation(ABA)｡

Howeverthedemandsfortherecognitionofmorecharacters,

a8faras10numeralspluscapitalEnglishalphabetnaturally

havearisenfromthebusinessfieldandalsofromtheresearch

projects,of･machinetranslationofnaturallanguagesespecially

fromRussiantoEnglishintheU.S.A.Nowadaysthekindsof

charactersnormallyunderstoodtobeincludedintherecognition

machineare10numerals,capitalEnglishalphabet｡andafew
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specialsymbols.

Asforthenatureofcharacterfont8,therearetoomany

standpointstobesettledina｡direction.?hefirstaim,

however,maybesaidtherecognitionofcharactersofsingle

font. Especiallyforthecommercialuse,wherethehighspeed,

highaccuracyreadingis＼essential,specialtypefontsarein-

ventedfortheeasyandaccuratereading･.Thefontrecommend-

edespeciallyforM:【CRisanexample,whichisshowninFig.2.5･

AnotherexampleisOCR-Afortheopticalcharacterrecognition

proposedbyASA(AmericanstandardAssociation)toInternational

Organizationforstandardization(ISO).This1sshowninFig･

2.6｡

Therearemanyotherkindsoffontsespeciallydesigned

fortheeaseofthereading.Thesefontsareusuallycalled

8tylizedfonts,大差ndaredistinguishedfromtheordinaryfont8.

Therearemanyexperimentalmachines-whichcanacceptseveral

kindsoffontsandarbitrarysizeofcharacters.Moreover

thereareseveralexperimentalmachineswhichrecognizehand

writtennumerals.Thesemachinesarenotpracticalyet,but

itwillpi･evail1n'thenearfuture｡

Themachinedesignedandconstructedhereaimsatthe

readingof10numerals,capitalEnglishalphabetandsomespe-

clalsymbols.工talsoaimsatthereadingofseveralkinds

offontsasfaraspossible.

prlmarilyintendstoreadare,

¶I!hecharacterswhichthemachine

numeralssNEACTYPERfont,

alphabetsNEACTYPERfont;
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ABCDEFGﾄHiJ

KLMりOPしQRST

UVWXYZ……
Fig.2.7N鳳CI!YPERfont.

ｾ34567890
Fig.2.8Differentcharacterheightsand

misalignmentofcharacterpositions.
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specialsymbolz く9ﾝ;J｀,11｣,｢H,(OCR-A)

FromtherestrictionofthebudgetallthecapitalEnglish

alphabetcouldnotheincluded1nthemachine.Thecharacters

ofNEAC゛ΓΥPERfontisshowninFig.2.7,whileOCR-Acharacters

areshowninFig.2.6already.Somedifficultpointsbythe

readingofnormaltypewriterfontsarethattherelativeheights

ofcharactersarenotequalandthattherelativevertical

positionsofthesecharactersarenotequal.Someoftheex-

amplesareshowninFdg.2.8.Thereforetheproperbaseline

isverydifficulttohefound.Thedesignofcharacteristic

featurelogicsaredonetoacceptasmanyvariationsoffonts

aspossible.

2.2RecognitionPrinciple

2.2.1FundamentalPrincipleofCharacterRecognition

Theinputpatternisintheformof16channelsofpulses

(namedfromtopto■bottomA,B,C,D,E,P,G,H,h,g,f,e,d,c,b,a),

whichchangeastheoriginalpatternpassesthroughtheinput

part.ThisisschematicallyshowninFig.2.9.Hereseveral

kindsoflogicalconditionsareprovidedforamongthese16

channels,whichproducesignalsa8longasthelogicalcondi-

tionsaresatisfiedamongthese16channelsasapatternpas-

sesthroughtheinputpart.Theselogicalconditions,which

arenamedcharacteristicfeaturelogics,aresetupcorrespond-

ingtoseveralverticalsectionsofcharacters.Forexample,

threeverticalsectionsxlﾀXZandx3areselectedforthe

character112"asshowninPig.2.10,whicharethoughtofas
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representingthecharacterfairlywell.Atthesevertical

sectionsthefollowinglogicalconditionscanbewrittendown

amongthe16channels｡

xssW-i(B+C+D)i百hidc(b+a)

x2sW≫(A+B+C)EFG(H+h+g)ed(b+a)

x3=W=AE(D+F)(H+h+g)fed(c+b+a)

Forthesampledpattern"2"ofFig.2.11theintervals

satisfiedfcythesecharacteristicfeaturelogicsareshownfor

theillustration,althoughtheinputpatternsarenotdigitized

1ntimeaxis.Thesethreeconditionsaredeterminedtofit

toacharacterwhichisshiftedonechannelupordown,tobe

mutuallyindependent,andnottobestrictasfarasthere

arisesnoconfusionintherecognitionwith･'Othercharacters.

Whenacharacterpassesthroughtheinputpart,therearethree

pulseoutputsatasynchronoustimepointst,,^2>^3>BBiChcor-

respondingtothesectionsxlﾀX2andx3.Thesepulsescon-

tinueaslongastheportionsofapat'ternsatisfytheCondi-

tions.Therecognitionisdonetyasynchronoussequential

logicalcircuits,whichdetectonlythesequenceofappearance

ofthesethreeconditionsinthisorderasacharactergoesby

undertheinputpart,sothattheabsolutepulsewidthandtime

intervalsbetweenthesepulseshavenoeffectontherecogni-

tion.Thereforethescanningspeedmaybefast,sloworeven

mayvary.Thisisaveryprofitablepointforthemachine,

becauseitdoesnotdemandthehighprecisionontheacanning

mechanism.
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!I!hreeverticalsectionsareconsideredtobeenoughfor

therecognitionofnumeralsandcapitalEnglishalphabet.

工fmorethanthreesectionsarerequired,threeormorememory

flip-flopsarenecessaryforthesequencedetectionofthesec-

tlons.Thefunctionstobesetupforthesesectionsmu8t

becomemoreminuteinthiscase,sothattheerrorwillin-

creasewhenthere18noiseorsmalldeviationsonthecharacter｡

ThereforeforthechaTacterswhicharehardtobedistin-

fishedtythreeverticalsections,itmightbebettertoin-

troducesomeauxiliaryprinciplesratherthantoincreasethe

numberofverticalsections.Actuallytheprincip:Lementioned

aboveisnotenoughwhentherearemanysimilarcharactersto

berecognized.Forexamplegbythecharacterpairs2and8,

工andK,Candoand8oon,whichareshowninFig.2.12,the

formercharacterscanbeconsideredasembeddedinthelatter

characters｡

Inthesecasesthelatterpatternsarerecognizedasboth

theformerandthelatterbytherecognitionprinciplemention-

e(11ntheabovesection｡

Asolutionisthatwhentherearetwosimultaneousreo-

ognitionresults,whicharepreviouslyknownsuchasthepairs

2and8,1andK,Cand0,etc.,oneoutputcorrespondingto

theembeddedpatternissuppressedbytheother,whichisto

beoutput｡

Anothersolutionistodetectacharacteristicfeature

logicwhichissatisfiedbyacharacterandwhichisnotsatia-

fiedbytheother.
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Fig.2.12Examplesofpatternsembeddedinanotiler

patterns.2and8,1andK,Cand0.

χ1χ2χ3χ5

Fig.2.13DistinctionbetweenCand0.Logic

conditionatx5doesnotappearforC.

I ･ ･ - -

● ● - - ■

Fig.2.14Severaldifferentfontswhicharetakeninto

considerationforthedesignofcharacteristicfeature

logics.
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InthelcaseofCand0,adifferentpointbetweentheseisthe

verticalsectionx3',whichisshowninFig.2.15≫sothatif

thecharacteristicfeaturelogicsetupatx31appearedafter

thelogicsatX|,X,,andχ3aresatisfied,therecognition

outputissuppressed.I

2.2.2CharacteristicFeatureLogics

Thecharacterswewanttorecognizearenumeralsandcap-

itallettersofEnglishalphabetﾀﾞsothatthreeverticalsec-

tionsareenoughfortherecognitionofeachcharacter.The

designprincipleofeachcharacteristicfeaturelogicsare,

(1)thefirstcharacteristicfeaturelogicandthesecond,

thenthesecondcharacteristicfeaturelogicandthethird,

aretobeindependenteachother,

(2)eachcharacteristicfeature‘logicforasectionofapat-

ternistobesatisfiedstillbytheconditionthatthe

patternisshiftedonechannelupordownﾀ

(5)eachcharacteristicfeaturelogicmust･bedeterminedto

besatisfiedstillbytheconditionthatthesectionsof

a･patternmayhavecertainamountofextraneousinkor

deficiencies,.

(4)･eachcharacteristicfeaturelogicshouldbestrictenough

torecognizeeachcharacterwithoutconfusionwithanother,

(5)eachcha工:acteristicfeaturelogic1stobedeterminedto

workforaslightchangeofapatternorformultifont

characters,ヽ

(6)上itshouldbeconsideredasfaraspossiblethatevenif
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oneortwochannelshavetroublesandnosi^aloutputs

areobtained,characteristicfeaturelogicsworkwell.

Thedeterminationofcharacteristicfeaturelogicsis-

verydifficultespeciallywhenthenumberofthese-is-;many･

Thereisnotheoreticalmethodforthedeterminationofthe

bestsectionsandtheirbestlogicalfunctions.Thereforethe

determinationhasbeendoneempirically,buttheeffectiveness

oftheselogicalconditionshasbeentestedbydigitalcomputer

simulationofthesysteminseveralconditions,whichwillbe

mentionedinChapter4.

Forexamplethefollowingcharacteristicfeaturelogics

areprovidedforcharacters3and4･

Forcharacter"3"9

W1=(A+B十C)EF(JHhgfedc

｡㎜㎝I---㎜.
W2=(A+B+C)(D+F)E(G+H+h)fed

W25=AE(D+F)(G+H+h)(g+f)(e4d+c)

Forcharacter"4"｡

-=万--一犬-一一
W1=ABCDEPgf(h十e)ba

一--一一
W2-(C+D十E)GHh(f十e+d)ba

W3=(F+G)(H+h)(g+f)(e+(1)(c+b),

Theselogicsworkwellforseveralcharacterssuchasshownin

Fig.2.14･

About50suchcharacteristicfeaturel0giC3areprovided

fortherecognitionof37charactersmentionedin2.1･5･

ThesearelistedinTable2.1.

Minimizationofthesecharacteristicfeaturelogicsisan

interestingproblem,becausehere18anotherfactori.e.se-
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Table2.1Characteristicfeaturelogicssetupfor37

characters.

゛
=

1
2
ｙ
ﾍ
ﾉ

Q
&
&

I
I
g
H
g

4
r
r
ﾉ
V
D
t
―

o
r
<
y
o
f
o
f

Q8-

Q9-

Q10=

Q11-

Q12=

Q15=

Q14-

Q15-

Q16-

Q17-

Q18-

Q19-

Q20-

Q21-

Q22･

Q23-

Q24･

Q25-

Q26･

Q27-

Q28-

Q29･

Q30･

ABPGHhg'b

(a+B+C)EP

IB+C)(1)+.E)

c+b)

GHhf＼(c+b+a)

(F+G)(H+h)'(g+f)(e+d)

A(B+C+D)G'Hhgdc(b+a)

(A+B+C)EPG(H+h+g)"ed("b+a)

AE(D+P)(H+h+g)T"ed(c+t+a)

一一一一一一一一一一(A+B+C)EPGHhgfedo

(A+B+C)(D+P)E(G+H+h)f‘ii

AE(D+P)(G十14･h)(g+f)(e+d+c)

(A+B)i(H+h+g)(d+c+b)

一一一一一一一一ABCDEPgf(h+e)ba､

(C+D+E)(h+T)g(e+d+o)a

(F+G)(H+h)(g+f)(e+d)(c+b)

BCDEf
-

e
四
d
㎜

C

(A+B)(^+E)D(P+GH)f‘e(c+b+a)
___

(A+B)DEgfea

i百百GHhg£ea

(A+B+C)(了十P)E(G+H+h)fed(Ta+a)

-一一一一-CDEFGe(f+d)a

ABE(D+P)(H十h)(g+f)(e+d+石)(b+a)

-____(A十B+C)DEPGHedcb

BCDg"百石7百万cba

(A+B)(d+P)E(G+H+h)(f+e+a)(b+a)

AEPGT"ed"cb

(A+B)了百下百･(e+f+e)(d十石)石

ABPGHhgeta

x百万了iii;GHhgdcb
一一____

BCGH(g+f+e)dcba

ii(D+F)E(G十百｡h)(g+f)(c+b)

(C+D+E)Hh(G十g)(e+d+c)
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¶I!able2.1(continued)

一一一一一一一一Q31=ABCD(H+h+g)dcba

Qう2･(B+C+D)FGHhif(d+c+'b)

Q33･(a+B+C)(d+P)E(H+h+g)‘edcb81

Q34･

Q35･

笥6-

Q37･

Q38･

Q39-

Q40･

Q41=

Q42=

Q43･

Q44･

Q45-

Q46=

Q47=

Q48=

Q49･

Q50･

Q51-

Q52･

Q53=

ADEPfedcba

ADB(h+f)g(d+b)c

一--DE(H+g)hc,

(C+E)D(P十H)G(g+f)(c+b)

(B+C)(D+E)(F+G)(H+h)(g+f)
一一一一一一一一一一-ABCDEPGHhfe(c十b+a)

BCDhTed^oba

x百了了百Pdcb

χi了了Bhgfdcb

一一一一一一一一
ABCDHh(G+ff)dcba
一一一一一一
ABD(C+E)Hhd(e+o)ba

一一一一一一一一一(A+B)DEPGHh"fed(b+a)

一一一一(B+C十D)EPdcba

(B+C)DE(F+G)7i(c+b+a)
一一一一一一一一一一
ABCDEP(G+H+h+g+f)dcba
一一一一一一----
ABCDEPG(h+g+f)(d+ei+c)(b+a)_________
(A+B)(D+C+E)(F+G+H)fedcba

x百万了百iりied｡

(B+C+D)E(P+G)＼dcba

(A+B+C)iii(g+f)(e+d)(c+b)(H+h)
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quentialcombinationofthreelogicalfunctions,whichd(XSnot

appearintheordinaryminimizationproblem.

Forthemeredistinctionof37differentkindsinhypo-

theticidealcase,4logicalfunctionsareenough,because

43=64.Howeverthecharacteristicfeaturelogicsofthe

actualcharactersarenotsoequallydistributedthatthisis

ratheranabsurdcomparison.Thereasonwhytheminimization

wasnottriedisasfollows.

(1)Iftheminimizationi8donetoofar,patternswhichare

completelydifferentfromtheoriginallyintendedones

mayberecognizedasthesame.becausethere'..is-somuch

freedomofvariation.

(2)工ftheminimizationisdonetoofar,forthepatterns

whichareverynoisythesequencedetectionmaybecome

'inaccurateandthereisapossibilitythatmanyrecogni-

tionoutputsmayappearsimultaneously.

(3)Whennewcharactersaretobeaddedtothemachineg

minimizationis'tobedoneonceagain.Thisincursa

greattrouble,becauseallthelogicsaretobechanged

fortheadditionofonlyonecharacter.Bythecharac-

teristicfeaturelogicsadoptedhere,theadditionofa

newcharacterhasnoeffectfortherecognitionofthe

other‘characters.Thisisthemostadvantageouspoint

ofthismachine.Actuallythedesig!lof･thismachine

wasinitiallydoneonlyfortheNEACTYPERfonts.But

工sorecommendedtheadoptionofOCR-Atypefontforthe

opticalcharacterrecognition,sothatOCR-Afontwas
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addedtothesystemwithoutanytrouble.Inthiscase

fewcharacteristicfeaturelogicswereaddedwithoutany

alterationofthelogicsalreadyexisted.Manyofthe

logicsforNEACTYPERfontcouldbeutilizedincommon

forOCR-Atypefont.

(4)Minimizationofthelogica:Lfunctionsof16variables

willtaketremendoustimeeventyusinghighspeedcom-

puters.

2.2.3RecognitionLogics

Foiヽthedetectionofthesequenceofappearanceofthree

characteristicfeaturelogics,anasynchronoussequentiallogic

circuitisprovidedfor,whichiscomposedoftwomemoryflip-

flopcircuitsF1andF2.Initiallythestate(P1,F2)ofthe

twoflip-flops･is･･setto(0,0),whichcorrespondstothelion-

existenceofacharacterundertheinputpart.Whenthefirst

characteristicfeaturelogicW11ssatisfied,theflip-flops

areturnedtothestate(O,1).Nextwhenthesecondcharac-

teristicfeaturelogicW21ssatisfiedattheinternalstate

(091)ﾀthestateisturnedinto(1,1).Nextbytheap‘

pearanceofthethirdcharacteristicfeaturelogicW5,the

stateisturnedinto(1,0).Thisfinalinternalstate(1,O)

1smaintaineduntilthecharacterpassescompletelythroughthe

inputpart.Atthispointwhenthelogicalcondition

-一一‥i-A+B+････十G+H+h+g十...+b十a°1

18satisfied,theinternal‘state(P1,F2)isexamined.For

thecharacterswhoseinternalstates(PI.F2)are(i,0)ﾀthe
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recognitionoutputsareproduced.Fortheothersequencesof

appearanceofW1,W2,andW5thestate(F1,P2)isdesigned

nottoreachtothefinalstage(1,O).Thewholeprocessof

thisisrepresentedbythestatediagramshowninFig.2.15.

FlF2 WlW2W3woN

○○

01

11

10

0100000000

0111010100

1111101100

1010101000

零
~
五

WlW2woN

･』･ふ･-F-･4･--sd･､･･〃･-●---●-〃-〃

010000PO

01110100

10111100t

10101000J,

(l)ujQsymmetriccharacters(2)symmetriccharacters

Fig:･:2.15statediagra｡1:ofre万cognitioncircuits.

Thestatediagramofsymmetriccharacterssuchas0,8,A,U,

V,X,Yetc.isdifferentinn.thatoftheunsymmetriccharacters･

Forthesymmetriccharactersthefirstandthethirdcharacter-

isticfeaturelogicsarethesame.W1,W2,andW5represent

thefirst,secondandthethirdcharacteristicfeaturelogics

respectively.Nistheresetpulseofallthecircuitﾀand

appears600usec.afterthecharacterhaspassedcompletely

throughtheinputpart.Thepulsewidthisaboutう00がsec･

woisthecomplementofW1十W2+W3十N.Fromthisstate

diagramthefollowinglogicalequationsareobtained,where

WO･W1+W2+W3+N

fortheunsymmetriccharacters,and

wo･W1+W2+N

forthesymmetriccharacters.

(1)Unsymmetriccharacters:

･●-･
F1=N-FI+W2'P2＼

一一一一-
F2=W1･P1十W3･N･F2十W3･FI･F2
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N

W2

W1

W3

N

W3

N

W2

W1

n
N

F1

F2

(l)unsymmetric

characters

(2)symmetric

characters

Fig.2.16Circuitdiagramofrecognitionlogics.
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(2)Symmetriccharacterss

-
F1=N-P1十W2･F2

-一一-
F2-WI･P1十WI･N･F2

AtermW1-W3･F2isomittedfromtheequationofF2forunsym-

metriccharacters,becauseW1andW3aiヽeoftenindependent,and

eveniftheyarenotindependentthecontributionoftheterm

isverysmall.

Thelogiccircuitdiagramsoftheseequationsareshownin

Fig.2.16.1ねesignalobtainedfromthediodegatesU1ヽ

regeneratedbythecircuitS,whichisaslicerand18explain-

edin2.5.3.▽

2.2.4工nhibitionLogics

Whenapatternisjustembeddedinanotherpatternsuch

asCisembeddedinOﾀwhichisshowninFig.2.12orwhena

sequenceofcharacteristicfeaturelogicsofapatternisre-

alizedbysomeotherpatterns,thereappearmorethanonere-

cognitionoutputs.工nthecaseofCand0,thedifference

betweentheseistheverticalsectionxq'asshowninFig.2.15,

sothatifthecharacteristicfeaturelogicpreparedforxo'

appearedaftertheflip-flops(F1,F2)forthecharacterC

become(1,O),theoutputofCissuppressed.Insuchcases

likethis,whereacertaincharacteristicfeaturelogicap'

pearedatacertainstateoftheflip-flops,theinhibition

ofrecognitionoutput1Sperformed.Forthispurposeanother

memoryflip‘flopFzisprovided.
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/

TheconditionoftheinhibitionlogicforFzdiffersfor

eachcharacterbutforCthestatediagramshowninFig.2.17

canbewrittendown.

PIF2Fz WlW2W3W3゛woN

000

010

110

100

010000000000000000

010110010010010000

110110100110110000

100100100μ1100000

ββﾆL C!01001001001001000

Fig･.2.17statediagramfortherecognitionofcharacterC.

Fromthisstatediagramthefollowinglogicalequationsare

derived.

ForC
-

P1=NヽF1十W2･F2

-一一一
F2=W1･FI十W5･N･F2十W5･FI･F2

Pz=

twhere

四.●-N･Fz十W5'･FI･F2

一一
W1-ABFGHhfff

-
i2s(A+B+C)E

-

F

-b

-
G

-a

-

H

-

h

-

g

-
f
-
e(c+b+a)

一一--
Wうｰ(C+ヽD+E)Hh(G+g)(e+d+c)

Nextthecasebetween2and8i3discussed.Thecharac-

teristicfeaturelogicsof2and8are,

for2

for8

W1,i(B+C+D)7瓦1r石(e+d+c)(b･･･a)

i2,(A+B+C)‘E7TJ(H+h+■g)ed(b+a)

--一一W5=ADEFgfe(c+b十a)

W1-A(D+F)E(G十H+h)(g+f)(e+d+c)

W2-(A+B)(17+7)＼(G+H+h)(f+d)e(b+a)

W3-W1

ThereareintersectionsbetweenW1of2andW1of8,

うう



andbetweenW2of2andW2of8.Alsothereisapossibility

thataportionofcharacter8satisfiesthelogicW5of2after

theconditionsW1･andW2of8aresatisfied,whereasthereis

littlepossibility6fthesatisfactionofthelogicW3of8by

therighthalfofinputpattern2.Thissituationisshown

inFig.2.18.工nthiscasewhentheinputisacharacter8

thereareoutputs8and2.Thereforetheinhibitioncondition

fortheoutput21n･thiscase･1stheappearanceofW3of8at

theinternalstateF1slofthecharacter2.So

犬Fz(2)-Fz(2)･N+F1(2)･W3(8)

Thecharactersinthebracketsindicatethatthecorre-

spondingflip-flopsorcharacteristicfeaturelogicsbelongto

theirrespectivecharacters｡

Thesesituationsmayariseinmanycharacterpairsand

forthelogicaldesignwehavetoinvestigateallthesesit-

uations.ThisIsverytroublesometask,Bbthatanothernot

completebutveryconvenientmethodisadopted.｡

ThelogicW5(=W1)of81sverysimilartothelogicW1

of2,sotheresultwillbethesameevenifweadoptthelogic

W1of2fortねeaboveinhibitionlogicinsteadofW5of8｡

Toextendthisideatothewholeintervalofsignalexis-

tence,wemaydesigntheinhibitionlogicstobeactivated

whenW2orW3appearsbeforeW1,whenW3appearsbeforeW2,‘

whenW1appearsafterW2orW3,andwhenW1orW2appearsaf-

terW5にThestatediagramofthisfunctioni8showninFig･

2･,19.Fromthisthefollowinglogicfunctionsarederived.

Forunsymmetriccharacters,
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"8"

‘'2"

WlW2W3

ﾛFTIﾛ

B一一--s･111･･

i|ti1●

11●●11

E-･-･(I日I

●●●●

●●I●●I
H°゛･･l･･･11･･･

l･･････1･･I
1--..･l･･

≪7‾11･･

●●1●●必--･･･…

●●●●●●

●●●●●●●吼--･‥･･････････

0[ｺ【】0

v/lW2W3"^ 叫

Fig.2.18Confusionof2and8.Wl,W2,and

W3intheupperpartarethecharacteristic

featureIogic3for8,whilethO3einthelower

partarefor2.

FlF2Fz WlW2W3voN

000

010

110

100

010畑1畑1000000

010110畑1010000

献L110100110000

如1μ1100100000

βμ1 001001001001000

(l)unsymmetriccharacters

FlF2Fz WlW2woN

000

010

110

010μ1000000

010110010000

100n0110000

100 100μ1100000

(2)symmetriccharacters

Fig.2.19statediagramfortherecog-

nitionlogicswithinhibitionmemoryPz.
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F1･W2+N･P1

F2=W14･iyi･F2

--
Fz･W1'F1+W2･F2十W3･F1+

Forsymmetriccharacters,

-
F1=W2十N･F1

F2･WI･y14-WT･i･F2

一一Fz-W2･F2十N･Fz

-
N･Fz

Bytheserecognitionlogicsthedesignofcharacteristicfea-

turelogicsisveryeasybecausereferencestoothercharacters

areseldomrequired.Andtheserecognitionlogicshavebeen

workingfairlywell.Moreoverthisisadvantageousbecause

thecircuitsoftherecognitionarethesameforallthechar-

acters｡

Theconnectionbetweenthecharacteristicfeaturelogics

andtherecognitionlogicshas-beendonebytheplug-inboad.

By'theadoptionofthis･plug-inboadsystemthechangeofthe

characteristicfeaturelogicslcanbedonewithminimumalter-

ationofthesystem.Themachinehas7and4recognition

circuitsforunsymmetricandsymmetriccharactersrespectively｡

Thecharacteristicfeaturelo･gicsW1,W2,W3fortherec-

ognitionofcharactersareshowninTable2.2.Forthechar-

actersc,S,1,specialcircuitsareused,forwhichnoplug-

1nconnectionsareused.

2｡2･5RecognitionofSpecialCharacters

Forthecharactersl,L,etc.wecannottakethreechar-

acteristicfeaturelogics.Specialconsiderationsarerequir-
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Table2.2Recognitionlogics.

W1 W2 W3

0

1

2

3

4

5

6

7

8

9

<

>

Q1

Q3

Q4

Q7

Q11

Q14

Q1

Q7

Q9

Q24

Q43

Q45

Q2

Q5

Q8

Q12

Q15

Q18

Q21

Q23

Q25

Q44

Q44

Q6

Q9

Q3

Q19

Q19

Q17

Q45

Q45

Inhibitionby5,4,8,9,B,C,
K,N,P,R,U.

InhibitionbyQ5

口

]j

己

ﾖ

14

5

‘6｀

7

凸

cl

J1

1T'

｢4

Q3

Q5

Q53

Q2

Q46

Q47

Q3.･

.Q7

Q42

Q52

･Q51

Q52

Q42

Q2

Q23

Q23

Q48

Q25

Q49

Q21

Q23

Q50

Q3

Q42

Q48

Q47

Q3

Q13

Q55

Q51

Q46

Q5

Q14

Q3

Thesameas"1"
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Table2.2(oontinued)

W1 W2 W3

A

B

C

K

N

P

R

S

U

V

X

T

Q27

Q3

Q1

Q3

Q3

Q3

Q3

Q36

Q38

Q40

Q32

Q22

Q28

Q23

Q2

Q31

Q31

Q53

Q33

Q23

Q39

Q41

Q31

Q42

Q29

Q30

Q32

Q34

Q35

Q57

Specialinhibition
circuit

Specialinhibition
circuit

J･j
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edfortherecognitionofthesecharacters,whicharecompati-

blewiththeprincipleofthismachine｡

Thecharacteristicfeaturelogicprovidedforthevertical

line18

Q3･(B+C)(D+E)(F+G)(H+h)(g+f)(e+d)(c+b).

Thisverticallineiscontainedinmanyothercharactersas

theirportions,suchas･4,B,K,N,P,Retc..Alsothereis

apossibilitythataverticallineexistsincharacterssuch

a83,4t8i9≪^tUteto.,whensomedistortionsornoisemay

existonthem.Thereforetherecognitionof"1'11sdoneby

theappearanceoftheabovelogicQ3andthereisnorecognition

outputfromanyofthecharactershavingtheverticallines.

Thetimingoftherecognitionoflthereforedelaysalittle

behindthatoftherecognitionofnormalcharacters.This

delaytime18adjustedabout300だsec｡

ThelogiccircuitoftherecognitionoflisshowninFig･

2.20.Thecharacteristicfeaturelogicforlisconnectedto

lineaanditsoccurranceismemorizedincircuitb.Therec-

ognitionoutputsofcharactersB,K,N,P,R,eto.,allhaving

theverticallines,areconnectedtotheANDgatec.The

outputofthisORgateinhibitstheoutputofthecircuitb･

Therecognitionresultisobtainedfromthecircuitd｡

Bytherecognitionprinciplethe16ngthofthehorizontal･

linescannotbedetected.ThereforecharactersL,F.T,etc.

cannotbedistinguishedfromcharacterlwithseciforwith

edgeirregularities,sothatsomemodifioationsarerequired.

Forthespecialcharacters3U0hasLandFtobedi8tingui8hed

39



N

Fig.2.20

Z2

Recognitioncircuit

ﾚ

出l

｡二三ｺﾞ

MM,

"｀二W2･MM,

|

of character:L

- 一 一

陽
二
☆

Fig.2.21RecognitionofLandF.WLisanoutput

ofone-3hotmultivibratorwhichistriggeredbyQ3.
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fromnumeral1,certaintimeintervalisintroducedafterthe

characteristicfeaturelogicforlissatisfied.Thesecond

characteristicfeaturelogicsforLandFaretobeexamined

afterthistimeintervalandifatthattimetheconditions

arestillsatisfied,therecognitionsforLandFareoutput,

otherwisetherecognitionisforl.Thisisschematically

illustratedinFig.2.21.Thistimeintervalisproducedby

one-shotflip-floptrigger･edbythepulseofthelogicforl,

andtheintervalcanbeadjustedtoabsorbsomeirregularities

ofscanningspeed.TherecognitioncircuitforLorF19

showninFig.2.22,inwhich

forL

forF

-一一

W2SABC

-

D

-

E

-

F

-

G

-

H

-

h

-

f

一一

ge(c十b+a)

一--一一一一一一
W2aABCDEF(G+H+h+g+f)dch

-

a

Thesametreatmentisrequiredfor12ofcharacterE.

工fthemiddlehorizontallineofEisthesamelengthofupper

andlowerhorizontallines,therecognitioncircuitisthe

samea8thatofLorF.工fthemiddlelinei3shorter,the

circuit18similartothoseofordinarycharactersﾀandanonly

differencei8thatW2isdetectedafteracertaintimeinter-

valfromtheendofaverticalline.

Fortherecognitionof･‥jcharacterT,twosuchtimein-

tervalsaretobeintroducedsuchasshowninFig.2.25.The

firsttimeintervalistriggeredbythelogicalfunction

一一一一一一一一一一一一W1=(a+B十C)EFGHhefedcba

andthisworksfortheseparationofW1fromtheverticalline

inthecenter｡Thesecondtimeinterval18triggeredbythe

verticallineandisfortheseparationofthesecondW1from
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Fig.2.22RecognitioncircuitforLorF

W1゛瓦g2

Q3

㎜
W1‘MMi

l'l

…_

ｺ七
l

I
I
～

Pig.2.25Recognitionofcharacter?

triggeredbyW1.

42

MMis

Y-



theverticalline.

FortherecognitionofMandW,andfortheseparationof

HandNthreeverticalsectionsarenotenough.Howeverthe

sectionsarenotincreasedbythereasonmentionedin2.2.1.

Instead,twocountersareprovidedforthedetectionofthe

numberofhorizontalcrossingsofacharacter.Thecounter

Aistriggeredtytheoutputoflogicalfunction

Ca=F(E+G)

andthecounterBi8triggeredby

Cb･f(e十g)

ThenthecounteroutputsforM,W,HandNareasshowninTa-

ble2･5twhichareenoughfortherecognitionofeachcharacter･

MWHN

upper
counterCa 4(2)323

lowerCb
counter

4(3)223

Table2.3Numberofcrosssectionsofthe

upperandlowerpartsofM夕W,H,andN｡

Thesetwocounterscanalsobeutilizedforthecheckofthe

recognitionresultforeachcharacter,andthusserveforthe

higheraccuracyofthesystem.

2･3InputPart

2.5.1工nputDevice

Whenapatternrecognitionsystemisconsideredasa'com-

mercialmachine,anessentialpointiswhatkindofinputde-

viceisused.Thiscloselyrelatestotherecognitionprin-

clple,aswell.a8theperformanceofthesystem.Amongthe
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problemstobeconsideredbytheinputdevice,themechanics

offeedingdocumentsandthescanningmethodarethetwoimpor-

tantproblems.Thereareseveralmethodsofcardandpage

feed. A180therearemanyscanningdevicessuchasflying

spot3canner,rotatingdiskandsoon.?hemethodadopted

hereisanelectrictypewriterandphototransistor｡

Adocumentpaperisinsertedtothetypewritercarriage

andthiscarriagemovesleftandrightbythetabulator(TAB)

andcarriagereturn(CR)actions.Thereadingheadisattach-

edatrightanglestothetypewriterplaten.Thereforea

paperisscannedhorizontally.Thelightisprojectedtothe

surfaceofapaper,-whosereflectedlightcarriestheoptical

imageofpatterns.Thisopticalimageisenlargedaboutthree

timesbyalenssystemand1sconvertedtoelectricsignals

byphototransistors.ThisinputdeviceisshowninFig.2.

24｡

Thecarriageofanelectrictypewriterisoperatedbythe

pulsesschematicallyshowninFig.2.25.゛Bytheinertiaof

thecarriage,thepulsesforTABandCRsolenoidsaretobe

appliedwithadequateintervalsofmorethan100mill-second

aftertheCRandTABactionsendandthez･espectiverelay

contactsopen.Thelinefeed18doneatthebeginningofthe

carriagereturnaction｡

Thereforethetraceofthemovementofthescanninghead

onapaperisshownschematicallyinFig.2.26｡

Apartoftheinsertedpaperunderthescanningheadis

lightedupbyalampwhichoperatesinD.C.1n8volts,50
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TAB carriage
return

Pig.2.26Traceofthecarriagemovement.

watts.工fACsourceisusedtheintensityoflightfluctuates

in60cyclespersecondandisnotpreferable.Thephoto

transistorusedherehasthepeakofsensitivityaroundthe

lO000一一1う000A,sothatanincandescentlamp18suitable･

jThereflectedlightimagesofpatternsareenlargedto8

mmheighttya･lenssystemasshowninFig.2.27.Thetyped

charactersareusually2.7一一3.0mmofheight,sothatthe

imagesatthefocusplanearemagnifiedaboutthreetimes.

¶.･t●Onthisfocusplane22glasstubesare･attachedasshownin

Pig.2.27.Thesearealignedverticallytotheopticalimages

し(?finputcharacters.ThediameterofaglasstubeisO･5miD,

ﾀﾞ8othat16glasstubescoverthecharacterheight.Theother

endofeachglasstubeis.attachedtotheheadofaphototran-

sistorPD-6.GlasstubeisusedbecausethediameterofPD-6

1き2mm＼andcannotbeputinarowwithinsuchrestricted

area. Thelossoflighttythereflectionfrombothendsof

thetubeandbytheleakagefromtheE!ideisnotmeasured,but

itsefemsthatthelosscanbeneglected.

Thecrosssectionoftheglasstubeismadecircle,but

thefollowingconsiderationssuggesttherectangularcross
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sectionistetter.Thefactorstobeconsideredares

(1)Thelossoftheinputlightmustbeaslittleaspossible.

(2)Theinclinationofaverticallinemustbedetectedas

sharplyaspossible｡

LetuscomparethethreeinputsectionsshowninFig.2.

28.TheinputsectionAisapparentlyunsuitablebytherea-

son(1)mentionedabove.工fthecrosssectionofarectangle

1ssupposedtobeasquareanditsareaismadeequaltothe

areaofthecircle,theratioofthesidelengthofasquare

andthediameterヽofacircleisls0.886.Thelightquan-

titywhenaverticallinecomes1ntothecrossaectioり,varies

asshowninFig.2.29.Iftheslicelevelforland01sset

at50茄ofthemaximumlightquantity,thegradientofthecurve

ofthecircle18largerthanthatofthesquare,thatis,the

sensitivityforthesmallshiftoftheslicelevelisbetter

bythecircle.工fthesidelengthofasquareismadeequa･1

tothediameterofacircle,thelightquantitycurvesareas
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co皿esintotheabovecrosssections.
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showninFig.2.30.1nthiscasethelightquantityofacir-

cleisfarlitt:Lethanthatofthesquare｡

Nextletuscomparethetwoinputsections,squareand

rect戸11g:!.e.Forthesimplicityofdiscussionarectangleis

supposedtobetheformonesideistwicetheothersidein

length.工fbothareasaremadeequalandifaverticalline･

slightlyinclinedcomesin,thelightintensitycurvesofboth

sectionsa-reasshownin･Fig.2.31.Thegradientofthecurve

ofrectangleistwicethatofthesquare｡

Fromthisdiscussionitisconcludedthatthesquareor

rectangleisbetterthanthecircleifthedimensionisre-

stricted. ]:fthesharpnessoftheslicelevel18moreim-

portantthanthelightquantity,therectanglewhoselongside

issetverticallyisrecommendable.Thewidthofarectangle

dependsontherequiredlightquantityetc.andsocannotbe

determineduniquely.

Thenumberofchannelsisdeterminedasfollows.First

‘thestrokewidthofcharactersisexaminedforthecharacters

showninPig.2.7,whichshowsthestrokewidthisl/9一一i/ioof

thecharacterheight.Sotheresolutionintheverticald1-

rectionmustbeatleast10.一ｴfthesliceleveloftheinput

signalisset50舛ormoreofthemaximumsignaﾕ√level,more

thanonecrosssectionofinputpartmustfall1nastroke

width.Howevermorethantwocrosssectionsforastroke

widthisnotneededbecausethecharacteristicfeaturelogics

becomeverycomplicatedwithredundantchannels.

Fromthesediscussions16channelsarerecommendedfor
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theheightofacharacter,inwhichcaseatleastonechannel

willfallinthewidthofastroke.Consideringthatthe

mechanicsoflinefeedoperationisnotsoprecise,another6

channelsareadded.Thewidthofachannelcorrespondsto

about0.18mmontheoriginalpaper,sothat6channelsmay

notbeenoughformorethan50linefeeds.Butbytheexper-

imentalmachinethedeviationsof4channelswasobserved

inbadconditionswhenthelinefeedoperationwasdonefrom

toptobottomofapaper･

2.5.2BaseLineDetectionandChannelExchange

Oneofthefeaturesofthismachineisthatmanylinesof

charactersinapaperarereadcontinuouslyandinhighspeed･

Themechanicsofthelinefeedofanelectrictypewriterisnot

sopreciseastohavenodeviation,sothatcertainamountof

erroraccumulationmustbeallowedwhenmorethanthirtylines

arefeededinapapeヱﾌ.Tosavethisdeviation22inputchan-

nelsareprovidedfor,inwhich16channelsarefortheinput

charactersandanother6channelsareforthedeviationofthe

linefeed. Thismachinedeterminesthepositionofaline

asawhole,notofeachcharacter,whichwillbementionedin

thenextsection.?heblockdiagramofFig.2.52showshow

thechannelsaredeterminedwherealineofcharactersexists｡

FirsttheCRactionistaken.Theoutputsignal0f

eachchannelduringtheCRactionisaccumulatedinacondenser

ofpulseaccumulationcircuit.Theinputtothiscircuiti8

thepulsewaveformfromtheinputamplifier.Attheendof

52



(:

l

吋4

INPUTCHANNELS

ﾙﾆ上↓ﾔし

PULSEACCUMULATION

CIRCUI゛rs

･●

i - - - ● ←

COMPARATORS

●●

BASELINEDETECTION

ANDHOLDCIRCUITS

RESET

MAX.VOL゛rAGE

● h ● ● - 四

iDETECTIONCIRCUIT

Fig.2.32Baselinedetectionandholdcircuitawhich

selectproper16channelsoutof22.Actualcircuits

areshowninPig.2.46.

max.

voltage

level

slice

level

incondensex･

n･g.2.33Schematicrepresentationofvoltageaccu皿Illation

incondensersof22channels.

53



theCRoperationtheORlogicofalltheaccumulatedvoltages

aretaken.TheoutputoftheORgateisthemaximumvoltage

levelofall.Theneachaccumulatedvoltageisslicedinthe

comparatorbyacertainpercentofthemaximumvoltagelevel,

whichisschematicallyshowninFig.2･55｡

Theoutput"111showsthereis4portionofacharacteron

thatchannel.Theboundarychanneloftheoutputland01s

detectedbysimplecombinatorylogiccircuit.Forthispur-

posetherei8noneedtoattachthepulseaccumulationcircuit

toallthechannels.When16channels'aretobeselectedfrom

22,upperorlower7channelsareenough.Fig.2.34showsthe

circuitwhichdetectsthetopchannelofacharacterlineby

thepulseaccumulationcircuitsattachedtotheupper7channels･

Thisiscalledthebaselinedetectioncircuit.Thedeter-

minationofthebaselineisdoneattheendoftheCRaction

andjust"beforetheTABactionbegins.ThereforetheANDcir‘

cuitisgatedbythe200milli-secondoutputofone-shotmulti-

vibratoratthesametimetheTABsolenoidisactivated.The

detectedbaselineismaintainedintheholdcircuitbythe

outputofTABcontactduringtheTABoperationisbeingperform-

ed. Thelogicfunctionswhichdeterminethe■baselineare夕
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-一一
B6'M4M5M6M7

A11thesearemutuallyindependentsothatthereisonly

oneoutputfromthecircuit.Ifthereisnooutputfromany

ofBI‘‾B6゛thismeanstheinputpatterndoesnotfallinthe

inputchannels,whichshouldbeindicated1nsomeway.By

thismachinethisisindicatedbythealarmsoundfromthe

speaker.Thelogiccircuitforthisalarmsignalisshownin

Fig.2.55｡

Whenthepositionofalineofcharactersisknownthus

tytheoutputofbaselinedetectioncircuit,theselectionof

proper16channelsfrom22canbeeasilyachievedtythecom-

■binatorylogicalcircuit.ThisisshowninFig.2.36andthe

connectionofeachterminalisshowninTable2･4･

2.3.3ChannelExchangeforEachCharacter

Thechannelexchangeforalinementionedaboveworks

wellwheneachlineissethorizontally.Butwhenalineis

inclinedorthepapersettingisnothorizontalthismethod

cannotbeapplied.Theremaybesomeiraprcyvementtothis,

butthechannelexchangeforeachcharacteristobedoneto

avoidthiskindoftrouble.Thefollowingisasolution,

althoughitisnotimplementedactually.Thisusesthedelay

linesasshowninFig.2.37.Thisdelaylineisprovidedfor

eachinputchannelandthedelaytimeisadjustedjustthetime

acharacterpassesundertheinputpart.Theinputchannels

arealsoconnectedtothebaselinedetectioncircuitswhich
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oneof22channels,B.istheresultofbaae
ﾕ.

linedetectionlogics,andyisoneof16

channels.TheconnectioniashowninTable2.4
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Table2.4Channelselectionlogics.
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aresimilartothesementionedabove.Thisbaselinedetec-

tioncircuitsaccumulatethesignalpulsesincondenserfor

eachcharacteranddetermineattheendofthepassageofa

characterthepositionwhereitislocated.Theinformationof

thebaselinethusdeterminedisusedforthechannelexchange

logicswhichareconnectedtotheoutputofthedelayline.

ThustheInputpatternappearsattheoutputsofthede-

laylinesjustafterthechannelexchangei3completed.The

condenserchargeisresettotheinitialstatewhenacharac-

terhaspassedandthebaselineisdetermined.

Sincethecharacterspeedofthemachine18atnow7一一8

milli-secondpercharacter,andtheinputsignalhasabout10,

kcbandwidth,theelectromagneticdelaylinesarenotsuit-

able.Thehighspeedmagneticdrumisrecommended.Thisis

tobeusedwithoutclockcycle30thatthewrite,readand

eraseheadsarenecessaryasshowninFig.2.38｡

read

head
①
,

erasef
h｡a一犬

ゝ
X
≒､･.

/ /

´

y

write

head

Fig.2.58Magneticdrumdelayline.
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2･4OtherAuxiliaryDevices'

2.4.1WordandCharacterCounter

工nthehandlingofmanykindsofdocuments,1t18very

convenienttointroduceformat.symbols.Heretwospecial

symbols<and〉areintroducedtobracketcharacterstoform

aword.

Forexample

<1254〉<5678>･<9O125456〉

are.thethreewords*eachmay-havecertainmeaningsuchasthe

firstisaregionnumber,･thesecondisablocknumber,etc.

/Tねewordcountercountstheappearanceofspecialsymbol

く.andifthecounterissetto3,thentherecognitionout-

putsareonlyforthecharacterscontained1nthethirdword

fromtheleftofaline.Thecharactercountercountsthe

numberofcharactersfromthespeolalsymbolく,sothatif

thewordcounterissettoうandthecharactercounterisset

to2,thenonlythesecondcharacterof'thethirdwordisOb-

tained4soutput.Thecountersettingcanbedoneonthecon-

trolpanelbyswitches.上工fthewordcountersettingiso

thenonlythecharactercounterworksfromtheleftofaline

andignoresthesymbol<.Ifthechai･actercounterissetto

0,thenon!y'thewordcounterworksandallthecharactersof

aspecifiedづwordaceread.■■｡
ゝ･.

Ifbothcountersaresettozero,thenallthecharacters

ofalineareread.Eachcountercancountupto16withfour

flip-flopsinseries.

ThetriggerinputstothecounterscomefromtheORgate
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｀ゝ

ofa11therecognitionoutputsforthecharactercounter,and

fromthe,outputofspecialsymbolくforthewordcounter.

2｡4.2NoiseElimin!itionLogic

Therecognitionoutputissenttothecoderof6bits

duringthe600だsec,directlyaftertheconditionthatachar-

acterhascompletelypassedthroughtheinputpart,i.e.

-
Y-A+B十C4･D十'E十F十G十H十h十g十f十e十d+c十

61

b+a

一一一一一一一一一一一一一一一一-ABCDEPGHhgfedcba-i

1ssatisfied.Thereforeifthereisnooutputduringthis

recognitionperiod,itimpliesthattheinputpatterncannot

berecognizedandtherejectsignali8produced.Ifthere

aredotsorsomenoisessuchasshowninFig.2.39,therec-

ognitionperiodsヽaresetupattheendofthesenoisesbythe

-
conditionY･1,i.e･.thesenoisesareregardedasinputpat-

ternssothatsomerecognitionsaretobeproduced.However

astheseareactuallynotcharacterstoberecognizedbutonly

noises,theoutputs(eveniftheyarerejectsignals)areto

besuppressed｡

Thedistinctionofthecharacteraandnoisesisdonein

thefollowingway.Thatis,1faninputpatternisachar-

acterthefollowingconditionsaretobesatisfiedduringthe

passageof･acharacter｡

WysB十C十D-1｡

Wm-G十H十h,1

w.=≫d+c+b≪≫1
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Fig.2･39Recognitionperiodforcharacters
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TheoutputsoftheselogicsWu,Wm≫andWlarememorizedin

circuitsandattheendoftheInput,thecondition

Wu゛WM゛WLsl

Issatiafiedforacharacter.otherwisetheinputisregard-

edasnoiseandtherecognitionoutputissuppressed.The

abovecondition皿eansthatacharacterhasoutputontheupper,

middleandlowerzonesofchannelsatsometimeduringthepa3-

sageofthecharacter.･

2･4･3!I!imlngControloftheMachine

ThetimingofthewholemachineoperationisshowninFig･

2.25,andFig.2.40.1ReferringtoFig.2.25andFig.2.26,

firsttheCRsolenoidisactivatedandtheCRmovementbegins.

DuringthisCRmovementthereisoutputontheCRcontactline

andthebaselinedetectorcondensersaccumulatethepattern

signals.AttheendoftheCRmovementtheCRcontactopens

andtheone-shotmultivibratorof100msec,istriggered.

Attheendoftheoutputofthisone-shotmultivibrator,

otherone-shotmultivibratorsof100msec,and200msec,are

triggered･..This100msec･pulseoutputactivatestheTAB

solenoidandtheTABmovementbegins.DuringthisTABmove-

menttheTABcontacthasoutput.Theregionofthishorizon-

talmovementcanbeadjustedwideornarrowbytheTABsetting･

Thepulseoutputof200msec,isU8edforthegatingoftha

baselinedetectionlogicsofFig.2.34.

AttheendoftheTABmovementtheTABcontactopen8and

one-shot皿ultivibratorof100msec,istriggered.Afterthis

63



theCRsolenoidisagainactivated･byanother100msec.multi-

vibrator十andthe8ameoperationisrepeated.Thelineﾄfeed

isdoneatthebeginningoftheCRmovement.

ﾄFig.2.40showsthetimingfortherecognitionofeach

character.The‘logicalfunctionY･.A十B十･･･十G+H+h十

g十゛‥十b十ahasoutputduringthepassageofacharacter｡

AttheendoftheYpulseaone-shotmultivibratori8

triggered,whichproducestherecognitionpulseZ1of300fA.sec･

for‘usualcharacters.Nextinsequenceﾀﾞthesecondmulti-

vibratorZ20f300ytisec.18triggeredfo゛地erec°gniti°110f

specialcharacterl.FinallythethirdmultivibratorNof300

rtsec.istriggeredfortheresetofallthecircuitsofthe

recognitiontotheinitialstate.

2.4･4MonitorDisplay･,･I

Apattern0.n.apaperandasignalpatternreceivedina

deviceviaaproperphotoelectricconversionaredifferent･

Severalfactorsoftheinputdevicearepresent.Therecog-

nitiondevice･worksonthisreceivedsignalpattern,sothat

itisveryimportanttoknowﾌhowtheoriginalpatternisre-

ceivedinelectricsignal.Thismakesexactthedesignof

patternrecognitionmachine,a8well-asitsl!lalntenance.The

receivedsignalpatternofthismachineiscontinuous･1ntime

axisalthoughin⊃theverticaldirectionit18digitizedin16

channels.=Sothatthispatternsignalcannotbedisplayed

inthissignalformonthecathoderaytube｡

Thereforethesignalissampled.intimeaxisandthis
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sampledpatternisdisplayedonthecathoderaytute.The

inputsignalisobtainedeitherfromthe16outputsofchannel

exchangeorfromthe22outputsofinputamp:lifiers.These‘

lectionisdonebyaswitch.Thefundamentalsamplingfre-

quencyisgivenfrom･outsidebyasinewaveoscillator,whose

upperづlimitis70kc/sec.＼し

Taxisofthe･cathoderaytubeisgivenasawtoothwave

whichrepeatsevery312countsofthefundamentalsamplingfre-

quency.Thepatternsignalson16channelsaresequentially

sampledfromthefirstchanneltothe16thortothe22ndby

theANDgatewithcounteroutputsfromOto31.Thesesampled

signalsinpulsetrainareinsertedtotheZaxisofthecathode

raytubeasb･rightnesscontrolandthesampledpatternappears

onthecathoderaytube.Somesampledpatternsdisplayedare

showninFig.2.41｡

Bywatchingthesampledpatterndisplaytheslicelevels

oftheinputamplifiersandthusthewidthofstrokesofchar-

acterscanbeadjusted.Whenthedisplayiadoneby16chan-

nels･,howthebaselinedetectionlogicsareworkingcanbe

seen.

2.4.5Output

Therecognitionoutputcanbeconvertedinanyformac-

cordingtothedemandofthesystem.Thecharacterrecog-

･itionmachinedevelopedhereisforexperiments,sothatit

i8requiredtoseeiftherecognitionoutputsarecorrector

not.Thereforetherecognitionoutputsarestoredinthe
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Pig.2.42Samplepatternsprintedout.

Leftandrightarereversedbyprintingsequence.
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magneticcorememoryandthenprintedouttothetypewriter.

Thisbuffermemoryisrequiredbecausethereadingspeedof

charactersis100characters/sec.buttheprintingspeedis10

characters/sec｡

The‘recognitionresultsarecodedin6bitsparallelcode

andarestoredinbuffermemoryinascendingorder.Whena

lineofcharactersarerecog:!lizedandstoredinbuffermemory,

thecarriagereturncodeisinsertedfortheresultstobe

printedoutinthesameformastheoriginal｡

Propertiesofthemagneticcorememory:

readﾀwrite:1.5>μsec｡

lword▽s8bits

しmemorysize:1024words

Forthedetailsitishopedtorefertothebibliography(20)･

Tねesampledpatternforthedisplayonthecathoderaytube

canalsobestoredinthiscorememoryandprinted.outona

paper,whichisveryconvenienttosee.Fewsamplesprinted

outisshowninFig･2.42.Atthesametimethissampledpat-

terncanbepunchedouttoapapertapewhichisusedforthe

inputtothedigitalcomputersinstalledinKyotoUniversity･

2｡5CircuitsoftheMachine

2･5.1工ntroductionl

Thepatternrecognitionmachineconstructediscomposed

ofinputtypewriter,photoelectricconversionsystem,base

linedetectionandchannelexchangecircuits,characteristic

featurelogics,recognitionlogics,outputbufferregister,
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outputtypewriterandsomeothercircuits.Themechanical

partsaretheinputandoutputtypewritersandallothersare

electroniccircuits｡

.TheoverallviewofthissystemisshowninFig.2.4.

Themainpartcontainingelectroniccircuitsis110cmχ60cm

x130cm,whichismadetohavemuchspacefortheexperiments

andalterationstohedoneeaaily.Transistorsanddiodes

areusedforallthecircuits,everyunitofwhichismadein

apackage.Themainspecificationsofthemachineisasfol-

lows.

1

Charactersaccepted:NEACtyperO'“9,A｡B,C,K,恥

P,R,S,U,V,X,Y,〈,>

OCR-A(ISO)0一一9,

(2)Numberofrecognitionlogicss

symmetriccharacter,4

unsymmetriccharacter,7

builtin,3

(3)Numberoftransistorssabout1200

■IIdiodes･about1500

(thecorememoryisnotincluded)

(4)Recognitionspeed:about100characters/sec･

(excludingthetimeforcarriagereturn)

A11thecircuitsworkwith-6vsignalpulse.Sincethe

inputsignalisnotsofast,extremelyhighspeedoperationis

notrequiredforthecircuits.Thecircuitswork｡･upto80

ko/sec,andtheactualworkingfrequencymaybe30一一50kc/sec･

工nthefollowingsomeoftherepresentativecircuitsareex‘
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plained.

2｡5.2InputAmplifier

Bythismachinethemostimportantanddifficult･problem

wastoamplifyaverysmallinputsignal.Theintensityof

thereflectedlightfromadocumentpaperissoweakandthe

attachmentofasmallglasstubetotheheadofphototransis-

torisnotsoprecisethattheoutputcurrentofthephoto

transistorisverysmallandnoisy.TheDCamplifierinas

hoped,butconsideringtheDClevelshiftthecircuitismade

asACamplifierwhichisshown万1nPig.2.45.Thefrequency

characteristicofthiscircuitcoverstherange50c/sec一一20kc/

sec,whichlatteristheupperlimitofthephototransistor｡

■■･fThiscircuit,however,hasnofunctionoftemperaturecompen-

satlon,sothatbythetemperatureshiftofabout7°C,the≒

widthofareceivedpatternchangesconsiderably.Thecircuit

showninFig.2.43hasacomparator‘whichslicesinputsignal

bysomeDClevel,-whichcanbeadjustedmanuallyforallthe

channelssimultaneously.Thecircuitattheinputsidewhich

18composedoftransistorsQjand9,Aworksastheleveladjust-

mentoftheinputpulsetrains.

2.5.3LogicCircuit

Thecircuithasnoclockpulse,butworksasynchronously

onlywhenapulsecomesintothecircuit.Howeverthere-

sponseofallthecircuitsisnotthesame,andverynarrow

noisypulsesarebettertobeabsorbed,sothattheSchmidt
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circuitasshowninFig.2･4418usedwiththeCRintegrator

intheinputside.Thiscondenserabsorbsnoisypulsesand

alsohastheeffecttodelaytheinputpulse.Therecognition

circuitiscomposedofthiscircuitasshowninFig.2.45･

Thefeedbacklinefromtheoutputtotheinputconstitutesone

bitmemorycircuit.

2･5･4BaseLineDetectionCircuit

Thevoltageaccumulationcircuitforthedetectionofbase

lineisshowninFig.2.46.Theinputisasignalpulsefrom

aninputamplifier.Thecondenserisconnectedtotheline

Handaccumulatesthevoltagebythebackwardhighresistance

oftwodiodesandbythehighgridresistanceoftriode2O-DL5.

FivekindsofcondenserslOpF,5rFﾀ2uF,lげ10°5fxFcanbecon-

●f■■
nectedtothelineHbyaselectionswitch.This1Schanged

asthenumberofcharactersprintedinalinediffersextreme-

1y.Thediodegate:ofFig.2.46bisanORcircuitofa11

theoutputvoltagesoftheaccumulationcircuitsattachedto

upperseveninputchannels,andthecondenserofthesue-

ceedingcircuitholdsthehighestaccumulatedvoltage.Cer-

tainpercentofthismaximumvoltageisuseda8areference

ofcomparator‘ofeachbaselinedetectioncircuit.Theline

Pisprovidedfortheresetofthecondenservoltagewhichoc-

cursattheendofTABoperation.

2.6RecognitionResultsandtheFactorsAffectingtheRecog-

nitionRate
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2.6.1RecognitionResults

Theexperimentonthissystemwasdoneinthefollowing

twosteps.Thefirstwastotestifythevalidityoftherec-

ognltionprinciple,andthesecondwastoknowtheaccuracyof

therecognitiontovariouskindsofprintquality｡

Someofthecharacteristicfeaturelogicswereamended

becausethereceivedsignalpatternswerenoisyandtheverti-

calshiftfromthenormalpositionwasmorethanexpected.･

Ne‘xtthereweTQsomecaseswheretheunexpectedcharacteristic

featurelogicsappearedinunexpectedplaces.Forexample

thethirdcharacteristicfeaturelogicW3foracharacterap-

pearedveryoftenbeforethefirstorsecondcharacteristic

featurelogics.Bytherecognitionprinciplementionedin

2.2.4thisinhibitstherecognitionoutput.Oneofthesolu-

tion,whenthepulsesofsuchunexpectedcharacteristicfeature

logicswereverynan゛ow,wastoabsorbthepulsesbyinserting

c°mparativelylargecapacitor゛(0.05呻'toO･4uP)totheinput

oflogiccircuitshowninFig.2.44.工ftheunexpectedpulse

1snotsonarrowastobeabsorbedwithoutanyeffecttothe

W2W2 IW
I
I
I

1Ｗ
I
I

(a)(b)

Pig.2･47Exampleofoharaoterswhiohneed

specialoonsiderationa.
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normalpulse,therecognitioncircuitwaschangedtothatex-･

plained‘1n2.2･31.Forexa万mpletherecognitionofcharacter

"4"i8bythiscircuit.･ThissituationisshowninPig.2.47･

InFig.2.47aW2appearsagainafterW3,andinFig.2･47b･

W1'1spossibletoappearafterW5.Theconfusionof2and8

ofPig.2.18wasavoidedbytheinsertionofcapacitortothe

thirdcharacteristicfeaturelogicsof2.

Inthiswayfineadjustmentwasdonetothecharacteristic

featurelogicsandtotherecognitioncircuitswheneveraner-

rorappeared.Tねe･samplepatternswereprintedbyanelectric

typewriterbutmanyfactorshadeffectsonthepatternquality,

suchastyperibbons9typingpressureandsoon.Theexperi-

mentirasdonebysamplesasshowninFig.2･48.Theaverage

errorratewas0.1ﾀﾞandtheaveragerejectionratewasひ.2価

forthesamplesofmorethan10,000numeralsofordinarytype

font,whichweretypedbyonetimecarbonribbon.Forthe

alphabeticcharactersthe:errorrate,therejectionratein-

elusive,wasabout0.5/o.

Theerrormaybedividedintwokinds.Oneisaninput

charactercannotberecognized,andtheotherisaninput

characterisrecognizedasadifferentcharacterortworec-

ognitionoutputsareobtainedsimultaneously.Forthenumer-

als,examplesoftheformercasewereし2,4.5,and8.The

reasonwhy2couldnotberecognizedis･thatthethirdchar-

acterlsticfeaturelogicappearedbeforethefirstone,and

theinhibitionlogicwasactivated.Alattercaseisthata

character6wasrecognizeda8both6and5.1nthiscase5
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1E!∃a456?8c10JI‘,jr§

1己∃L156?8clOJ｀‘y‘H

1己∃L156?89口cT‘T^H

1234567890
ABCKNPRSUV

XY
1234567890
ABCKNPRSUV
XYﾆ犬

Pig.2.48Examplesofsamplepatterns
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wasnotrecognizedas6,so'thatif6.and5aresimultaneously

recognized,theoutputof5maybesuppressed.Anothercase

wasacharacterlofOCR-Atype,fontwasrecognizedas6.

ThisisbecausetherewasanoiseasshowninFig.2.49｡

TherewasaspecialcauseoferrorforOCR-Afont.For

exampleforthecharacter"2"theendofthesecondcharacter-

isticfeaturelogicwaslaterthanthebeginningofthethird

oneasshowninFig.2.50,whichactivatedtheinhibitionlogic.

Thisisthatthecircuitdelaytimeoftheformerislongerthan

thatofthelatter,sothatthiscausewasavoidedbythe･ad-

justmentofthedelaytimeofthecircuits･.Fortheordinary

charactersthereare･いsometransient-intervalfrom,acharacter-

isticfeaturelogictoanotherヽ,1nwhichcasethiskindofer-

rordoesnotoccur.Theerrorrateofthecharacterstyped

byordinaryclothribbonwasabouttwiceoftheerrorrate

byonetimecarbonribbon.Whenthetypingpressureisnot.

suitabletherecognitionratedecreasesconsiderably･

2.6.2FactorsAffectingtheRecognitionRate

Therearemanyfactorsaffectingtherecognitionrate.

Somearespecifictothismachineandothersarenot亀pecific

butaregenerallyappliedtoalltheopticalcharacterrecog-

nitionmachines.'･

(1)Charactershapes

Whentherearemanytypewriters‘,eveniftheyhavea11

thesametypefaces,there･existlittledifferences.

FortheOCR-AofISO,thetypefacescastedwerealittle
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Fig.2.49Characterlwhichi8mis-

recognizeda8character6ofOCR-A.

W1

2
３
Ｗ
Ｗ

|111
!|!1

_

丁しﾄ

Pig.2.50Overlapofcharacteristic

feature1091c8.
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differentfromthecharactershapesofol:iginaldesign

withwhichthelogicaldesignwasmade.Importantpoints

incastingseemtobetheedgeofacharactershape,･

■thecurvatureofthetypefaceandthehardnessofthe

material.

(2)Charactersize

Themagnificationofanopticalimagetotheprescrib-

edsizeistotecorrect.Thefocusshould,ofcourse,

besharp.Sincethemagnificationrateisabout3,and

thedistancebetweenapapersurfaceandtheobjectlens

isnotlong,evenaslightfloating-upofapaperfrom

theplatenduringthelinefeedhasaseriouseffecton

thefocusplane｡

(3)Light

Thelightintensityistobeenoughforthesensitivity

ofthephototransistor.DCistobeusedforthelamp･

ThelightintensityisvariedbytheDCvoltagesupply

andthusthewidthofstrokesofinputcharactersc&nbe

changedforacertainamount.Howeverthisisclosely

relatedtotheslicelevelofinputamplifier.

(4)Paper

Therecouldnotbefoundaseverespecificationonthe

qualityofpaper.Howeverthepaperopacitymustbe

adequate,sothatthebackgroundhasnoeffecttothere-

fleetedlight.Suchkindofpapersonwhichahollow

ismadebytypingistobeavoided,becausetheremayoc-

curcertainirregularityofreflections.0fcoursethe
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dirtonpaperisnotgood.Howeverifthedirtisvery

smallnottoberecognizedataglance,itseffectonthe

recognitionistoosmalltobeexpected･

(5)Papersetting

Thepapermustbesetstrictlyparalleltothescanning

direction. Thelineskewoftwochannelsbetweenboth

ends,whichisabout0.36mm,willcauseerrors.This

1soneoftheweakestpointofthemachine.

(6)Characteralignment

Characteralignmentinalinemustbeasexactaspos‘

sible.

0rdown

Themisalignmentisallowed･onlyonechannelup

Thisisfromthedesignofcharacteristicfea-

turelogics.Theeffectofacharacterskewwasnot

examinedextensively,butamongthecharactersofOCR-A

whichareattachedtothetypewriterﾀtherewerefewwhose

skewexceeded3o.Thesewereofcourserecognizedcor-

rectly･

(7)Printquality

Bytheprintqualitythefollowingfactorsareatleast

tobeconsidered.

(1)Highcontrasttothe■backgrounddocument.

Thiswasnotmeasuredtytheexperiment.Butasfaras

certaincontrastisheld,coloredbackgroundmaybea1-

lowed. Actuallya･palebluepaperwastestedwithgood

result.Thecontrastdependslargelyonthepressureof

printingandinkribbons.

(ii)strokewidthshouldbeheldascloseaspossible
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tothenominal.

Ifthestrokewidthsareverynarrow,thereceived

pulsesmaybeabsorbedasnoisepulses.:Ifitistoo

broad,thelinescloselypositionedmayberegardedas

connected.Thisalsohascloseirelationtothetype

･ribbonandpressureoftyping･

(iii)Thereshouldbenoextraneousinkornovoids.

Extraneousinkusuallyappearswhenclothtyperibbonis

usedandthetypingpressureislarge.Largevoidsoften

occurwithinthestrokeoutline,whenaonetimecarbon

ribbonisused.,'

(iv)strokeedgesaretobeassharpaspossible.

Thisdependslargelyonthetyperibtonandthequalityof

typeface･

(v)Typingpressuremustbeequalwithinatypeface･

工fatypefaceisnotparalleltothepaperwhentyping,

thereoccursirregularitywithinacharacter.Anex£unple

isshowninFig.2.51.Thiskindoftypingisverybad

fortherecognition.

Fewsamplesoftheactualtypewrittencharacters,

areshowninFig･2.52.'Characterstypedbyoneti°e

carbonribbonandtyclothribbonaredrasticallydif-

ferent.

(8)Typeribbonandtypingpressure.

A11thefactorslistedin(7)areinfluencedlargely

bythequalityoftyperibbon.Therearesomanykinds

oftyperibbonsandthedifferencesa万mongthemcannot
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2:3………14ち6?

345＼A＼BIC

□で5邨67890

1234567890
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bemeasuredexplicitly,sothattheproblembecomesmore

difficulttotreat.Howeverthedifferencebetweenthe

onetimecarbonribbonsandtheordinaryribbonsig犬clear.

Fewexamplesoftypedcharactersbydifferenttyperibbons

areshowninFig.2.52.Byonetimecarbonribtonthe

strokeedgeisusuallyclearbutoftenthereoccurlarge

voids.

ners.

Alsoextraneousinkisapttoappearatthecor-

Byordinaryclothtyperibbons,thestrokeedgei3ir-

regularandthefinenetworkoftheclothbecomesthecause

ofextraneousinkwhenthetypingpressureisstrong･

(9)Circuit.

Thetemperaturecompensation18notdonefortheinput

amplifier,sothatthetemperatureeffectislarge.The

-optimumtemperatureisbetween20°C一一25°C,althoughthe

optimumrangecanhevariedbythereadjustmentofthe

slicelevel,lampintensity,andasupplyvoltagetothe

inputcircuit.
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CHAPTER3.

VAR工ATIONSOFTHEPRINCIPLE

5.1SeparationofUpperandLowerHalvesofInputChannels

Thecharacterrecognitionmachineconstructedherebythe

principlementionedinChapter2needsthreecharacteristic

featurelogicsforeachcharacter.Sothirtylogicfunctions

areneededfortherecognitionoftennumerals.Asthereare

somefunctionswhicharejustthesame,thenumberislessthan

㎜|.●ls
thirty･ActuallythenumberoflogicfunctionsiS犬twentyfor

thenumeralsofordinarytypefont,andseventeenforthenumer-

血1sofOCR-Afont.

Anideaforthedecreaseofthenumberoflogicfunctions

istoseparatethecharactersinseveralparts,eachpartof

whichisthesa万meformanycharacters.Theresearchworkdone

byMr.Ma8amiTanaka(11)andus(12)onhandwrittencharacters

wasfromthisstandpoint.

Theobject上ofrecognitionwashandwrittennumerals,zero

tonine,andthechannelswereseven.十Thecharacterswere

separated1nupperandlowerhalves.

Thesubpatternsweregroupedintencategories,whichare

showninTable.3.1.………Forthedetectionofeaohsubpatterns

thethreeｿcharacteristiclogicﾄfunctionsaretobeprovided.

Therecognitionofacharacterisdonetythecombination

oftwoproperoutputsfromthecategoriesof･upperandlower

halvesofacharacter.Theblockdiagramofthismachineis

showninFig.3.1.Thelogicfunctionsaresetupamongthe

88



B
i
u
a
a
a
^
d
a
n
s
.
a
a
a
a
n

s
u
j
s
a
o
.
'
e
d
q
n
s

z
&
i
t
o
i

r
―

- - - ● 4 - - -

r
､
り

v
:
:
:

/
゛
~
゛

-

2

3

4

5

6

7

8

- ● 〃 - W - ･ ● ･ I

9

10

つ

参

●●･･･

4

一一一一

9

'｀;

乙

―
―

/

b

今

- ･ I ･ ･ ･ I - ● ● -

つ

,
●●●

の
○

り
7

" - ･ ･

く
)

:
-
O

89

7
f
f
l

- - - - ■

- ● 甲 ･

?;

S - か ･ - ● I J . - ● 一 一

- -

ａ

!

l

l

l

―

―

-¶I
i

゛'7

/

●･W･･-“･I---･-

･ 〃 - =

!I!able3.1Upperandlowersubpatternsof

10numerals.ヽ



1

に

S

RECOGN工?工ONOP
LOWERPA¶rTERNS
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RECOGN工TION

C工RCUITS

Fig.3.1BlQckdiagramofcharacter

recognitionmachinewhichrecognizes

upperandlowerpatternsindependently･

upperfourchannelsandthelowerfourchannels,usingthecen-

tralchannelincommon.

Fromthistableofsubpatternsitmaybeseenthatthe

groupingisnotsuitableiandalsothetengroupsarenote｀

nough.Fore?cample81nthegroup2,0r4and9･ofgroup8

arenotsuitable.Bythismethodthecharacteristicfeature

logicsare50.Adeficiencyofthismethodis･thatanupper

subpatternandalowersubpatternarerecogniisedindependently,

andthereisnoconsiderationaboutthemutualrelationbetwe-

enupperandlowerparts,exceptthecentralchannelisincom-

monuse.Whenthechar･acteristicfeaturelogicsmustsatisfy

thecharactersofone･channelupordown,subdivisionofa

character18notgood,becausethenumberofchannelsbecomes

few,andthelogicfunctionsareverydifficulttobedetermin-

edforsuchdemand.



ThusthismethodisinferiortothatexplainedinChapter

2,inthatthisdoesnoteconomizethecircuitsandtherecog-

nitionratedoesnotimprove.Howeverthiswasthefirst

experimentincharacterrecognitionwhichusedtheasynchronous

principle,forwhichithasavalue.

3.2RecognitionMethodwithTwoVerticalLineInputs

3.2.1Principle

WiththeprinciplementionedinChapter2,thereisa

difficultyintherecognitionofE,F,Ietc.Thiscomes£tom

therecognitionprinciple,i.e.theinabilitytorecognizethe

horizon七allength.Alonghorizontallineandashortone

havenodifferencebytheprinciple.Tosave.thisdeficiency

itmightbegoodtointroduceanabsolutetimeintervaltomea-

surethelengthasillustratedin2.2･5.This,however,lim-

itsthechangeofthescanningspeedtoacertainextent.

Anothermethodistohaveauxiliaryinputchannelswhichare

separatedfromthemaininputchannels,andbywhichthehori-

zontallengthismeasured.Thisisschematicallyshownin

Fig･5.2.Theinputchannelwhichscanstheinputpattern

firstisnamedI,andtheotherinputchannelwhichscansthe

inputpatternlaterisnamedII.Thecharacteristicfeature

logicsareconstructedbythecombinationofthelogicfunc-

tionssetupforthechannels工andII.Thedetectionofa

characterisdonebythesequenceofappearanceofthesechar-

acteristicfeaturelogicfunctionssetupforthetwochannels｡

Animportantproblembythismethodistodeterminethe
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Fig.3.3Twoinputlineswhichstepover

twocharacter.
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distanceofthesetwochannels.

(1)工ftheyarQpositionedtooclose,thedistinctionbetwe-

ennoisesandtheportionsofapatternisdifficult.

Thetwologicfunctionssetupforthesetwochannels

aretobecompletelydifferent,whichcannotberealiz-

edinthiscase.

(2)工ftheyarepositionedtooseparate,somecharactersmay

fall1n■betweenthesetwochannels,which18notprefer-

ableforthismethod.

ThedesignbythisprincipleisdonefortheOCR-Achar-

acterswhichareshowninFig.2.6.工nthiscasethedistance

betweenthesetwoissettoW/2.The16channelsaresuppos-

edtobealignedverticallyalsointhiscase.Herealsoin-

hibitioncircuit18usedforthesuppressionofunpreferable

recognitionoutput.

Forexampletherecognitionofthecharacter"2"shownin

Fig･3.2.isdoneinthefollowingway.Thefirstvertical

sectionsfortwoinputpartsaredenotedbylandII,while

thesecondverticalsectionsareby工'and工I'.Thelogic

functionsprovidedforeachverticalaectionare,

I

I工

11

sQ4=(A+B)UHT(H+h)TecT(b+a)=1

-一一一一
=Q5=(A+B)DEFhgfedcb･1

-一一
:Q6=BCDEFGHfed(b+a)･･1

______

II'･Q4=■(A+B)DEF(h+h)fed(b+a)=1

Therecognitionof21sdonebythe.satisfactionoflogic

functionsQ4.Q5･landQ6･Q4･lsequentiallyinthisorder･

Nowwhenthesetwoinputpartsareprovided,therearises
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asituationwhereli8ontheleftofacharacterand工lison

therightofthenext,whichisshowninFig.5.3.Andin

thecaseslikethis,thereisapossibilitythatacertain

logicalconditionissatisfiedandanoutputisproduced.

Thereforesomesuitablemeansaretobeprovidedfortherecog-

nitionintervals｡

Charactersareclassifiedinthreegroupsfromthisstand-

point.

(1)Verticalline,period,comma,colon,semicolon,apostro-

phe

(2)equals｡plus,asterisk,quotationmark,hyphen

(3)Theotherremainingcharacters｡

ThecharacterwidthsofErouplarenarrowerthanthese

ofgroups2and3,!mdalsonarrowerthanthedistancebetween

inputpartslandlI｡

Thecharacteristicfeaturelogicsforthecharactersof

groupsland2aremadenottobesatisfiedbyanyfeaturelog-

icsforthecharactersofgroup3｡(Thereverseconditionis

notdemanded.)工ntheothercaseswhensomeconfusionsarise,

properinhibition18performed｡

Thestartandendsignalsforreadingandrecognition

timingaredeterminedinthefollowingway･

(1)Thestartsignalofreading･I

Forallthecharactersthestartsignal18givenwhen

しtherefirstappearsaportionofEtcharacterunder

‥theinputpartII.ﾚ＼

(2)Theendsignalofreading･

94



Forthecharacterso£g『oupl,theendsignalofread-

ingisgivenwhenacharacterhaspassedcompletely

undertheinputpart工工.Forthecharactersof

groups2and3,theendsignalofreadingisgiven

whenacharacterhaspassedcompletelyunderthein-

putpart工.

(3)Therecognitiontiming.

Forallthecharactersthe･recognitiontimingis

providedjustaftertheendsignal0freading･

]:nthis･waytherecognitiontimingforthecharactersof

group5,1searlierthanthetimingforthe'charactersofgroup3

land2,sothattherecognitionoutputfromthecharactersof

group3canbeusedasthesuppressionoftheoutputfromthese

ofgroupsland2.

5.2.2CharacteristicFeatureLogics

Theprincipleofthedeterminationofcharacteristicfea-

turelogicsiヽS,!thefollowing･

(1)Evenifaninputpatternshiftsonechannelupordown,

thecharacteristicfeaturelogicsaretobesatisfied.

(2)Eveniでtherearesomeextraneousnoisesorvoids,the

characteristicfeaturelogicsaretobesatisfied.

(3)工nhibitionlogicsaretohedetermined,bytakinginto

considerationtheinclinationofaninputcharacter･

Thepositionswheretheselogicalconditionsaretobe

testedareanotherimportantproblem.This1sdonebythe

principlethattwoconditionsestablishedinthetwopointaof

/
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acharacteraredifferentasfaraspossible Hereminimiza-

tionoftheselogicalconditionshas-:notbeendonefromthe

followingreason.工ftheminimization･1sdonetoofar,the

logicalconditionsbecomeveryweakfornoisesandvoids,which

leadstotheincreaseoferrorrate.工ftheconditionsare

ratherstrict,therejectionratemayincrease,whiletheer-

rorratewilldecrease.Forthedesignofpracticalmachine

rejectionmaybepreferabletoerrorifthetotalrateofreject

anderrorcannotbedecreased.

工nFig.2.6thefirstpositionforthelogicalcondi-

tionisindicatedbythesymbol".",whilethesecondposition

isbythesymbol"x".Therightpointsofeither"."or"x"

arefortheinputverticalline工,andtheleftpointsarefor

theinputverticalline工工.

Thecharacteristicfeaturelogicsestablishedforeach

positionof"."and"x"arelistedinTable3.2.

Thepairsofcharacteristicfeaturelogicswhichareused

fortherecognitionofcharactersarelistedinTable5.5･

Forexample2smeansthefirstpositionforthenumeral2,for

whichthelogicfunctionQ4･,Q51sprovided.22meansthe

second･positionandforwhichthelogicfunctionQ6･Q41spro-

vided.HoweveritshouldbenotedthatthetwoQ4'shereare

differenti71sct゛81installation,becausetheinputpartsare

different.Thusthelogicfunctionswhicharetobeprovided

fortheinputparts1andIIareasfollows.

(a)Thecharacteristicfeaturelogicsforinputpartl:

Q1,Q2,Q3.Q4,Q5,Q6,Q7,Q9,Q1O,Q12,Q13,Q14,Q15,
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Table5.2Characteristicfeaturelogics.

=
=
一
一
a
I
I
R
B

1
2
5
4
5
6
7

Q
Q
Q
Q
&
a
f
&

Q8=

Q9･

Q10=

Q11=

Q12=

Q13=

Q14=

Q15･

Q16･

Q17･

Q18･

Q19･

Q20,

Q21｡

q22-

Q23･

BCDEPGHhgfedcb

一一一一一一一一一一(A+B)DEPGHhgfed(b+a)

一一一一一一一一･ABCDBPGHfedcb

(A+B).‘DBP(H+h)fe

(A+B)五百Pgfedcb

i(b

一一一
BCDEPGHfed(b+a)

一一一一一一一一一一ABCDEPGH(g+f)dc

BCDEPGHhgd石i;i

一一ba

+a)

ACDEPGHhgfedcb
一一

一一一一一一一一ABC:DEPGHgdc(b+a)

311百百hs"f"e"d.石石盲

BCDEPhgfe"!石石i_____一一一一
(A+B)D(P+G)hgfedcba

χ･B百了EPhgfedcb

BCDEFGHf'ed°g石i

一一一一一一一一一一一一ABCDEP(H+h)fedcba

■皿四四BCDHhg

一一一一一一ABCDBP

e･石石i

一一一一GHhg

CDEPGHh

cb

gfedc

ii石iGHhgd0ba

!づDGHhgd6▽

(Å+B)I)EF一万H(g+f)

χでBCPOHhgf‘edcb

d(b+a)

一一一一-Q24･(A+B)DEPGHfedc

-一一一一一一一一一一一一Q25･ABCDEFGHhgfed(b十a)

Q26.ABElSheba

q27=IBP(E+G)h

Q28･

Q29･

Q30･

Q31･

Q32･

Q35=

-一一一一
ABCDEHhg

一一一一一一一ABCDEPG
-

H

一一一一gfed

d0ba

ied｡

CI)ﾕEHhefed^ba

(A+B)DEP?(h+g)

CP0Hfed

一一-
cba

㎜
e

CDEPGHhffd(b+a)
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!1!able5.2(continued)

Q54･(A+B)DGHhgdcba

Q35=(A+B)DEPh(H+g)d(ei+

Q36-

Q37･

Q58･

Q39=

Q40-

Q41･

Q42･

Q43-

BCDGHhgfb(c+a)

(A十B)DEF可否f(万十i)

(A+B)(C十D)Phgfed

BCPG百石gfe^cba

BCDEPGgf‘edcba

1百百DGHhfffedcb

BCP百百hgfbc
-一一一一
ABCDEHhefe deb

Q44･(A+B)

Q45･(A+B)

c)(b+a)

(b+a)

(b+a)

(万十了)FGgfed(b+a)

DEi;百百石gdcb

Q46･I･CDGH･hi7･ii(b+a)

Q47･

Q48･

Q49･

Q50-

Q51･

Q52･

Q53=

Q54･

Q55･

Q56･

Q57･

Q58-

Q59･

Q60-

Q61-

Q62･

Q63･

Q64･

Q65･

(A+B)DEPGgf(c+･‘d)(b+a)
-一一一一一一一一
ABCDEFGHh

一一一一
ABCD

一一-ABCE

-一一一一
BPGHh

--
gedca

-
gedcba

一一-
PGhgedca

ABCEPGhgedcba

AB^DB(G+H)(h+g)(f+e)"c石i

i百万PGHhgfeda

xi万五EPG(h+g)ed石石i

xでii了‘Di(H+h)盲i石石i

ii百DEFG百罵gfeb

x百石百ﾊﾟEP(h+g)d石石i

i百万了FGHhgfedba

(B+C)E(D+P)h(H+g)^dcba

C百石hgfedc^a

χ百万y(E･+G)hgfcb

BCPGH(e+g)f‘cba

i(五十E)Gif7d‘cba◇

ABBGHfe(d+"c)(b+a)

A(C+D)P(E+G)hgf(d4･"c)(b+a)
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Table3.2(continued)

Q66=(X十万)EPGg(h+f)dc(e+b)

Q67-CDEPGHgfedcba

q68=X百石了百PG(h+e)edcba

Q69-BCDE(P+G)H(h+s)Gdcba

Q70=ABEPGH(五十S)(f+e)石石i
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!rable3.3Recognitionlogics.

1
11

工

II

Q1

Q2

12

工

II

Q3

Q1

2

21,

工

工工

Q4

Q5

inhibitionbyBI゛81

22

I

II

Q6

Q4

3

31

I

II

Q4

Q2

inhibitionbyBI'

32

I

II

Q1

Q4

4

41

I

I工

Q7

Q8

Inhibitionby≪1

42

工

II

Q9

Q7

5

51

工

II

Q4

Q6

Inhibitionby81゛BI

52

工

n:

Q5

Q4

6 61

工

工工

Q10

Q1

inhibitionby11゛WI

7

71

I

II

Q5

Q11

72

I

工工

Q12

Q5

8
81

I

II

Q6

Q6 ~

9 91

I

II

Q1

Q13

Inhibitionby?1

○

01

I

】:工

Q2

Q1

02

I

工I

Q1

Q2
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Table3.3(continued)

JI

JI,
I

工I

Q1

Q3

心
工

II

Q12

Q1

1

1

｣

-j

り,
工

工工

Q14

Q15

InhibitionbyNI゛WI

1Ty
I

II

Q15

Q14

｢|

『1,

1

1:I

Q16

Q14

Inhibitionby≪1

｢12

I

II

Q1

Q16

II Q1

A

AI

工

II

Q17

Q18

A2

I

II

Q18

Q17

B

BI

I

II

Q4

Q1

Inhibitionby81

B2

工

I工

Q19

Q4

C

°1

工

II

Q2

Q20

inhibitionbyO12

C2

工

11

Q2

Q2

D

DI

工

11

Q21

Q1

1)2

I

I工

Q20

Q2

E

gl

I

II

Q4

Q1

E2

l

n:

Q2

Q4
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Table3.5(oontinued)

? ?1

工

11

Q13

Q1

inhibitionbv19≪1

G

≫1

工

II

Q22

Q23

inhibitionby81゛BI

G2

工

I工

Q24

Q22

H

≪1

1

1:I

Q16

Q1

inhibitionbyN2

H2

1

1:I

Q1

Q16

工

11

I

II

Q1

Q2

InhibitionbyDI

12

I

II

Q2

Q1

J

･^1

I

II

Q25

Q3

InhibitionbyUI゛'1

J2

工

II

Q1

Q25

X

KI

I

II

Q26

Q1

K2

I

II

Q2

Q26

L LI‘

l

n:

Q25

Q1

inhibitiony>711゛U2゛･WI゛1

M

≪1

工

11

Q27･

Q1

Inhibitionty111

M2

工

】:I

Q1

Q27

/

瓦

NI

工

11

Q28

Q1

N2

I

II

Q29

Q30
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Table5.5(continued)

0

01

1

11

Q2

Q20

inhibitionby01

02

I

I工

Q20

Q2

P PI

I

H

Q31

Q1

inhibitionbyl

Q

QI

I

II

Q32

Q23

Q2

工

II

Q33

Q32

R
RI

工

II

Q34

Q1

inhibitionbyPI

S

SI

I

II

Q35

Q36

S2

I

H

Q37

Q38

゛I!

｢I?1

I

II

Q1

Q39

T2

工

II

Q39

Q1

U

UI

I

I工

Q25

Q1

inhibitionbyWI

U2

l

n:

Q1

Q25

V VI

I

II

Q18

Q40

InhibitionbyIIQ.

W

WI

I

II

Q41

Q1

W2 ln

Q1

Q41

X

XI

I

H

Q20

Q42

inhlbitl°゛byIIQ^.舛1

X2

I

II

Q42

Q20
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!rable3.3(continued)

Y TI

I

II

Q43

Q39

inhibitiontyl゛1゛IIQ1

Z

21

工

H

Q44

Q45

InhibitionbyS2

Z2

I

II

Q46

Q47

●

工

II

-｀

Q48

InhibitionbyQ49,Q50,Q51,

Q53,Q58,Q1ofII.

●

I

II Q49

inhibitionbyQ1,Q51ofII

●

馨

I

II Q50

･inhibitionbyQ1,Q51ofII

●･

I

II

“-

Q51

InhibitionbyQ1

㎜. ･皿

1

I

H

Q52

Q52

inhibitionbyQ50,Q51,Q58

ofII

+

六十1

工

I工

Q53

Q54

+2

I

II

Q54

Q53

/ /1
工

II

Q55

･Q56

inhibitionbyIIQ19VI゛XI

N
≪1

I

II

Q57

Q58

図2

I

工I

Q58

Q57ﾚ

▽ 9

づ1

I

H

Q59

Q60

{
{1

1

1:I

Q1

Q16

{2

I

II

Q2

Q1
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Table3.3(oontlnued)

}
}1

工

II

Q1

Q2

Inhibitionby12

}2

I

ｴ工

Q16

Q1

?G 舛1

I

工工

Q61

Q62

? ?1

工

工工

Q63

Q64

Inhibitioni>yIIQ1

&

&1

I

工工

Q65

Q66

&2

工

I工

Q66

Q65

W
I

II Q67

InhibitionbyQ1,Q59ofn:

㎜ ㎜ 1

I

II

Q68

Q68

inhibitionbyQ53of】:工

$ 申1
I

II

Q69

Q70
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Q16,Q17,Q18,Q19,Q20,Q21,Q22,Q24,Q25,Q26,Q27,

Q28,Q29,Q31,Q32,Q55,Q54,Q55,Q37,Q59,Q41,Q42,

Q43,Q44,Q46,Q52,Q53,Q54,Q55.Q57･,Q58,Q59,Q61,

Q63,Q65,Q66,Q68,Q69

Thetotalnumberofthe8eis51,

(b)Thecharacteristicfeaturelogicsfortheinputpart工工z

QIﾄQ2,Q3,Q4,Q5,Q6,Q7,ヶQ8,Q11,Q15,Q14,Q15,Q16,

Q17,Q18,Q20,Q22,Q25,Q25,Q26,Q27,Q30,Q32,Q56,

Q58,Q39,Q40,Q41,Q42,Q45,Q47,Q48,Q49,Q5O,Q51,Q52,

･Q55,Q54,Q56,Q57,Q58,Q60,Q62,Q64,Q65,QL66,Q67,

Q68,Q70,

Thetotalnumberoftheseis49･

Inconsequencethetotalnumberoflogicfunctionsis100.

3｡2.3Considerations

Thefeaturesofthisprincipleoftherecognitionwith

twoinputpartsare;

(1)ﾄthemachineworksasynchronously,!3Utithasafunction

ofsynchronouscharacterwhereItisﾄneeded,/

(2)･themachinehas･feweffectsfror!lno1!3ebytheinherent

natureoftherecognitionprinciple,丿

(3)the･characteristicfeaturelogicsarealmostﾄpeculiar'to

respectivecharactersﾀsothattheneedfortheinhibi-

tionlogicsisnotstrong,

(4)theniunberofthecharacteristicfeaturelogicsforthe

inputoheuinelsｴIand:rl｡is^notsomanyasべis.imagined,

(5)abadpoint18atroubleofknowingindesigntheef-
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fectsfromtheadjacentwords,becausetheremightbe

atimewhentwocharactersareontheinputpartssimul-

taneously.

Thismethodi8neitherrealizedinactualdevice<noris

itsexperimentdone,butthesysternseemsverygoodforthe

characterswhichareratherdifficulttobetreatedbythe

principleofChapter2.Therealizationoftwoinputparts

withmanychannelsmayhehardbyphototransistors,butmay

4veryeasilyachievedbysiliconP-Njunction(solarbat-

tery).

3｡3RecognitionMethodwithTwoDimensionalInputPart

3.3.1Principle

Promtheabovediscussiontheinputpartwithtwoverti-

callinesseemstobemorepowerfulthanthatwithonevertical

line.Toextendthisideatothenlineinputpart,we･reach

tothetwodimensionalinputpart.Tohaveapicture.of･a

patternwithaspot,itmustbemovedhorizontallyandver-

ticallyonthetwodimensionalspace.Withalinethescan-

ningin‘onedirectioncoversthesurface.Withatwodimen-

tionalinputpart,thescanningisnotnecessaryandapicture

ofapatternisreceivedinamoment*Thereforethiselimi-

natesthememorycircuitsforcertainoperations,whichare

neededinthescanningbyaspotorbyalineelement.The

twodimensionalinputpart18feasiblebysiliconP-Njunction

(solarbattery)whereacellcanbemadelmmxlmm｡

Thedesignisdonefor10numeralsandfourspecial.sym-
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bolsofOCR-A.
(13)

Thesecharacterscanberoughlyrepresent-

edbygx5meshesasshowninFig.3･4.Forthedistinction

ofthese,8peepholesaresetupasshowninPig.3.5.The

locationsareindicatedbyl,2,･･･y8,9fromtoptobottom,

andA,B,c,D,Efromrighttoleft.Thentheeightpeep-

holesareexpressedbythefollowinglogicalfunctions.

PI=よ3･A2･AI･BI･CI･DI･El

?2=C2･C5･C4-C5‘C6･C7ヽC8

P3-A7･A8･A9･B9･C9･D9

P4=■B6-C6･I)6･E6･E5･E4･E5･E2

P5-A9･B9･C9･I)9･E9･E8･E7

P6=A2･A3-A4-A5-A6･A7･A8し

P7=B1･CI･I)1･B9･C9･D9一

P8-A2･A3･A4･A5･B5･C5･D5･E5

Whentheselogicalconditionsareappliedtothechar-

acters,Table3･4isobtained,inwhich"o"indicatesthesat-

isfactionofthelogicalcondition,"x"'indicatesthecontrary,

and"―"indicates･thearbitrarystate･しPromthistablethe

followingrecognition｡logicfunctionsRicanbe･written･

●/㎜㎜㎜jIRO=P1P2P5P4P5P6P了'P8

_____

R1=P!P2P3P4P5P6P8

____

R2=PIP2P3P4P5P6P7P8

-___

R5･P!P2P5P4P5P6P7P8

一一一一一一一一-
R4=P1P2P5P4P5P6P7P8

一一一一--
R5=P1P2P25P4P5P6P7P8

一一-一一
R6-P1P2P3P4P5P6P7P8

R7=PIi2P3P4y5RF7R
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ﾛ1ﾖﾖ

J

tl5hﾏa?ｦI

Hlj

Pig.5.4OCR-Acharacterswhich

2
3
4
5
6
7
8
9

EDcBA

aredrawnongx5mesh.

Pig.5.5Eightpeepholesfortherecognitionof

OCR-Anumeralsandthreeapeoialsymbols.
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P1P2P3P4P5P6P7P8

口

1

己

∃

L4

5

6

?

凸

ci

J1

9

｢1

OχOχ○OOχ

χOOχχχ-χ

OχχχOχ○O

OXOXXOOX

χχχOχχχχ

χχOχχχOχ

χχ○OOχχχ

OXXX:丈XXX

χχOχOχOχ

OχχχχOχχ

χOχχχχχχ

‘XXXXXXXO

χχχχχOχ○

¶I!able3.4Relationoflogicalconditions

andOCR-Afont.
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-
R8･P1

-
P2Pう

-
R9-PIP2

-
P3

-
P4P5

--
P4P5

-一一
Rji･PIP2P5P4

-

Ru'PI

-一一
P2P3P4

-
巧

-
巧

-
P6

P6

-
P7P8

一一
P7P8

一一-
P6P7P8

一一
P6P7P8

--一一一一
Rh'PIP2P5P4P5P6P了P8

Theinputpatternsmaymovehorizontallyorvertically

relativetothetwodimensionalinputpart.Herethehorizon-

talmovementissupposed.Thenaninputpatternmovingunder

theinputpartproducestherecognitionoutputwhenitconies

justundertheprescribedposition.Animportantpointis

theremustbeaguaranteethatnooutputappearsinotherpo-

81tionsduringthemovementofapattern.This1sexamined

one'byonefortheidealpatter･nsﾀandalsowasguaranteedby

thecomputersimulationofthissystemforseveralsamplepat‘

terns.Thesimulationwasdonebytheprogrammingsystem

explained1nChapter4.Thusthissystemisalsoanasyn-

chronousone,andhasseveralexcellentpointsthattheaayn-

chronous･systemintrinsicallyhas.

Theeightpeepholesaredeterminedbythefollowingrea-

sons･､･

(1)工fapeepholeconsistsofonlyonemesh,theeffectof

noiseisgreat.

(ii)Thepropertimewhenaninputpatternoomeajustunder

theprescribedpositioncanbeknownmoreexactlyif

therearesomepeepholeswhichareangular.

(iii)Allthecellscomposingthepeepholesaretakenforthe

existenceofpatterns,andthereisnocellwhichdemands
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thenon‘existenceﾄofaportion'ofpatterns.!rhusthe

extraneousinkhasnoeffectonthe:recognitionfunctions

Thevoidmaydecreasetherecognitionrate,butthe

thresholdvalueofinput･circuitscanbesettothevalue

wherevoidsseldomappear.

(iv)ThenumberofpeepholesIstobeasfewaspossible.

5.3.2?heRecognitionSystem

Theblockdiagramofthesystem18showninPig.3.6.

Thetwodimensionalinputpart1Scomposedofthreepartsas

showninFig.3.7.Thepart〔a〕isprovidedforthedeter-

minationoftheverticalpositionofacharacterenteringto

theinputpart.Thepart〔b〕1Sconnectedl･tothedecision

logics.Andthepart[c]18providedfortherecognitiontim-

ingandfortheresetofallthecircuitstotheinitialstate.

Theinputpatternissupposedtobethesizeofgx.5meshes,

whilethepart[b〕has17×5meshes.These17meshes1nthe

verticaldirectiona.r:e･providedfortねe犬reasoかthat9meshes

areforaninputcharacter,f,meshesarefortheverticalshift

ofaninputpatternwhenmorethan30しlinesarefed,eind2

meshesarefortheinclinationofapapersetting｡

TheholdcircuitconnectedtoeachcelloftheInputpart

〔司detectsandholdstheinput十signalofapatternuntilthe

patternhaspassedcompletelyth:roughtheInputpart〔a〕.At

thistimetheinformationintheholdcircuitsIstransferred

tothechanneldetectionlogic,whichdeterminestheposition

ofaninputcharacter.Thispositioninformationisusedby
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RECOGNITION

AND,

RESETPULSES!

ﾄ＼跡√

C b a

CHARACTERISTIC

LOGIC

-･-皿･-㎜･･--〃-■●･●･j●･四●･●･●四･-･･･-･』･--

RECOGN工TIOHOUTPUT

i££ﾐia口

竺堅聖卜‥i

Fig.3.6Blockdiagramofarecognitionmachine

withtwodimensionalinputpart.
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I

set

0
1
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I
T
V
V
O

1
1

[c3 [b3

-
1
1
1

-

!

―
.
1

〔a3

1

!
!

Pig.5.711!wodimensionalinputpartwith

twoauxiliarychannels.

ONESHOT
MULT工.

ONESHO¶I!

MUL¶n.

N2

- ･

犬

HOLD

CIRCUI¶『

a1

- - - 〃 ･ - 二 〃 - ･ - ● ｢ 7 - 〃 r 〃

N2

reset

CHANNELDETECT工ON

LOG工C

HOLD

C工RCU工T

L1

N4

Pig.3.8InputpartCaDanditsrelatedcircuits.



thechannelexchangewhichselectsthepropergχ5meshesfrom

the17χ5meshes･

Thenextrecognitioncircuitsarethecombinatoriallogic

functionsmentionedabove.

TheinputpartCa〕totheholdcircuitsofthechannel

detectionlogica1sshowninFig.3.8.Thecellsofinput

part〔a)arenamedao9a,ﾀ"゛!alらfromtoptobottom.Thehold

circuitisshowninFig･3.9.ThepulseN21sobtainedfrom

thecircuitofFig.5.8,whereN,isashortpulsewhenthe

一一-
conditionBoa,.･‘ai6'11ssatisfied,i.e.aninputpattern

hascompletelypassedawayfromtheinputpartCa],andwhere

N29ashortpulse,followsjustafterNI.ThispulseN2can-

eelstheinformationstoredintheholdcircuitofFig.3.9,

afteritissenttothechanneldetectionlogicsshowninFig･

3.10bythepulseN|,andthecircuitispreparedforthenext

inputpattern.HerethelogicfunctionsL11ﾀ････Lj'arethe

followings.

L,'-al‘a2‥･ari�i,1‘i12

----
L21‘爽ao'a2'a∂‥‘･aq-a,,.a,2'a,3

-----
L31saca,‘aj゛a4゛;゜･aio-ai2‘a,3.a|4

------
L41sao゛al゛a2゛a4‘a5¨‘･an‘a,3.a^^.a,s

------
L51゛al゛a2｀a3‘ai°a6‘゛‥al2'al4｀alra/6

-----
゛Lg--a2-a3‘a4‘a6'a7¨‘ﾊﾟa|j-a,s‘a16

----
L71゛aj゛a4'aﾀﾞa7°a≪････ai4'a,6

---
L8"a.A-aぷ‘a6゛ai‘a9゛‘゛゜ais

Theselogicfunctionsaredecidedconsideringthecase

thatthecharacterheightmightbe8,9or10meshes･
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a1

N2

Fig.5.9HoldcircuitofFig.3.8.
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Pig.3.10aChanneldetectionlogics.

L1
I･｢

outputof
flipflop

Fig.3°10bLi‾channelholdcircuit.
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Thereforethebasechannelisdeterminedtythefollowinglogic

functions゛whicharegatedbytheshortpulseNlandthein'

formationistransferredtotheholdcircuitofFig.3.10b.

LI “LII
-

L'-N.

-
L2°L2"L.-N1

‘'3“3“4‘'1

-
L4'L4"L5'‘Ni

-
L5'S'-L6"N1

-
L6'L6"L7"Ni

-
L7'L7'゛L8"NI

L8'L81'NI

Thisholdcircuitismaintainedbytheoutputofflip-flopin

Fig･5.8,whichisactivatedbythepulse?11andisresetby

thepulseN4‘

A11theoutputsfromthecellsoftheinputpart[b)are

connectedtothegx5twodimensionallinesbytheinformation

fromthechanneldetectioncircuit.InPig.3.11thecombi-

natoriallogiccircuitfortheAcolumnisshovm.Forthe

othercolumnsthecircuitisthesame.

Fig･5.121sfortheinputpartCcl,whoseoutputgen-

eratesishortpulseN3andafterthisashortpulseN4°

FromtheoutputofinputpartCcl,theholdcircuitJis

一一--
activated,whichhasoutputaslongascc;cs゛c之‥‥･｀cl&゜11s

satisfied.Thisoutputgatesthecombinatorialrecognition

logics8oasnottoworkduringthetransientperiodbetween

charaoters.ThetimingrelationsamongtheseareshowninFig･

3.13-Thelongverticallineisusedastheerasemarkofa
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……………
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Fig.3.11Combinatoriallogiccircuitofchannel

selection.

ﾄﾞ

J

一一 -

Ai

Fig,3.12Inputpart〔c〕anditsrelatedcircuits.
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Fig.3.14Longverticallineusedaserase

mark.

(eraselogic)

４
≒

(holdcircuit)

Fig.5.15Erasecircuit.
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characterandistypedonthecharacterasshowninFig.5.14･

Thedetectionoferasesignisdonebythefollowinglogic;,

ER'゜RII十R2+R3

where R)=(ao十a,){&2+a3)

R2=(a.十a3)(a4十as)

R3=(a4十ay)(a6+a7)

(ai2十a13)

(a14+ais)

(a,A+a15)a/6

ThecircuitoftheerasesignERisobtainedfromtheoutput

ER'asshowninFig.5.15.Thereforetherejectsignalfor

theunknowninputpatternisobtainedbytheconditionthat

thereisnorecognitionoutput,noeraseoutput,andthere18

anoutputfromthechanneldetectionlogics,allofwhichare

gatedbythesignalN3｡

Thisrecognitionsystem18notconstructedbutwasaimu-

latedbyλ｡digitalcomputerformanyinputsampleswhichare

properlydigitized.Theresultofthesimulationshowedthe

stableperformance.Thissystemhasnocomplicatedtiming

controlsothattheoperationisverystable.
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CHAPTER4

PROGRAMM工NGSYSTEMFORTHESIMULAT工ONOFLOG工CALC〕:RCUITS

4.1Introduction

Whenalargesystemistobeconstructed,thedesignof

thesystem18tobereexeuninedfromallpossiblestandpoints.

Amongthemmostpowerfulmethodisthesimulationofthesys-

ternasitworksactually.Therecentdevelopmentofanelec-

tronicdigitalcomputerhasenabledthesimulationofavery

largesystem.
(16)

A.CCordinglyprogrammingsystemssuchas

SIMSCRIPT9(17)whichalmsateasyprogrammingfortheSimula-

tion,havebeenbeingdeveloped.

Theauthorhasdevelopedaverysimplebutusefulpro-

grammingsystemforthesimulationoflogicalcircuits.This

systemhasbeendevelopedmainlyforthesimulationsofchar-

acterrecognitionmachinespresentedinChapters2and3.

Thesystemsimulationwasverysuccessfulforthedetermination

ofmanycharacteristicfeaturelogicsandfortheerrorfind-.

ings.Thissystemcansimulatetheperformanceofasynchro°

nouslogicalcircuitsaswellassynchronousone,andmany

otherbinaryoperatedpulse･circuits.Inthesystemarein-

eludedsuchfunctionsasANDgate,･ORgate,delayline,trig-

gercircui!i,flip-flop,switch,andcontrolinstructionssuch

aseoto,testequaletc..し?he･system:iscomposedoftwo

parts. Oneisasourceprogramwritteninpseudoinstructions

definedbythesystem,andtheotherisanassemblerwhich

convertsthesourceprogramintomachineinstructionprogram,
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andpunchesoutonapapertape.Seventeenkindsofpseudo

instructionsareprovidedfor,eachofwhichiscorresponded

aseriesofmachineinstructions.

Theblockdiagramoftheprogrammingsystemisshownin

Fig･4.1.Theassemblerisa550wordsprogram.Thesystem

circuit

tobe

slmiilated

Pseudo

instruction

program

machine

instruction

pzて5grain

ぶ二⊇‰ご乱I

run□1result
" ･ l - -

●二-･●■･-一一四●･｀●二･-･I●･--
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Pig.4.1BlockdiagramoftheprogrammingsyBtem.

hasalsoacompilerofBooleanexpressionscomposedofANDﾀ

OR?andNOT.SincetheseBooleanexpressionsconstitutean

operatorlanguageinvestigatedinChapter2,PART工,thestruc-

tureofthecompiler18explainedinrelationtotheresults

obtained1nthatchapter｡

Thissystem18implementedinthedigitalcomputerKDC一工

(KyotoUniversityDigitalComputer),whosemainmemoryi｀sa

magneticdrumof4200words.Sincethememorysizeissmall,

theassemblerpunchesouttheassembledmachineInstructions

eachtimeapseudoinstructionisread1n.

4.2PaeudoInstructions

Pseudoin3truotion3aregenerallyoftheformthatfirst

comesthenameoftheinstruction,nextadelimiter"s",then



numbersand/orlabelswhicharedelimitedbyaspecialsymbol

"U".ThesesymbolsIS,andnaretapecontrolcodesandhave

specialfunctionsbyKDC-I.Numbersare∧limitedtopositive

andlessthan9999.Labelsare･composedoflessthan5char-

actersandthetopsymboloflabelsmustbeanalphabetic

character.Totheheadoflabelsthesymbol"-"canbeat-

tached,whichmeanslogicalNOTofthevariablesrepresented

tythelabels.

4｡2.1PseudoInstructionsofLogicalCircuits

l.ANDSnIIA11BII‥･HzII

¶rhelogicalANDofninputlinesA,B,･･･1sper-

formedandtheoutputisstoredinZ.Thecorrespond-

ingmachineinstructionsareasfollows.

add/1

AND B

Z

≒
F
L
L
y
L n

A
B
C
D

124

l.'{

紹D

STO

ThesearewrittenbytheinstructionsofKDC-I,and

areexplained｡1nAppendix,butfortheoompleteヱヽefer-

enceseethebibliographies(i8)and(19).

Pig.4.2AN】Dgate.M･A･(-B)･.C･(｡1))



ForexampletheANDgateofFig.4.21srepresentedby

ANDS4liAII-BUr'i-DiiMI}

Themachineinstructionsgeneratedforthispseudoin-

structionare,

ADD/B

NO‘『

STO

add/

NOT

STO

add/

AND

AND

AND

STO

IW
D

2Ｗ
A

1Ｗ
Ｃ

W2

M

W1andW2aretheworkingstoragesprovided1)ytheas-

sembler.

2.ORSn11A1!Bし‥･χIZ11

Thelogical0RofninputlinesA,B夕‥･･1sperformed

andtheoutput18storedinZ.Thecorrespondingma-

chineinstructionsareasfollows.

ADD/A

IOR

●●f●●

10R

STO

B

Z

1

n
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.1〕ELCn11AaB11

∧¶rhesignalontheinputlineA18delayedhbitstime

andtheoutputisobtainedont以elineB.

Thecorrespondingmachineinstructionsareasfollows.

add/Ap｀')

STO

add/

STO

B

A(゛'‘)

A(7t)

●●●●●●●

.f.●●●●

●●● ●●

add/十Å

ISTO十A(|)丿

Af')√“'.≫Aaretheworkingstoragesprovidedbytheas-

sembler.ﾄ

4.TR工GSAIIBI}

TriggerpulseisobtainedonthelineBaccordingasthe

signalonthelineA･changesfromot01orltoO,in

whichoasethesignalonBis41or-lrespectively･

TheoutputonthelineB･18tobeconnecteddirectlyto

theflip-flop.Theoutput十｀lor-11sclearedaway

atthenextbittime.?hecorrespondingmaohlnein-

structionsareasfollows.

add/A

SUB

STO

A即/

1A
B

A
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S!roA卜

A'containsthecontentoflbittimebeforeofA.

.FF+6BUC!1

TriggerBturnsthestateoftheflip-flopC,onlywhen

thepolarityofthetriggerispositive.Thecorrespond-

ingmachineinstructionsareasf0ll0W3.

AI)D/B

JUN042

JMPO45

JMIO44

add/C

NOT

STOC

ﾚ
ﾂ
=
=
↑

6.FP-SBIICII

Thesameaspp+/9万exceptthatthetriggerBisnegative.

Thecorrespondingmachineinstructionsareasfollows.

add/B

JMI042

JMP044

add/d

NO?

STOC

4.2.2l>8eudoInstructionsofInputandOutput

.READSnIIAIIBII････

FromthephototapereaderndataarereadInandstored
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innstoragesA,B,････inthisorder.Thevalueof

eachdatumiseitherloroandthedatatapecorrespond-

ingtothisinstructionisoftheform,

101001････11
k~ヽ---･ぐ｀'y

.n

ThiscorrespondstoallthestatesofinputIine8A,

B9ヽヽ･atacertainbittime.Thecorrespondingmachine

instructionsareasfollows.

Forn弓10;

rin/n十1

LRS

LLS

STO

SRS

LLS

STO

SRS

aφj●●

･φ●●●

n

]

｡
!
｡
ﾉ

For11Sn<20

R:in/10

LRS

LLS

STO

SRS

10

1

A
I

|〕

t

一
I
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●●● ●●●●●

●●●●･●●

●●●●●●●

rin/

LRS

LLS

STO

SRS

●●●●●

●φ●●●

1
0

1-

n-9

n-10

1

()

1

●●●

●●●

I
J
―

7t-10

8.】DEPSAIIXIIB1111‥‥

ThisdefinesAasχ,Basy,･‥･X,yetc.areto

belor0.Thiscorrespondstomanualswitchesa8shown

o一一一一●

一一-o----･A
I-一一｡

Pig.4.5Manualswitchoorrespondlng

tothefunctionDEP.

inFig･4-5.Suchswitchnamesandvaluescanbewritten

asmanyasonewishestotherightofDEFS.Thecorre-

spondingmachineinstructionsareasfollows.

raa/x

STO

raa/

A
y
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STO

●●●●●

･●●●●

B

●･●

●f●

.WRIT£AIIBII･･･

ThecontentsofA,B,･･･areprintedoutbythefollow-

ingformat.

A
B
･

養

蒼

●･

●●

where誉iseitherlor0.ThelabelsA,:Bﾀ･･･canbe

writtenasmanyasonewishes.Thecorrespondingmachine

instructionsareasfollows.

WSP

add/

WRT

WSP

add/

SLS

WRT

WSP

CR1

(A)

1005

SP1

O

A
I

I

CR1

add/(B)
●● ●参●･

●● ●●

-

(a)or(B)mean8thelabelsthemselvesarestoredinthe

locations(a)or(b).
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4.2･3PseudoInstructionsofControla

､10.BEG工NSn11

Thispseudoinstructionistobewritten,atthetopof

asimulationprogran!,11nwhichnisthetoplocationofthe

assembledmachineinstructionprogram,andtheprogram

startsfromthatlocation.,nmustbelargerthan400･

Whentheassemblerreadsthisinstruction,itpreparesto

readtheinputdataandtoprintouttheresults.The

correspondingmachineInstructionsareasfollows.

･S

SEχ10n

4S｀

SELPR

SELPTR

raa/1

PAM

11.CLESm11nII

Thememorystoragesfrommton(m<n)areclearedlt00.

Thisisrequiredveryoftenwhentheinitialconditions

ofmanyIabel8arezero.Usuallythisinstruotionis

writtennexttothepseudoinstructionBEGINS.

Thecorrespondingmachineinstructionsareasfollows.

SEχ10n

SEχ20m

ﾆSTO/200

JXU24‘9999,
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12.TEQ£Ali:BIILU

ThecontentsofAandBarecomparedeachother,andif

theyarenotequalthecontroljumpstothelabelL.This

isconvenientlyusedtotestwhetheranasynchronouscir-

cuitreachedthestablestateornot.Thecorresponding

machineinstructionsareasfollows.

add/A

SUB

PSX

JNZ

B

○

Here(l)meansthelocationinwhichtheaddressLisstor-

ed.

ﾕ3.GOSLII

ControljumpstothelabelLunconditionally･.Thecor-

respondingmachineinstructionsare

PSχ(L)

JMPO

(L)hasthesamemeaningasexplainedinTEQ.

14.工FgAIILII

IfthecontentofAisnotzero,controljumpstoL.

Thenegationsymbol"-"canbeattachedtothelabelA.

Thecorrespondingmachineinstructionsareasfollows.

add/A

PSχ(L)

JUNO‥

,j＼5.:.LS¶r11

TisalabeltowhichtheinstructionssuchasG0,工F,
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TEQtransferthecontrol.11?h19canbeattachedtothe

headofanyinstructionexceptpp十andFF-.Thereis

nocorrespondingmachineinstruction.OnlythelabelT

1sstoredinthejumptable･

16.HJMS

Thecomputerhaltsatthispseudoinstructionandbypush-

ingthestartbuttonitresumestheoperation.Thecor-

respondinginstructionisasfollows.

HJMO41

m』四旦

Thismustbeattachedtotheendofasimulationprogram,

whichtellstheassemblertheendofa'program.Theas゛

semblerpunchsoutthejumptableandthelabeltabe:Lwhich

arenecessaryforthemachineprogram.Thesearepunched

outinthefo:Llowingformat.

HJMO40

SEX O

~
I

100

4S

r1

ljumpl

ltable l

!J

S

SEX 10

4S

200
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I"'^‾‾:

1label‘

ltable'

:_､.....､-.

ﾌ

nS

4｡5Conceptof!riming

Bythesimulationofasystemincomputer,theparallel

processinginthesystemmustbefollowedintheserialman-

ner,sothathowtochangetheparallelprocessingtothese-

rialoneisanimportantpoint.工fitisdoneinanarbitrary

manner,wrongresultswillcomeout.

4.5.1AsynchronousCircuits

Letusconsider,forexample,theperformanceofalogical

circuitshowninFig･4･4a≫whereagroupofpulsesshownin

(a)

A
B

2/
と｡:__｡[二万四互多し

｡斗丿牛二八

c;liつぐﾉｿ/

●●II吐立藍二三

Fig.4.4Logicalcircuitandinputpulses.
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Fig･4.4bcomesin.Sinceasynchronouscircuithasnotiming

pulseassynchronousoneﾀthechangingpointsofalltheInput

pulsessucha8t･9t29t3ft41nPig.4.4b,maybecorrespond-

edtotheclockpulse,andateachsuchpointthestatesof

thelogicalcircuitsarecalculated.

Thesimulationproera万mmustbewrittenfollowingtheflow

ofsignalsinthecircuits.SotheinstructionfortheOR

gateofFig.4.4amustbewrittenaftertheinstructionsof

twoANDgateswhichprecedetheORgate.Thesequenceofthe

twoANDgates土soptionalinthiscase.Theprogramis,

ANDS211AIIBIIE1!

ANDS211｡(MI川川1

0RS2yE11FII(H

WhenitisdesiredtoprintouttheoutputGofthecircuit

whichworksbytheinputdata8howninFig.4･4b,theprogram

maybeasfollows.

LSLIIREAD石411A≪B11CliDII

ANDS2IIAIIBIIE11

ANDg2II-CIIDllPll

ORS'2IIEIIPI!Gil

WR]:T6G11

GOSL』

Thecorrespondingdatatape,referringtoFig･4･4b,is

asfollows.

0000110001111001111101111111'11

Thecalculationisdoneeachtimeablockofdatasepa-

ratedbyni8readin.Howeverthis19anextremelysimple
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example.Anintrinsicpropertyofasynchronouscircuitis

that,bythechangeofaninputthecircuitpassesthroughmany

internalstateswhicharenotstableandfinallyreachestothe

stablestateIfitexists.Bytheabovesimplecalculation

thisphenomenondoesnotoccur.Toknowthecircuit･hasreach-

edtothefinalstate,thestateofthecircuitisrepeatedly

calculatedbytheinputunaltered.工fthestateofthecir-

cuitdoesnotchangebytherepeatedcalculation,1thasreach-

edthefinalstablestate｡

Letusrepresentanasynchronouscircuittythefunctions

Y,=f1(X,,x,≫･･,X-n.≫Y･1ﾀTz,‥,Y,y,t)

Y2°f2(χ1ﾀχ2,･･,χn≫Y|,Y2,･ヽ,T｡t)

寸●●●●●●φ●
●●●● ●φ●●争●●

(1)

IYり･t°f･vn(X,,×2参"9×719Y19T21"夕ITil)I

wherex.9×29°‘ﾀX?1areinputstothecircuit,andTIﾀY2ﾀ･･,

Y机aretheelementsrepresentingtheinternalstateofthe

circuit.Theseequationsmeanthatthenewinternalstate

(Y,,Y29'゛9Y4)18calculatedbytheinputsx19×2ﾀ｀'9Xれ

andtheinternalstateatthisinstance.Thereforeifthe

newinternalstateisrepresentedby(Y,*,Y,*,･･,Y｡X*),it

satisfiesthefollowingequations｡

YI驀･fl(χ1‘,χ2,‥,χn≫Y|,T2,･･,Y｡t)

T2●゜fz(X,,Xz,･゜≫Xti.T11Y,,...Ym)

(2)

Y^*'f‘vn(X|,×Zi'･≫?tn≫T1･ち.".Tlyl)

If(Y,゛9Y2゛9‥ﾀY-M*)isequalto(Y,,Y之,･･,Yrr,),thecir-

cuithasreachedtothefinalstablestate.工fnotthefol-
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lowingsubstitutionisdone,

TI驀→Y,

TZ驀→Yz

●●●･●
(3)

Y｡゛→Y｡,

andtheequations(2)arecalculateduntilfinallyY1驀1sequal

toYiforalli.Theoperationof(5)canbedoneby

DELSIIITi●IIYiil

Inactualcircuitsthedelaytimerequiredfortheopera-

tion(3)isdifferentfora11Yi,whichisthecau3eofthe

"race"phenomenen.1fthecircuit18constructedtohaveno

racephenomenehortohavethesamefinalstateevenifthe

transientpathisdifferentbyrace,theabovetreatmentis

enough.工fthisisnotthecase,theol･derofcalculationof

theequations(2)hastheeffecttothefinalresult｡

ForexampleletusconsiderthecircuitofFig.4｡5.

A

A,'//----‘-

｡
』

__……‥-

C

C

Pig.4.5Afeedbackcircuitwithaslight

delaytime.

Supposingthattheinitialstateofthecircuitiszero,the

inputischangedfromzerotoone.ThenBandCbecomeone
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foramomentbutagainreturntozero.Thisisbecausethe

circuitShasaslightdelaytime.Ifthisdelaytimeistak-

enasaunitoftime,thesimulationprogramcanbewrittenin

thefollowingway./

DEFSC11011

LSLIIIREADSlIIAII

LSL2IIAND£211Ay｡ellBl!

TEQSBncllL引I

WR:ITSCr

GOSLI11

LSL5I!DELSUBllcii

GOSL2『●･･

anddatatapei8

0II1U.

4.3.2SynchronousCircuits

……DefinitetimingsignalIsusedforsynchronouscircuits､

andit･isonly､necessarytoconsiderthecircuitoperation

duringtheexistenceofthisclockpulse.Theunitdelaytime

1scorrespondedtotheintervalofthe･olookpulses･yForex-

ampleforthecircuitshowninFig･4.61fthacircuitsCand

X
T

Pig.4.6Aneχampleofalogicalcircuit.
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Swork･synchronouslywiththeclock‘pulse.thecircuitope‘

rationcanbewritteninthefollowingway･

LSLIIREADS2IIXIIYII

ORS211χIIYllzii

ANDS211Xl＼Y11C*II

ANDS2nZ11-CHS*ll

DELg111SIりSII

DELSI11C*llCll

WR工T<SSftCII

GOSL11

ThereisnoneedtocompareS誉withSandC*withCin

thesynchronouscircuit.Thecalculationfromtoptobottom

correspondstoonebittimeoperation.

4･4Assembler

ThestorageofKDC-ｴ18adrumof4200words.工norder

toacceptaslongaprogramaspossible,theassembleriscon-

structedt6punchoutthecompiledresultwhenapseudoin'

structionisreadin.Inthiswaythestoragesizeduring

theassemblagecanbemadesmall.Theassemblerisa550

wordsprogramwhileitsworkingstorageaarepreparedfromthe

address41991ndescendingorder.Whenalabel18readin,

theassemblersearcheswhetherthesymbol18alreadymemorized

andisassignedanabsoluteaddress1nthetableornot.If

not,itismemorizedand,1sgivenanabsoluteaddress｡

･Sincetheassembler･punchesoutthemachineinstructions

everytimewhenapseudoinstruction18readin,therearises
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atroublethatthemachineinstructionscannotbeconB.tructed

forGO,IF,TEQand8oonwhosedestinationofthejumpisnot

readinstillatthatstage･Thereforetosavethisthejump

operationisdoneindirectlybythereferenceofthejumpta-

ble,inwhichthecorrespondingabsoluteaddressisstored.

ThestorageallocationisshowninFig.4.7.

addre88

T100
I
I

↓

I
I
I

200

n↑
｡

jumptable

symbolstobe
printedout

object
program

ﾎ
ﾄ
~
上

storagesfor

symbols

4199

Pig.4.7storageallocationoftheprogramming

system.

4｡5Compilerof:BooleanExpressions

Thepseudoinstructionsexplainedin4.2areconvenient

forthelogicalcircuitswhicharedrawninthechartofAND

gate,ORgateandsoon.Howeverifsuchcombinatoriallogic-

alcircuitiscomplicated,itistroublesometowritepseudo

instructions.Soacompilerisconstructedwhichaccepts

logicalfunctionsandchsuigesthemintomachineinstructions･
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Theacceptablelogicalfunctionsmustbeofthefollowingform･

ThedefinitionisbyBackusnormalform,whichisusedinde-

finingALGOL60.

〈Booleanprimary〉s==〈Booleanvariable;〉|(くBooleanexpre33ion>)

〈Booleansecondary〉日･〈Booleanprimary>|-〈Booleanprimary〉

〈Booleanfactor〉s:=〈Booleansecondary〉1〈Booleanfactor〉*

〈Booleansecondary>

〈Booleanexpressionﾝ::･〈Booleanfactor〉1くBooleanexpres-

sion>+〈Booleanfactor〉

〈Logicalfunction〉s:･LOGS<Booleanvariable〉-くBooleanex-

pression>/

Booleanvariableisthesameaslatelsexplainedin4.2･

Thisisanoperatorgra"imarstudied1nChapter2,PART工.

TheprecedencematrixforthisgrammarisahowninFig.4.8･

Theflowchartofthecompilerofthislogicalfunctionis

showninFig.4.9a一一e.S[1]1susedaspush-downpop-up

memory.ThecontentsinsidethebracketC3arethemachine

instructionstobegenerated.

ThelogicalfunctionofFig.4･4canbewrittenas,

ﾆLOGSG=A¥B+-C･S;D/

Thecorrespondingmachineinstructionsgeneratedbythe

compilerareasfollows･

add/A

AND

STO

B

卵0
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一
蒼
十
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x
I
ﾉ
●
一
/
p
8
f
e
L
v

I)

-4+O:･/p 8£eLV

1

1

1

1

1

1

111

1

DP"'

‐繋+

t
*
十
ぐ
り
･
･
/
p
s
f
e
L
v

F

一驀+():=/p8feL･v

():=/psfeLv

一

一
驀
十
ぐ
χ
ﾉ
･
･
/
p
8
f
e
L
v

1

11

111

1111

1111

1

1

1111

11111

11111

1

111

1

Pig.4.8PrecedencematriχDpcowithmatricesDandF.゜

psBooleanprimaryﾀssBooleansecondary,fsBooleanfactor,

esBooleanexpression,LsLogicalfunction,V:Boolean

variable.Symbolsforcolumnhaveprioritytosymbolsfor

row,whereleχists1ntheprecedencematrix.
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expression.

↓

↓

C4“;

e

;lar;cter

ぐ‾｀゛‘‾‾‘'‾‾‾‾'‾‾'‾｀‾‾｀‾"

↓

no

]

Cs･→S〔i>-S〔1〕+C

卜

↓

↓

謡

↓

Cφ-lcharacter

readin

り2ﾚｽ

(C:character)
↓

S〔1〕4-S〔1〕+C

ﾚ

←一→j)

ﾚ___

(5)
几

-･

･

つ
kzOk:1
↓

S〔1〕奇-C

↓
↑
ﾚ
⑥

3
1
り
+
0

細
j
-

⊃

ゐj)

塵
(C:-)

ﾚ

ﾕ

↓ﾄ

s〔1〕*-C<CSTO細j〕
↓↓

14-1+lj4-j+1

ﾄﾞ

Pig.4.9aFlowchartofacompilerofBoolean
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4.6SimulationofCharacterRecognitionMachines

Thisprogrammingsystemwasusedforthesimulationof

characterrecognitionmachinesexplainedInChapters2and3.5･

Themainobjectofthesimulationofthemachineexplainedin

Chapter2wastofindoutefficientcharacteristicfeature

logics.Whenthenumberofcharacterstoberecognizedin-

creases,itisverydifficulttoknowVirhethercertainlogics

ordecisionmechanisms,whicharesuretoworkverywellfor

theveryrestrictedlocalsituationsorenvironment,haveno

contradictionintheperformanceofoverallsystemornot.

Characteristicfeaturelogicswereimprovedmanytimesbythe

resultsofsimulationofthesystem.Morethan200digitized

patternswereusedforthesamplesofthesimulation.The

simulatedlogicalcircuitswerecomposedofabout900transis-

tors,andhadabout75memorycircuitsof4internalstates･

Theassembledmachineinstructionswereabout2000wordsand

thetimenecessaryfortheassemblagewasabout90minutes.

Eachtimealabelisreadin,itissearchedinthelabelta-

blewhetheritalreadyexistsinthetableornot.Afairly

longtimewasnecessaryforthistablesearchwhenthesizeof

thelabeltablebecomesmorethan100.A180thepunchingout
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oftheassembledmachineinstructionsrequiredalongtime｡

Generallytherearetwokindsofobjectsinthesimulation

experimentsbycomputer.Oneistofindoutdesignerrorsof

asystem,andtheotheristodeterminetheoptimumdesignfor

asystem.Anexampleoftheformer18tofindouterrorsin

thelogicaldesignofdecimaladderandsoon,inwhichcase

thesystemistoproducefixedoutputsforthecorresponding

fiχedinputs.Almostallthesimulationshavebeendonefor

thispurpose｡

Anexampleofthelattercaseisasimulationofachar-

acterrecognitionmachine,inwhichcasetheweightofthe

simulationistofindoutefficientcharacteristicfeature

logicsratherthantheerrorfindingofthesystem.TheSim-

ulationinthissenseismoreimportantbecauseitplaysan

essentialroleinthedesignofasystem｡

Howeverinputdataforthesystemtobesimulatedisto

beselectedverycarefullysothatthedatawellrepresentthe

simulationpurposes.Forexample,forthesimulationofthe

asynchronouscharacterrecognitionmachine,theresolutionof

themeshforthedigitizationofinputpatternshouldhave

beendeterminedverycarefully.Theasynchronoussystemworks

evenforsuchveryshortpulses,thattheeffectofthenoise

cannotbeknoTmifthesamplingi3veryrough.Actually

theirregularityoftheedgeoftheverticallinewasnotre-

presentedenoughinthedigitizedpatterns,sothatsomeape-

cialphenomenaiヽelatingthiscouldnothave'beenfounduntil

themachinewasactuallyconstructed.
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CHAPTER5

CONCLUSION

Thereseemstoexistaconsiderablegapbetweenthetheo-

riesofpatternrecognitionandtheactualrecognitionmachines.

Therearemanyproblemsintheconstructionofamachine,which

donota:riseorarenotnoticedinthetheoreticalstudies.

Heretheessentialpointofthesystem*sdesignconsistsin.

Bytheasynchronouscharacterrecognitionmachineexplainedin

thisthesisareshownseveraloftheseproblemsverydefinitely｡

Consideringthemachineasanexperimentalone,thesystem

issatisfactory,althoughtherearemanypartstobeimproved

ortobeaddedforthecommercialuse.Theresolutionofa

patterninto16verticalchannelswerejustsatisfactoryfor

numeralsandcapitalEnglishalphabet.Channelselectioncir-

cuitsworkedfairlywellforlinesofcharacterswhichare

exactlyhorizontal.Howeverthisisaratherseverecondi-

tionforthecommercialuse.Themethodexplainedin2.5-5,

whichdeterminesthepositionofeverycharacter,istobe

implemented.Ifthebudgetpermitstherealizationofthis

circuitﾀitissuretocontributeverymuchtotheimprovement

ofthemachine｡

Characteristicfeaturelogicsaretobeexaminedonce

more. In2.2.2areasonispresentednottominimizethe

logicalfunctions.Butforthecommercialmachinewherechar-

acterstoberecognizedarefixed,theminimizationmaybeuse-

ful.Wheninputpatternsaretoodeterioratedthemethodis
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notgoodevenifeachcharacteristicfeaturelogicsaretaken

verymarginally.工nthiscaseamethodistobefoundwhich

determinesthemostlikelycharacteramongmanycandidates.

Likelihoodratiotestistoherealizedincircuitintheform

compartiblewiththeasynchronousrecognitionmethodhereex-

‘plained｡

Threekindsofasynchronousrecognitioncircuitsareex-

plainedandallareactuallyusedproperlyforcertainchar-

acters. FortherecognitionofsmallEnglishalphabetorfor

therecognitionofJapaneseKATAKANAletterssomemoreaddi-

tionalrecognitionprinciplewillhenecessary.Fortherec-

ognitionofmorecomplexcharactersthisprincipleisnote-

nough.Inthiscasedigitalcomputermustbeused.Forthe

purposeofthiscomputerInputthehighspeedpuncherispro-

videdfortheoutputofdigitizedpatterna3explainedin･2･4･

5｡

Forthecharacterrecognitionmachinetobeusedascom-

puterinputdevice,asadeviceontele-communicationline,or

ascheckreadertherecognitionratemustbeperhapsmorethan

99･99舛.HoweverthisrateIsratherdifficulttorealize

withoutanycheckingmechanism.Thereareroughlytwokinds

ofchecking.Oneistodesigncharacterswhichareveryeasy

forchecking,andtheotheristoaddoneortwopositionsas

checkdigitsbythereadingofagroupofcharacters.An

exampleoftheformer13CMC7asshowninFig.2･5b.Among

sixintervalstwoarewide,8othatthisisusedasaoheckof

acharacter.Thelatterexamplesaremany.Sumcheck18
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mostpopular.Ifthesecheckmechanismscanbeavailable99･

99舛maybeachieved･

Thedevelopmentofdocumentfeeder,typingmechanism,and

highqualitytyperibbonisessentialforthecharacterrec-

ognitionsystem,althoughhereinthisthesisthey･werenot

studied.

TherecognitionprincipleexplainedinChapter2canbe

thoughtasamethodoffindingoutthetopologioalfeaturesof

lines. ForexamplelinefiguresshowninFig.5.1canbe

easilydetectedtysettingupseveralverticalsectionsalong

thehorizontalaxis.

ﾔ
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Fig･5.1Topologicalfeatureswhichcanbedetectedby

theprinciplementionedinChapter2.

Agoodpointoftheconstructedmachineisthatthesys-

temisverysimpleandconsiderablyinexpensive.Theasyn-

chronouscharacterrecognitionmachineillustratedin3.うﾀ

whichhastwodimensionalinputpart,issimplerthanthis,

becausenomemorycircuitsarenecessary.Fromthesimulation

experimentthismachineishighlyrecommendableforthecom-

mercialuse.

AprogramminglanguageillustratedinChapter4wasvery

convenientforthesimulationofasynchronouscharacterrec-
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ognitionmachinespresentedinthisthesis.Thiskindofpro-

grammingsystemisessentialformanyproblemsofinformation

processing･
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APPENDIX

--･aJ---¶-"'-J'･"¶'-y¶-
温政I

I゛STI'Uhttp:

//www.=㎜==-･-■■･■･晶･=

100

102

104

106

110

114

120

122

130

134

138

140

150

152

160

162

164

166

200

202

204

206

210

214

221

ADDIJA

ADAIJA

SUBIJA

SUAIJA

ADM‥-

SBM･･=

MPAIJA

MPSIJA

RAAIJn

LWAIJn

RNDIJn

ADRIJA

DVJIJA

DRJIJA

ADLIJA

AALIJA

SBLIJA

SALIJA

FADIJA

PAAIJA

FSBIJA

FSAIJA

FAM･･.-

FSM‥-

FMP/IJA

- 7 ･ -

TABLE1.KDC-IINSTRUCTIONS

TIMECms)

-･-･-?=一･四--■a･■

0.504-Ai十Λa

0.50ﾄAi-ﾄΛa

0.50IΛi十Aa

0.50十ΛﾄﾄAa

0.50十Ai

0.50十Ai

5.8av十Ai十Aa

5.8av+AH-Aa

0.50十Ai

0.50十Ai

0.50十Ai

6.9av十Ai十Aa

6.0av十Ai

6.6av十Ai

0.55十Ai十Aa

0.55十Ai十Aa

0.55十Ai十Aa

0.55十Ai十Aa

1,3十Ai+Aa

1.3十Ai十Aa

l.3十Ai十Aa

l.3十Ai十Aa

l.3十Ai

l.3十A1

5.2av十Ai+Aa

TITLEand01'KRATION

･･?=--=---･a･j■･･■-･=-やｰ-●●-4-

Add.

c{AC)pUA-|-c(*lJA)-･c(AC)･

ΛddAbsolute.

cfAC)pUΛ｣･|c(≪IJA)l-･c(AC).

Subtract.

c(ACjpUA-c(やIJΛ)一一･c(ΛC)･

SubtractAbsolute.
c(ΛC)pUΛ-|c(*IJΛ)ﾄ･c(ΛC)･

AddMD.
c(AC)pUΛ十c(MD)-･c(AC)･

SubtractMD.
c(AC)pUA-c(MD)-･c(AC).

MultiplyandΛdd.

c(AC)十c(MD)tc(ifIJΛ)-･c(AC)･

MultiplyandSubtract.

c(AChc(MD)*c(#IJA)-･c(ΛC).

RaiseΛddress.

c(AC)pUAad十肘Jn→c(AC).

LowerAddress.
c(AC)pUAadJIJn→c(AC).

Round.

c(AC)rnd→c(AC).

Add,DivideandRoundorHalt.
[{c(AC)pUA十c(SlJA))/c(MD)｣rnd-c(UA);

O→c(LΛ),oΓΛddandII心･

DivideorJump.
c(AC)/c(MD)→c(UA);Rcm→c(.LA),orJump,[R]･

DivideandRoundorJump･

{cCAC)/c(MD))rnd→c(UA);0→c(LΛ),orJump.

AddtoLA.

c(AC)pLA十c(4ｷIJA)→c(AC)･

AddAbsolutetoLA.

c(AC)pLA十lc(flIJA)|→c(AC)･

SubtractfromLA.

c(AC)pLA-c011JA)→c(AC).

SubtractAbsolutefromLΛ,

c(AC)pLΛ-|c(ifIJA)l→c(AC)

FloatingAdd.

c(AC)十cCiflJΛ)→c(AC)･

FloatingAddAbsolute.

c(AC)十|c(itIJA)|→c(ΛC)･

FloatingSubtract.
c(AC)-c(411JA)→C(ΛC)･

FloatingSubtractAbsolute.

c(AC)-|c(*IJA)ﾄc(AC)･

FloatingAddMD.

c(AC)十c(MD)-･c(AC)･

FloatingSubtractMD.
c(AC)-c(MD)→c(AC)･

ClearandFIoalinBMultiply.

c(MD)≫c(^IJΛ)-･c(AC).
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聯劉I臨aiふ
223

238

240

250

252

300

302

304

306

308

310

320

322

324

340

360

364

366

410

450

500

502

510

512

FMC/IJA

FRDIJn

FAVIJA

FDJIJA

FDRIJA

STO1JA

SLAIJA

STMIJA

STAIJA

STLIJA

PAM‥-

LDMIJA

LDAIJA

CMPIJA

FSLIJA

TLUMJA

LDQQJA

STQQJA

FFL

FFX

EAD

ERE

SSP

CHS

IJ

IJ

IJ

-

A

A

A

● ･ -

● ● -

- 一 一 ･ -

TABLE1.(Continued)

TIME(ms)
-

TITLEand

･6===･･㎜････a･･a･

- 一 一 一 一

OPERΛTION

Clear,FloatingMultiplyandChange
-c(MD)*c(#IJA)→c(AC).

Sign.

W麗皆た倣c).

FloatingAdd,DivideandRoundorHalt.
に旅ぐﾂ皆皆昌押¨,(IJA)=

F16atingDivideorJump･
c(AC)/c(MD)→c(UA);Rem→c(LA),orJump,[R]･

FloatingDivideandRoundorJump･

{c(AC)/c(MD)}rnd→c(UA);o→c(LA),orJump.

Store.

c(UA)→c(#IJA)･

StoreLA.

c(LA)→c(*IJΛ),N.B.R･ind.

StoreMD.
c(MD)→c(#IJA).

StoreAddress.

c(UA)ad→c(#IJA)ad･

StoreLocation.

c(LC)→c(*IJA)ad･

PlaceUAtoMD.
c(UA)→c(MD)･

LoadMD.

c(ilflJA)→c(MD)･

LoadAddress.

c(#IJA)ad→c(UA)ad.

Compare.
c(LC)十1,2,3→c(LC),ifc(MD)硲c(4ｷIJA).

FloatingStoreLA.

c(LA)→cCSIJA).

TableLookup･

loc(c(MD))→c(OR)ad,[P]1orc(M)―c(LC).

LoadQuickAccess.
e(りA),…→c(QSJA),…

StoreQuickAccess.

c(QりA),…→c(#JA),…

FixedtoFloating･
fx(c(AC))tofl(c(AC)).

FloatingtoFixedorJump.

fl(c(AC))to£x(c(AC)),orJump･

ExtractandAdd.

c(AC)pUA十c(!fIJA)&c(MD)odd→c(AC).

ExtractandReplace.

c(UA)&c(MD)evenuc(*IJA)&c(MD)odd
→c(UA).

SetSignPlus.

|c(AC)|→c(AC).

ChangeSign.
-c(AC)→c(AC).
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5.2av十Ai十Aa

0.55十Ai

6.7av十Ai十Aa

5.1av十Ai

5.6av十Ai

0.35+Ai-IAa

0.35十Ai十Aa

0.35十Ai十Aa

0.35十Ai←ﾄAa

0.35十Ai十Aa

0.35十Ai

0.35十Ai十Aa

0.35十Ai十Aa

0.55十Ai十Aa

0.95avfAi十Aa

5.5av十Ai十Aa

2.9十Ai十Aa

2.9十AI十Aa

0.80十At

0.55十Ai

0.55十Ai十Aa

0.35十Ai十Aa

O､30十Ai

0.30十Ai



昌劉
514

516

518

520

522

530

532

534

536

538

550

552

630

632

634

636

638

710

712

714

750

752

754

･←㎜･--■〃■

INSTR

NOP

NOT

UCTION

‥---

●●ﾐ

●●ﾐ

SCT‥-

ANDIJA

IOUIJA

SLSIJn

LLSIJn

LCSIJn

susIJn

LRSIJn

WANIJn

WORIJn

SEL

RIN

IJ

IJ

n

n

WRTIJn

WSPIJm

FWR‥-

IIJMIJA

JSWSJA

JMPIJA

JMlIJA

JUNIJA

JNZIJA

TΛBLE1.(Continued)

TIME(ms)
--¶･→--¶-¶

0.301･Ai

0.35･ﾄAi

1.4aV十Λi

0.35十Ai十Λa

0.35十Λi十Aa

0.55fAi

0.55十Λi

0.55十Ai

0.55十Ai

0.55十Ai

0.35十Λ1

0.35十Λi

0.35十Ai

PTR;200ch/s

0.35十Ai;

8ch/s

0,35十Ai;

8ch/s

0.35十Ai;

8ch/s

0.35HAi

0.35十Ai

0.35･ﾄAi

0.35十Ai

0.35十Ai

0.35ﾄAi

- ÷ 一 心 a

TITLEandOI'ERΛTION

==-&y==-･････････-･･a-a･･還･jj････

NoOperation.

NOT.
-‥----c(UA)&c(MD)Uc(UA･)&c(MD)-･c(UΛ);

O→c(UA,8)･

ShiftandCount.

ぼごlttt
(

1;?

)こrぷ5?゜ppc°｢sinUAm.31dshifti

溶ljλ｣&c(SIJΛ)}&c(MD)UcCUA)&c(,Ml丿

→c(UA);0→c(UΛ,8)･i

InclusiveOR.

{c(UA)Uc(*IJΛ)}
-･c(UA);0→c(UΛ,

&c(MI))Uc(UA)&c(MU)
8).

ShortLeftShift.
leftshiftofc(UΛ)by(#IJii)2,,places.

LongLeftShift.
leftshiftofc(ΛC)by(#IJn)2.iplaces.

LongCyclicShift.

cyclicleftshiftofc(ΛC)byc(#IJn),,,places.

ShortRiRhtShift.
rightshiftofc(UA)by(*IJn),.places.

LongRightShift.
rightshiftofc(AC)by(*IJn)2,.places.

WeightedAND.

c(UA,l)&c(UA,#IJn)→c(UΛ,i):o→c(UA,2,4,8).

WeightedOR.
c(UΛ,l)Uc(UA,3IJn)→c(UΛ,i):0-･c(UA,2,4,8).

SelectComponent.

selectI/OComponentspecifiedby#IJn･

Read･in.
read(*IJn)2.,char.intoc(UΛ)

inmodespecifiedby(*IJn),･

Write.
printand/orpunch(#IJn)2.,char.fromc(UΛ)

1nmodespecifiedby(*IJn;4･

WriteSpecial.
printand/orpunch

(*IJm)4,3(;fUm)j.,

FloatinRWrite.

achar.specifiedby

times.

printand/orpunchn(c(uΛ)).

HaltandJump･
h出andlIJΛ→c(LC)･

JumpbySwitch･
41JA→c(LC),ifSwitch-Sison･

Jump･

*IJΛ→c(LC).

JumponMinus.
*IJΛ→c(LC),ifC(AC)く一〇･

TumponUΛNoZero,
*uΛ→c(LC),ifc(UA)十o･

JumponNoZero･

#IJA→c(LC),ifc(AC)+0.
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NUM.

CODE

756

758

820

822

830

832

834

850

852

854

856

860

910

912

914

920

922

930

932

934

936

950

952

―
；

INSTRUCTION

JOVIJA

JKO1.1A

LXAHJA

STXIIJA

SEXIIJn

RAXIIJn

LWXIIJn

JXLHJA

JXUnjA

JXU】IJA

JSX

vsx

BTI'

TPIl

IIJ

IJ

NJ

NJ

A

A

A

A

BLSNJA

DMB･JA

BDM･JA

RWDN･-

I5STN･-

TTPN･-

ETPN･-

JTG

JTE

･J

NJ

A

A

TABLE1.(Continued)
･ 皿 a ･ ¶ - ¶ - - ■ = - ■ ･ - ･ ■

TIME(ms)

-rJ一--W=-胴〃■･皿皿-･-JJ--･-･

0.35十Ai

0.35IAi

0.35十Ai十Aa

0.35十Ai十Aa

0.35十Ai

0.35十Ai

0.35十Ai

0.35)-Ai

0.35十Ai

0.35十Ai

0.35十Ai

0.35十Ai十Aa

0.45十Ai;220

17.0十Ai;220

0,45十Ai;
100*n+120

2.90十Ai+Aa

2.90十Ai十Aa

0.45十Ai;20;

av.ca.450cm/s

0.45十Ai;220

0.45十Ai;220

0.45十Ai;220

0.45十Ai

0.45十Ai

TITLEandOPERΛTION

JumponExponentOverflow.

#IJA→c(LC),ifc(UA)v≧2.

LoadIndexfromAddress｡

c(りΛ)ad-･C(I1)｡

StoreIndex｡
c(H)-ヽc(SJA)nd｡

SetIndex｡

#Jn-･c(H)｡

RaiseIndex｡
c(H)十打n→c(II).

LowerIndex.

c(H)-!tJn-･c(ll)･

JumpwithIndexLowered｡
ifc(in十0.SJΛ→cfLC),andcai)-i-cぐH),
orifc(n卜0,normalscq･,and9,999→C(II).

JumpwithIntleχRaised.

ifc(10中0,#TΛ-･c(LC),andc(H)+1→c(H),
orifc(ll卜0,normalscq･,and1→c(H).

JumpwithIndexUnequal.
ifcCII)十(IRl),りA→cCLC),andc(H)+1-ヽc(H),

orifc(H)-==c(IRl),normalseq･,andc(H)+1
→c(n).

JumpafterSetIndexfromLC.

c(LC)→c(H),and4JA→c(LC).

SetPseudoIndeχ.
c(SIJA)ad-･c(OR)ad,[P].

BuffertoTape.
c(CB)and*JA→c(MT,N;*JA)

TapetoBuffer.

cCMT,N)→cCCB);ifblookNo.=JtJA,skipnext
instruction.[TC].

BlookSearch.
c(MT,N;#JA)→c(CB),[TC]･

DrumtoBuffer.

c(#IJA),…→c(4,200),…

BuffertoDrum.
c(4,200),…→c(*IJΛ),…

Rewind.
rewind(MT,N)toitsloadpoint.

BackSpaceTape.

testc(MT,N)inbackwarddirection,[TC].

TestTape.
testc(MT,N)inforwarddirection,[TC]･

EraseTape.

eraseoneblocklengthof(MT,N)inforward
direction.

JumponTapeGood.
ifTC-ind.isoff,#JA→c(LC),orifon,normalscq･

JumpbyTapeEnd.

ifNo.NTE-ind.ison,#JΛ-c(LC).
orifoff,normalseq･

- ■ - ･ ■
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TABLE1.(Continued)

Notes

Theoperationtimeisunchangedwhetherornotthemodificationoftheaddressofaninsfruc･

tiontakesplace.Thetimeforthemodiflcationisincludedintheoperntiontime.

Fortheinstructionswhichpermitconcurrentoperations,thetimeneededforthecentral

processingunitiswrittenfirst,andthetimeneededfortheoutputunitorthemagnetictape

controlunitsecondandsoon.

SymbolsandAbbreviations

Ai

Aa

→

詐

&

U
-

φ
一
●
･
帰
一
S
I

一
S
一
一

instructionaccesstime.

dataaccesstime.

thereplacement.

themodificationoftheaddressofnninstructinnbytheindexrccisfcrs､

e.g.#IJAｺc(I)十c(J)十A(inmodulo10､000).

logicalAND.

logicalOR.

:logicalNOT,

md:roundoff.

Rem:remainder.

P-ind.:iftheP-ind.ison,theaddresspartofthenextinstructioninsequenceismodified

bytheresultinc(OR)adoftheformerinstruction,orifoff,normal.

R-ind.:remainderindicator.

TC-ind.:magnetictapecheckindicator.

[P],[R]or[TC]:thetypeofaninstructionwhichaffectsP,RorTC-indicator.

c(X):thecontentsoftheregisterx,e･g.c(AC),c(#IJA),etc.

c(I),c(J)orc(H):thecontentsoftheindexregisterIRI,JorH.

c(Y)ad:thecontentsoftheaddresspartofY.

c(AC)pUA:thecontentsoftheAC,ontheUApartofwhichtheoperationismade.

c(UA)v:thecontentofthe12-thortheoverflowdigitoftheUA.

c(E)&c(MD)odd:theextractedc(E)bytheoddnumbersineachdigitoftheMD.

c(CB):thecontentsofthecorebuffermemory.

UAad:theaddresspartoftheUA.

UAm:the11･thorthemostsignificantdigitoftheUA.

(*IJn)i:thenumberofthei･thdigitof≫IJn.

loc()r/2):thelocationofadatawordwhosecontentsareπ/2.

fx(x):afixed-pointnumberx,e･g.fx(π).

fl(y):afloating･pointnumbery,e･g.fl(π).

Q打A:theaddressinthequickaccessbandNo.QwhichsatisfiesQ#JA-#JA(inmodulo50).

c(UA,i):thecontentsof11bitsspecifiedbytheweightloftheUAexcludingtheUA

overflowdigit.

(MT,N):magnetictapeinNo.Nmagnetictapehandler.

c(MT,N):ablockon(MT,N)

c(MT,N;#JA):ablockwhoseblocknumberis#JAon(MT.N).
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