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Preface

Most generabookson writing systemsarewritten or editedby scholarsvho arespe-
cialistsin a small subsef the writing systemshatthey cover, andwho have devel-
opedtheirviews onwriting in generabasedntheirown experiencen their particular
specializedarea.

Thisbookis different;| cannotclaimto beanexperton any particularwriting sys-
tem. My interestin writing systemsstemsin partfrom my interestin text-to-speech
synthesissystemsandin particularthe problemof corverting from written text in-
to a linguistic representatiothatrepresentfiow thattext would be read. Giventhat
problemi,it is naturalto inquireabouttheformal natureof therelationshipbetweerthe
writtenform, andthelinguistic representatiothatthewrittenform encodesWhatlin-
guisticelementslowritten symbolsencode Do writing systemdliffer in theabstract-
nessof thelinguistic representatioencodedy orthographyandif sohow? Whatare
the formal constrainton the mappingbetweeninguistic representatiomandwriting?
Someof theseissueshave, of course beenaddresseeélsavhere,thoughusuallyin an
informalfashion.This bookis anattemptto answetthesegquestionsn thecontext of a
formal, computationatheoryof writing systems.

One point that needsto be madeat the outsetis that this book is not intended
asan introductionto the topic of writing systems. Thereare mary excellentbooks
thatsene thatpurposejncluding (Sampson1985),(Coulmas,1989)and(DeFrancis,
1989). Special mentionmustbe givento the superbcollectionin (DanielsandBright,
1996),without which the presentbook would not have beenpossible. Thus,while |
dodiscussaspect®f severalwriting systemsn someamountof detail,therearealsoa
numberof writing systemghatarediscussedh lessdetail. Thereademunfamiliarwith
thegeneralpropertief thewriting systemsliscussedhereis urgedto consultoneof
themary generalintroductionsto thetopic, suchasthosecitedabove.

In preparingthis work, | have benefitedgreatly from discussionsvith and com-
mentsfrom a numberof colleagueslisted herein alphabeticabrder: HaraldBaayen,
Alan Black, WaylesBrowne,Roy Harris,LeonardKatz, GeogeKiraz, KazuakiMae-
da, Annele Neijt, ElenaPavlova, Geofrey Sampson,Chilin Shih, Brian Stowell,
RobertThomson,J. Marshall Unger, and JenniferVenditti. | would especiallylike
to thank Steven Bird, who readthroughtwo whole draftsof this work, andgave me
extensive commentson both. | alsoacknavledgean anorymousreviewer for Cam-
bridge University Press. Portionsof this work were presentedat the University of
Arizona, andat CharlesUniversityin Pragueand| thankaudiencegherefor useful
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Chapter 1

ReadingDevices

Our startingpoint for this studyof writing systemss text-to-speectsynthesis— TTS,
andmorespecificallythe computationaproblemof cornvertingfrom written text into
a linguistic representation.While the connectionbetweenTTS systemson the one
hand,andwriting systemsn the othermay not be immediatelyapparenta moments
reflectionwill makeit clearthatthe problemto be solvedby a TTS system— namely
the corversionof written text into speech— is exactly the sameproblemasa human
readermust solve when presentedvith a text to be readaloud. And just aswriting
systemstheir properties,and the waysin which they encodelinguistic information
areof interestto psycholinguistsvho studyhow peopleread,so (in principle) should
suchconsideration$e of interestto thosewho develop TTS technology:at the very
least,it oughtto be of asmuchinterestas,for example,understandinghe physiology
and acousticsunderlying speechproduction,somethingthat early speechsynthesis
researchersuchasFant(Fant,1960)wereheaily involvedin.t

Sincemy startingpointis TTS, andsincel assumehat mostreaderswill not be
familiar with this field, | will startthis chapterwith a review of someof the issues
relevantto the developmeniof TTS systemsparticularlyasthey relateto the problem
of analyzinginput text. This will be the topic of Section1.1. In Section1.2 | will
informally introduce by way of asimpleexample themodelthatl shallbedeveloping
throughoutthe restof this book. Finally, Section1.3 will introducesomeaspectf
theformalism,andthe corventionsthatwill be usedthroughouthis book.

11t will perhapsomeasno surprisethat TTS researcherbave not, in fact,generallybeenoverly inter-
estedin writing systemsThisis undoubtedlyduein partto therelatively low interestin text-analysisssues
in generaln the TTS literature atleastascomparedo the high level of interestin suchmattersasprosody
intonation,voice quality and synthesigechniques.It alsois undoubtedlyrelatedto the fact that much of
thework on TTS is driven by ratherpracticalaims(e.g. building a working system)wherean overactve
interestin theoriesof writing systemsanightappeato beanunnecessarluxury.

1



2 CHAPTER1. READING DEVICES

1.1 Text-to-SpeechConversion: a Brief Intr oduction

As notedabore, thetaskof a TTS systemis to corvertwritten text into speech Nor-
mally thewritten representatiois in theform of anelectronictext — codedin ASCII,
ISO, JIS, UNICODE or someother standarddependinguponthe languageand sys-
tembeingused;this circumventsoneproblemthathumansnustsolve, namelythat of
visually recognizingcharactergprintedon a page? Similarly the outputis a digital
representatiolof speech.Betweenthesetwo representationare numerousstageof
processingwhichit is profitableto classifyinto two broadstagesThefirst stagds the
corversionof thewrittentext into aninternallinguistic representatiorandthe second
is the corversionfrom that linguistic representationto speech.The latter consists
of computingvariousphoneticandacoustigparameterdancluding segmentalduration,
Fo (“pitch”) trajectory propertiesof the outputspeectsuchasspectrattilt or glottal
openguotient,and(in concatenatie speectsynthesisystems)electionof appropri-
ateacoustiaunits,or (in formant-basedynthesisystemsjhegeneratiorof vocal-tract
transferfunctionsappropriatdo theintendedsounds.We will have nothingfurtherto
sayabouttheseissueshere;thereadelis referredto (Dutoit, 1997)for agoodgeneral
introductionto theseissues,andalsoto (Allen, Hunnicutt,andKlatt, 1987; Sproat,
1997b)for anoverview of how two particularsystemgthe MITalk system,andthe
Bell LabsTTS system)work.

In ary TTS systemthe output speechwill be generatedrom an annotatedin-
guistic representationwhich is in turn derived from input text via the first stageof
processinglefinedabore. How rich a linguistic representatiois presumedandin
termsof which linguistic theoriesandassumptiong is couchedxiffersfrom system
to systemof courseput we may at leastassumehatthe linguistic representatiowill
includeinformationon the sequencef soundsto be enunciatedusuallyallophones
of phonemesbut in somesystemswhole syllable-sizedunits), lexical stressor tone
information, word and phrase-lgel accentuatiorand emphasis;and the location of
variousprosodicboundariesincluding syllableandprosodicphraseéboundariesThus
for aninput suchasthatin (1.1), we might presumeasa plausible(partial) linguistic
representatiortherepresentatiom Figurel.1.

(1.1) 1 need2 oz. of Valrhonaand6 anchodor themole.

In the particularrendition of the sentencegresumedn Figure 1.1 thereare two in-
tonationalphraseqgdenotedby ¢) groupedinto a single utterancg(U). Lexical stress
is indicatedby a metricaltree dominatingindividual syllables(¢) and dominatedit-
self by a prosodicword (w); we assumehatprocliticsform a prosodicword with the
following contentword. Also indicatedare lexical accentsor the words need two,
ouncesValrhona, six, andhosandmole

In orderto producethis representatiorgr ary equallyplausiblerepresentatiorfor
this sentencea reademust“reconstruct’a greatdealof linguistic informationthatis

20f courseijit is possibleto hook up a TTS systemto an optical character recaynition (OCR) system;
suchsystemshave in fact beenavailable for several yearsin the form of page-readerfor the blind (e.g.
Kurzweil’s reader);andtherehasbeenmuchrecentinterestin conversionof FAX into speechwhich adds
yetafurthercomplicationhamelymessyinput.
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a nid tu awns zav vaelros an sks aanfoz for da mole
* * * * * * *
| need two oz. of Valrhona and 6 anchos for the mole
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Figurel.1: A partial linguistic representatioffor the sentencen (1.1). Shavn area phonetic
transcription aprosodicanalysisinto two intonationalphraseg:) andoneutterancgU), accent
assignment*), a setof partof speechtags,anda simple phrase-structuranalysis. Phonetic
symbolsarelPA. Notethat'MP’ meansmeasurephrase’.



4 CHAPTER1. READING DEVICES

simply notrepresenteth thewrittenform. Naturallyall syntacticinformation,includ-
ing both the morphosyntactipart of speechtagsaswell asphrasestructuremustbe
computed.So musta greatdealof the phonologicalinformation. So, the sequencef
phoneticsggmentsareonly somevhatindirectly representeéh Englishorthography:
in somewritten formssuchas?2, 6 andoz. they cannotbe saidto berepresentedtall.
In the latter casethe linguistic form mustbe reconstructeentirely from the readers
knowledgeof the languageandoften dependsiponinformationaboutcontext (does
onesayounceor ounce®). In somecasegeadersnayneedto make educatedjuesses
aboutthe pronunciation®f somewords,thoughif thesefollow the normalpronunci-
ationcorventionsof the languagehey will usuallyguesscorrectly: evenreadersvho
had not previously seenthe words anchos or Valrhona could nonethelesgrobably
have guessedhe correctpronunciation.For mole— in the senseof a Mexicansauce,
andpronouncedmole/ — thesituationis morecomplex sincethe pronunciatiorhere
doesnotfollow standardEnglishconventions:in this caseonewould simply have to be
familiar with theword. But thereis of courseanadditionalproblemherein that,asin
the caseof 0z, onemustalsodisambiguatéhis word, sothatonedoesnot pronounce
it asthehomographidmol/ (e.g.,in the senseof a specieof insectiore).

Prosodighrasings rarelyrepresentedjotethatpunctuatioris only partly usedin
this function (Nunbeg, 1995),andin ary caseit is by no meansconsistentlyusedin
every casewhereonemight plausiblyfind a prosodichoundary Lexical accentuation
is almostneverindicated®

Thus,if oneis designinga TTS systemthat canhandlearbitrarytext in a given
languageijt is generallynecessaryor the systemto possess large amountof lin-
guistic knowledge,including knowledgeaboutthe lexical and phrasalphonologyof
thelanguagen questionandat the very minimuma setof heuristicsfor determining
plausiblelocationsfor accentsand prosodicphraseboundariegDutoit, 1997; Sproat,
1997h).

If one,furthermore,is developinga TTS systemthatis intendedto be adaptable
to morethanonelanguagethenthereis an additionalconsiderationnot only do the
written forms of utterancesystematicallyfail to indicatemary aspectof the spoken
forms, but differentwriting systemspresentdifferentsetsof problems. Thus,if one
designsaa TTS systemwith Europeadanguages mind,onemightreasonablyassume
(asmary have done)thatwordsin theinputtext areseparatetby whitespaceBut this
assumptiorwill fail with writing systemdike thoseof Chinese Japaneser Thai,
whereword boundariegrenever written. (Seethe discussiorof variousAsianscripts
in (DanielsandBright, 1996), and see(Sproatet al., 1996)for a discussiorof the

3|t is generallytrue that suprasgmentaland prosodicinformationis systematicallyomitted from the

orthographie®f a large variety of languagesThis is particularlytrue for high level prosodicinformation
suchas prosodicphraseboundaryplacementand accentuatiorand prominence.But it extendsto purely
lexically determinedeaturesuchaslexical tone. Thuswhile somelanguagessuchasThai, Viethameser
Navajo, doindicatelexically distinctive tonein their orthographiesit seemgo befarmorecommonto omit
this feature:for examplemary orthographiesieselopedfor tonallanguage®f Africa omit marksof tone,
thoughit shouldbe notedthat mary of thesescriptsweredevelopedby Europearmissionariesvho hadno
understandingf tone: see(Bird, 1999)for a discussiorof morerecentlydevelopedAfrican orthographies
wheretoneis marked.

A relatedpoint, as Geofrey Sampsorhasnoted(personalcommunication)js that Latin did not mark
lengthin vowels (thoughgeminationn consonantsvasmarked).
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issuein acomputationabetting.) Similarly, for mary language®nemay assumehat
abbreviationsandnumberscanbe expandedn a “preprocessing’phaseprior to full
linguisticanalysis.For English(or Chinese}his (almost)worksin thatanabbreviation
suchasoz. hasonly two plausibletranslationspnamelyounceor ouncesandin most
casessomesimple heuristicsbasedon the contet cantell you which oneit should
be.But asl have discussedatlengthelsavhere(Sproat,1997b;Sproat,1997a),sucha
simpleapproactcannotwork for Russianwherein orderto decidehow to pronounce
a seeminglyinnocuoussequenceuchas5%, oneneedsto determinesuchthingsas
whetherthe percentagexpressionis modifying a following noun (‘a 5% discount’)
or not (‘I need5%’). In the former casethe ‘5%’ phraseis an adjective agreeingn
case humberandgendemwith thefollowing noun;in the lattercase,t is anoun,and
its casenumberandgendeiis determinecby the syntacticcontext in whichit occurs.
Thusthe expression5% ckupka <5% skidka> ‘5% discount’,is readas pjat+i-
procent+n+ajaskidka(five+Gen-percent+Adj+NomFediscount) with anadjectval
form procentnajaagreeingn number genderandcasewith the following noun. The
simpleexpression<5%> on its own would bereadas pjat’ procent+or (five+Nom
percent+GenPl)ith a nominalprocentw in the genitive plural form. If the example
were <4%>, the word for ‘percent’ would have to bein the genitive singular form:
Cetye procent+a(four+Nompercent+GenSg)f the“percentphrase’is governedby
an element,suchasa preposition,requiringan oblique case thenthe entire phrase,
including the numberandword for ‘percent’, mustappeaiin thatoblique case:thus
¢ 5% <s5%> ‘with 5%, is s pjat’ju procent+ami(with five+Instrpercent+InstrPl).
Considerationsuchastheseinevitably leadoneto askwhatcommonalitieghere
areamongthe diversewritten representationsf languageandwhethera singlecom-
putationalmodelcanencompasall systemghatonemightencounterA modelof this
kind for TTStext analysispnethathasbeenappliedto languagesindwriting system-
s asdiverseas German,Spanish,RussianHindi, Chineseand Japanesé discussed
elsavhere(Sproat,1997b;Sproat,1997a). The purposeof this bookis to presenta
computationatheoryof writing systemshatwasmotivatedby thework on TTS, and
thatis atleastto someextentconsistentvith themodelpresentedh this previouswork.

1.2 The Taskof PronouncingAloud: a Model

We turn now to sketchingthe modelof therelationbetweenwritten andlinguistic for-

m thatwe will developin this book. As implied by our discussiorin thelastsection,
we will, atleastinitially be concernedvith specifyinga computationamodelwhose
taskis to pronounceext aloud. Thusthe problemwe startout with is essentiallywhat
psychologistavho studyreadingterm naming— the pronunciatioraloud of a written

form. Thisis in principle a differenttaskfrom thetaskof lexical accessvia a written

form, andfrom thetaskof decidinghow to spella givenlinguistic form. The compu-
tationalmodelof writing thatwe will proposewill nonethelestiave implicationsfor

theseissuesalso: indeeda large portion of the discussiorin Chapter3 will focuson

amodelof spellingfor English. We startherewith an examplethatwill illustratethe
modelto be developed.
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1.2.1 A simpleexamplefrom Russian

Most literate people,even thosewho are monolingual,are broadly aware that some
orthographiesremore“regular” thanothers;that, for example,Spanishorthography
is highly regular (“written asit sounds”),andthat English orthographyon the other
hand,is highly irregular. This naive notion of regularity correspondsoughlyto what
psychologistderm orthographic depth That is, psychologistoften refer to an or-
thographyasdeepif it is not generallypossibleto reconstructhe pronunciationof a
word by simplylooking atthestringof symbolsandapplyinggeneralletter-to-sound”
rules; see(Frost, Katz, and Bentin, 1987; Besnerand Smith, 1992; Katz and Frost,
1992;Seidenbey, 1992), inter alia, aswell asthediscussiorin Chapter5.* Thus,
in termsof the metaphorof depth,the orthographyof Spanishjs shallover thanthat
of English(or Hebrev). With somelegitimacy we canconsiderSpanishand English
asbeingneartwo endsof a spectrunof possibleorthographiaepths.

Russiarfalls somavherein betweerthesetwo extremes:it is not nearlyasirreg-
ular asEnglish, but at the sametime it is not possibleto do asone canin Spanish,
andpredictthe pronunciationof a word purely by looking at the orthographicstring.
Russiarorthographyis oftendescribecasmorpholajical (Cubberlg, 1996,page352),
meaningthatthe spellingsystemattemptso representnorphologicallyrelatedforms
consistentlyabstractingaway from at leastsomephonologicalchanges.As a corol-
lary, a readerof Russianneedsaccesdo this morphologicalinformationin orderto
pronouncenordscorrectly

To seewhatis meantby this, considerthe problemof pronouncinga particular
letter string, say ropoga <goroda>. As it happensthis canrepresenbne of two
lexical formsin standardRussian:‘of acity’ (city+gen.sg.)jn which caseit is pro-
nouncedwith initial stress'gorada/; or ‘cities’ (city+pl.nom./acc.)jn which caseit
is pronouncedvith final stresggera'da/. The factthattherearetwo possiblepronun-
ciationsfor the string ropoga <goroda>, shavs immediatelythatit is not possible
to pronouncehis string merelyby looking at the sequencef letters: onemusthave
accesdo lexical information,andin this caseone presumablyneedsaccesgo some
informationaboutthecontext in whichtheword occurs sincethereademeedgo deter
mine whetherthe genitive singularor plural nominative/accusatie is the moreappro-
priateinterpretatior?  Not surprisingly giventhe high degreeof lexical competence
neededio be ableto assignlexical stressin Russianwords, pedagogicagrammars
of Russiarroutinelymark streslacementThusthe genitive singularform would be
writtenrépopa <gbroda>, whereaghegenitve pluralform would bewrittenropona
<goroda>. But suchmarksof stressarerarely usedin non-pedagogicatontexts. In
not markingstressRussiamorthographythusfails to markinformationthatis impor-
tantfor gettingthe readingcorrect;to useatermsuggestedo meby Anneke Neijt, its
coverage of the phonologicainformationis incomplete.

But Russiarorthographyin additionto its incompletecoveragejs alsorelatively

4An alternatve termto orthographic depth namelyorthographictranspaency is gainingsomecurren-
cy; LeonardKatz, personatommunication.

5Note alsothatthis particularambiguitybetweengenitie singularandplural nominatve/accusare —
with concomitanshift in lexical stress— is by no meansgeneralin Russian:only a subsebf nounsshav
this particularambiguity thoughothercaseof stress-relatedchinimal pairsarerife in thelanguage.
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“deep”in thattherearestress-relatedowel reductionghatarenot markedin Russian
orthography:note for example,that the first /o/ in ropoga <goroda> shavs up as

/ol whenstressedasin the genitive singularform; but as/s/ whendestressedmore

correctly whenin the syllable antepenultimatéo the stresg(Wade,1992)),asin the

nominative/accusatie plural. Thesealternationsarequite regularandpredictable put

they arenever markedin the orthographywhich meanghatRussiarorthographyrep-

resentsa level thatis somavhat more abstracthana surfacephonemiclevel. As we

shallseein Section3.1,thestandardrthographyfor Belarusiardoesorthographically
representhesevowel reductions,andis thereforesomavhat more shallov thanthe

orthographyof standardRussian. (Belarusianis like Russianin termsof coverage,
though,in thatit too fails to markstressn the orthography)

Beforewe proceedurther, we needto definealittle morepreciselywhatwe mean
whenwe speakof anorthographicbjectrepresentinga linguistic object. Let us start
with what| take to be a fairly uncontraversial(partial) representationf the genitive
singularform goroda‘of a city’, namelythe Attribute-Value Matrix (AVM) in (1.2).
(Ontheuseof AVM'’ sin phonologicakepresentationsee,inter alia, (Bird andKlein,
1994;MastroianniandCarpenterl994;Bird, 1995).)

(1.2)

[ pHON (g'oroda)

CAT noun
GEN masc
SYNSEM | CASE gen
NUM sing
SEM city

Firstof all, afew commentn (1.2). Theprimarystresonthefirst syllableis indicat-
ed herewith the standarddiacritic *”, ratherthanby an explicit hierarchicalprosodic
structurewithin the AVM; thisis purelya notationalcorvenience For similar reasons
of notationalkorveniencethephonologicatepresentatiois given,in thisexample as
alist of sgmentswith noindicationof higherlevel prosodicstructure suchassylla-
blesor feet. (Indeed we aretakingsomeamountof liberty by evenallowing segments
into our ontology, giventhe growing body of phonologicalwork thatviews segments
asepiphenomenaf temporallyoverlappingcollectionsof features.We returnto this
pointlateron.) Also worthy of noteis the factthatthe segmentalrepresentatiopre-
senteds whattraditionallywould be termeda relatively “deep” representatiorsince
it abstractsaway from variouslow-level phonologicalprocessessuchasthe vowel
reductionswve have discussedthis is intentional,sincel shallarguethatit is this deep
phonologicalevel thatis representethy the orthographyof Russian Finally, therep-
resentationin (1.2) fails to indicatethat gorodais morphlogicallycomple, arguably
consistingof a stemgorod- andan inflectionalaffix -a. Perhapssurprisingly | will
have relatively little to sayaboutmorphologyin this book,thoughl will returnbriefly
in Section3.4to therelationbetweerorthographyandmorphologicaktructure.
Wheredoesorthographyfit into (1.2)? An obvious first cut at a representation
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would be simply to assumenotherattribute“ORTH” with anassociatedist of ortho-
graphicelements.

(1.3)

PHON  (g'oroda)

ORTH (ropopa)
CAT mnoun
GEN masc

SYNSEM | CASE gen
NUM sing
SEM city

But this representatiofis inadequatdor several reasons.First of all, while it repre-
sentsthe factthatropopma <goroda> is the orthographiaepresentationf goroda, it
fails to indicatethe obviousfact thatthe individual lettersof the orthographicrepre-
sentationeachcorrespondo a particularlinguistic unit, in this casea sggment: thus
r <g> clearly representdg/, ando <o0> clearly representgo/. Secondiit fails to
representhe kind of relationbetween(in this case)the phonologicalportionsof the
representatioandthe orthographigortion. It seemgeasonabl¢o view this relation
asoneof licensing whereparticular(setsof) linguistic elementdicensethe occur
renceof (setsof) orthographicelementsThus/g/ licensegheoccurrencef r <g> in
this example. Third, andfinally, by presentinghe valueof ORTH asan ordered list,
we areredundantlyspecifyinginformationthatis specifiedelsavherein the AVM: the
phonologicakggmentsareorderedwith respecto oneanotherandthelinearordering
of thelicensedorthographicelementughtto follow in somefashionfrom that.

Theseconsiderationdead us to propose jnstead the representation (1.4). We
representicensingusing numericalcoindexation, wherethe index of the licenseris
marked with an asterisk. The valuefor ORTH is itself an unorderedist of objects:
we indicatethis usingthe standarcturly-bracenotationfor sets.

(1.4)
PHON (g,.'0,.7,.0,.d,.a,.)
ORTH {r,,0,,P,,0,,0;,3,}
CAT noun
GEN masc
SYNSEM | CASE gen
NUM sing
SEM city

As we have seenwe have assumed relatively abstracphonologicalrepresenta-
tion in the Russianexamplethatwe have beendiscussingIn generalwe will assume
thatthe orthographyof a languageepresents particularlinguistic level of represen-
tation. For phonologicalinformationthatis orthographicallyencodedwve canspeak
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of this level asbeingrelatively “deep” comparedo a “surfacephonemic’represen-
tation; or relatively shallon. We will term the linguistic level representedby the or-
thographyof alanguagethe Orthographically RelezantLevel — ORL.® Notethatwe
are not claimingthatevery symbolin the spellingof a word necessariljhasa (non-
orthographic)inguistic counterparat the ORL: so aswe shallaguein Section3.2,
mary aspectf the spellingsof wordsin Englishare arbitrary and simply mustbe
listed aspart of theword'’s spelling. Nonethelesgvenin an orthographyasirregular
asthatof Englishthereareregular correspondencdsetweeninguistic elementsand
theirorthographiexpressionthe ORL is simply thatlinguistic level of representation
at which thoseregular correspondenceare mostsuccinctlystated. Note that for ex-
positoryreasonsve will typically presentisthe ORL justthatportionof thelinguistic
representationhat is relevantto the particularorthographicpohenomenorunderdis-
cussion.Thus,for mostpurely phonographiccripts,informationassociatedvith the
SYNSEMportionof the AVM is nottypically relevant (thoughin somecasest might
be, asfor examplein Germanwherecapitalizationis sensitve to whetheror not the
word is a noun). In suchcaseghe SYNSEM informationwould be omittedfrom the
representationit shouldbe understoodhowever, thatthe informationis still present,
justnot germaneo thediscussiorat hand.

Returningto (1.4),we notethatthereis still someredundang thatcanberemoved.
Russiarorthographyis largely regularin the sensehata given (abstractjphonemsds
typically only spelledin oneway. This in turn implies that we shouldnot needto
explicitly list the orthographielementsn the AVM; indeedin theexamplein (1.4)all
of thelettersarecompletelypredictableandcouldbederivedvia a setof rewrite rules
asfollows:

15 g —- r<og>
0 — o<O0o>
r — p<r>
d — p<d>
a — a<a

Suchrulescanbe viewed asfilling positionsin the orthographyportion of the AVM

and hencelicensingthe materialin thosepositions. Of courseevenin fairly regular
spellingsystems— andcertainlyin complex systemsuchasEnglish— somelexical
specificatiorof spellingis necessaryThis canbe handledeitherby simply listing the
irregular spelling, or elseby a lexically specificspellingrule. Thusfor the English
word knit, for instancewe mightassumea lexical representatioasin (1.6a),0r elsea
rule asin (1.6b),in eithercasespecifyingthe spellingof /n/ as<kn>; we assumehat
theremaining/it/ is regularly spelled:

6This level is roughly equivalentto whatl have referredto asthe morphola@ically motivatedannotation
(MMA) in previouswork on text-analysisfor TTS (Sproat,1997b;Sproat,1997a).
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(1.6) (a)

PHON (n,.It)
ORTH {kn,}

CAT Uerb]

SYNSEM .
SEM knit

(b) n — <kn>inknit

As we will discusdurther, we will follow Nunn(1998)in assuminghatrulesare
usednotonly in theinitial graphemic licensingphasethatwe have beendiscussing,
but alsoin asubsequernghaseof whatNunntermsautonomouspellingrules We will
expandher notion of autonomouspellingrule to includewhatwe will term surface
orthographicconstaints, seeSection3.5.

1.2.2 Formal definitions

In this sectionwe expandthe formalismfurther, and introducesomeadditionalfor-
mal notations,as well as someaxiomsthat control the mappingbetweenlinguistic
informationandorthographyWe will alsointroducethe centralthesef this study

1.2.2.1 AVM’ sand Annotation Graphs

Let usreturnto the AVM representatiofrom (1.4),repeatedhereas(1.7):
1.7)

PHON (9,.'0,.7,.0,.d.. a.)
ORTH {r,,0,,P;,0, 0,34 }
CAT mnoun
GEN masc
SYNSEM | CASE gen

NUM sing
SEM city

In the Russianexample, orthographicelementsare licensedpurely by phonological
elementsin partlylogographionriting systemdike Chinesewe proposehatpartof a
comple glyphmaybelicensedy aportionof theSYNSEMpartof therepresentation.
Thusconsidethecharactef# <INSECT+CHAN> chan‘cicada’— seeSectionl.3for
a detaileddiscussiorof our corventionsfor glossingChinesecharacters— wherethe
INSECT componentk (lefthandportion of the character)s the so-called “semantic
radical” andthe righthandcomponenti chan cuesthe pronunciation.For this case
we assumean AVM asin (1.8), wherethe INSECT portion is licensedby the SEM
entry, andthe phonologicabortionis licensedby thesyllable:
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(1.8)

[ <[°Nsch][R'MEa"]>] ;

TONE2

CAT noun
SEM cicada,.

ORTH {H,.H#,}

SYNSEM

An equialentrepresentatiothatwe will use— andwhichwill moredirectly form
thebasisfor ouraxioms— is theannotationgraph; see(Bird andLiberman,1999)and
also(Bird, 1995).The annotatiorgraphsin (1.9)and(1.10),areequialent(omitting
somedetail)to the AVM’sin (1.7)and(1.8),respectiely.

(1.9)

SEM: | city |

PHON: | g:r |o:o |r:p|o:o|d:in|a:a|
(1.10)

SEM: | —_cicada: & |

TONE: 2

SYL: o E__

ONS-RIME: | _ch__ | _an__

Therepresentationsf theannotatiorgraphsin (1.9)and(1.10)areto beinterpret-
edasfollows. First of all the annotationsuchas“SEM”, “SYL”, andsoforth in the
lefthandcolumnmarkarc-sequenceabatencodevaluesof thethus-namedhttribute(s)
in the correspondincAVM. Thusin (1.10), for instance the SEM arc representshe
valuecicadafor the attribute SEM. Secondthe verticalmarksindicateverticesof the
graphout of whichthehorizontalarcsemanateTheverticesareassumedo betempo-
rally anchoredwith verticesontheleft precedingrerticesontheright. Thusthesouice
vertex of the ONSarclabeledch in (1.10)— source(ch) — precededts destination
vertex (dest(ch)); it alsoprecedeshe destinatiornvertex of the SEM arccicada: H.
We will denoteprecedencén the standardashionwith “ <" sothata < bisread“a
precedes”; “<" will beusedto mean“precedesr is cotemporaneouwith”; finally
“s" and“>" will alsobeusedwith theobviousmeanings.

Setsof arcsthatarein adominanceelation— i.e. form a graph-basedierarchy
in the senseof Bird andLiberman(1999)— are (vertically) adjacento each other
and are joined at at leastone vertex. On the other hand, setsof arcsthat are not
in a dominancerelation are separatedy a blank line. Thesedominancerelations
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correspondo relationsof dominancen thecorrespondind\VM. So,in (1.10)theSYL

andONS-RIMEarcsequencearein adominanceelation: this correspondso thefact
thatin the AVM in (1.8),the SYL attribute hasan AVM containingthe onsetandrime
AVM'’s, andthusdominateshe AVM’s. (Similarly, SYL dominatesTONE, though
TONE s notin adominanceelationwith ONS-RIME, apoint notwell representeth

thegraph.)Onthe otherhand,SEMis notin adominanceelationwith SYL. Rather
the SEM and SYL arcsmerelytemporallyoverlap (seebelow). Finally, we indicate
licensingby placingthelicensed elementon the samearc asits licenser Thus'g:r’

meanghatthe phonemég/ licensegheletterr <g>.

1.2.2.2 Definitions

We now statesomedefinitionsand axiomsover the annotationgraphrepresentation
thatwe have just developed.
First of all somedefinitions,startingwith two versionsof temporaloverlap:

Definition 1.1 (Overlap) Arc « overlapsarc 8 (a O B) if either:
1. source(a) < source(f) anddest(a) > source(), or

2. dest(a) = dest(8) and source(a) < dest(f)

Definition 1.2 (Complete Overlap) Arc a completelyoverlapsarc 3
(a O B) if: source(a) < source(B) anddest(a) > dest(B)

Note thatwhile overlapis symmetric,completeoverlapis not. (Note thatwe usethe
symbol“()" for overlap,ratherthanthemorenormalo: thislattersymbolis usedhere
for composition.)

Following Bird andLibermansnotionof graph-basetierarchywe defineimme-
diatedominancébothin termsof thegraph,andin termsof thetypesof arcsinvolved.

Definition 1.3 (Immediate Dominance) Arc « immediately dominates arc f
(@ >4qom B) if a O, B andthetypeof 3 is (a list elemenbf) a valueof an attributein
AVM’s of typea.

Thusa SYL arcthatcompletelyoverlapsanONSarcwould immediatelydominatethe
ONSarcassumingn theassociatedVM the SYL AVM hasanattribute (e.g. SEG),
whosevalueis a list containingthe AVM for ONS;cf. (1.8). Onthe otherhandSEM
would notdominateONS.

We will alsoneeda definition of path-precedencen arcs,denotinga situation
wheretwo arcsjoin at the samevertex, suchthatthe secondmmediatelyfollows on
the secondwithin the samepaththroughthegraph.

Definition 1.4 (Immediate Path-Precedence)Arc o immediatelypath-precedearc
B (a <p B) if dest(a) is identicalto source(f).
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1.2.2.3 Axioms

This sectionintroducesthe axiomsthat form the core of the theorythat we will be
defending. Before we do that, we will formalizea few ideassomevhat further We
havealreadyintroducedhenotionof OrthographicallyRelevantLevel (ORL), asbeing
the level of linguistic representatioithatis encodedorthographicallyby a particular
writing system.We will denotethe outputof the mappingfrom the ORL to spelling
—i.e.,thespellingitself — asI'. As we have alreadysaid,we follow Nunn(1998) in

assuminghatthis mappingcanbe decomposedhto a setof graphicencodingrules,
anda setof autonomouspellingrules; again,seeSection3.5. Eachof thesesetsof

mappingrulesimplementsarelation(we will bemorespecificonwhatkind of relation
momentarily) the former of which we’ll notateas M gpcoqe andthe latterasMgp.r; .

The entiremapping,whichwe will denoteas Mogrr_r is simply the compositionof

thesetwo relations:Mogrr,—sr = MEncode © MSpell-

We will usetheexpressiony(a) to denotetheimage of linguistic elementa under
Mogrr—t.

Theaxiomsmalke useto two furtherconceptsThefirstis thenotionof catenation
Informally, o catenatesvith 3, denotedw - 3 if « is adjacento 3. The mostfamiliar
notion of catenationis the string-basecdotion of concatenatiorin formal language
theory(Harrison,1978;HopcroftandUliman, 1979;Lewis andPapadimitriou,1981)
where « - 8 constructa stringby concatenating: with 3, in thatorder In Chapter2,
wewill generalizehisnotionto planar(two-dimensionalatenationin thediscussion
in this section,for simplicity’s sale, we will assumevhatwe shalllatertermleft-to-
right catenation denoted-: o - B simply denotesastringa/3, wherea immediately
precedes.

The secondconceptis the ideathat the spell-outof a linguistic sequenceainder
Mogrr—r maybe lexically specified asalreadyintroducedabove. We illustratethis
pointimmediatelyafterthe statemenof Axiom 1.1:

Axiom 1.1 If a <, S thenif y(af) is nototherwisedefined;y(a8) = v(a) - v(B). (If
«a immediatelypath-precedes3, thentheimage of a8 under Mpogr_,r is simplythe
catenationof y(a) with v(8).)

Thusin English,the spelloutof the phonemesequencébo/ would, accordingto Ax-
iom 1.1, be v(b) ~ ~(0), or <bo> (assumingthe default ways of spelling those
phonemes).On the other hand, lexical specificationmay override this: /ks/ is fre-
quentlyspelled<x>, preemptingspelloutasy (k) I ~(s).

The secondaxiom describeghe mechanisnof inheritanceof graphicalspellout
for acomple linguistic constructiorthatimmediatelydominatether(possiblycom-
plex) linguistic constructions:

Axiom 1.2 If a >40m B (8 possiblya sequencethenif v(«) is nototherwisedefined,
~v(a) = v(8). (If @« immediatelydominates3, thentheimage of o underMogr—r IS
simplytheimage of 5 underMogr _r.)

Thus, for instance the spelloutof the syllabledominating/keet/would consistof the
spelloutof the onsetdominating/k/ andthe spelloutof the rime dominating/eet/. In
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turn,theformerconsistgheof spelloutof /k/, andthelatterthespelloutof thesequence
[eetl.

Finally, we introduceAxiom 1.3 which definesthe spelloutof two overlapping
elementsThefunctionality of thisaxiomwill beillustratedwith datafrom Chinesdn
Section4.2:

Axiom 1.3 If a O 8, theny(a, 8) = v - 8. (If a overlapsg, thenthe image of «
togetherwith 5 under Mo gy is simplytheimage of a, catenatedvith theimage of

B.)

An importantpoint to note abouttheseaxiomsis thatthey do not precluderegu-
lar (i.e. non-lexically-specified)context-dependenspellout. For instancethe default
spellingof /k/ before<i>, <e> or <y> in Englishis as<k>, whereasn othercon-
textsit is <c>. Axiom 1.1 merelyrequiresthatwhateser spellsout/k/ catenatewith
whaterer spellsout the vowel

1.2.3 Central claims of the theory
We now cometo thecoreproposalghat! wishto defendin theremaindeof thiswork:
e Regularity: ThemappingMogrr_r is aregular relation.

e Consistency The ORL for a givenwriting system(as usedfor a particular
language) representsa consistentevel of linguistic representation.

We describetheseclaimsin the next two sections.Here,andelsavherein this work,
I will capitalizethe terms“Regular”, “Regularity”, “Consistent”and “Consisteng”
whenthey areusedin thesetechnicalsensesandotherwisdower casethem.

1.2.3.1 Regularity

The first of the core proposalsstatesthat Mo gy _,r is a regular relation or, equiva-
lently, that Mo g —,rr canbe implementedasa finite-statetransduce(FST); readers
notfamiliarwith FST's maywishto consultAppendix1.A, thougha shortsynopsids
givenimmediatelybelow.

Our routeto the claim of Regularity comesaboutin two ways. First of all, we
have assumedhatthe mappingbetweeringuistic representatioandorthographycan
be handledby context-sensitve rewrite rules, an assumptiorthat is held by others
including (Venezly, 1970)and (Nunn, 1998),andit is onewhich naturally fits well
with the standardnotion of “spelling rule”. Now, as hasbeenshownn in (Johnson,
1972; KaplanandKay, 1994), aslong as certain constraintson non-applicationo
their own outputareobsened, suchrulesareformally equivalentto regularrelations,
andcanthereforebeimplementedisingFST's. Indeed practicalcompilershave been
built that compile from rewrite rule representationsto transducerg¢Karttunenand
Beeslg, 1992; KaplanandKay, 1994;Karttunen,1995; Mohri and Sproat,1996).

An instanceof an FST — oneimplementingthe simplesetof rulesin (1.5) — is
shavnin Figurel.2.
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Figurel.2: A simpleFSTimplementingherewrite rulesin (1.5). In this examplethe machine
hasa singlestate(0), whichis bothaninitial andafinal state.Thelabelson theindividual arcs
consistof aninputlabel (to theleft of thecolon)andanoutputlabel (to theright). Here,capital
Romanlettersareusedto representhe equivalentCyrillic letters.
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SecondRegularity follows from the axiomsintroducedin Sectionl.2.2.3.To see
this, consideithateachof theaxiomsstateghatin v(a8), composeaf v(«) andy(3),
~(«a) is catenatedvith v(3). The definition of regularrelations(seeAppendix1.A.2)
statedfirst of all thata mappingbetweena pair of symbolsis a regular relation,and
furthermorethat the concatenatiomf two regularrelationsis itself a regularrelation.
It is thereforeeasyto seethatonecanprovide aconstructve proofwherebyRegularity
follows from the statedaxioms. In onesensethe axiomsprovide a ratherrestrictve
notion of Regularity. Considera writing systemin which a linguistic object 3¢
is spelledout as~y(a)y(6)v({)v(B): for example,the writing systemmight have the
(bizarre)propertythatthesecondghonemas alwaysspelledoutattheendof theword.
This would certainly be a violation of the axiomsinsofar asthe spelledstring is not
formedby concatenatingithervy(a) or v(8) with v(3). Howeverthis examplecanbe
handledby aregularrelationthatin effect mapsa symbol— here — to nothing(e)
ontheoutputside,‘remembers’thatit hasseens, andthenspellsit outas~y(3) atthe
endof the string. But such“memory” comesat somecostin finite-statemachinery
sincesucha machinemustrepresentnterveningmaterialmultiple times: in addition
to mappingd to () and( to v(¢), the machinemustalsoremembemwhich second
phonemg3) it hadseenandthe only way to dothisis to have separatgathsthrough
the remainingportionsof the transducerone pathfor eachphonemehat might have
beendeleted. Memory in finite-statedevices canonly be encodedn states:if one
wishesto delete with aview to insertingy(3) lateron, thenonemusthave the arc
thatdeletes3 endin astates; distinctfrom thestates, thatterminatesanarcthat,for
instancedeletes (insertedateron as+~y(6)). s; ands, would in turn be the source
statedfor arcsthatmapd to v(§) and¢ to v(¢), andwould eachhave their own private
copiesof thesearcs. Writing systemsggenerallydo not seemto requirethis kind of
memory At first one might think suchcasesare common. Considey for instance,
thespellingof English/el/ as<aCe>, where'C’ is aconsonanfmale) or sequencef
consonantftaste. If <e> is somehav partof thespellingof /el/, thenthiswouldseem
to beaviolation of the axioms.However, it seemgerfectlyreasonabléo assumehat
/el is in factspelledby <a>, andthat <e> is merelyintroducedby rule to “support”
thespellingof /el/ as<a> in certainervironments see(Cummings,1988).

An importantfeatureof regularrelationsis thatthey areclosedundercomposition
Supposeve havetwo regularrelationsR; andR,, andsupposéhatthedomainof R;
is (thesetof strings)z, its rangey, andsupposdurtherthatthedomainof R, isy and
its rangeis z. Thenthe compositionof thesetwo relations,denotedR; o R, is also
aregularrelationwhosedomainis x andrangeis z. (The notionof compositionhere
is exactly the samenotion asthat of function compositionin algebra.)This property
of closureundercompositionrhasanimportantimplication. Sincesinglerewrite rules
canberepresentedomputationallyasFST's, onecanalsorepresenainorderedseries
of suchrewrite rulesasa singleFST, by merelycomposingogetherthe FST's for the
individualrules.

A secondmportantpropertyof regularrelationsandFST's is thatthey areinvert-
ible. Thatis, by switchingthe input andoutputlabels,one switchesthe domainand
rangeof arelation.In thecaseathand,if onehasatransducefl/ thatmapsfrom ORL
to T, thentheinverseof M, denotedV ! will mapfrom T tothe ORL. Thisis clearly
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a useful propertysinceit meansthata modelof spellingcanalsosene (inverted)as
a modelof reading— in the limited senseof decodinga linguistic structurefrom a
written text.

In additionto usingregularrelationsandFST's to implementhemappingbetween
theORL andrl", onecanalsoimplementconstraintsisingregularlanguages andfinite-
stateautomata(FSASs). Finite-stateconstraint-basedystemshave beenusedwidely
otherareasof linguistic description suchasphonology(Bird andEllison, 1994),and
syntax(Voutilainen,1994; Mohri, 1994). In  writing systemsgsurfacespellingcon-
straintscanbe modeledin this fashion. For instancejf a certainwritten symboll is
disallowved in word-final position one might write a constraintsuchasthe following
(where'#' denotesaword boundary):

(1.11) ~ 1 #

SeeSection3.5 for somediscussionof real examplesof surface orthographiccon-
straints.

As we have alreadydiscussedye follow Nunn (1998)in our assumptiorthatthe
relationI’ canbe decomposethto a compositionof the setof graphicencodingrules
MEncode andthe setof autonomousspellingrules Mgp;;. At this point we canbe
more specificin our claim: Mgpcoq. @and Mgpen bothimplementregular relations
andT is the compositionof thosetwo regularrelations: M gncode © Mspen- Surface
orthographicconstraintsare clearly a componenof Mg,.;: onecanfactor Mspeu
into two componentspnethatimplementsa mappingMS,,e”map, andthe otherthat
implementsasetof constraintsV sp.; M spey itselfis thenjustthecomposition
of thesetwo, or moreformally:

constr’

(1.12) Msper = Mspen o Id(Mspeu

map constr)

Here,Id is anoperationthatconvertsan FSA into anequivalentFST, wherethe input
andoutputlabelson eacharcareidentical(KaplanandKay, 1994,page341).

Finally, we have beenimplicitly assumingn this discussiona model of regular
relationsthat containsa standardstring-basedleft-to-right” concatenatioroperator
As we have alreadynoted,we will needto extendthe notion of catenatiorto handle
variousforms of two-dimensionatombination We will discusghisin Chapter2.

1.2.3.2 Consistency

In Sectionl.2.1we introducedthe notion of the OrthographicallyRelevantLevel, and
we suggestethatdependingiponthewriting systemthe ORL couldrepresenarela-
tively deepor relatively shallonv orthographidevel. Thethesisof Consisteng simply
statesthat this level is consistentacrossthe entire vocalulary of the language. As
shouldbe clear andaswe will discussfurtherbelow, this notionpresumes classical
derivationalmodelof phonology

Considera sequenceof phonologicalrules R1 R, . .. R, which appliesin the
derivation of every word of somelanguage:we will defineU to be the input level
to thesequencef rules. For sucha systemtherearen + 1 consistentevelsof repre-
sentationnamelyU itself, andU composedvith R; ... R;, ¢ < n. TheConsisteng
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hypothesisequiresthe ORL to be pickedfrom oneof theseconsistentevelsi. A vio-
lation of Consisteng would be a systemwhereoneportion of thevocahulary (e.g. all
nouns,or all wordshaving a particularphonologicalktructure)picks a level i, andthe
remaindeiof thevocahulary picksalevel 5, i # j.

The model describedin the last paragraphcould be expandedto supportmore
intricate notionsof consisteng. For instance,in a Lexical Phonology-basetheory
(Mohanan,1986),insteadof sequencesf rules,we mightthink in termsof sequences
of strata.The ORL couldthenbe pickedto beeithertheinputlevel, or elsethe output
of oneof thestrata.This would of courseébeamoreconstrainedheoryof consisteny,
and probablyonethat shouldbe favoredover the loosermodelpreviously described.
We will not, however, attemptto choosebetweerthesevariantmodelshere.Notethat
asimilar questionwasraisedby Klima (1972),who asled (page67) “which levels of
linguistic structure. .. arethenmostreadily accessiblgo the processof readingand
writing?” (italics original).

An additionalissueis cyclicity. If amorphologicallycomplex word is constructed
in a cyclic fashion,might it be the casethat orthographideaturesof the morphemes
arealsoaddedcyclically? In whatsensehencouldwe speakof orthographymapping
to asinglelevel? SeeSection3.4 for furtherdiscussion.

Consisteng will beexemplifiedin Chapter3 with acomparisorof RussiarandBe-
larusianorthographiesaswell asa discussiorof (American)EnglishorthographyWe
will alsoexamineanapparentountergampleto Consisteng from Serbo-Croatianas
we shall see,Consisteng forcesa reanalysif the Serbo-Croatiamlata,which leads
in turnto amoreinsightful descriptionof the phenomenothanthetraditionaldescrip-
tion. Evenin quiteregularsystemsuchasRussianpnedoesin factfind casesvhere
the orthographywould appearto mapto a deeperor shallover level of representation
thanwould be expectedon the basisof the positedORL for the remainderof the vo-
cahulary. We shall seesuchexamplesin the discussiorof RussiarandBelarusiann
Chapter3. As long astheexceptionsconstitutea smallminority — asis thecasean the
RussiarandBelarusiarexampleghatwe shalldiscuss— they canalwaysbehandled
by meansof lexical marking, thoughnaturallythis device comesat somecost. The
examplesin Chapter3 will thusbe seengenerallyto supportConsisteng, but we will
necessariljeave it asatopic for futureresearcho determinewhetherConsisteng is
supportednorebroadlyacrosgheworld’s writing systems.

Theassumptiorthatorthographymayrepresent particularlevel — deepor shal-
low — of alanguagés implicit in mary discussionsf readingin thepsycholinguistics
literature;it is arguablyimplicit in Venezly’s (1970)classicanalysisof English or-
thographyandit is a claim alsomadein TheSoundPattern of English(Chomsly and
Halle, 1968),whereEnglishorthographyis describedasa “near perfect’representa-
tion of anunderlyingphonologicakepresentation.

As we have alreadynoted,we take asthebasisfor Consisteng atraditionalderiva-
tional model of phonology This is surelya controversial move: naturally it would
seemdesirablein light of modernnon-dervationaltheoriesof phonologyto castour
analysisin termsof a non-dervationalparadigm. For example, it would be natural
to seekan accountof the phenomendhat we will discussin termsof a monostratal
theorysuchasthoseof (Bird andEllison, 1994;Bird andKlein, 1994;Bird, 1995).
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Similarly, onemight desirean accountin termsof Optimality Theory (Princeand
Smolensk, 1993),wheretheonly linguistic level in effect is theoutputlevel atwhich
the rank-orderectonstraintsare evaluated(at leaston oneversionof the theory). It
is not at presentclearto me how to do this: while I do not doubt,for example,that
ananalysisof the RussianandBelarusiarnfactsthat! will discussin Chapter3 could
be recastin termsof sucha framework, they seemto be describablenostnaturally
within a modelwhereinone canspeakof differentlevels of representationOncea-
gain,| leave it asatopic for futureresearcho work out analysesvithin morecurrent
phonologicaframenorks.

1.2.4 Further issues

In this sectionwe discusstwo issuesthat the currentwork andthe modelpresented
hereinraise. Thefirst issue(Sectionl1.2.4.1)concernghe following question:given
thatwriting, unlike naturallanguageis anartefact,onethat— againunlike naturallan-
guage— mustbeexplicitly taughtwhy shouldonebelievethata constraineanodelof
thekind typically appliedto languagewould applyto writing? Thesecondssue(Sec-
tion 1.2.4.2)relatesto our adoptionof a phonologicaimodelthatincludessegments:
giventhatmary phonographiavriting systemsare essentially'segmental”(the basic
symbolsrepresentingegment-sizedinits), this is certainlya corvenientchoice yetit
seemgo fly in thefaceof morerecentmodelsof phonologythatescha& segments.

1.2.4.1 Why aconstrainedtheory of writing systems?

It mayhave occurredto the readerto wonderwhy a constrainedheoryof writing sys-
temsshouldhave any chanceof being correct. To be sure,suchmodelshave been
appliedin linguisticswith greatsuccessBut writing is crucially differentfrom other
aspect®f linguisticknowledge.Languageccursnaturallyin all humancommunities:
writing, in contrastjs atechnologicatdevelopmenthatwasapparentlyonly indepen-
dently inventedfour timesin history (in  Egypt, Sumer Chinaand CentralAmerica)
and hasonly beenusedby a minority of languagesand peoplethroughoutmost of
history. With few exceptionsall humandearnto speak{or sign) atleastonelanguage
withoutary specialinstruction;in contrastreadingandwriting mustbetaughtexplic-
itly andin mary casesakesyearsof specialinstructionto master Writing is therefore
not “natural” in the samesenseaslanguage.

Onemight evengo furtherthanthis: writing systemsaredevelopedfor particular
languageswith moreor lesscarebeingtakento ensurethatthey reflectthelinguistic
propertiesof the languagein question. Furthermoreat leasta few writing systems
have undegonereformsover the years,in orderto attemptto bring the systemmore
in line with thelanguaggseeSection6.2). Orthographythen,canbethoughtof asa
kind of practicallinguistic theory

This latterview hasbeenexpressegerhapsestby Aronoff (1985)in a paperde-
scribingthe punctuationsystemof MasoreticHebrav. Masoreticannotationgvolved
asaway of markingvariousinformationaboutBiblical Hebrav text, in particularin-
formation abouthow to pronounceand accentor intonethe text. The systemwas
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basedon diacritics,with annotationdeingaddedto, but not alteringthe core conso-
nantaltext, which was consideredsacred. The systemfor marking vowels survives
asthe (optional) vowel pointsof ModernHebrev. The notationfor accentwhich is
the topic of Aronoff’s discussionjs only usedin the Bible. Aronoff arguesthat the
accentuamarkingsystemin factmarks“a completeunlabeledinaryphrase-structure
analysisof every verse”of the Bible (page28). It thusrepresentshe end-producbf
conscioudinguistic analysisandthusin effectencodes linguistic theoryof whatthe
phrasestructureof Hebrev shouldlook like. Furthermorelike ary linguistic theory
the Masoreticannotatiorsystemcanbeincorrectin the structurest presumegor par
ticular constructionsindeedAronoff aguesthattheanalysismplicit in theannotation
is in somecasesncorrect.

As Aronoff notestheMasoreticsystems quiteunusualin the richnesof linguis-
tic structurethatis marked: certainlyno orthographicsystemthatis in wide usehas
corventionsfor marking constituentstructure. (One might think of normal punctua-
tion symbolsas marking somelevel of syntacticor phonologicalphrasing,but Nun-
berg (1995) effectively arguesagainstthis.) And of coursethe Masoreticsystemis
atypicalin anotherespectit wasnotanorthographicsystemusedby native spealers
of alanguagedor everydaycommunicationput rathera systemdesignedspecifically
to give preciseguidancein the pronunciationof sacredtexts to non-natve spealers
(sinceHebrav was, during the relevant period, nobodys mothertongue). From that
pointof view, thesystemhasmorein commonwith systemsf annotatiorfor marking
scansiorin poetrythanit doeswith the orthographicsystemof, say ModernEnglish.
Nonethelessto the extent that consciouseffort goesinto the designof moretypical
orthographiesironoff’s pointsremainvalid. Theseconsiderationsvould thusappear
to amgueagainstapplyingthe samekinds of methodsin the studyof writing asin the
studyof languagamoregenerally Therearehowever atleasta coupleof basicreasons
why suchpessimisnis ill-founded.

Firstly, while writing surelymustbe learned andwhile writing systemsareoften
consciouslydesignedthey mustalsobe used,which meanghatto be practicalthey
mustbearsomesensiblerelationto the languageshatthey representPresumabhpy
“sensible”we imply non-arbitrary andby “non-arbitrary” we meanthatit shouldbe
possibleto stateformal constraints. WhetherConsisteng and Regularity, introduced
in Sectionl.2.3arereasonable&onstraintss an empirical question. Whatis not in
doubt,in my view, is thatsomesuchconstraintgnustexist.

Secondlywhile orthographicystemsertainlydependuponthelinguistic knowl-
edgeof their creators,influencesin the other directionare also found. First of all,
asWells (1982)notes,the orthographiaepresentationf wordsis oftenthe basisfor
spealers’ consciousbeliefs abouttheir pronunciation: naive English spealers may
believe thattow andtoe arepronouncedlifferentlybecauséhey arespelleddifferent-
ly. Secondlythereareso-calledspellingpronunciationssuchas/v' Iktfuslz/ (rather
than/vitslz/) for victuals wherethe phonologicalrepresentationf individual words
hasbeenmodified over time on the basisof spelling. Thirdly, one alsofinds more
systematiceffects on the phonologyon the basisof written form. Thus, according
to Serianni(1989), Northernlitalian dialectshistorically lack gemination— termed
raddoppiamentdn theItalian literature— bothwithin wordsandacrossvords— the
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so-calledraddoppiamentsintattica Cross-vord geminationis notwrittenin standard
Italian orthographyandNortherndialectscontinueto lack raddoppiamentgintattica
However, word internalraddoppiament@sin the secondm/ of mammamama’, is
consistentlyspelled. As a result, northerndialects,which historically lacked word-
internalraddoppiamentmow posses4d. Linguistic knowledgeis oftenassumedo be
in somesenseprimary, or atleastmorebasicthanorthographidknowledge. Spelling
pronunciationsaand exampleslik e thosein Italian shov thatin somecasegarticular
bits of linguistic knowledgecanbestbe explainedon the basisof orthographyThisin
turn suggestshe needto understandhe relationbetweenorthographyandlinguistic
structure andthe formal constrainton thatrelation.

1.2.4.2 Orthography and the “segmental” assumption

In thediscussiorabove, we assumedhatthe grapheme a segmentalphonographic
systemlike Russianare licensedby phonologicalsegmentsin the traditional sense.
In makingthis assumptionyve may seemto be taking two stepsbackwards. Several
strandsof work in phonologyover the pastdecadeanda half, including FeatureGe-
ometry (Clements]1985;Sageg, 1986),Declaratve Phonology(Coleman1998), and
Articulatory Phonology(BrowmanandGoldstein,1989),have corverged onthecon-
clusionthat sgmentsare epiphenomenahe resultof overlappinggestures.indeed,
thereseemgo beawidely acceptedlogmathatthevery notionof segmentin Western
phonologicatraditionderivesfrom segmentalalphabetionriting.

We shouldnoteat the outsetthatin onesensehisissueis orthogonako the model
beingdevelopedhere. Thatis, | have chosento representhe licenserof Russianr
<g> asthe segment/g/, but | couldjust aseasilynot have. If we have insteada set
of overlappinggestures— e.g. VELAR, +VOICE, —CONTINUANT, —NASAL —
eachonits own arcin anannotatiorgraphrepresentatiorthenwe canassumehatthis
collectionof featuregogethelicensex <g>. Oneimplementatiorof thisideawould
beto assumehatthetiming slot or syllable positionthatis linkedto the overlapping
setof featureds thelicenserof r <g>, andcanonly licensethis graphemdy virtue of
thecollectionof featureghatit is associateavith. Thosewho arebotheredoy my use
of sggmentalphonologicalrepresentationareinvited to think of themasa shorthand
for themorearticulatedview | have just sketched.

Onthe otherhand,the view thatthe notion “segment”in phonologyderivesfrom
segmentalwriting is overly facile, andshouldnot be uncritically accepted| believe.
Perhapghe bestarticulatedpresentatiorof this conceptis a paperby Faber(1992),
whereshesetsherselfthe task of explaining the following paradox: The notion of
segmentis unnatural,andderivesin part from alphabetiowriting: “investigationsof
languageusesuggesthatmary spealkersdo not divide wordsinto phonologicalseg-
mentsunlessthey have recevedexplicit instructionin suchsegmentationrcomparable
to thatinvolvedin teachingan alphabetiowriting system”(pagel11). On the other
hand,alphabetiavriting systemslo exist. How couldthey have comeaboutin thefirst
placeif the principlesuponwhichthey arebasedaresounnatural?

Fabers answemakesuseof the standardview thatwhenthe Greeksadoptedhe
Phoeniciarscript, they misinterpretecsomeof the consonantabymbolsasrepresent-



22 CHAPTER1. READING DEVICES

ing vowels. Thusthe useof alphato representa/ wasa misinterpretatiorof Phoeni-
cian/7alpa/,representing?/. Thismuchis widely acceptedandit therefords possible
that the Greekinventorsof the sgmentalalphabetid not have an a priori notion of
segment: on the contrary they thoughtthey wereborrowning a systemof writing that
representetdboth vowelsandconsonants.

A reasonableguestionat this pointis why Faberis focussingon the Greekalpha-
bet (andits derivatives): after all, thereare mary apparentlysegmentalsystemsin
the world, including numerousSouth  Asian scriptssuchas Devanagari(seeSec-
tion 2.3.2),KoreanHankul(Section2.3.1),andEthiopic(Haile, 1996). Someof these,
suchasthe SouthAsian scriptsmay have hada Semiticorigin (Salomon,1996),like
Greek— thoughsurely independentlyof Greek. For others,like Hankul, which is
a totally endemicKoreaninvention, the externalinspiration(if ary) for designinga
segmentalsystemis unclear(King, 1996). Indeed,even unvocalizedSemiticwriting
systemgouldbe consideredegmental thoughthey traditionallyomit marksfor vow-
els: aswith the non-representatioof lexical stressn Russian(Sectionl.2.1)we can
saythatthe coverage of traditionalSemiticscriptsis incomplete.

Faberconcentrate®n Greekbecauseshetakesa rathernarrov view of the no-
tion of “alphabeticwriting”, andit is only “alphabeticwriting”, accordingto Faber
that engendershe paradoxicalsituationintroducedabove. For her an alphabetis a
“segmentallylinear script” that representsvowels and consonantdoth as separate
andequal”. The latter requirementof course,eliminatestraditional Semitic scripts
from consideration:they do not representowels. “Segmentallylinear” scriptsare
scriptswherethe elementsarearrangedn a moreor lesslinear fashion,without ary
significantuseof two-dimensionalayout: only in suchscriptsareall elementson a
parwith eachother Thus SouthAsian scriptsand Hankul scriptsare eliminated,s-
incein both caseghe consonantindvowel symbolsarelaid out in two-dimensional
(syllable-sizedxhunks(Sections2.3.2and 2.3.1);furthermorein mary SouthAsian
scripts(thoughnot soclearlyin thecaseof Hankul),the vowelsarefrequentlydiacrit-
ic symbolswritten aroundthe consonantatore,andthusarenot on a par with each
other If onenarronsthefield in this fashionthen,it would seemthatsegmentalwrit-
ing wasreally only inventedonce,by accident,and we do not needto attribute ary
“naturalness’to the notionof sggment.

Still, onemightwonderaboutthejustificationfor thelimitationsthatFaberimpos-
es.Why is Devanagarary lesssegmentatthanGreek, justbecausé happendo rep-
resent/e/ asa stroke above the temporallyprecedingk/, whereasGreekarrangeghe
symbolsby left-to-right concatenationFabers point, not surprisingly is thatscripts
like Devanagarior Ethiopic,or Hankul)arrangeheir sggmentalelementsn syllable-
sizedchunks(in Chapter2 we will saythatin suchscriptsthe SmallLinguistic Unit
is the syllable),which arethemseleslinearly arranged“segmentallycoded,syllabi-
cally linear”). In otherwords,the syllablehasa specialstatusin suchscriptsthatis
seeminglylackingin Greek-denwed(“segmentallycoded segmentallylinear”) scripts.

Now, onecannotdery theimportanceof the syllableasanorganizingprinciplein
orthographieswe will seeseveralinstancesf this in Chapter2, andsyllableseven
shav themselesto be importantin “segmentallylinear” scripts;seeSection3.5,and
(Nunn,1998).But Ethiopic, SouthAsianscripts,Hankulandotherscriptsalsoencode
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segmentalinformation. This point, it seemdo me, is not nullified by the factthatthe
scriptsalso encodesyllabic information. Segmentalsystemshave evolved, or been
developed,n avarietyof differentcultures speakingawide variety of languagesand
undera variety of differentconditions. The notion “segment” may be an unnatural
epiphenomenorut if so,thenatleastit is onethatis fairly widespread.

1.3 Terminology and Conventions

This sectionoutlinestheterminologyandcorventionsthatwe will usethroughouthis
book.

First of all, we will usetheterms“script”, “orthography”and“writing system”,
in their corventionalsensessfollows. A “script” is just a setof distinctmarkscon-
ventionally usedto representhe written form of one or more languages:crucially,
onecanspeakof a scriptwithoutimplying its usefor a givenlanguage Thuswe will
speakof the“Romanscript”, or the“Chinesescript”. Ontheotherhand,awriting sys-
temis a scriptusedto represent particularlanguage Thus“writing system”implies
“writing systemfor a givenlanguage” We will usethe terms*“orthography”and
“writing system”interchangeably;in someof the literature,the term “orthography”
implies “standardizedrthography”,suchasthe standardsystemof spellingusedin
AmericanEnglish,andthis implicitly excludessystemsof writing thathave notbeen
standardizedaswasthe casein, say ElizabetharEnglish). Thoughwe will primarily
be discussingstandardizearthographiesn this work, we do not intendthe term to
carrywith it any implication of standardization.

Thefollowing notationalconventionswill be obsered:

e Angle bracletswill be usedto encloseorthographicrepresentationsn Roman
script. Note thatthis will only be the casewhenin the discussiomat handthe
focusis on the orthographicrepresentation For examplein a discussionof a
linguistic examplecontainingthe word frog, thatword will beitalicized asper
normallinguistic corvention,if we aremerelyreferringto the linguistic object
(word, morpheme, ..) frog. However if we are specificallyinterestedn the
stringof character§’, 'r’, ‘0’ and'g’, thenanglebracletswill beused:<frog>.

e Examplesn non-romarscriptswill generallybetransliteratedyith thetransilit-
erationgivenin angle-brackts.Phonemidranscriptionandtranslationswill be
givenwhererelevant. Inevitably somesinglecharacter®f a non-Romarscript
will needto betransliteratedvith a sequencef charactersn Romanscript: in
suchcasesthesequencef charactersvill beunderlinedn orderto indicatethat
it is aunit. For example:(Cyrillic) a <ja>.

7One could go further and definethe notion of writing systemat a more abstractievel whereby for
example theBraille encodingof theRomanalphabetasusedfor English,is aninstanceof thesamewriting
systemasis usedin printed English— thoughobviously the scriptis quite different. (Actually in orderto
male this connectionpnewould have to glossover thefactthatbraille hasvariouslexical andstring-based
abbreiatory corventionsthathave no directcounterpartn standardrint.) We will notbe concernedvith
this level of abstractiorhere.

8Thoughproperlyan orthographyis really merelyonetype of writing system:see(Mountford, 1996).
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For scriptsthatrun from right-to-left, | will indicatethis by markingthe string
of graphemesvith thesymbol‘ +'.

For Chinesewriting | will adopta slightly more complex stratayy, at leastin

caseswwheretheinternalstructureof Chinesecharacterss underdiscussion As

mary as 97% of Chinesecharactersanbe analyzedas beingcomposedf a
semantiaadicalplusa phoneticcomponen{DeFrancis1984). In casesvhere
this decompositions feasiblel will “gloss” the charactein smallcapitalsthus:
<SEMANTIC+PHONETIC>. Here SEMANTIC will be a corventionalterm to

describethe semanticradicalin question,and PHONETIC will be a phonetic
transcriptionin pinyin of the pronunciatiorof thephoneticcomponentmoreon
thetranscriptionof thephoneticcomponentmomentarily Following thiswill be
givena phonetictranscriptionin pinyin of the whole characterandan English
glosswherepossibleandrelevant.

Choosingthe appropriatdranscriptionfor the phoneticcomponenis not ass-

traightfornard asit might seem. First of all, mary phoneticcomponenthave

morethanone pronunciationasindependentharactersFor example,the pho-
neticcomponenbf & chan ‘cicada’, namely&, hastwo independenpronun-
ciations,namelydan andchan. Secondlyin a numberof casesno indepen-
dentpronunciatiorof the phoneticcomponents particularlysimilar to the pro-

nunciationof the semantic-phoneticompound put a significantfraction of the
characterghat containthat phoneticcomponenthave an identical pronuncia-
tion, possiblyignoringtone,to the characteof interest.A particularlystriking

instancenvolvesthe phoneticcomponentt, which asanindependentharac-
teris pronouncechdu, but asa phoneticcomponentis alwayspronouncediu

(with varioustones).In sucha casepneis arguablyjustifiedin transcribingthe
phoneticcomponentsniu ratherthanchou.

In decidinghow to transcribehe phoneticcomponentf acharactewetherefore
adoptthe strateyy of finding the closestmatchbetweerthe pronunciatiorof the
semantic-phoneticompoundamong:

— theattestedndependenpronunciation®f thephoneticand

— the pronunciationsof well-populatedsubsetf thosecharactersharing
the samephoneticcomponent

In casewe make useof the secondf theseoptions,we indicatetheratio of:

— thenumberof characterdistedin (Wieger, 1965)with the phoneticcom-
ponentandthe pronunciatiorof interestand

— thetotal numberof charactersn Wieger’s lists with thatphoneticcompo-
nent.

We alsolist the pagenumber(sjn Wiegerwhereonecanfind thecharactersvith
thatphoneticcomponentlf thetonesdiffer amongthe memberf the subset,
andonly in thatcase we omit tonemarkgrom thetranscription.
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For instance, for %8 huang ‘locust’ the transcription would be

<INSECT+HUANG>® where huang happensto be the independentpro-

nunciationof the phoneticcomponentg ‘emperor’. For f& chan ‘cicada’ we

transcribe<INSECT+CHAN>>, wherechan is oneof the independenpronunci-
ationsof &, thoughnot the mostfrequent. For fi§ ti, the phoneticcomponent
is /&, whoseonly independenpronunciationis shi. However, a significant
numberof characterdistedin (Wieger, 1965)with /& asa phoneticcomponent
have the pronunciatiorti, andthuswe transcribefig as<W|NE+Tig/1g 498>

meaninghatin nineoutof nineteercharactersvith ;2 asaphoneticcomponent
(paged98), Wieger lists the pronunciationasti. This methodof transcription,
while surelynotuncontraersial,is atleastreplicable.

In casesvheretheinternalstructureof theChinesecharacters notatissue ] will
in generaldispensavith the detailedcharacteistructuregloss,andmerelygive
a phonetictransliterationin pinyin and(wherepossibleor relevant) an English
gloss?®

o | will usethetermgraphemeo denotea basicsymbolof awriting systemthis,
despitethe valid objectionsto the useof thatterm outlinedin (Daniels,1991a;
Daniels,1991b). However, notethat Daniels’ objectionsareaimedat the use
of the term graphemeasanimplicit parallelof phoneme Daniels’ contention
is that thereis no “systematicgraphemics™parallel to a systematigphonemic
level. | do notwishto contendthis point,andmerelyusethetermgraphemeas
acorvenientshortway of saying“basicsymbolof awriting system”.

Note thatin discussingsomewriting systemswe may usethe term grapheme
in slightly differentwaysdependinguiponhow fine-grainedananalysisis being
assumed.For instance,it is corvenientto refer to a single Chinesecharacter
asbeinga graphemeén somecontexts: in particular in the electroniccodingof
texts it is invariably the casethat single Chinesecharactergonstituteseparate
codes,andthusfrom the point of view of a computationakystem(suchasa
TTS system),Chinesecharactersare unanalyzablebasicunits. On the other
hand,thereis clearly importantinternal structurein Chinesecharacters— cf.
the semantic+phoneticompositionof Chinesecharactersalludedto abore —
andfrom the point of view of afiner-grainedanalysisof Chinesewriting, these
smallerunitswould certainlybe calledgraphemes.

I will alsousethetermglyph cornventionallyto referto awritten symbolwith a
particularshapejndependentlyf whetherit correspondso a singlegrapheme
or multiple graphemesThusin my discussiorof KoreanHankul(Section2.3.1)
| will referto “syllable-sizedylyphs”aswell asconsonanandvowel glyphs;the
lattercorrespondo singlegraphemesyhereagheformerarepolygraphemic.

e Wherethereis unlikely to be confusionl will usethe nameof languageX to

e HH+E.
10Note thatthroughoutthis work, | will usetraditional Chinesecharactersasusedin TaiwanandHong
Kong,andesche theuseof simplifiedcharacterasusedonthe MainlandandSingaporeexceptwherethe
structureof suchsimplified characterss atissue.
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denote“the orthographyof languageX”. Thus“Chinese”will denoteChinese
orthographyexceptwherethis usagss likely to be confusing.
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1.A Appendix: An Overview of Finite-State Automata
and Transducers

In this appendixl give an overview of regular languagesand relations,and their
associatedomputationatlevices, finite-stateacceptor§FSAs) andfinite-statetrans-
ducerqFST’s). Thecoveragehereis necessarilyrief, andfor furtherdiscussiorother
sourcesarerecommendedFinite-stateacceptorandregularlanguagesrediscussed
in ary goodintroductionto the theory of computation:see,for example(Harrison,
1978;HopcroftandUliman, 1979; Lewis andPapadimitriou,1981). There arefew-
er introductoryworks on transducersOnereasonablhaccessiblaliscussiondealing
with transducersganbefoundin (KaplanandKay, 1994). Onemightalsoconsultthe
third chapterof (Sproat,1992)for anin-depthintroductionto the useof finite-state
transducerén computationaphonologyandmorphology For transducergaswell as
weightedacceptors)thereis a recentpaperby Mohri (1997)that discussevarious
formal propertiesandalgorithms,andvariousotherrelevantworks arecitedtherein.

1.A.1 Regular languagesand finite-state automata

Basicto the theory of automatais the notion of an alphabetof symbols;the entire
alphabets corventionallydenoted:. The emptystring is denotedby ¢, which is not
anelemenbf ¥; also,theemptystringis distinctfrom theemptyset. ~* denoteghe
setof all strings— includinge — overthealphabet.

It is usualto definea regular language with a recursve definition suchas the
following (modeledon thatof (KaplanandKay, 1994,page338)):

1. @ is aregularlanguage
2. Forall symbolsa € ¥ U, {a} is aregularlanguage
3. If Ly, Ly andL areregularlanguagesthensoare

(a) L1 - Lo, the concatenatiorof L; andLs: for everyw; € Ly andwy € Lo,
wiwy € Ly - Ly

(b) L1 U Ly, the unionof L; and L,

(c) L*, the KIeenecIosuyeof L. UsingL* to denoteL concatenatedith itself
itimes,L* = U2 L".

While the above definitionis complete regularlanguage®bsenre additionalclo-
sure properties:

e Intersection if Ly andL, areregularlanguageshensois Ly N L.

o Difference if L; and L, areregularlanguageshensois L; — L,, the setof
stringsin L, thatarenotin L.

e Complementationif L is aregularlanguagethensois ¥* — L, the setof all
stringsoverX: thatare notin L. (Of coursecomplementatiois merelyaspecial
caseof difference.)
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b
O——C

Figurel.3: An acceptofor ab*. Theheavy-circledstate(0) is (corventionally)theinitial state,
andthedouble-circledstateis thefinal state.

e Reversal if Lisaregularlanguagethensois Rev(L), the setof reversalsof alll
stringsin L.

Reyularlanguagesresetsof strings,andthey areusuallynotatedusingregular expres-
sions A fundamentalesultof automataheoryarethe so-calledKleenes theorems,
which demonstratéhatregularlanguagesreexactly thelanguageshatcanberecog-
nized usingfinite-stateautomata wherethis computationablevice canbe definedas
follows (Harrison,1978;HopcroftandUliman, 1979;Lewis andPapadimitriou,1981):

A finite-stateautomatons aquintupleM = (K, s, F, ¥, ) where:
. K is afinite setof states

. s isadesignatedhitial state

. Fis adesignatedetof final states

. X isanalphabebf symbols,and

a b~ WO N B

. 0 is atransitionrelationfrom K x ¥ to K

As asimpleexample considetthe (infinite) setof strings:{a, ab, abb, abbb . . .} —
i.e. the setconsistingof a followed by zeroor morebs. The mostcompactregular
expressiondenotingthis setis ab*. Furthermorethe languagecanbe recognizecby
thefinite-statemachinegivenin Figurel.3.

1.A.2 Regularrelationsand finite-state transducers

Regular n-relationscan be definedin a way entirely parallel to regular languages.
Again, the definitiongivenhereis modeledon thatof KaplanandKay (1994):

1. fisaregularn-relation
2. Forall symbolsa € [(EUe€) x ... x (£ Ue€)], {a} isaregularn-relation

3. If Ry, R, andR areregularn-relationsthensoare
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(a) R; - Ry, the (n-way)concatenatiorof R; andR,: for everyr; € R; and
ro € RQ, rire € R1 'Rz

(b) R1 U Ry
(c) R*,the n-wayKleeneclosue of R.

Onecanthink of regular n-relationsas acceptingstringsof a relation statedover an
m-tuple of symbols,and mappingthemto stringsof a relation statedover a k-tuple
of symbols,wherem + k& = n. We canthereforespeakmore specificallyof m x k-
relations.As in the caseof regularlanguagestherearefurther closurepropertieghat
regularn-relationsobey:*t

e Compositionif R; isaregularkxm-relationandR; is aregularm x p-relation,
thenR; o R, is aregularkx p-relation.Compositiorwill be explainedbelow.

e Reversal if R isaregularn-relationthensois Rev(R).

e Inversion if R is aregularmxn-relation,then R~1, the inverse of R, is a
regularn xm-relation.

One computeshe inverseof a transducetby simply switching the input and output
labels.Thefactthatregularrelationsareclosedunderinversionhasanimportantprac-
tical consequencéor systemsbasedon finite-statetransducerspamelythatthey are
fully bidirectional. Thus,aswe notedin Sectionl.2.2,a modelof spelling(mapping
from the ORL to T') canbe turnedinto a model of reading(mappingfrom I to the
ORL) by simply invertingthe FSTimplementingMo gz —r -

For mostpracticalapplicationof n-relationsn = 2 (sothatk andm areobviously
both1).1? In this casewe canspeakof arelationasmappingfrom stringsof oneregu-
lar languagento stringsof another In thiswork we will beconcerneaxclusively with
2-relations,andwe will usethetermregular relationswith thatmeaningthroughout.

Thecomputationatlevice correspondingo aregularrelationis afinite-statetrans-
ducer. Thedefinitionof FST canbe modeledon the definition of FSAs givenabove,
sowe will merelyillustrate by example,ratherthan essentiallyrepeatthe definition.
Saywe have analphabe® = {a, b, ¢, d} andaregularrelationover thatalphabeex-
pressedy the set: {(a, c), (ab, cd), (abb, cdd), (abbb, cddd) ...}. Thisrelationthus
consistof a mappingto ¢ followedby zeroor moreb’smappingo d. Thisrelationcan
be representedompactlyby the two-wayregular expression a:c (b:d)*. Figurel.4,
depictsan FSTthatcomputeghis relation.We referto the expression®n thelefthand
sideof the':’" astheinputside,andtheexpression®n therighthandsideasthe output
side. Thus,in Figure 1.4, the input sideis characterizabléy the regular expression
ab*, andthe outputsideby the expressiored*.

Compositionof regular relationshasthe sameinterpretationas compositionof
functions: if R; and R, are regular relations,then applying R; o R, to an input

11The omissionof difference complementatiomndintersectiorareintentional.In generalregularrela-
tionsarenot closedundertheseoperationsthoughsomeimportantsubclassesf regularrelationsare. See
(KaplanandKay, 1994)for furtherdiscussion.

120neexceptionis thework of Kiraz (1999).
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b:d
@ a.C =@

Figurel.4: An FSTthatacceptsa:c (b:d)*.

expression! is the sameasapplying R; to I first andthenapplying R, to the out-
put. Figure 1.5 depictstwo transducerdabeledT; andT». T; computesherelation
expressableas (a:c (b:d)*) | ((e:g)* f:h) (where| denotesdisjunction), whereasT,
computesy:i e:j h:k* (with thee:j terminsertinga j). The resultof composingthe
two transducersogether— T3 o 75 — is atransducethatcomputeghetrivial relation,
e:i €;j f:k. In this particularcasethoughbothT; andT» expressrelationswith infinite
domainsandrangestheresultof compositionmerelymapsthe string ef to ijk.

One other notion that is worth mentioningis the notion of projection onto one
dimensionof arelation. For example,for a 2-way relation R, 71 (R) projectsR onto
thefirst dimensionandrs (R) projectsontothe seconddimension.Projectionapplied
to anFST producesan FSA correspondingo onesideof thetransducerThusthefirst
projection(r;) of thetransducem Figurel.4is theacceptoin Figurel.3.
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T

T

T3

() e © | ) f:k @

Figurel.5: ThreetransducersyhereTs = T o T
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Chapter 2

Regularity

In this chapterwe defendthe first hypothesisthat was introducedin Section1.2.3,
namelyRegularity.

It is obvious at the outsetthat the normal notion of a regular language where
the catenatioroperator -* denotessimple left-to-right concatenationyill notsufice.
This canbe seeneasilyenoughwith the Chinesecharacte§ <wINE+JANG> jiang
‘sauce’wherethe semanticradical #§ <wINE>! occursbelav the phoneticportion
1§ <JANG>. This contrastswith the caseof # <FISH+Li> I ‘carp’, wherethe
semanticradicalf <fish> occursto the left of the phoneticcomponent <Li>;
with & <BIRD+JIA> ya ‘duck’, wherethe semanticradical &y <BIRD> occursto
theright of the phoneticcomponent <JlA>; with B <GRASS+zA0> cao0 ‘grass’
wherethe semanticradical <GRASS> Wi occursabove the phoneticcomponent?
<zA0>. andwith [ <SURROUND+HUO> guo ‘country’, wherethesemantiaadical
1 <SURROUND> surroundsthe phoneticcomponent} <HuO>. Thesedataare
summarizedn Table2.1.

Clearlywe needa morepowerful notionthansimpleconcatenatiomo handlesuch
casesWewill thereforentroducethenotionof planarregular languages whichdiffer
from ordinary(string-basedjegularlanguage®nly in definingarichersetof concate-
nationoperationsThedefinitionof planaregularlanguagesvill begivenimmediately
in Section2.1; we will alsointroduce(in Section2.2) the notion of SmallLinguistic
Unit (SLU), the linguistic unit within which variationfrom the macroscopic— line-
anddocument-lgel — order of a scriptis possible. In subsequensectionswe will
shaw theapplicability of the expandedormalismto variousphenomenghatarisein a
variety of scripts. It will beclearthatthe extendedformalismis capableof providing
straightforvard analyseof thesephenomenawhich lendssupportto the Regularity
hypothesis.Problematicexamplesfrom Ancient Egyptian will be discussedn Sec-
tion 2.3.5. In Section2.4 we briefly surwey the possibleinstantiationsof the SLU in
differentwriting systemsFinally, we endthe chaptemwith theimplicationsof thethe-
ory for themacroscopi@rrangemendf scripts,andin particularfor theinstantiations

lUsedalone this characterpronounceddy, is usedmostlyasa termin thecalendricakycle, thoughin
archeologicalisagséit retainsits original meaningof ‘amphora’.

33
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i = leftof B s =K rightof B
B = abore R # = below %

= [ surroundingg%

Table2.1: Chinesecharactersllustrating the five modesof combinationof semantig(under
lined) andphoneticcomponents.

of boustophedonwriting.

2.1 Planar Regular Languagesand Planar Regular Re-
lations

Planargrammarsof variouskinds have beenusedboth in two-dimensionalpattern
recognitionandin building generatie modelsof two-dimensionalayouts. For in-

stancetwo-dimensionakontet free grammarshave beenusedin the recognitionof

printed mathematicakquationgChou, 1989),andin formal descriptionsof Chinese
charactercconstruction(FujimuraandKagaya,1969; Wang, 1983). Planarfinite-state
modelshave alsobeenused,mainly in patternrecognition: for instancel.evin and
Pieraccini(1991)developeda planar hiddenMarkov modelapproactto opticalchar

acterrecognition. A comprehensie review of two-dimensionalfinite-statemodels
andtheir propertiess givenin (Giammarressand Restvo, 1997). Giammarresand
Restvo’s discussiorfocusseon two-dimensionalanguages— alsotermed,for ob-
viousreasonspictures— thatcanberepresentedith symbolson arectangulagrid.

For instancethefollowing would be a pictureover the alphabet{a, b}:

21) a a a a a a b
a a a a a b a
a a a a b a a
a a a b a a a
a a b a a a a
a b a a a a a
b a a a a a a

This view is not really adequatdor our purposeshowever, sincewe would like to
view theprimitive elementof thealphabetsbeing,in effect,geometricafiguresthat
might occupy morethanone“square”in sucha two dimensionalgrid. For example,
in Figure 2.2 below, the basicelementy(a) is left-adjoinedwith the entire complex
consistingof v(8), v(¢), and~(§) — andin particularis directly to the left of both
~v(B) and~y(¢) — somethingthatis not easilyrepresenteth anarrangemensuchas
thatin (2.1).
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y(a) | | Y(B)

Y(¢) || ¥(O)

1Y) T ().

Figure2.1:v(a) ~ v(B)

y(B)

y(a)

Y@ || vd)

Figure2.2: Anotherfigure describecby v(a) = 4(8) ¥ 7(¢) = 7(8)..

Thenotionof planarregularlanguageshatwe havein mind herecanbe described
informally asfollows. Suppose/ou have a setof two dimensionafiguresarrangedn
somefashionon aflat surface:considerfor examplethefour rectangledabeledy(a),
v(8), v(¢) and~(d) in Figure2.1. We assumeor simplicity’s sale thatwe aretold
whatthe subfiguresareandwherethey arerelative to oneanother:thatis, our taskis
not to computethattherearefour blocksin Figure2.1, andthatthey arearrangedn
somepattern but rather givenapredeterminethyout,to describehatlayoutin formal
terms. The analogyin the one dimensionalcaseis between,say optical character
recognitionandstringmatching:in theformercaseonemustdiscoverwhatcharacters
arein atext; in thelattercaseonealreadyknowsthecharacterandtheirrelative orders,
andonemerelyhasto, for example,find patternsin this alreadyknown sequencef
characters.

Therearea numberof waysin which onecoulddescriba-igure2.1, but supposing
we startin the upperlefthandcorner we might saythat(«) left catenatesvith v(3);
thatthis pair downwads catenateswith thepairy(¢)v(§); andthatv(({) left catenates

with v(d). If we use* " for ‘left catenatesvith’ and‘" for ‘downwardscatenates

with’, we could describethe layout succinctlyas(«) ~ ~v(B) t ~v(¢) ~ ~(d). Of
courseotherpatternsaareconsistentvith thisformula: considefFigure2.2. Thisbrings
up the point thatunlike the caseof one-dimensionatoncatenationplanarcatenation
operatorsarenot in generalassociatie. More specifically a sequencef within op-
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1

erator catenationss associatie: (y(a) : v(B)) * (v({) : ~(d)) is equialentto

() t (v(B) t 7(€)) : v(8)); but cross-operatocatenationsarenot in generalas-
sociative. Thereare a coupleof possiblesolutionsthat allow us to more precisely
describea particularlayout. Oneapproachs to make braclketsan explicit partof the

formalism: thus Figure 2.1 could be describedas [y(«) ~ ~

NG R IO

asdistinctfrom () ~ [v(B) : [v(¢) ~ ~(9)]], which would describeFigure 2.2.
An alternatve that can be adoptedin somecases(seeSection2.3.1, for instance)
is to definea precedencen operators. So Figure 2.1 can be describedas simply

v(@) 7 ~(B) : v(¢) = 4(5), if we have the understandinghat‘ - hasprecedence
0ver‘+’, sothatthegroupsy(«) ~ ~v(B) andv(() ~ ~(0) will formfirst, andonly then
will v join thetwo groupstogether Suchan approachwould not allow usto describe

Figure 2.2, since no definition of precedenceie)etween‘_-> and ¥ will allow usto
groupthe componentappropriately In suchcasesonewould have to resortto brack-
eting. For example the Chinesei# lin ‘fish scale’is composeaf the componentst

%, & and *F | arrangedasfollows: & [ (577 <E ]

We turn now to a formal definition of planarregular languages.The definitions
of regularlanguagesntroducedn Appendix1.A carryover directly to planarregular
languagestheonly novel featurebeingthesplitting of concatenatioh’ into five oper
ations— eachof whichis neededo describehe Chinesecharactecomponentayouts
illustratedin theintroductionto this chapter?

e Left catenation:-

Rightcatenationf-_

Downwardscatenationf

Upwardscatenation:T

Surroundingcatenationi(t)

Notethat(>) doesnot have adual: we discusghis pointfurtherin Section2.3.4.
Thus, we canemendthe relevant portionsof the definition of regular languages
givenin Appendix1.A.1to readasfollows:

3. If Ly and L, areregularlanguagesthensoare
(@) Ly > Ly, Ly < Ly, Ly +L2i L, Tin LiOL,

Eachof thesecatenatioroperationss illustratedin Figure2.3.
Of coursefor theimplementatiorof Mogr—,r in agivenwriting systemwe will
notonly beinterestedn planarregularlanguageshut moregenerallyin planarregular

2Note that Coleman(1998,pages27—28)usesdownwardsconcatenatioiwhich he termscocatenatioh
aspartof his descriptionof theformal syntaxof IPA symbols.



2.1. PLANAR REGULARLANGUAGES

V@) v®) v®) v
(@) (b)
Y@ v®)
YG) Y@
(€) (d)
® || v
(e)

Figure2.3: Thefive planarconcatenatiomperations:

@7(@) = ¥(B); ) (@) T Y(B); © (@) * (B); @ (@) T v(B); ©)7(a) O Y(B).



38 CHAPTERZ2. REGULARITY

relations Onthe orthographicsideof the mapping,oneis clearly mappingto planar
objectsbuilt usingsomecombinatiorof planarcatenatioroperationsOnthelinguistic
sidethingsare perhapdessclear Although linguistic objectssuchasthe annotation
graphsntroducedn Sectionl.2.2aredisplayedn two dimensionsthey arenotreally
planarobjects:thereis no sensan whichthe SEM arcis, say above the TONE arcin
(1.10). For thesale of thepresentiscussiorwe will assumdor thesale of simplicity
thatgraph-theoretiobjectssuchas(1.10) have been“linearized” into strings,sothat
we canthink of their constructionas beingin termsof simple string concatenation
‘. So,in the presentdiscussiorwe will beinterestedn planarregularrelationsthat
involve mappingsbetweerstringsconstructedising* -’ andplanarobjectsusingsome
combinatiorof planarcatenatioroperations Thuswe mightwantto state for instance,

thata - § - 6 transduceso v(«) : v(8) = ~(8). We canstraightforvardly redefine
the normalnotion of concatenatiorin regular relationsto implementthe casewe are

interestedn (Appendix1.A.2):

3. If R; andR, areregularrelations thensoare:

@ Ry < > Rl Ry < "> Ro; Ry < ¥> Ry} Ry < -,'> Ry
Ry <-,®>R2

Here, the notation< opery, opers > meansthat we combinethe input side of the
relationusingoper; andthe outputsideusingopers.

It shouldbestressedhatthe planarcatenatioroperationsrenotgenerallyintend-
ed to describethe exact placemenif one elementrelative to another Thus stating

aformula suchasy(a) i ~(B) merelyentailsthaty(«) is placedsomevhereabove
~(B), butit saysnothingaboutwhetherthe centerof gravity of thevisible glyphrepre-
sentingy(«) is exactly centeredn thevisible glyph representingy(3), or is perhaps,
say alittle to theright. Of coursesometimesuchdifferencesorrelatewith a differ-
encein meaning.To take an obvious example,in a numberof scriptsthe apostrophe
<’'> andthe comma<,> arealmost identicalor completelyidenticalin form, the
only differencebeing the vertical placement. In both <Jones> and <Jones; we
would saythat the comma/apostrophis catenatedo the right of <s>, soit would
seemasif the currentformalismcansaynothingabouthow thesewo casesaredistin-
guished.The solution,of course,is to assumehatglyphsarenot merelya collection
of blackbits, but in generalalsoincludea block of white bits within which the black
bits are situated. Thusapostropheandcommaarereally represente@sin (2.2) and
(2.3),respectiely:

(2.2) D
(2.3) D
Thuswe canpresere the simple statementhat apostropheand commasalike cate-

natedin a left-to-right fashionwith their neighbors,and at the sametime guarantee
thatthey will be positionedappropriatelyin the vertical dimensionrelative to those
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neighbors.In mary othercasesthough,issuesof exactplacemenbf glyphsrelateto
written stylistics,andin generalmay vary substantiallydependinguponthe style of
font, andwhetheroneis dealingwith ordinaryprintedtext, ordinaryhandwrittertext,
or calligraphy Suchstylistic concernsareoutsidethe scopeof the presenstudy

A furtherpoint needgo be madeaboutthe useof bracletsto indicateassociation,
discussedibove. In principle, the unboundediseof pairedbracletsintroducesnon-
regularity, sincenon-finite setsof well-formed bracletingsarewell-known to require
contet-freepower; seeg.g.,(Harrison,1978,pages312ff.). We cankeepthelanguage
within the setof regularlanguageshowever, if we limit thedepthd of bracletingthat
we allow, thusalsolimiting the numberof switchesbetweerncatenatioroperatorghat
we allow. (Sincebracletingis notinvolvedwhenwe combineelementswithin agiven
catenatioroperator— e.g. whenwe combinea - 3 andv(§) - v(¢) using - —
thereareno restrictionson “depth” of combinationin suchcases.)lt is unclearwhat
the settingfor d shouldbe, but a reasonableettingmight be seven? This would be
morethansufiicientto allow for anexhaustie structuralanalysisof the mostcomplec
ChinesecharactergRick Harbaughpersonatommunication)seeSection2.3.4.

Thecomputationatlevicescorrespondingo planarregularlanguagesndrelations
areplanar(or “two-dimensional”¥inite-stateautomatg2FSA) andplanarfinite-state
transducer§2FST), respectiely. We candefinea planarfinite-stateacceptoalongthe
linesof thedefinitionof (one-dimensionalfinite-stateautomatdrom Appendix1.A.1,
addingto thedefinitiona setof directions a startposition,anda setof groupingbrack-
ets; computationallyit is easierto definethe machinesusing bracletsratherthanin
termsof operatoiprecedence.

A planar finite-state acceptor is an octuple M =
(K,s,p,B, F,d,%,§) where:
1. K is afinite setof states
2. sis adesignatedhitial state

3. pisthestartingposition(in the planarfigure)for s, choserfrom the
set{left, top, right, bottom}.

4. Bisthesetof groupingbraclets{ [, ] }
5. Fis adesignatedetof final states
6. d isthesetof directions{R(ight), L(eft), D(own), U(p), I(nwards}

(corresponding]othecatenatioroperators_-> 7 +, T and(®), respec-
tively)

7. XY is analphabebf symbolsand
8. ¢ is atransitionrelationbetweenk x (¥ UeU B) x d andK

To recognizethefigurein Figure2.2 we effectively needto have a 2FSAthatrec-
ognizeshedescriptiony(a) ~ [v(8) ' [v(¢) ” v(6)]]. Sowe needto have amachine

3In asimilar vein, Church(1980)proposed hardlimit on the depthof embeddingn syntacticstructure
in orderto be ableto implementa finite-statesyntacticanalyzer
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Figure2.4: A 2FSAthatrecognizesrigure2.2. The labels“R” and“D” on the arcsdenote
readingdirection; “left” on stateO (the initial state)denotesthe position at which scanning
begins.

where scanningbegins at the lefthandside of the figure, proceedsightwardsread-
ing (), readsrightwardsacrossonegroupingbraclket, readsiightwardsacrossy(5),
readsdownwardsacrossone grouping braclet, readsrightwardsacrossy(¢), reads
rightwardsacrossy(d), andfinally readsrightwardsacrosswo groupingbraclets. A
2FSAthataccomplisheshisis givenin Figure2.4.

A 2FST canbe definedsimilarly to a 2FSA. For our purposesve areinterested
in machineghatmapfrom expressionsonstructedisingstring catenationfo expres-
sionsconstructedisingplanarcatenatioroperatorsTheonly partof thedefinitionthat
changess 8:

A planar finite-state transducer is an octuple M =
(K,s,p,B, F,d, X%, §) where:
1. K is afinite setof states
2. sis adesignatedhitial state

3. pisthestartingposition(in the planarfigure)for s, choserfrom the
set{left, top, right, bottom}.

4. B isthesetof groupingbraclets{ [, ] }
5. Fis adesignatedetof final states
6. d is thesetof directions{R(ight), L(eft), D(own), U(p), I(nwards}

(correspondingo thecatenatioroperators_-}, <, ‘-L, T and(®), respec-
tively)
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Figure2.5: A 2FSTthatmapsthe expression3¢6 to () ~ [v(B) ! [v(¢) ” v(8)]]-

7. ¥ is analphabebf symbols,and

8. d isatransitionrelationfrom K x £ x (X UeU B) x dto K

In generalarcsthatarelabeledwith bracletsonthe“planarside” will belabeledwith
€ onthe“string side” of thetransduction. A 2FSTthat mapsthe expressionn53(4 to

@) 7 [(B8)  [1(¢) 7 +(8)]] (Figure2.2),is givenin Figure2.5.

2.2 The Locality Hypothesis

How arethe variouscatenatioroperatorsaactuallydistributedin a writing systemthat
usesmore thanone? Invariably one finds a situation suchas the following. At a
macroscopidevel, the script runsin a particulardirection, say left to right (_->) or

top to bottom (+) (seeSection2.5); the particularchoicemay be someavhat free, as
it is in Chinese but whatever is chosenis fixed for a giventext. Alterationsof this
macroscopiorderoccuronly locally. Thusin Chinesetheconstructiorof aparticular
charactemay involve variouscombinationsof the catenatioroperatorghatwe have
describedput thereis (for a giventext) only onechoiceavailablefor catenatinghat
charactewith thefollowing one. This obsenationleadsto thefollowing claim, which
we shalltermLocality:
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(2.4)

Locality

Changsfrom the macioscopiccatenationtype can only occur
within a graphicunit that correspondgo a smalllinguistic unit
(SLU).

As we shallsee,in mary writing systemsthe SLU in questionis the syllable,though
in somecases(Section2.3.2) the “orthographicsyllable” is non-isomorphicto the
phonologicakyllable;in othercasedhe unit seemgo betheword (aswe shallseein
acasefrom Aramaicin Section4.4.1). Thisissueis furtherdiscussedn Section2.4.
In theremainingsectionf this chapteywe turnto anapplicationof theformalism
andtheorydevelopedhereto variousphenomendoundin writing systems.

2.3 Planar Arrangements: Examples

In this sectionwe discussfour writing systems— KoreanHankul, DevanagariPa-

havh Hmong and Chinese— which make substantialuse of more than one planar
catenatioroperator In eachof thesecaseghe SLU is the syllable,thoughin Devana-
gari, the relevant notion of “syllable” is orthographicallyratherthan phonologically
defined.In thefinal subsectiowe discussanapparentountergampleto theclaim of

regularity from AncientEgyptian.

2.3.1 KoreanHankul

Thediscussiorof KoreanHankulheredraws uponthe description presentedby King

(1996)(andseealso (Sampson1985)). Thefollowing summarizeshefactsdiscussed
in detail by King. The lettersof Hankul are arrangedinto “syllable-sized” glyph-

s Thesyllable-sizedylyphsarecatenatedvith eitherleft-catenatioror downwards-
catenation. Within the syllable-sizedglyphs, however, both left- and downwards-
catenatiorare usedin waysthat are predictablegiven the particularsegmentsbeing
combined.Vowel anddiphthongglyphsareclassifiednto two classesy ERTICAL and
HORIZONTAL; examplesof eachof thesewill be givenmomentarily All orthographic
syllablesin Hankulmusthave onsetsif the correspondingpghonologicakyllablelacks
anonset,thelja“placeholder”glyphO is usedto representheemptyonset® Thatis:

’Y(@onset) =0.

4Note that by “syllable”, herewe meansyllable at a morphophonemigratherthan surfacephonemic)
level of representationin mary casespnitsthatarerepresentedrthographicallyassyllablesdo notrepre-
sentsinglesyllablesin the surfacephonology The ORL in ModernKoreanorthographywould appeato be
fairly deep.King obseres(page223)that:

Hankul orthographydrifts from a more or lessconsistentlyphonemicapproachin the
fifteenthcentury to anincreasinglymorphophonemioneby the twentiethcentury

Sampsor{Sampson1985,pagesl 35f.) givesa detaileddiscussiorof thisissue.
5In codaposition, this symbolrepresents/, which doesnot occurin syllable-initial position.
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As examplesof the constructiorof of Hankulorthographicsyllables,considerthe

X bl —
glyphs A~ <mos> and & <cal>. Thefirst is constructedut of threecomponents
arrangedn verticaldescendin@rderasfollows:

° D<m>

o = <o>

PN

° <S>

For % <cal>, thecomponenglyphsareasfollows, with thefirst two arrangedhori-
zontallywith respecto eachother, but above thethird glyph:

-

[ <c>
° ]— <a>
° = <I>

Theglyph == <0> belongsto the horizontalclasswhereas 5 <a> belongsto the

verticalclass— notethelargely horizontalorientationof =~ <o> asopposedo 5
<a> — andthis in turn correlateswith the factthat <o> is arrangedvertically with
respecto theprecedingonsetwhereas<a> is arrangechorizontally

The macroscopicarrangemenbf Hankul syllable glyphsis traditionally top-to-
bottom,thoughleft-to-rightarrangemens becomingnuchmorecommon.Deviations
from this macroscopimrderonly occurwithin the syllable, promptingthe following
statementor Hankul:

(2.5) TheSLUisthesyllable

Thefull setof rulesfor thearrangemendf glyphsin Hankulareasfollows; see(Samp-
son, 1985, page132) and (King, 1996, page222). In this versionof the rules, we
assumehatsyllable-sizedinitsarearrangedn aleft-to-rightfashion:

e Forsyllableso; andosy, y(o1 - 02) = v(01) 7 v(02).

e Foronset-nucleuslusterwr andcodax, y(wv - k) = y(wv) ! v(K).

¢ If codax is comple, consistingof (maximally)two consonantg; andks, then
—
v(K) = (k1 - k2) =v(k1) - v(Kk2)
e Foronsetw andnucleus,
— if v belongsto the VERTICAL classtheny(w - v) = y(w) - y(v)

- elsey(w - v) =v(w) - y(v)
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SRR ST TP N o
<m> <0> <S> <mos>
(> 7 ks - &
<Cc> <a> <I> <cab

Figure2.6: Thesyllables<mos> /mo/ ‘cannot’,and<cal> /¢al/ ‘well’ in Hankul.

The principlesof Hankul graphicsyllable constructionareillustrated in Figure2.6,

againusingthe syllables/mos/and/cal/. Recallthat <o> belongsto the horizontal
class,whereas<a> belongsto the vertical class. Figure 2.6 makesuseof braclets
to indicategrouping. Thus,in <cab>, <c> is catenatedo the left of <a>, andthen
this whole groupis catenatedn top of <I>: the alternatve bracletingwould result
in a differentarrangemenof symbols. However, in Hankulit is possibleto dispense
with bracletsin favor of operatorprecedenceas discussedn Section2.1: giving

leftwardscatenatiorhigherprecedencéhandownwardscatenation— _->>>+ — vyields
thedesiredresult.

2.3.2 Devanagari

The Devanagariscriptis a modernindian script derived originally from the Brahmi
script (Bright, 1996). It is usedto representHindi, NepaliandMarathi, aswell asa
varietyof locallanguagesf Northindia; it is alsotheusualscriptusedin representing
Sanskrit.In the presentdiscussionye will assumeheuseof the Devanagariscriptas
awriting systenfor Hindi, thougheverythingthatwe will discusscarriesover, mutatis
mutandisto the script's usefor otherlanguages.

Bright describeevanagariasanalphasyllabary meaningthatthe systemis ba-
sically alphabetic,but that the symbolsare arrangedn syllable-sizedunits. As we
shallseemomentarilytherelevantsyllablesfor the orthographyarenotisomorphicto
phonologicakyllables.

Thebasicfeaturesof thescriptthatwill concernusherearethefollowing:

e (Phonologicalpgyllable-initialvowelsarerepresentedsfull symbols,but when
combinedwith a precedingconsonanthey appearin diacritic forms that ap-
pearabove, belon, beforeor after the consonanin question. The vowel /o/
hasno diacritic form, sothata consonanwithout a vowel mark hasaninherent
schwa. Theformsof theindependenanddiacritic vowels(with onsetconsonant
& <k>) aregivenin Table2.2.

e Consonantlustersarerepresentety ligaturedgroups,thatbehae asunitsfor
the purpose®f vowel placementThus® <s> + & <k> yieldsTh <ska>; &
<k> + ¥ <& + 7 <m> yields&T <kdma>.° A sequencésk/ is represented

6Therulesfor ligatureformationaresomavhatcomplec andwill notconcerrushere.
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Expression| Full form | Diacritic form
Null H <> | & <ko>
After AT <> | &1 <ka>
AT <o> | @ <ko>
A <> | @ <ko>
T <> | #Fr <ki>
Above T <e> | & <ke>
T o<e> | & <ke>
Below I <> | F <ku>
& <uw> | T <ku>
o> | & <kri>
Before T <> |\ <k>

Table 2.2: Full and diacritic forms for Devanagarivowels, classifiedby the position of ex-
pressiorof the diacritic forms. Thus“after” meanghatthe diacritic occursafterthe consonant
cluster “below”, below it, andsoforth.

fem <it+sk>, with the <i> occurringin the position beforethe cluster The
ligatured-unit-plusrowel combinationformsanorthographicsyllable

e A preconsonantathitial /r/ in anorthographicsyllableis representetly asuper
scriptsymboloccurringatthe endof the orthographicsyllable. Thus/varma/is
representedsadT <voma+r>.

An algorithmanda setof mappingrulesfor Devanagarithat handlesthesefacts
follows:

¢ Divide the phonologicalstring into orthographicsyllablesby placinga syllable
boundarys,,;:

— At thebeginningof theword;
— Betweeneachpair of adjacenvowels;
— Beforethefirst consonanof a cluster

Thusthe SLUin Devanagaris theorthographicsyllable
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Assumea function Lig, which formstheligaturedform of a sequencef conso-
nantglyphs.Theny(C1Cs ... Cp) = Lig(y(C1)y(C2) ... v(Cy)).

Let Full; bethefull vowel glyphfor vowel V;, theny(V;) — Full;/ sy .

For consonantlusterx andvowel v, then
vk -v) =7(k) ifv=os

=(k) 7 y(v) if v=1a,0p,l
=v(k) T yv) ifv=legl
=v(k) t y(v) if v=/uu,rl
=v(k) T yw) ifv=Ii

For an orthographicsyllable startingwith /r/ and remaindersv with non-null
consonank, y(/r/ - kv) = v(/r/) +7(f<w).

Thepropertiesof Devanagarthatwe have just analyzedarecommonamongother
IndianandIndian-dernvedscripts.Indeed,comparedvith thoseof someotherscripts,
Devanagaridiacritic vowels are relatively simple: Thai for example (Diller, 1996)
hasvowel symbolsthat not only occurabove, below, beforeandafter the consonant
symbol,but alsovowel diacriticsthatsurroundthe consonansymbol.

2.3.3 PahawhHmong

The Pahavh Hmong messianicscript inventedin 1959 by ShongLue Yang, a H-
mongpeasantis describedatlengthin afascinatingstudyby Smalley, VangandYang
(1990);a more concisedescriptioncanbe foundin (Ratliff, 1996). Therewereac-
tually four stagesof the script, which evolvedas ShongLue Yangrefinedhis original
design:we will beconcernedvith the Third Stage which is the versionthatreceved
thewidestacceptancanduse. Therearetwo setsof glyphsin Pahawvh, thefirst rep-
resentingonsetconsonantlusters,andthe secondthe rime, i.e. the vowel plus the
lexical tone! Pahawh is thussometimesiescribecasa demisyllabicsystem though
this is really a misnomer The writing runsfrom left to right, with spaceseparating
syllables,making the syllable-sizedchunksquite easyto identify. What is notable
aboutPahawh is that the glyph representindhe rime is systematicallywritten to the
left of theglyph representinghe onset,in contrasentionto the overall left-to-right or-

derof the script. For exampleShongLue’s nameis written A1) <>+ <& TN

<> + <I> /87 l/ in Pahavh Hmongwriting. Clearly, asothershave noted,onecan
view this asa generalizatiorof the propertyof mary Indianandindian-dervedSouth
EastAsianscripts,to allow somevowel glyphsto precedeconsonantlustersthat,on
the basisof phonologicalordering,they logically follow; we sawv an exampleof this

“In thefinal (fourth) stage thevowel andtonesymbolshadbecomecompletelyseparateandevenin the
Third stagethereis a partialseparationwith sometonalinformationbeingrepresentetly diacritic symbols
written over the vowel symbol. We will not be concernedvith the representationf tonehere,andfor the
purpose®f this discussionywe will considerthe vowel-plus-tonecombinationasa singleunit.
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with Devanagarin the previoussection.However, Pahawh is the only known writing
systemthatconsistentlyhasthis reversal®

While theorigin of this uniquefeatureof Pahavh is mysteriousits implementation
within thecurrentframework is simple. As for Hankul,the SLU is thesyllable:

(2.6) TheSLUisthesyllable
TherulesdescribingHmongglyph arrangementareasfollows:
e Forsyllableso; andoy, y(o1 - 02) = v(01) = ~¥(o2).

e Foronsetw andnucleusy, y(w - v) = y(w) - v(v)

2.3.4 Chinese

As will berecalledfrom Sectionl.2.2 (andseealso Section4.2), Chineseis a partly

logographiawriting systemwheremostindividualcharactersaremadeup of acompo-
nentthatgivessomeinformationaboutthe pronunciationthe“phonetic” component)
andanothercomponent{the “semantic”’ componentthat givescluesto the meaning.
Thesetwo componentganbearrangedn a numberof waysrelative to eachother, as

wediscussedbriefly in theintroductionto this chapter Fromtheannotation-graphep-

resentatiorof a Chinesemorphemesuchasthatin (1.10),repeatedelov as(2.7),we

have assumehat the semanticdnformation associatedvith that morphemeoverlaps,
but doesnot dominate the phonologicainformation:

2.7)
SEM: | —cicada: s |
TONE: 2
SYL: o 8
ONS-RIME: | _ch__ | _an__

Given Axiom 1.3 from Section1.2.2,it follows that the imageof the semanticpor-
tion underMogrr . Mustcatenatevith the imageof the phonologicalportionunder
Mogrr_r. TheSLU in Chineselik ethethreewriting systemsve have justdiscussed,
is the syllable,and (with a single exceptionthat neednot concernus here)syllables
arein turnimplementedisingsinglecharactersin principletherefore the catenation
operatorchosento implementthe within-charactercombinationof the semanticand
phoneticelementsandiffer from themacroscopicatenationwhetherthatbethetra-
ditionaldownwardscatenationpr themoremodernleft-to-rightcatenationin fact,the
particularcatenatioroperatorchosendependsupona relatively complex setof rules
andlexical specificationsThis sectionpresents preliminaryanalysisof theinternal
structureof Chinesecharactersn termsof the presenplanargrammarformalism.

8FurthermoresinceShongLue Yangwasilliterate whenhefirst beganto createthe script, it is hardto
seehow hecouldhave known aboutthistendenyg to reversethelogical orderin theregion’s writing systems.
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Therehasbeena long history of structuralanalysisfor Chinesecharacterstart-
ing with the AD 200 Shw Wen Jié Zi; see(Wieger, 1965)for a brief history One
importantpointin the history of Chinesecharactestudiesis the compendiouslictio-
nary compiledduring the reign of the Kang-Xi emperor(r. 1661-1722)the modern
classificatiorof characteraccordingto semanticadicalslargely follows the usagen
thatdictionary In more moderntimes, therehave beenvariousgeneratie analyses.
Onesuchstudywasthatof FujimuraandKagaya(1969),who constructedh program
thatwascapableof generatingandoutputtingon an oscilliscope) not only real Chi-
nesecharactershut alsopossiblecharacters— thatis charactershatarenon-existent,
but obey the structuralconstraintsof Chinesecharacters.Wang (1983) presentech
generatie-grammaibasednodelof Chinesecharactestructurethatpredictedtherel-
ative placementf semantic‘classifiers”and phonetic“specifiers”within characters,
andalsoprovidedamodelof theactualwriting of thecharacterswith specialattention
beingpaidto theanalysisof the stroke order;we will discuss/Nang's analysish more
depthmomentarily

An interestingstudy by Myers (1996) arguesfor the relevanceof prosodichead-
ednessn Chinesecharacterconstruction. By assuminghat the structuralheadof a
characteis (dependingiponthe overall compositionof the characterpn the bottom,
theright or the bottomright, Myersis ableto explain several robust featuresof Chi-
nesecharactersfor instancethelargestcomponenbr stroke tendsto beonthebottom
or on theright — i.e., in the headposition; the leftmoststroke in a charactemwith a
significantamountof structureto its right is curved— i.e., anon-headrertical stroke
is curved;thereis a strongpreferencdor semanticcomponents$o occuron theleft or
onthetop—i.e.,in anon-headosition. This latterpointis completelyin accordwith
our obsenations,reportedbelon. Finally, Myers notesa tendeng for reducedforms
of radicals(seepageb0),to occuronthetop or theleft — i.e., in non-headosition.

Finally, thereis a website— www. zhongwen. com(Harbaugh,1998)— which
producesstructuralanalysedor selectedcharacters.One of the pointsthatis nicely
broughtoutin this websiteis the fact that Chinesecharacterare tree-structureab-
jects,andcomplex characterganbe analyzednto mary levels. Thusin thecharacter
# <TREE+FENG> feng'maple’, whichis analyzedatthelevel we areinterestedn as

A <TREE> - Ji, <FENG>, we canfurther breakdown the righthandcomponeninto

the componentsl, and=. Thusan exhaustie analysiswould be A&~ [FL‘-LEE]; ex-

amplesmorecomplex thanthis arenothardto find (cf. theexample Iin ‘fish scale’,
introducedearlier). In the presentdiscussionve will only be concernedvith the top

level, namelythe combinationof semantiovith phonetic,or semantiovith semantic,
in charactershathave suchanalyses.

We return now to the study by Wang (1983). The analysis of semantic-
phonetic componentplacementin Wang’s study is feature based,using the fea-
tures[high], [low], [left] and[right]. A semanticcomponentsuchasfq <DOOR>,
which typically takes its phonetic componentinside (e.g. B <DOOR+GUI>
gur ‘door to womens apartments’),is analyzedas [+high,+left,+right]. Similar
ly /3 <FORCE>, which typically occurson the right (1 <FORCE+JNG> jin
‘strength’, is analyzedas [+right]. Finally (;; <SURROUND>, which complete-
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left 8,303
top 1,964
bottom 1,246
right 882
surround 159
other 174

Table2.3: Distribution of placemenbf semanticomponent(Kang-Xi Radical)amongl2,728
characterérom the Taiwan Big5 characteset.

ly surroundsits phonetic(B <SURROUND+HUO> gub ‘country’), is analyzedas
[+high,+low,+right,+left]. Phoneticcomponentamay also have specifications: i
zhuang asin # <CLOTHING+ZHUANG> zhuang ‘pack, contain’, is [+high,—low].
Wang assumes seriesof rulesthat usethe featurespecificationgo determinethe
actualplacemenbf thecomponents:

¢ If neithercomponentis specified,a default semantic-leftphonetic-rightplace-
mentis used,;

¢ If onecomponents specified,the oppositefeaturesarefilled in for the other
component;

¢ If bothcomponentairespecifiedandif thereis a conflict,the semanticcompo-
nentwins.

Therearevariousinterestingaspectso Wang's analysisandonthewholeit seems
tobeontherighttrack. It is certainlytrue,for example thatthe semantic-left/phonetic-
right placements in somesensehedefault. Thisis shavn in Table2.3, which shavs
the frequenciesfor 12,728characterdrom the Taiwan Big5 characterset, of vari-
oussemantiaadicalplacement§. Oneproblemwith Wang's analysisthough,is that
it is too powerful. In particular the featuralsystemhe developswould predictthat
onemight have a componenthatis specified] —left,—right,—high,—low], andwould
thusselectto bein the middleof whateverit combineswith. However, the only cases
wheresuchplacemenbccursis in fossilizedforms. Thus& dong ‘east’ is tradition-
ally analyzedasbeingcomposedf H ri ‘sun, day’ placedin the middle of & mu
‘tree, wood’, but H ri doesnotin factselectfor this position: thereis no productive
characteformationprocesghatcanaccounfor 88 dong Thisis why thesurrounding
catenatioroperator(-) doesnothave adual: the notionof “inside catenation'doesnot
appeato benecessary

It alsoseemghatthedifferencebetweerf <DoOOR> as[+high,+left,+right],ver-
SuUs[pig <SURROUND>> as[+high,+low,+left,+right], is ratherredundant:presum-
ably the fact that the latter completelysurroundsits sistercomponentwhereasthe
former only partially doesso, follows from the shapesof the two components.To
handlebothcasesit oughtto be sufiicientto saythatthey surroundtheir sister

9Here,| tookatfacevaluethetraditional214Kang-Xi radicals assuminghatthesearein factthecorrect
semanticcomponentin all casesOccasionallythis assumptiorcanbemisguided.
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left 1,745
top 313
bottom 313
right 166
surround 51

Table?2.4: Distribution of placemenbf semanticcomponent(Kang-Xi Radical)among2,596
charactersrom the TaiwanBig5 characteset.

Wethereforedispensavith thefeaturalapproachandpresentnsteadapreliminary
analysisbasedon the catenatioroperatorsntroducedin this chapter Our analysisis
basedupon2,596characterérom the TaiwanBig5 charactesetfor whichweknow the
breakdevn into semanti@ndphonetic/semanticomponent® Aswe seein Table2.4,
therelative magnitudeof the differentplacement®f the componentss roughly the
sameasfor the fuller Big5 characterset(Table 2.3), so this smallersamplemay be
takenasrepresentatie 1

I now turn to a descriptionof the rulesdevelopedto handlethesecharacters.In
thefollowing discussion] dispenseavith the normalglossesexceptwherecritical, so
asnot to overly clutterthe text. Note that somesemanticradicalsare marked asfull
or red (reduced: in thesecaseghereare alternatve forms — “full” and“reduced”
for the radical,andthesetwo forms behave differently. Thus.(» xin ‘heart’ hastwo
forms asthe radical <HEART>, one being more or lessthe sameshapeasthe full
character(placedunderneaththe secondcomponent) andthe othera reducedthree-
stroke componentasin the lefthandportion of { mang ‘busy’ (placedto the left
of the secondcomponent). We assumefor the presentthatit is part of the lexical
orthographicspecificationof a morphemewhethera particularcharactethasthe full
or reducedvariant,thoughto someextent one canpredictthis by the positionof the
radicalin the character(Myers, 1996). Which of the two options— “full” or “red”
— is marked dependaiponwhich oneis reasonablyegardedasthe default; only the
non-defultis markedin theglossesFinally, asindicatedin thedescriptiondelow, we
assumeahatoneof thecomponents— usuallythe semantiaadical,but sometimeghe
phoneticradical— is the “determiningcomponent”;it is the one thatwill belisted

firstin the formulae,so that an expressionsuchas A t B, with A the determining
componentwill unambiguouslyneanthat A occursabove B:

(2.8) (&) Thefollowing, asphoneticcomponentstake precedence— i.e., deter
mine the placemenbf the componentsn the character:, A, |, &
, %, &, Bk, #. In othercaseghe semanticcomponendetermineghe
placement.As notedabove, the “determiningcomponent’occursto the

10Thesebreakdavns weretaken from theraw datausedin thewww. zhongwen. com(Harbaugh1998)
website.| amgratefulto Rick Harbaughfor makingthesedataavailableto me.

11For the purpose®f the presentliscussionyve eliminatedcharacterssuchasB dong‘east’, which do
notbelongto oneof thefive catgoriesin Table2.4. Invariablysuchcharacterareold constructionshatare
notbuilt out of their supposed¢omponentdy ary productve process.
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left of the catenatioroperatorin the formulae.

(b)y - :>+, if ary of the following is the determiningcomponenti, 1, F,
AT Asans K, FE WL E, O, B3R, R G B,

(c) - =< if ary of thefollowing is the determiningcomponent’], &, H,
g8 & % 4 8 R 14 X

(d - =>T, if any of thefollowing is the determiningcomponentH,,
Dvgann, B2 SFL M, Kerea, F, 7, JL Fran, Peun, ML

(e) -= @, If ary of thefollowing is thedeterminingcomponentf, 17, [
, Obig (= <SURROUND>), [

() Otherwise =7

The currentrulesetis able to analyze88% of the 2,596 characters)eaving the
remainingl2%to be lexically specifiedexceptions;examplesof 196 of the analyzed,
and 38 of the unanalyzedcharactersare given in Appendix 2.A. Although further
tuning of therulescould undoubtedlyincreasehe coveragefurther, it mustbe borne
in mind thatsomeamountof lexical specificatioris alwaysgoingto be necessarytor
example,H <EYE> andt- <MANG16/21 p.404> cancombinein two ways,yielding
thecharacter& mang ‘blind’ andfi méang, avariantspellingof §.

Oneinterestingobsenationaboutthesedatais thatif oneconsideronly the char
actersfor which the phoneticcomponenis a perfectpredictorof the pronunciation
(includingtone)of thewhole character— 624 charactern this set— theaccurag of
therulesetpresentedhcreaseso 92%. Whatthismeands that“regularly pronounced”
characterarealsomoreregularin structure. This resultis perhapsot surprising:it
parallelscommonlyobsened patternsn morphologywheresemanticallytransparent
and morphologicallyproductive constructionsalsotendto be the onesthataremore
phonologicallyregular. Presumablyhisincreasen regularityfor phonologicallyregu-
lar compoundss usefulfor the Chinesaeader As we discusslsavhere(Section5.2),
thereis psycholinguistievidencethat Chinesereadersnake useof the phoneticcom-
ponentof charactersvhenthey are useful;in orderto be ableto reliably locateand
identify the phoneticcomponentijt helpsif the placemenbf this componenis more
regular, andlesssubjectto idiosyncraticlexical specifictions.In Appendix2.A, regu-
larly pronouncedtharactergareindicatedwith ‘ {'.

Oneadditionaltopic thatWang(1983)discussesandwhich we needto providean
accountfor is what he termsclassifierraising in somecaseshe semanticclassifier
of the phoneticcomponents “raised” to becomethe semanticclassifierof the entire
character This is a relatively rare phenomenonrestrictedin partto spellingvariants
of certaincharactersHowevertherearea coupleof phoneticcomponentshatseemo
undegothisprocessasamatterof course.Onesuchcomponents thetop portionof fi
<INSECT+TENG7 /12 p.505> teéng ‘serpent’, [ <SILK+TENG7,12 505> téng bind’
or g <H0RSE+T'ENG7/12 p.505> téng‘'mount’. The phoneticcomponentn eachcase
consistsof the portion above the semanticradical, plus the lefthandcomponen,
which is at leaststructurallythe phoneticcomponens own semanticradical. This

12| e., doublet <INSECT>.
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H hasbeenraisedto becomethe semanticradical of the whole character In order
to accountfor this in the currentformalism, we needto assumea rule suchasthe
following, which reassociatethe componentsf charactersontainingthis phonetict®

(2.9) Semantic-[H - & |- H [ & : Semantic]

2.3.5 A counterexamplefrom Ancient Egyptian

Thehieroglyphicwriting systemof AncientEgyptian (Gardiner 1982;Ritner, 1996)
present®necasethatis problematidfor regularity. In Old Kingdom Egyptian,plural
numberwas indicatedin the orthographyby the double copying of the baseword,
or a portion thereof. The copying could be implementedn variouswaysincluding
duplicatingtheentirephonographicallyvrittenwordasin (2.10),duplicatingtheentire
logographasin (2.11) or duplicatingonly the semanticclassifierof the word asin
(2.12):

|

177

mw ‘names’

(2.11) ntr ntrw ‘gods’
n w_ {4
MWW
R Y1
(2.12) TREE nhwt trees

The problemlies in thefactthatthe Egyptianplural wasmorphologicallymarked by
suffixation, -w with masculinenounsand -wt with femininenouns!# This suffix -
wt is actually spelledout in the orthographyin the representationn (2.12), though
it was not in generalrequiredto spell out the plural suffix. Sincethe orthographic
duplicationdoesnot representry linguistic duplication,it mustbe part of the map-
ping betweenrlinguistic representatiomnd orthographyor in otherwordsit mustbe
handledby Morr_,r. Sinceregularrelationsare not powerful enoughto handlear-
bitrary copying, this orthographigracticestandsasa counter&ampleto the claim of
Regularity.

It is interestingto notethat this copying wasonly usedduring the Old Kingdom
(prior to 2240BC); by the Middle Kingdom it had beenreplacedby a logographic

13|n thisandsimilar casesthen,we actuallyneedto delve slightly deepethanthetop-level componential
analysisthatwe have dealtwith in this section,andatleastrecognizea secondier of structure.

14The samepoint canbe madefor the orthographiaepresenationf dualnumbey which wasalsorepre-
sentedby copying, in this casea singlecopy. As in the caseof the plural, thedualwasencodednorpholog-
ically via suffixation.
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symbolinvolving threestrokes(Gardiner 1982,page59), apparentlyderivedfrom the
original repetition.An exampleis givenin (2.13):

1

2.13) " Pl iy gods

Oneassumeshatthis device wasintroducedby the scribesasan abbreviatory aid to
save themwriting (or carving) threecopiesof a setof glyphs. But it is interesting
thatthis abbreviatory device alsorenderedegyptianorthographymoreRegular, in the
formal sensedefinedhere.

Themostsimilar examplel amawareof in a modernorthographyis the encoding
of plurality in Spanishnitials by doublingtheletterscorrespondingo thepluralnoun:
thusEstadosUnidos‘United States'is abbreviatedasEE.UU., andFuerzasArmadas
‘armedforces’is FF.AA. But althoughthis processs productive in Spanish,since
it only involvesdoublingindividual lettersof the alphabett is feasibleto simply list
all doubledletterswith anindicationthat thesedoublesareto be usedto abbreviate
plurals. (Alternatively onecouldwrite arule thatcopiesindividualllettersof thealpha-
bet,andthis rule could berepresentedsa transducernotethoughthatthis would be
computationallyequivalentto simply listing thedoubles.)

Apart from the Spanishexample,which is easilyhandledwithin the theory | am
awareof no othercasesf suchduplicationin amodernwriting system.lt is tempting
thereforeto concludethat the Egyptianexamplewas marked, asthe theory predicts,
andthattherarity of suchcasess a consequencef this markedness.

2.4 Cross-Writing-SystemVariation in the SLU

All of the writing systemsthat we have examinedin the previous sectioninvolve
syllable-sizedSLU'’s. Thisis no accident.Writing systemavherebasicglyphsareor-
ganizednto syllable-sizedunits seento be quite prevalentamongtheworld’s writing
systemsashasoften beennotedin the literature: for instance Faber(1992),assigns
a nodein her arborealtaxonomyof writing systemsto what sheterms segmentally
coded, syllabicallylinear scripts,whichincludeHankulandDevanagari.

However larger SLU’s certainlyseemto be possible .For example,Mayanwriting
appeargo have hadan SLU atthelevel of theword or small phrase Mayancomplex
glyphsweretypically arrangedn pairedcolumnsthatwereto bereadleft to right, top
to bottom(Macri, 1996). Thus,thereadingorderof the following example,would be
ABCDEF:

A B

C D

E F
The basicreadingorderis thereforeleft-to-right, with eachline of text consistingof
two glyphs. Within eachglyph, the arrangemenotf basicglyphswassomavhatfreer,
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with signsrunning“loosely from upperleft cornerto lowerright cornet with generous
allowancesfor artistic corwvention” (Macri, 1996,pagel78). The comple glyph is
thereforeclearly the graphicunit correspondingo the SLU, but whatkind of linguis-
tic unit is this? The singleexamplepresentedn Macri's discussion(1996pagel78)
suggestshatin mary caseghe SLU is a single— potentiallymorphologicallycom-
plex, usuallypolysyllabic— word, but in somecasest seemgo beanasmallphrase.
Table 2.5 lists eachof the linguistic elementscorrespondingo a single complex g-
lyph in Macri's sampletext. Figure2.7illustratesthetwo-word glyphyakch'ul ‘green
sacred’.

element gloss sizeof element
y-ak'aw he.presents word

u-pi(s) his-gycle word

pixol hat word

u-ha(l) his-necklace word

u-tup his-earrings word

yax green word

u-kawaw his-helmet word

ch’ok young.one word

Kawil (aname) word

y-ak'a-w it.is.given word

u-sakhunal his-whiteheadband (adjectve-noun)phrase
chantun sky stone (noun-nounyhrase
hunwinik onetwenty phrase?

yaxch'ul greensacred (adjectve-adjectve) phrase?

Table 2.5: Linguistic units correspondingo Mayan complex glyphs, from (Macri, 1996);
glossingconventionsfollow thoseof Macri. In somephrasalcasesit is unclearwhetherthe
unitin questionis really a constituentsuchcasesreindicatedwith a questiormark.

Needlesdo say a morethoroughsurwey of the decipheredorpusof Mayantexts
will benecessaryo determinghemaximalsizeof the SLU in thatwriting systemand
what constraintsjf ary existed,on valid SLU’s!® This smalltext does,however, at
leastshaw thatthe SLU in Mayanis largerthana singlesyllable.

Not only is the sizeof the SLU writing-systemdependenthut it seemsalsoto be
constructiordependentonefinds casesvherethe catenatioroperatoiis changednly
in certainkinds of (local) constructionsOneexampleof suchconstruction-particular
reorderingis foundin AncientEgyptian. This is the exampleof “honorific inversion”
(Ritner, 1996,page80) wherebytermsfor godsor kings would bewrittenbeforeterms

15Thedatathatwould allow oneto investigatethis questioralreadyexist aspartof theMayaHieroglyphic
Databas®rojectatthe Universityof California,Davis, Departmenbf Native AmericanStudies.| hadhoped
to beableto examinesomeof thesedata,andhadon morethanoneoccasiorrequesteéccesso a portionof
the databaseUnfortunately theserequesthave led nowhere. Theresolutionof this questiorwill therefore
have to wait until thesepotentiallyvaluabledataaremadeavailableto a wider rangeof scholars.
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YAX

Figure 2.7: A two-word Mayan glyph representinghe adjectize sequence/ax ch'ul ‘green

sacred’ after(Macri, 1996,pagel79),with thearrangement” AX ” [ch'uhi] Perconvention,
thecapitalizedglossrepresentalogographicelementandthelower caseglossesphonographic
elements.

thatthey logically follow.*® Thusthephrasendwntr (wordsgod)‘god’swords’would
bewrittenasin (2.14),with thelogograptor ‘god’ beingwritten beforetheduplicated
(henceplural) phonograptor /md/:

]

This canbe accountedor if we assumehatthe SLU canbe a word or small phrase.
In thatcasewe canassumahatthereis simply reversalwithin that SLU of the overall
catenatioroperatorin usefor thetext. Thusif the text is beingwritten from left to
right, andthereforegenerallyusesthe catenatiomperator_-}, we canassume special
principlelike thatin (2.15)thatin honorificcontextsimplements as” ratherthan™~:
(2.15) y(e- B) = () -

As Ritner notes,the Egyptianexampleis really no differentfrom the situationin
mary modernwriting systemswith curreny amounts.ThusconsiderEnglishexam-
pleslike <$1000> for onethousanddollars or moresignificantly <$1 million> for
onemillion dollars. The “symbolic abbreviation” (to coinaterm)‘$’ for dollar(s) is
written beforethe numberphrasewhich it logically follows. (Note thatthe curreny
termthatis “moved” may itself be comple«: onehundredUS dollars canbe written
as<US$100>.) Thispromptsaconstruction-particulastatemensimilarto (2.15)in
Egyptian:

(2.16) v(a - B) = (@) ~ 4(B), if

16additional rearrangementsf symbolsfor artistic reasonsverealsofound (Ritner 1996). Plausibly
suchcasesaredueto stylistic considerationandthusfall outsidethe rangeof the presentheory

v(B), if B isto behonored.
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e «aisanumberphraseandy(«) startswith adigit, and

e Bisacurreny term,and~y(3) is asymbolicabbresiationfor thatcurreny
term.

Thefirst constraintcaptureghe fact that symbolicabbreviationsfor currenciesmust
precedea number expressedas a digit: one doesnot find such expressionsas
* <$twentyfive>. Indeedthis in turn suggestshatthe true sourceof the reordering
may actuallybe a surfaceorthographiconstrainthatrequireshe curreny symbolto
immediatelyprecedeadigit:

(2.17) If (B) is asymbolicabbreiation for a curreny term 3, then~(3) mustpre-
cedeadigit.

This constrainthenforcesthe catenatioroperatorto be <, asin (2.16). Notethough,
in ary casethatthe SLU mustbedefinedfor this constructiorto bethewholenumber
plus-curreng phrasejn orderto accountfor the deviation from the normalordering.

The examplesdiscussedn this sectionandelsevherein this chaptersuggesthat
thereis quite arangeof variationin the definition of the SLU acrosswriting systems,
andevenwithin differentcomponentsf thesamewriting systemWewill leaveit asa
topicfor futureresearcho provide acompletetaxonomyof the possibleinstantiations
of theSLU.

2.5 MacroscopicCatenation: Text Dir ection
...their mannerof writing is verypeculiar beingneitherfromtheleft to theright, like the
Europeans;nor fromtheright to theleft, like the Arabians; nor from up to down, like the

Chinese put aslantfromonecornerof the paperto theother. ..

Swift, Jonathan1726.Gullivers Travels: A Voyage to Lilliput, chapter6.

Many of theexamplesdiscussedh this chapterrelateto the micro-arrangemeruf
graphicalsymbols. Naturally, in additionto specifyinghow, for example,the glyphs
arrangethemselesinto orthographicsyllables,ary writing systemmustalsospecify
theoverall directionof the script. As Harris (Harris, 1995,chapterl9) usefully points
out, thenotionof directionis morecomplex thanit first appearso be. In characterizing
the default directionality of text in English,for instance the following specifications
needto bemade:

e Eachline of text is composef glyphsarrangedrom left to right.
e Eachpage of text is composeadf linesarrangedrom top to bottom

e Eachmultipage documenis (whencorrectlybound)composedf pagesound
onthelefthandside

Thesespecificationsare of coursescript-dependent.The traditional statementgor
Chineseaun asfollows:
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e Eachline of text is composedf glyphsarrangedrom top to bottom
e Eachpage of text is composedaf linesarrangedrom right to left.

e Eachmultipage documenis (whencorrectlybound)composedf pagesbound
ontherighthandside

In principle the threetypesof specification— “line” level, pagelevel, anddocument
level — arealsologically independenof eachother Still, asHarris notes,thereare
plausiblebiomechanicabr otherreasondor the eliminationof somecombinationsSo
onceonehasfixedone’s scriptasrunningin horizontallines, the option of arranging
thosdinesfrom bottomto top seemsotto begenerallyavailable,presumablpecause
the productionof suchtext would requireoneto cover up what one had previously
written” The Lilliputians’ diagonalarrangementsf linesis presumablydisfavored
simply becausét would force constantlychangingine lengthson arectangulapage.

Similarly, multipagedocumenbinding practicesarenot independenof thedirec-
tion of thescript. If one’sscriptrunsfrom left to right acrosshe page thereis anatural
tendeny to wantto reada multipagedocumentrom “left-to-right”, whereadf one's
scriptrunsfrom right-to-left acrosshe page(whetherright-to-leftin horizontallines
asin Hebrew, or right-to-leftin verticalcolumnsasin Chinese)thereis atendenyg to
wantto readfrom “right-to-left”. So,holdinganEnglishbookwith the spinepointing
away from you, you startreadingon the leftmostpageand continueto the rightmost
page.For a Chineseor Hebrav book, holdingthe bookin the sameconfigurationyou
startfrom therightmostpage.

Wewill have nothingfurtherto sayaboutbindingpracticeshere butit will beuse-
ful to dwell for amomenton Harris’ seconccharacterizatiowof text direction,namely
the arrangementf lines on a page. We have of coursedealtwith the issueof the
macroscopiarrangemenbf symbolswithin aline (or column)of text by assuming

asingle macroscopiccatenatiomperatorsuchas_-> or t for a givenscriptor style of
writing within a script. Oneis thereforeemptedto dealwith thearrangementf lines
of text in asimilarfashion.Suchanaccounfor Englishwould run asfollows:

—

(2.18) (a) line=m Ty - ... ay, foraaletter symbolor space.

(b) page = liney t lines t . t line,

Soalline would be anarrangementf basicsymbolsusing_-’ andapagewould bean

arrangemenof Iinesusingf

The problemwith this accounts thatit would appeato violate Locality: aline of

text doesnot constitutea Small Linguistic Unit, andthereforethe switch from ~to :

would constitutea violation. This consideratiorwould appeatto force an alternatve
view, onewhich alsohasthe benefitof beingmoreintuitively appealing.Underthis
alternatve view, text is written on a virtual tapein onedirectiononly: in Englishthis
would be from left to right, in Chinesefrom top to bottom. This tapeis then“pasted”

17Similar considerationgpresumablyalso accountfor the extremerarity (asthe suney in (Danielsand
Bright, 1996)shaws) of scriptswherecolumnsrun from bottomto top.
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to aphysicalsurface with theinevitableconsequencwith asufiiciently long tapethat
onewill run outof spaceon aline (or column)andhave to wrapthe tapeto the next
column.

Thereareonly threereasonabl&vaysto performthiswrapping.Thefirst, practiced
by every modernwriting systemjnvolves“cutting” thevirtual tape,andcontinuingon
thenext line or columnnearwhereonestartedthe previousline; see(a) in Figure?2.8.
The secondandthird methodsbhothinvolve startingat the side of the pagewhereone
finishedthe precedindine, andheadingbackacrosshe page.In orderto do this, one
mustbendthetapearoundwith theimmediateconsequencthatthefaceof theglyphs
mustalso be turned around notethatthe term“face”is suggestedy Harris (1995,
pagel32). The mostcommonway to performthis bendingis to fold the tapeover
itself so thatthe glyphs— now runningin the oppositedirectionacrossthe physical
surface— areflipped aroundthe vertical axis; seediagram(b) in Figure2.8. This
is the standardooustophedonwriting foundin severalancienteasterrMediterranean
scripts,all of which involve this changeof facearoundthe vertical axis; seevarious
chapterdn (DanielsandBright, 1996). The otherway to bend the tapeis to twist it
aroundso that the glyphsrunningin the backwardsdirection are upsidedown: this
“invertedboustrophedonsystemseemso be foundin only a handfulof scripts,one
beingthe Easterslandrongoongoscript(Fischer 1997b),andanother beingthe an-
cientltalianscriptVenetic(Lejeune,1974;Bonfante,1996). Seg(c) in Figure2.8; note
thatrongomongoactuallyrunsfrom bottomto top acrossthe surface,ratherthantop
to bottomasdiagrammedere.(Veneticapparentlyhadbothkinds of boustrophedon,
eitherflipping the faceof the charactersvhen switchingdirection, or elseinverting
them: (Lejeune,1974,pagesl80-181).)

It is importantto understandhatthevirtual tapemodel,andtheconsequencebat
follow from it whichwe have justseenareadirectconsequencef thetheoryadopted
here:accordingto Locality onecannotmodelboustrophedomriting asaline-by-line
switch of catenatiortype, any morethanone canmodelthe arrangemenof lines on
a pageby modelingwithin-line catenatioras (e.g.) ~ andacross-linecatenatioras

%. The flip of facein boustrophedorsystemswhich follows from the virtual tape
model, is thus effectively forced by the theory A boustrophedorsystemthat does
not involve a changeof facewould thusbe a problemfor the theory It is therefore
interestingto notethatsuchsystemsdo not appeato be common,if indeedthey exist

at all: variousauthors,including Harris (1995) allude to the existenceof suchnon-
flipping boustrophedosystemsyet | have beenunableto find specificexamplesof

this phenomenon.

Nonethelessonemustpoint out thathigherlevel script-dependergeneralizations
are often muchfreer thanthe micro-constraintsve have discussectlsevherein this
chapter Thus,with the exceptionof the relatively few Chinesecharacterghat have
alternateforms, thereis generallyonly oneway to arrangethe componentswvithin a
ChinesecharacterOntheotherhand,modernChineseallows two schemegor arrang-
ing the symbolson the page,the traditional one describedabove, and the Western-
influencedleft-to-right/top-to-bottomarrangemenfound in English; the samefacts
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— |This is a test of the emergency broadcag

—*

a) —| system. This is only a test. Had this beep a

—— [real emergency, you would have been

—|This is a test of the emergency broadcas

—

b) 5 nssd 2ifi bsH .1291 5 yIno 2i 2iAT .majaye |<——

——|real emergency, you would have been

——|This is a test of the emergency broadcastD

C) Ce:ueeq SIY1 peH "1sa1 e AJuo SI SIy] "walsAs

real emergency, you would have been

Figure2.8: Threemethodsof wrappingthe virtual tape: (a) standarchon-boustrophedor{b)
boustrophedon(c) invertedboustrophedon.
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hold for otherEastAsianscripts'® Onceonemovesoutof thedomainof printedtexts,
otherarrangementsften becomepossible. Shopsignsin Englishmay be arranged
with the charactersunningfrom top to bottom,for instanceandmorenovel arrange-
mentsare possiblein othercontexts, aslong assomenotion of sequentialityis pre-
sened. Thislooseningof constraintasonemovesfrom themicroto themacrolevel is
hardlysurprisingandhasanexactanalogin linguistic structure the syntacticpossibil-
ities for combiningmorphemewithin wordsare generallyhighly constrainedacross
languagesandin mary “fix ed word order” languageshe possibilitiesfor rearrange-
mentsof words or phraseswithin sentencesre alsolimited. Beyond the sentence,
however, the interrelationbetweenunits (sentencesparagraphsturnsin a dialogue,
etc.)is muchmorelooselyconstrainedy purelyformal linguistic considerationsand
muchmoregovernedby considerationsf how languages used.Similarly, the macro
level of written text is constrainedby consideration®f usageas muchashby formal
orthographicconstraintsa pointthatHarris’ (1995)discussiorbringsoutnicely.

184 third schemea Semitic-styleight-to-left/top-to-bttom arrangemeris alsofoundin Chinesethough
perhapsiotascommonin ordinarytext astheothertwo.
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2.A SampleChineseCharacters and their Analyses

The following pagescontaina randomlyselectedsampleof 194 Chinesecharacters
thatareaccountedor by (2.8),andanadditional38 thatarenot. In the analysesthe
determiningcomponents listedfirst, afterthe equalssign, andbeforethe catenation
operator The semanticcomponents boxed. The symbol‘{)’ markscharactersvhere
the independenpronunciationof the phoneticcomponents a perfectpredictor(in-
cluding tone) of the pronunciationof the complex character This is perhapsa more
stringentdefinition of phonologicalregularity thanis strictly speakingnecessarybut
it hasthe advantageof beingeasyto compute.

Notethatwhatis listedfor theincorrectlyanalyzedcharacterss thecorrectanaly-
sis: thepredictedbut incorrect)catenatioroperatolis shovn in parentheseaftereach
example.In theseexampleswe list the semanticcomponentniformly first sinceit is
unclearin mary casesvhatthe determiningcomponents.
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Chapter 3

ORL Depth and Consistency

In this chaptemwe addresghe secondf thetwo proposalgpresentedn Sectionl.2.3,
namelyConsisteng. We will first examinethe orthographie®f Russianand Belaru-
sian,which form anear minimal pair from the point of view of thelevel of the ORL.
We will shav thata simplecoherentanalysisof thetwo systemsanbe obtainedf we
assumehatin eachcasethe ORL is a Consistentevel, the only differencebetween
RussiarandBelarusiarbeingthe depthof thatlevel.

We thenturn our attentionto English. In light of the analysisof RussianandBe-
larusian,how deepis the ORL for English,and canone assumeConsisteng for the
ORL? The evidencewe will examinesuggestshat Consisteng is possible.Not sur
prisingly, theanalysisis simplerif we assumea relatively deepORL, thoughperhaps
unexpectedlythe evidenceis not asclearcutasin the caseof RussiarversusBelaru-
sian.

An apparentountergampleto Consisteng is foundin the orthographiaepresen-
tation of obstruantsn Serbo-Croatianthesedataare discussedn Section3.3, and
datafrom a small phoneticexperimentarepresentedhat suggesthatin factthe data
arenotacountergample but ratheroffer supportfor Consisteng.

Anotherpotentialproblemfor Consisteng would beevidencethatthespellingof a
word needgo beconstructedn a cyclic fashion sincethis would seento suggesthat
theremight in effect be several “ORL’s” for a given morphologicallycomple< word,
onefor eachcycle. A potentialexampleof this is discussedn Section3.4.

Finally, aswe discussedn theintroduction,we assumesimilar to Nunn (1998),
that Mogrr_,r canbe split into two componentswhich we have termed Mg,,coqe
and M g,e;;. Onecomponenbf the latter arewhatwe canterm surfaceorthographic
constrints, andfor lack of a betterplaceto discusshem,we turn to shortdiscussion
of thistopicin Section3.5.

67
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3.1 Russianand Belarusian Orthography: A CaseS-
tudy

Oneway to illustrate the functionality of the proposednodelis to comparetwo lan-
guagesthat have similar phonologiesbut select differentlevels for the ORL. An
almostideal pair of languagedor this purposeis RussiarandBelarusian.Theselan-
guagessharemary phonologicalfeatures,including strongvowel reductionin un-
stressedsyllables,and palatalizationassimilationin consonantlusters. The ortho-
graphicrepresentationf thesgphonologicabhenomenés, however, quitedifferentin
thetwo writing systems.

3.1.1 Vowelreduction

Oneway in which the RussiarandBelarusiarorthographiegliffer is in the treatment
of the vowel reductionprocessknown in the Slavic literatureby the namesakan’je,
ikan’je andjakan’je. We have alreadyseenaninstanceof akan’je — reductionof /a/
and/o/ — in theexampleropopa <goroda> /gora'da/‘cities’ in Sectionl.2.1.lkan’je
involvesthereductionof /(j)e/ and/(j)a/ aftersoftconsonants to /i/: two examplesare
3wk <jazyk> /juzik/ ‘language’,andmepeBop, <pere/od> /p,r,uvot/ ‘translation’.

(We usea*,” to denotea palatalizedconsonanin the phonetictranscription.) The
detailsof Russiarakan’je/ikan’jearewell-known (Wade,1992,pagess-7):

¢ In pretonicposition(i.e. in the syllable precedingthe lexically stressedsylla-
ble), word-initial in an unstressedyllable,or word-finalin anopenunstressed
syllable,underlying/o/ and/a/ (afterhardconsonantsyrereducedo /a/.

¢ In all otherunstressedyllablesunderlying/o/ and/a/ (after hard consonants)
arereducedo /s/.

¢ Underlying/(j)e/ and/(j)a/ (aftersoftconsonantsjrereducedo /u/ in unstressed
syllables.

Russianrepresentseitherreductionprocessn its orthographyandsoit seemsea-
sonableo supposeasis typically done(cf. again(Cubberle, 1996)),thatRussiaror-
thographyis morpholggical in the sensehatit representanunderlyingphonological
level — UL, thoughthis doesnot necessarilyrepresenthe mostabstractphonologi-
cal level onecould posit. Thetablein (3.1) givesthe levels of representatiofior the
wordsfor ‘cities’ and‘translation’. Here,andelsavhere,® denotegheactualsurface
phonemicepresentatiofi.e., the pronunciation):

(3.1)

‘cities’ | ‘translation’
ORL (= UL) || goroda | perevod

T' | ropopa | mepeBop,

® || gorada | purvvot

1Russianand Belarusianphonemicallydistinguishsoft or palatalizedconsonantsrom hard or non-
palatalizecconsonants.
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A setof spellingrules— Mg, c0,qe — includingtherulesin (3.2) (copiedin partfrom
(1.5))is sufficientto accomplisithis mapping?

(3.2 r <g>

0 <0> [[+cons, —high] __
p <r>

o <d>

a <a> [[+cons, —high] __
o <p>

e <e> [[+cons] __

B <V>

<0PT QT 0@
N 2 A e

Notetherestrictionson therewrite of vowels: /o/ and/a/ appeaiaso <0> anda <a>
only after hardconsonantg[+cons, —high]); andin the majority of Russiarwords,
/el appearsaase <e> afterall consonantswhereasn syllable-initial position/e/ (as
opposedo /je/) appearsasthe non-palatab, which we will notatehereas<e> (see
alsoSection3.5).

Belarusiaralsohasakan’jeandikan’je — thelattercalled jakan’je, thatbehae
very similarly to their Russiancounterparts.However, unlike the situationin Rus-
sian, Belarusianorthographygenerallyreflectstheseprocessessee (Carlton, 1990,
pages299-301).Therulescanbe statedasfollows (following Carlton):

¢ In pretonicposition,or word-initial in anunstressedyllable,underlying/e/and
/ol arereducedo /a/3

¢ In all otherunstressedyllablesunderlying/o/ and/e/ (after hard consonants)
arereducedo /a/.

(We returnat the end of this sectionto the caseof non-pretonicunstressede/ after
softconsonants. Exampleqfrom (Krivickij andPodluzhryj, 1994,pagesdl5, 22)) are
Bemep <vecep /v, er/ ‘wind (houn)’, versusesTpsr <vjatry> /v,atri/ ‘winds’;
Hori* <nogi> /'nagi/ ‘feet’, versusaara <naga> /naga/‘foot’; andmsria <cegla>
[tSeagla/‘brick’, versusmarnsusr <cagljany> /t*agl,ani/ ‘madeof brick’.

Similarto thetablegivenfor the Russiarcasesyve canassumehe tablesin (3.3)
for the Belarusianexampleswe have just discussedIn this casethe ORL reflectsthe
applicationof vowel reduction,and® is effectively the sameasthe ORL:®

2While we expressthe rules here,and elsavhere, as a setof orderedrewrite rules, thereis, often no
crucialorderingto suchrules. Whenorderingis notcrucialthey arebestviewedasa setof paralleltwo-level
rulesin the senseof (Koskenniemi,1983).

31t is unclearwhetherthis is really /a/ or somethingmoreakin to /A/, detailedphoneticdescriptionsof
Belarusiarekan’jehaving provedelusie.

4TheRussiarsymbol# <i>, is notusedin BelarusianNotealsothatr, representeghonemicallyhere
as /g/, is actuallya voicedfricative, oftentransliteratedas/h/ (WaylesBrowne, personatommunication).

50n the changefrom /t/ to /t/ in the form Bemep <vecer- ‘wind’, which is alsoreflectedin the
orthographyseeSection3.1.2. In the underlyingrepresentationsae assumean underlying/t/ for surface
18]
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(3.3) : :
‘wind’ | ‘winds’
UL || v,eter| v,etri

ORL || 'v,efer | v,atri
T' | Benmep | BATpEL
® || v,efer | v,atri

‘feet’ | ‘foot’
UL || 'nogi | noga
ORL || 'nogi | naga
T' | mori | Hara

® || 'nogi | naga

‘brick’ | ‘madeof brick’
UL || tegla | teglan
ORL || tegla | tagl,an:
T' || marima | marasausr
® | tegla | t°agl,ani

The spellingrulesnecessaryo mapfrom ORL to I" for Belarusianincludethose
in (3.4)

(3.4) v
e
t

B <V>

e <e> [[+cons,+high] __
T <t>

m <C>

p <r>

a <ja> [[+cons, +high] __
BI <y>

H<N>

o <0>

r <g>

i <i>

a <a> [[+cons, —high] __
» <e> [[+cons, —high] __
o<l>

N A

- D® YL TTQ O S Q0 =

The encodingof consonantandmostvowels is identicalto thatin Russian:the on-
ly differencesevidentin thesecasesare encodingof /e/ following hard consonants,
whichis s <e> in Belarusianwhichis generallydisalloved exceptin syllable-initial
positionin Russian)andthe differentsymbolusedfor /i/.

It isworthnotingthat,atleastin someversionsof Belarusian,akan’jeandjakan’je
occursnotonly within wordsbut alsowithin clitic groups— andis likewisereflected
in the orthography Thusin the text of (Lyosik, 1926), one finds examplessuchas
the following, involving the negative clitic /ne/, in mary ernvironmentswritten asue
<ne>, but in the jakan’je ervironmentwritten asus <nja>, evidently reflectingthe
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pronunciation'n,a/. Contrasthe examplesin (3.5a)with thosein (3.5b)8

(3.5) (@) HS TONBKI <njatolki > ‘not only’ page75,83
HS ycé <njawsé> ‘not all’ page85
HA mimanma <nE1 piSacce> ‘is notwritten’ pagel09
(b) He Marii <nemagi> ‘they werenotable’ page82
He claBIHCKI  <neslavjanski> ‘not Slavic’ page98
He 6emapycki <nebelaGiski>  ‘not Belarusian’ page9s

However, the morerecentdiscussionn (Krivickij andPodluzhiyj, 1994,page22)
explicitly deniesthat Lyosik’s examplesarecorrect,andcontrastshe behaior of ue
<ne> ‘not’ and6es <bez> ‘without’ asseparatelitics andasprefixes:

Regularly written with e [<e>] arethe particle e [<ne>] andthe
preposition6es [<bez>]; if, however, they appearasprefixes,thenthey
obey thegeneralrule of jakan’je: 6eaz mropzen [<bezljudzep> ‘without
people’],but 6aamropas! [<bjazljudny> ‘unpopulated’]me mmar [<ne
Smat>] ‘not much’, but maurMaT [<njaSmat> ‘a little’] ...

Evidentlythis differenceis dueto achangan Belarusiarorthographic
norms since Lyosik's day (rather than being due to an actual changein the lan-
guage)’ Krivickij and Podluzhiyj's choiceof wording — “regularly written with
e...” (“perynapuo muumrytcs uepes e”) — certainly suggestghis possibility If
this is the case,andthis doesreflecta spellingreformin Belarusianit is interesting
to notethatit is, consistentvith the mostrecentDutch spellingreform,whichwe will
discusdateronin Chapter6, areformthatfavorsmorphological ratherthanphonetic
regularity: asa resultof this orthographicprinciple, me <ne> ‘not’ and6es <bez>
‘without’ arespelledthe same(at leastwhenthey areusedasseparatavords), even
thoughthey may changein pronunciation.However this may be,the mostdirectim-
plementationof the versionof Belarusiandescribedoy Krivickij and Podluzhiyj in
termsof our modelis to assumehat bez‘without’ andne ‘not’ are simply lexically
markedto alwaysbe spelledwith e <e>.

Over and above the spelling conventionsfor we <ne> and6es <bez>, andde-
spite Belarusiam generaltendeny to have a shallov, phonemically-basedrthogra-
phy, thereareafew lexical exceptiongo the orthographicorventionsfor akan’jeand
jakan’je. Krivckij and Podluzhiyj note that unstressedce> is written in g3eBsI-
aTel <dzevjay> ‘ninth’ (from g3eBans <dzévjec'> ‘nine’), naecatel <dzesty>
‘tenth’ (from paecams <dzésja’> ‘ten’), andin someothernumerals.And etymo-
logical <o> can be found in unstressedyllablesin loan words: eTsMonériuns!

6Nonethelessabout25% of thirty one examplescollectedfrom Lyosik’s text seemto be inconsistent
with the correctapplicationof jakan’je for /ne/. For examplehe usesHsi 6BLIO <njabylo> ‘wasnot’

(pages3). Stressnustbe onthesecondsyllableof 6BLI0 <bylo> ‘was’ (asit is in Russian)asevidenced
by non-applicatiorof akan’jeto the/o/. Therefore the/e/ of /ne/shouldin principle bewritten ase <e>,
sinceit is notin apretonicsyllable.
It seemglausiblethatLyosik’s orthographicschemewasin factexperimental sinceBelarusiarorthog-
raphyhadprobablynot beenstandardizeavhenLyosik wrote (ElenaPavlova, personatommunication).
Also, it seemghatthe spellingsystemassumedy Krivckij and Podluzhyj wasimposedby decreeby
Stalinin 1933, replacinganearlierpopularspellingsystem(Maksymiuk,1999).
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<etymoljogicny> ‘etymological’. Suchcasesnustpresumablysimply be lexically
marked. For example,for the word ‘nine’, we canassumea (partial) lexical repre-
sentationasin (3.6a),whereonly the e <e> is lexically specified. (Recallthat the
orthographicspecificationsn the Russianexamplein (1.4) wereredundant we as-
sume,in fact, that the orthographicrepresentatiomf ropoga <goroda> ‘cities’ is
regularly derived.) Thelexical specificationwill thencarry overto the derivedform
‘ninth’, asshavn in (3.6b):

(3.6) (a)

PHON('d%e,.v, at®,)
ORTH{e, }

(b)

PHON(d?e,."'v, ati)
ORTH{e, }

The remainingcaseof potentialjakan’je, namelycasesvhere/e/ occursin non-
pretonicunstressedyllablesaftera palatalconsonantareof uncertainstatus.In such
casesCarltonnotes(1990,page300)thatBelarusiarispecialistdiffer ... [sJomerec-
ommend[ing]'a asthe correctpronunciation ..”, othersrecommendingde/, or “even
avowel betweeria and’e”. While thetwo unequvocalinstancef akan’je/jakan’je
arereflectedn Belarusiarspelling,this latterinstanceds not. Thespellingthatis cho-
sen— e <e> or g <ja> — dependaiponthe spelling of the vowel in the root in
questionin a form wherethat vowel is stressed.Thus (to use Carlton's examples),
we have nec <les> ‘forest’, nacuix <ljasrik> ‘woodsman’put ] e femiki<lesniki>
‘woodsman’;but i s pxkaBaTsl <tsazkavaty> ‘somewvhatheay’, derivedfrom -
caxka <tgazka> ‘heavily’. In ary case the pronunciationof the boxed vowelsis
the same though,aswe have noted,Belarusiarspecialistgiffer asto whatit should
be. Onthefaceof it, then,we would appeaito have a casewhereBelarusiarspelling
behaesmorelike thatof Russian,n representingan underlyingratherthansurface
vowel, somethinghatwould appeato bein directviolation of Consisteng.

However, a possiblesolution to this dilemmasuggeststself: supposethat the
jakan’je of non-pretonicunstressegbost-palatale/’'s — call it “jakan’je-B” — is a
different processthan the remainingcasesof akan’je/jakan’je(“(j)akan’je-A"), and
supposdurtherthatjakan’je-B occurslaterthan(j)akan’je-A. Thenonecouldassume
thatthe ORL for Belarusiarrepresenta stageat which (j)akan’je-A hasapplied,but
beforejakan’je-B hasapplied. What lendsplausibility to this suggestioris precise-
ly the disagreemenamongBelarusianspecialistsasto whatthe vowel in suchcases
shouldbe, which contrastgo their (apparentagreemenaboutall otherinstanceof
akan’jeandjakan’je. If this disagreementeflectsa true phoneticvariationin theim-
plementationof jakan’je-B — onethatis notin evidencefor (j)akan’je-A — then
it is quite possiblethatthesedo in fact representwo stagesof vowel reduction,one
((Hakan’je-A) which is firmly rootedin the phonologyof the languageandthe other,
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whichis lessfirmly establishedndwhichis subjectto morevariationacrossspealer-
s8 Furtherevidencefor this positioncomesfrom the history andpresentistribution
of akan’jeandikan’je in Russiandialects(Avanesw®, 1974,and ElenaPavlova, per
sonalcommunication). lkan’je definitely postdatedakan’jein Moscow dialectsof
Russianduein partto the factthatthe distinctionbetweerhardandsoft consonants
hadnot stabilizeduntil quite late (14th century). In modernRussiandialectsthereis
still a greatdealof variationin ikan’je, comparedwith akan’je,suggestinghateven
in Russianthe two processesay be at differentlevels of the phonology The ulti-
mate correctnes®f this suggestiomecessarilyawaits further study but if it canbe
maintainedthenthesefactsdo not constitutea counter&ampleto Consisteng.

3.1.2 Regressve palatalization

AnotherdifferencebetweenRussianorthographyand at leastsome versionsof Be-
larusianorthographyis in thetreatmenbof regressve palatalizatiorof consonants.

In Russian,a dentalor alveolar consonanbecomespalatalizedif the following
adjacentdental or alveolar consonanis also palatalized. More specifically (Wade,
1992, pagesH-10)?

e Dentalstops(/t/, /d/, In/) becomepalatalizedbeforea palatalizeddentalor alve-
olar: thus/dn,i/ ‘days’ is pronouncedd,n,i/

e Alveolarfricatives(/s/,/z/) followedby a palatalizeddentalstop,alveolarfrica-
tive or lateral: thus/va'zn,ik/ ‘arose’is /va'z,n,ik/

We may assumdor the sale of concretenesthatthe assimilationinvolvesspreading
of thefeature[+high] within the sequencef consonantd?

While palatalizationis markedin the orthographyof Russianthereis no special
mark of the spreadingtself. Thatis, thefinal consonanbf the clusteris orthographi-
cally markedaspalatal eitherby virtue of its occurringbeforeoneof the“soft” vowels
—e<(j)e>,u <i>, 10 <ju>, € <jo> or g <ja>, or elseexplicitly usingthesoftsign
s <'>. But consonantinternalto the clusterarenot markedaspalatal’' Thusin the
wordecTts <jest’> ‘is, are’,thefinal /t/ is orthographicallynarkedaspalatalwith the
softsigns, butin factthe entire/st/ clusteris palatal:/jes,t,/. We assumehe tablein
(3.7)for this case:

80ne might suppose along theselines, that (j)akan’je-A is a lexical phonologicalprocesswhereas
jakan’je-Bis a postleical or phoneticprocess.

SWayles Browne notes (personalcommunication)that this spreadingof palatalization acrossden-
tal/alveolarconsonantlusterss a featureof olderdialects,andis becomingessprevalentin contemporary
Russian.

10Note thoughthatwordsadmit of alternatepronunciationsincluding somecaseshatdo not fall under
therubric of thetwo classedistedabove: thesencludecasedike /dv,er/ ‘door’, which maybeeither/dv,er/
or/d,ver/. Many suchexceptionscanbefoundin (Avaneswo, 1983).

1lconsonantinternalto clusterscanbemarkedwith a softsign,but in thatcasethey arelexically palatal,
andthis hasnothingto do with theassimilatiorprocesghatwe arediscussingiow: anexampleis cyan6a
<sud’bg> ‘fate’
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(3.7) _ :
is, are

ORL (= UL) || jest,
I' || ects <jest’>
d || jes;t,

Palatalizatiorandregressve palatalizatiorin Belarusiaris onthewhole similarto
that of Russian(see(Krivickij andPodluzhiyj, 1994, pagess5-57)),but therearea
couple of notabledifferencesOnedifferencan thepalatalizatiorprocesstself is that
palatalizedt/ and/d/ becomepalatalizedaffricates/t*,/ and/d?,/ respectiely. Thusfor
Russian'd,at,ka/uncle’ we have in Belarusian'd?,af ka/; for Russian't,es,t,/'f ather
in law’, Belarusiarhas/t®,es.t,/.

A secondlifferences thatdentalstopsin Belarusiarregularly palatalizebeforea
palatalizedv/. Thusalongsidethe masculine/neutefiorm /dva/ ‘two’, we have femi-
nine/d*,v,e/‘two’; alongsidecatyry/‘four’, we have thecollective form /€at,v,ora/.

Onceagainunlike the situationin RussianBelarusiarorthographicallymarksre-
gressve palatalization at leastin casesnvolving /t8,/ and/d?,/, which have a sepa-
rateorthographiagepresentatiomamelyn(s) <c(’) > andaa(s) <dz(’)> respectiely.
Thus/d”,v,e/ ‘two (feminine)’ is written aspaBe <dzve>, and/Cat,v,ora/‘four (col-
lective)’ is written asuansépa <Cacvjaa>. ThusalthoughKrivickij andPodluzhiyj
notethatthe effectsof regressve palatalizatiorarenot indicatedin writing (page5s6),
this is not strictly correctsincein the caseof palatalized't/ and/d/, theseare ortho-
graphicallymarked as affricates,thoughthey arenot followed by a soft signs <’>.
However, for a form like écus <josc,> ‘is, are’, which is pronouncedjos,t,/, the
palatal/s/is certainlynot markedorthographicallyin ary way. Theexplanationfor the
differencean behavior is presumablyhattheaffricates/t*/ and/d*/, whethempalatalized
or not have a standardrthographiaepresentatioasn, <c> andas <dz>; whereas
/s, for instancepnly hasonerepresentatiomamelyc <s>, andthereis no separate
symbol for a palatalized/s/. But why is the soft sign not written clusterinternal-
ly?'2 We canpresumehatin modernBelarusianorthographya soft sign’s function
is merelyto marka clusterof consonantasbeingpalatalized. Thuswe couldwrite a
rule,thatwould form partof the Mg,,..q4. for Belarusianandthatwould simply insert
asoftsignafterapalatalizedconsonantwhenererit is not followedby avowel (since
in thatcaseoneusesoneof the soft vowel symbols,which implicitly markpalatality)
or anothemalatalizecconsonant:

(3.8) ¢ = v /[+cons,+high] __ (#|[+cons, —high])

The table in (3.9) gives the representationgor gpa <dva> ‘two’ (mascu-
line/neuterjandnsee <dzve> ‘two’ (feminine):

(3:9) ‘two’ (masculinepeuter) | ‘two’ (feminine)
UL || dva dv,e
ORL || dva d*,v,e
I' || pBa <dva> n3Be <dzve>
® || dva d*,v,e

12Thatis, besidesasesvherethe consonanis lexically marked aspalatal,asin Russian.
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This caseis interesting,becausehe representationf regressve palatalizationin
Belarusiarorthographywould appeato be primafacieevidenceagainstConsisteng:
on the onehandregressie palatalizationis representeevhenit involves/t, d/, which
becomeaffricates;on theotherhandit is notrepresentedébr any otherconsonantBut
aswe cansee,the Inconsisteng is only apparentithe reasorthatthe soft signis not
usedto markregressve assimilationin generalmerelyrelatesto the statemenbf the
rule thatspellsoutthe soft sign.

Interestingly Lyosik’'susagés againdifferentfrom thatof Krivickij andPodluzh-
nyj. In Lyosik’s usage,in clustersof palatalconsonantsall assimilatedconsonants
are marked with a soft sign. ThuswhereasKrivickij and Podluzhryj have usépasr
<cvjordy> /ttv,ordy/‘hard’, Lyosik writesussépast <c'vjordy>; for gaBe <dzve>
I v,el ‘two (feminine)’, Lyosik haspasse <dz've>; for écnp <josc’> /jos,B,/ ‘is,
are’,hehasécrms <jos'c’>. Thisis readilyinterpretableasasimplificationof therule
in (3.8),which canberewritten to describelyosik’s spellingcorventionsasfollows:

(3.10) ¢ = » /[+cons, +high] __ -V

(Thatis, the soft signis insertedafter a palatalizecconsonantexceptbeforea vowel.)
Thetablefor thefeminineform of ‘two’ showvn abovein (3.9) now becomes:

(3.11) _
‘two’ (feminine)
UL || dve
ORL || d*,v,e
I' || n3eBe <dz've>
® || d?,v,e

3.1.3 Lexical marking in Russianand other issues

Despitethe regularity of Russianspelling, there are caseswhere one must assume
lexical markingof orthographidnformation,andwe will examinea coupleof these
here.Wewill start,however, by consideringacasehatmightappeato involvemarked
orthographybutwhichin factinvolvesmarkedphonologytheorthographytself being
perfectlyregular

In the Slavic-derived vocahulary, sequencesf hardconsonantfollowed by non-
palatalized/e/ do not occur Basically eitherone getsa palatalizedconsonani{e.g.,
ot'ec ‘father’, with a palatalized/t’/), or elseonefinds a hard (in this casepartial-
ly palatalized)consonantfollowed by /je/: otjezd ‘departure’. There are however
a large numberof borroved words that have suchsequencesparticularly thosein-
volving dentalconsonantsConsiderthe following examples,in which the hardcon-
sonanthasbeenunderlined: seks‘sex’, test ‘test’, arterioscl’erz ‘arteriosclerosis’,
g’eteromorfizm‘heteromorphism’ dekagram ‘decagram’. In eachof thesecasesthe
vowel /e/ is spelledwith e <e>: thusdekayramis spelledmexarpam <dekagram-,
andseksis spelledcexc <seks>. From the point of view of the readerof Russian,
thesecasesnvolve anirregularusageof the written vowel e <e>. But thereis in fact
nothingirregularin the spellinghere:whatis irregularis the phonology Thefactthat
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the vowel is spelledwith e <e> follows from generalconstrainton Russianorthog-
raphy Thisis becausehe only otherway thatthe vowel couldbe spelledwould be as
a <e>, hut this vowel symbolis generallydisallovedin non-syllable-initialposition.
As we shallsuggestn Section3.5,this constrainis bestexpressedsa surfaceortho-
graphicconstraintof Russian.Whatthis entailsthenis thatthe unusualphonological
structurein the caseswve have beenconsideringare spelledin the only way they can
be,with e <e>. Notethatthe spellingrulesthatwe presentedn (3.2) alreadycapture
thesefacts,sincepostconsonantde/ is rewritten by theserulesase <e>.

Onegenuinecaseof orthographidexical markinginvolvesthe genitive endings
-evo and -ovo, which are alwayswritten ero <ego> andoro <ogo>. Thusfor the
word bol'Sovo ‘big’ (masculine/neutegenitive singular)it will be necessaryo only
specifythatthe/v/ is writtenasr <g>.

Anotherandsomevhat moretroubling casethat requireslexical specificatiorun-
der the presentheoryare prefixessuchasraz-, or bez; which assimilatein voicing
to the following consonantfollowing regular principlesof Russiarnphonology Basi-
cally, word final obstruentsn Russiararealwaysvoicelessandobstruentassimilate
in voicing to a following obstruenin a cluster;this assimilationappliesacrossvords
aswell aswithin words!® With oneclassof exceptions assimilationand devoicing
of obstruentss never reflectedin the orthographyof Russian.Thusropop, <gorod>
‘city’ is thuswritten, eventhoughthe final /d/ is actually a /t/; similarly, the phrase
6es manbma <bezpal’ca> ‘without afinger’ is thuswritten eventhoughthefinal /z/
of bezassimilatesn voicingto thefollowing /p/, andis thusreally /s/. The systematic
classof exceptionsto this generalizatiorarethe aforementionegbrefixes (alongwith
v(0)z-andiz-; see(Wade,1992,pagel6)). Thuswe have 6esboxxunin <bezbanyj>
‘godless’,but 6eciansbin <bespalyj> fingerless’;paspymee <razdum'e> ‘thought’,
but pacmmucka <raspiska ‘receipt’. Notethatthis exceptionalspellingis only found
with prefixesendingin (underlying)voicedobstruents.Thosesuchass- thatareun-
derlyingly voicelessretaintheir expectedspellingswhenprecedingvoicedobstruents
(in which casetheir final consonantdecomephonologicallyvoiced): thus sdavat’
/zdavat’/ ‘to handin’ is written cgaBaTe <sdavat’>, not*agaBaTe <zdavat'>.

In additionto voicing assimilation,akan’jeis alsorepresenteth the orthography
for theprefixraz- indeedtheunderlyingform of raz-is reallyroz- Thus,understress
it is spelledpos <roz> (or poc <ros>): thuspoccrims <rossyp> ‘mineral deposit’
versugpacceimaTh <rassyp@t’> ‘spill, scatter’. Thealternatioris notmarkedfor bez-
Thusoneneverfindsthespelling*6us <biz>: in 6ecnansim <besglyj> ‘fingerless’,
thevowel in the prefixis /i/, not/e/, despitethe spelling.

Thebehaior of theseprefixeswould appeairto requirea relaxationof the Consis-
teng/ assumptionsincethey would seemnto involvean ORL thatis muchlaterthanthe
ORL thatwe have beenassumingor the restof the Russiarvocahulary. Ontheface
of it thefactsarereminiscenof Pesetsi's (1979)unpublishedut influentialanalysis
of Russianexical phonology whereinhe arguesthat prefixesarephonologicallyon a
latercycle thansuffixes.Might it be, then,thatthe orthographyof prefixesis similarly
handledat a later level, andthusreflectsvowel and consonanthangeghat have not

L3Thefactsareidenticalin Belarusianandthe discussiorherewould carry over ratherdirectly to Belaru-
sian.
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takenplaceatthe point at which the spellingof stemsandsuffixesis handled?Under
this analysiswve would have to abandorConsisteng in favor of akind of Constained
Inconsistency The problemwith this move is that, aswe notedabove, the spelling
irregularitiesare by no meanscommonto all prefixes: prefixesendingin voiceless
consonantsuchass- or ot- do not undego thesechangesFurthermoreot- is always
spelledot <ot> in Russiangvenwhenthe/o/ is reducedo /s/ by akan’je. Thusthe
inconsisteng would be constrainedndeed applyingto just afew lexical entries.

Thecleanessolutionto the problemwithin thecurrentframeaworkis to assumehat
this classof prefixeshasa specialsetof spellingrulesthatis sensitve to the voicing
of the following consonantand (for roz- the stresson the prefix. Thus,we assume
accordingto the Consisteng hypothesighat the ORL representationf 6ecnansin
<bespaly}> is /bezpalyj/. The normalspelling rule for /z/ would of coursegive 3
<z>, but if we assumea rule suchasthatin (3.12),the /z/ will insteadbe written c
<s>. Similarly, the ORL representatiomf paccrimaTs <rassypat> is /rossypat,/,
andthespellingof /o/ asa <a> is accomplishedby therulein (3.13):

(3.12) z— ¢ <s>/__[—voiced]

‘ Condition:/z/ is in oneof the prefixesbez; roz-, v(o)z-or iz-‘

(3.13) 0 - a <a>

‘ Condition:/o/ is unstresseth the prefix roz-

The unusualspellingof underlying/z/ and/o/ in thesecasess thusdueto a form of
lexical marking,this time a lexical conditionon a rule. We arethusableto presere
Consistenyg, thoughatthe costof aredundanspellingrule.

3.1.4 Summary of Russianand Belarusian

The previous discussiorhasoffered a comparatie analysisof a portion of Russian
andBelarusiarnorthographyandthe relationshipof thoseorthographicsystemso the
phonologieof thelanguagesOf coursea full evaluationof the model’s applicability
to thesewriting systemsawaits a completedescriptionof the orthography— aswell
asa completedescriptionof the relevantphonologicalphenomena— somethinghat
is certainly beyond the scopeof this work. Nonethelessthe datapresentedereare
atleastconsistentvith the Consisteng hypothesiswhich is whatwe aimedto shaw.
Thuswe concludethatthe ORL in RussiarandBelarusiarare Consistentevels, and
thatfurthermorethereis a greatsimilarity in thetwo systemsof spelling— MogL 1 -
The maindifferencebetweerRussiarandBelarusiarorthographylies in the depthof
the ORL.
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3.2 English

As we have seen the orthographie®f RussianandBelarusianare both quite regular
(i.e.,in thesenseof “rule-governed”) theonly differencebeingin thelevel of abstract-
nessof theORL: in Russianpnerepresent thewrittenform alevel of phonological
representatiothatis closerto an “underlying” representationthanwhat onerepre-
sentsin Belarusian.Underthatassumptionrelatively little orthographidnformation
needdo belexically marked. In contrastjf we assumed shallaver ORL for Russian,
thena large portion of the vocalulary, particularlythosewordswith lexical /o/ or /al,
both of which surfaceas/s/ or /a/ in unstressegositions,would requireorthograph-
ic informationto be marked. Thatis, if the spellingropoma <goroda> is takento
represent phonologicakepresentatiosuchas/gora'da/,thenthe/o/ andthe/a/ will
eachneedto be lexically marked asbeingwritten aso <o0>, sinceeitherone could
equallywell have beenwritten a <a>, yielding the samepronunciation.Of course,
our assumptiordoesnot allow usto avoid lexical markingin Russian(or Belarusian)
completely:for instancewe consideredhe irregularly pronounced <g> /v/ in the
genitive endingsero/oro <ego>/<0go>. But suchitemswould requirelexical mark-
ing of somekind in ary case,sincethey patentlyfall outsidethe regular systemof
Russiarspelling.

Therelatively clearstatusof Russiarasa“deep” orthographybringsusto theques-
tion of how to characterizéhe orthographyof ModernEnglish,anothemphonographic
writing systemthathasbeendescribedas“deep”. Of courseevena cursoryknowl-
edgeof Englishspellingleadsoneimmediatelyto the conclusionthat the systemof
Englishspellingis agreatdealmorechaoticthanthatof Russianpr indeedalmostary
otherlanguagethat usesa scriptwhoseoriginal designwaspurely phonological* a
factthathasnot goneunnoticedby scoresof spelling-reformerdrom the seventeenth
centuryto the presentlay (Venezly, 1970,pagesl 9ff.). Nonethelesghis obsenation
hasnotpreventedvariousauthorsrom attemptingo find regularityin thesystem.One
suchenterprisewvasthe classicwork of Venezly (1970),who arguedthattherelation
betweerspellingand pronunciation— he was primarily interestedn the mappingin
this direction,ratherthanthe otherway around— wasgovernedby clearsetsof or-
deredrules!® In Venezly's system,a spellingsuchas <sociat> wasmappedo the
morphophonemicepresentatiofsosael}, by a setof grapheme-to-morphdmnene
rules(page46); andthenceto a surfacepronunciatiorby phonologicakules. Rulesin
Venezly's systemwerearrangedn orderedblocks. Thusoneblock stateshatinitial
<h> corresponds$o morphophonemig@} in heir, (AmericanEnglish)herb, honest
honorandhour; medialpreconsonantabndfinal <h> is {#}; and<h> is elsavhere
{h} (page74). Interestingly Venezly saysrelatively little of asystematicmatureabout

140neexceptionis theorthographyof Manx Gaelic,a systemthatis basecn the orthographyof English,
andwhoseapparengrbitrarinessaapproacheshat of Englishin somerespectswe will discussthe writing
systemof Manx lateronin Section6.1.

15Anotherimportantwork that presentsa rule-basedaccountof Englishspellingis Cummings (1988)
treatmentof AmericanEnglish spelling. Cummings work is relatvely unusualin the literature English
orthographyin thathedeals,aswe doin this sectionwith the problemof predictingspellingfrom pronun-
ciationratherthanpronunciatiorfrom spelling; aswe have just noted,Venezl's work, for instance dealt
with the problemof inferring pronunciatiorfrom spelling.
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the influenceof morphology: the vowel-shift-relatedalternationssuchas thoseex-
emplifiedin extreme-extremity, andwhich wereto play so centrala role in the early
developmentof generatre phonology were treatedonly briefly (pages108—109)in
Venezly'sdiscussion.

It is temptingto classify Venezly’s modelin our termsas being one wherethe
ORL — hismorphophonemitevel — correspondsnoreor lessto anunderlyingmor-
phophonemicepresentationBut this is not strictly accurate Venezly wasoperating
within a pre-generatie Americanstructuralissetof assumptiond® within which such
notionsasunderlyingrepresentatiomerenot available.

Within the generatie phonologicaltradition, however, suchnotionsas deepor
surfacestructureare explicitly assumedor at leastwere until abouta decadeago),
and it was within this set of assumptionghat arguably the most radical statement
aboutthe natureof Englishspellingwasmade.Chomsly andHalle (1968) arguethat
Englishorthographyis, despiteappearances nearoptimal spelling system the key
assumptiorbeingthat whatis representeds not a surfacephonemicrepresentation,
but rathera quite abstractexical representationThe claim wasmadelargely on the
basisof suchalternationsasassigr-assignation For this pair, the surfacephonemic
representatiofv'san/—/asgne$n/ givesno clue asto why thereshouldbea <g> in
the spellingof assign or why <i> shouldrepresensuchtwo quite differentvowels.
The deeprepresentationywhich would be somethinglik e /aesign/ and/.aesgnatyon/,
respectiely, makesthis clear asbothformshave a/g/ (removedby subsequentules
in assigr), andbothformshavethesameél/, whichundegoesvowel shiftin assign and
trisyllabiclaxingin assignation Chomsly andHalle go sofarasto claimthat English
orthographyfar from beingthe unfortunatesystemit is usuallytakento be, is in fact
closeto anideal systemof orthography This is becauséthe fundamentaprinciple of
orthographyis thatphoneticvariationis notindicatedwhereit is predictable”andthat
“an optimalorthographywould have onerepresentatiofor eachlexical entry” (1968,
page49) (alsocitedin (Sampson1985,page200)).

Needlesgo sayfew scholarsof writing systemswvould agreewith Chomslky and
Halle’s ratherprescriptve statemengboutorthographicprinciples,which is neither
obviously true asa statisticalstatemenaboutwriting systemsross-linguisticallynor
canit betakenasanything otherthana statemenbf personatasteabouthow writing
systemsshouldbedesigned.” Furthermoreandmoredirectly relevantto our curren-

16He doesnot evencite TheSoundPattern of English eventhoughthatwork appearedwo yearsprior to
the publicationof his monograph.

1"Having saidthat, it is certainlytrue thatthereseemso be a “tension” betweerwhat one might term
phonola@ical faithfulnesson the one hand,and morpholgical faithfulnesson the other Thatis, writing
systemsoften facea choicebetweenrepresentinga word in a form thatis representate of its (surface)
pronunciationandrepresentinghe morpheme®f aword in afashionconsistentvith their spellingin other
relatedwords. This is hardly a new obseration, andlinguists have for decadesnadethis obseration in
variousforms. Russianorthographycanbe saidto have addressedboth problemsratherelegantly in the
sensethat morphologicallyrelatedforms — at leastthosethat are relatedby fairly regular and general
phonologicalalternations— are consistentlyspelled,yet going from the spelling to the pronunciationis
alsoquite straightforvard — given of coursethatonehascertainlexical informationin hand.

One might be temptedto statethe notionsof phonologicalfaithfulnessand morphologicalfaithfulness
assoft constraintsandexplain variousspellingsby meansof differentrankingsof theseconstraintsn the
mannerof Optimality Theory: indeedwhatwe have termedmorphologicalfaithfulnessis quite similarin
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t discussionseveral authorshave taken issuewith the specificclaim aboutEnglish.
For example, SampsonSampson,1985) notessereral ratherseriousproblemswith
Chomsly andHalle’s position. Onesignificantproblemis thatevenif Englishspelling
is assumedo represena deeplevel, it canhardly be saidto be consistentn its repre-
sentation.For instancewhile assigr-assignatiorshav retentionof the samespelling
acrosdifferentderived forms, someother presumablymorphologicallyrelatedpairs
do not, evenin casesvherethereis no changein pronunciation:so considerthe al-
ternationin spellingfor the vowel /i/ in <speeh>—<spe&>; or the alternationin
spellingfor the pair <collide>—<collision>, wherethe pronunciationof underlying
/d/ as/z/ shouldbe predictabldan this morphophonologicatrvironment,sooneought
in principle to be able to spell the word collision as <collidion> (Sampson,1985,
page201); or considersuchminimal pairs as <rage>—<radal> versus<spae>—
<spatal>, wherethe phonologicalalternation(/s/ versus/8/) is identical,asarethe
morphologicalervironments,andyet in onecasethe spelling <c> is retainedin the
-ial derivative,whereasn the otherthe/S/is spelledas<t>.

After discussingvariousotherapproacheso Englishspelling, Sampsorproposes
(page203):

We may seeanotherkind of methodin the apparentmadnesof our
spelling,though,if we avoid letting oursehesbe obsessethy the phono-
graphicorigins of the Romanalphabetandthink of Englishspellingasat
leastpartly logographic.

The proposalthat English spelling haslogographicpropertiesis certainly a widely
expressedone: for example, as Bloomfield notes(Bloomfield and Barnhart, 1961,
page27) (usingthetermword writing for logographic):

Now someoneanay askwhetherthe spelling of knit with k doesnot
sene to distinguishthis word from nit ‘the egg of a louse’. Of course
it does,andthis is exactly whereour writing lapsesfrom the alphabetic
principlebackinto theolderschemeof word writing. Alphabeticwriting,
whichindicatesall the significantspeectsoundsof eachword, is just as
clearasactualspeechwhich meanghatit is clearenough.Word writing,
on the otherhand,providesa separateharacteffor eachandevery word
... Ourspellingtheverbknit with anextrak (andthe nounnit withoutthis
extrak) is a stepin thedirectionof word writing.

While thereis certainlysomemeritin thisview, | feelthatit is importantto distinguish
writing systemswith atruelogographiaccomponentsuchasChineseor AncientEgyp-
tian, from theratherhaphazardpseudologographicpropertiesof Englishwriting.

On the one hand, mary of the logographiccomponentgthe so-called‘semantic
radicals”) of Chinesecharactersseemto representsemanticaspectsof morphemes
in a surprisinglyconsistentvay. As we have notedelsavhere(Sproatet al., 1996),
mary semanticradicalsin Chineseare quite consistentin the semanticinformation

spirit to paradigmuniformity, a principle that hasbeenproposedasa phonologicalconstraintby Steriade
(1999)andothers.| think, however, thattheseprinciples” maybealittle too vagueandfuzzy to allow for
thistreatmentatleastat present.
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thatthey mark. Thusin thelists presentedn (Wieger, 1965,pages/73—776)254 out
of 263 (97%) charactersvith the semanticadicals®t <INSECT> denotecrawling or
invertebrateanimals;for 5 <GHOST> (page808),21 outof 22 (95%) denoteghosts
or spirits. The semantidnformationprovided by theselogographicelementss thus
strikingly consistentAs we alreadyproposedn Sectionl.2.2,for aChinesewnordlike
18 <INSECT+CHAN> chan ‘cicada’, the insectradical . <INSECT> represents
portionof thesemantideaturesetfor themorphemewhereaghephonologicaportion
(inthiscase& <CHAN>) representthepronunciatiorassociatesvith themorpheme.
On the otherhand, it is hardto find any suchconsisteng in the “logographic”
aspectof Englishorthographyfor instancethe setof wordsorthographicallydistin-
guishedfrom otherwordsby aninitial silent <k> — knit, know knight, knave...—
formsno naturalclass,andthe mostwe cansayaboutthe <k> hereis thatit is anor-
thographicelementwith no correspondingphonologicalelement. Thusthe word knit
might be representedsin (3.14),repeatedn partfrom (1.6a): noteagainthatwhile
therepresentationf /n/ as<kn> is idiosyncratic,the the remainingspelling<it> is
in this casepredictablegiventhephonologicaform, anddoesnot needto be specified:

(3.14)

lPHON(nl* It)]

ORTH{kn, }

It would of coursebe completelyunmotivatedto saythatthe <k>, or <kn> here
correspondso any non-phonologicatontentof the featurestructureof thisword, and
sowe really have no parallelhereto the Chinesecase.

All of which still leavesuswith the questionof how bestto characterizé=nglish
orthographyin termsof the modelwe aredeveloping. The interestingquestionfrom
our perspectieis nothow to dealwith irregularitiessuchasthe <k> in knit, but rather
how to characterizéhe phonologicalevel of representatiothatis representethy the
regularspelling.In ourterms:how deepis the ORL for Englishspelling?A definitive
answerto this questionwould requirea completeanalysisof the spelling of a large
portion of the Englishvocalulary — somethingakin to Nunn’s (1998) treatmentof
Dutchspelling,onewhich systematicallyanalyzesow well thestandardrthography
of, say AmericanEnglish, correspond$oth to the standardsurface)pronunciation
andto a plausibleproposalffor the underlyingrepresentationf eachword 18

In this sectionl will describea smallanalysisof a kind thatshouldeventuallybe
doneon a more completescale. | selected1169 words from an on-line dictionary
with their (American)spellingsandphonemicepresentatiofor a standardAmerican

18alternatively one might considera data-orientedapproachfor measuringthe relation betweenthe
spellingandvariousproposalgor the ORL. VandenBoschandhis colleaguegvandenBoschetal., 1994)
investigatedhreedata-orientedearningmethodsfor measuringhe relatve compleity of English,French
and Dutch orthographies— more specificallythe compleity of the relation betweenthe spellingandthe
surfacephonemiaepresentatiothatonewould find in adictionary They proposedheinverseof thevari-
ousmodels’performanceasa measuref the compleity of eachsystem.Of course pneweaknes®f their
approachfrom our point of view is thatthey took it for grantedthat the surfacephonemicpronunciation
is the correctlevel to relatethe spellingto. Our thesisthat the depthof the ORL differs amongdifferent
languagesuggestshattheirassumptions not necessarilyalid.
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pronunciation.Thesewordsconsistmostly of formsthatareat leastin partLatin- or
Greek-denedandshaw alternation®f thekind thatwerecentralto theargumentdor
vowel shift, laxing, velar softening,andsomeotherconsonanalternationsgn (Chom-
sky andHalle, 1968)(SPE).Thuswefind exampledik e abound-abundanceor helio-
centric-heliocentricity-heliocentricism In additionto the dictionary-denvedsurface
phonemicepresentatior, alsoreconstructe@n SPE-styleunderlyingrepresentation.
Thusthe underlyingformsof aboundandabundanceareassumedo be,respectiely,
/eebund/ and /eebundans/;similarly the, underlyingforms of electric and electricity
are,respectiely, /elektrik/ and/clektrikiti/. Hereandelsavhere/u/ is usedto repre-
sentunderlying/u/ that diphthongizedo /au/; tense/u/ asin super which doesnot
diphthongize,is representedvithout the overbar;/k/ representa /k/ thatundegoes
velar softening(similarly /g/). Wherel perhapsdepartfrom SPEis in only positing
abstracformsin casesvherethereis plausibleevidencefor analternation. Thussince
thereis no evidencefor the first /s/ in cervix alternatingwith anything else,| repre-
sentthis word underlyinglyas/szrviks/ (but notethe penultimate’k/ asevidencedby
the form cervicitis wherethe /k/ hasundegonevelar softening). As a generalrule,
| assumehatthereare no schwasin underlyingrepresentationpnly full vowels: s-
incethe positedfull vowelsaregenerallypositedon the basisof the orthographythis
necessariljbiasesthe analysis,and this point shouldbe bornein mind. The com-
pletelist of wordsalongwith their surfaceand positedunderlyingformsis givenin
Appendix3.A.1attheendof this chapter

What otherassumptionsglo we thenneedto make in orderto predictthe spelling
from eachof thesdevels?More specifically:

e Whatrulesdowe needto assumdor Morr_r?
¢ And whatlexical markingof orthographigropertiesmustwe assume?

Needlesgo say therearevariouswaysin which onecouldjuggle thesetwo kinds of
devices,andwhat| presenhereshouldbe understoodisjust beingonepossibleway;,
andnotnecessarilyhebestone.

Lexical specificationsneededfor eachform are given in Appendix 3.A.1. In
thatlist, orthographicspecification@regivenby subscriptedettersin anglebraclets.
Thus: /aebu. > ndans/denoteshe fact that the /u/ is spelledas <u>. The notation
e<1> denotesa casewhereletter <I> correspond$o no phonologicalmaterial. (In
somecasenecouldalternatvely have coalescedhe addedetterwith the spelloutof
a precedingor following phonemeaswasdonewith <knit> above.) Thetwo other
main devicesarethe (subscriptedfeature[+db], usedto mark a consonanthatis to
berepresentedrthographicallyasdouble?® andthe feature[+gk], which is usedto
mark wordsthat have the Greekspellings<ph> for /f/ and <rh> for (initial) /r/. In
somecasesparticularlywith plural +es, morphemeboundaryinformationis needed
in orderto predictthe appropriatespelling;the morphemeboundaryis markedas‘+'.
Thesecondandthird columnsof thetablein Appendix3.A.1 constituteproposaldor
deepandshallov ORL s for theseEnglishwords.

191t might be believed that doubledconsonantin Englishspellingarepredictable put in factthis is not

thecase.lt is certainlytruethatin generak doubleconsonanis anindicatorthatthe precedingrowel is lax
(cf. (Venezly, 1970,pagesl06-107)jnter alia). But theimplicationdoesnot go the otherway.
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The (orderedyulescorrespondingo the deepandshallov ORL s aregivenin Ap-
pendix3.A.2 and Appendix3.A.3 respectiely. In mary casegheimport of the par
ticular rule shouldbeclear:in casesvhereit is not, somecommentarys added.Both
of theserulesetshave beentestedwith their correspondinddRL's, to verify thatthe
rulesetsappliedto their ORL's do indeedderive the correctspellingsfor all words?°

To illustratethedifferencebetweerthe assumptiorof adeepversusshallov ORL,
considerthe word audacity the AVM representationsf which are givenin (3.15a)
(deep)and(3.15b)(shallon). In this word, only a shallov ORL would requirea lex-
ical marking,namelythe specificationof <c> for the spellingof the/s/, indicatedin
Appendix3.A.1asasubscripted<c>.

(3.15) (a)

[PHON(O'dEL(IIi)]
ORTH{}

(b)

PHON(>'dees, Iti)
ORTH{C, }

Therulesneededo accountor thespellinggiventhesewo ORL s arelistedin (3.16).

The numbersin the last two columnsindicate the rule numberfor the Deep ORL

(Appendix3.A.2)andShallov ORL (Appendix3.A.3), respectiely. Notethatin some

caseslightly differentrulesareneededor thetwo ORL levels. No rule is neededor

the <c> spellingfor the Shallav ORL, sincethis spellingis lexically specified.

(3.16) Spelling Rule DeepRule# | Shallav Rule#
<auw>: | » — <auw> 1 2
<d>:|d —= <d> 22 24

<a>:|a — <a> 45 -

& - <& - 48

<> |k — <c> 21 -

<i>ilr o= <> 52 57

<t>: |t = <t> 33 35

<y>i |l o o<y> | # 58 50

We turn now to a discussionof the fragmentpresentedn Appendix 3.A. First
of all, thereis a clear differencein the numberof rules neededin eachcase,with
58 rulesfor the deepORL, and 69 for the shallov ORL. (Someof theserulescould
have been combined;this would changethe overall counts,but not therelative sizes
of the two sets.) More interestingarethe lexical markingsgivenin Appendix3.A.1.
We discountthe [+-gk] and[+db] markings,which aregenerallyneededundereither
assumptiorof thedepthof the ORL. For thedeepORL, 389(33%)of thewordsrequire

20Thesystemwasdevelopedandtestedusingthelextoolsfinite-statdinguistic analysistoolkit developed
atAT&T Bell Labs,anddescribedn (Sproat,1997b;Sproat,1997a).
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lexical marking,with 509total marksbeingneededFor theshallov ORL, in contrast,
892/1169(76%) of the words require somelexical marking, with 1452 total marks
beingused. Sothe shallav ORL is certainlya more costly assumptionparticularly
with respecto theamountof lexical marking,but alsoto someextentwith thenumber
of requiredrules. This muchsupportsChomslk andHalle’s position. Howeverwhen
oneconsiderghe distribution of the marks,the situationis lesscorvincing. Theten
mostcommonlexical specificationsn the shallov ORL, covering1311/145290%) of
thecasesaregivenin Table3.1. Similarly, thetenmostcommonlexical specifications
in thedeepORL, covering453/509(89%) of the casesaregivenin Table3.2. Among
the markingsfor the shallov ORL, four relateto the spelling of reducedvowels /s/,
and/I/ (as<e>); oneinvolvesthe spellingof /s/ as<c> asin electricity, two involve
the irregular representatiorfmostly in Greek-denwedwords)of /iI/ and/al/ as<y>;
oneinvolveswriting /i/ as<i> (ratherthanthe morenormal<e>). Finally, we have
specificationof /k/ as<ch> (in Greekwords)and/z/ as<s>. Of these five do not
occurin someform amongthe top tenfor the deepORL markings:the four reduced
vowel marks, and the specificationof /s/ as <c>. In contrast,<y> spellingsfor
varietiesof /i/, <ch> spellingsfor /k/, <s> for /z/ and <i> for /i/ are neededas
lexically specifiedmarkingseven underthe assumptiorof a deepORL. The needto
markthespellingof reducedvowelsundertheassumptiorof ashallov ORL is course
unsurprising:1 believe it is necessaryo assumehatin English,asin Russianthe
ORL correspondsat leastto a phonologicalrepresentatiorthat containsfull rather
thanreducedvowels. Similarly, the necessityof markingthe <c> spellingof velar
softening-deried/s/ in a shallov ORL would appearto be someevidencein favor
of an SPE-styledeeplevel for the ORL. On the other hand, someother aspectof
deepstructure which wereimportantin the analysisin SPE,turn out to have much
lessimportancethan one might expect. It makeslittle difference,for example,that
thereis avowel alternationin the pair chastechastity, analternatiorthatis abstracted
away from in theunderlyingrepresentationn the caseof adeepORL, theunderlying
vowel of the stem/a/ is mappedo <a>; with a shallov ORL, we simply have rules
thatmapthetwo distinctvowels/se/and/el/ to <a>. No lexical markingis required.
Similarly, while an alternationlike assigr-assignationdoesrequirelexical marking
for the shallav ORL (sincewe mustsimply mark the fact thatin the word assign
the sequencéain/ is spelled<ign>), thereareonly six suchcasesdn our list, notan
overwhelmingamountof lexical marking.

Interestingly oneclearcasethatrequiredexical markingwith adeepORL but not
with ashallov ORL involvesalternationsuchasabound-abundance Theunderlying
representationf the secondvowel in this pair of wordsis presumablyuniformly /u/,
soonewould expecta consistenspelling— e.g. <ou>. Yetin this casethespellings,
whichalternaten parallelwith thephonologicalowel alternation@aremoreconsistent
with a shallav ORL thanwith a deepORL, contraryto whatone might expectfrom
SPE.

What do we concludefrom all of this? Thereseemsto be someevidencefor
the EnglishORL beingrelatively deep,somethingthatis hardly surprising. On the
other hand, with the exceptionof <c> in velar softeningcasesthe considerations
thatfiguredprominentlyin Chomslky andHalle’s discussiorof Englishspellingdo not
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Phoneme Orthographianark Numberof cases
Il <o> 395
Is/ <c> 242
Iof <a> 170
lal/ <y> 123
n <y> 112
n <e> 67
lil <i> 63
Iof <i> 61
k! <ch> 47
1zl <s> 31

Table3.1: Thetenmostfrequentexical markingsfor theshallav ORL in theEnglishfragment.

Phoneme Orthographianark Numberof cases
n <y> 180
Is/ <c> 84
n <y> 70
k! <ch> 47
1zl <s> 27
ful <u> 12
il <i> 9
k! <k> 8
fil <e> 8
uf <euw> 8

Table3.2: Thetenmostfrequentiexical markingsfor the deepORL in the Englishfragment.

in factseem to be of suchgreatimportance. One further point shouldbe bornein
mind: we have considerecabout1100words, carefully selectedo exhibit the kinds
of alternationsunderdiscussiorin SPE.This is hardly a representatie sampleof the
Englishvocahulary, eitherin termsof the raw count,or in termsof the propertieshe
wordsexhibit. Indeed,an examinationof a larger fragmentof the vocalulary would
probablymake the agumentfor a deepORL lesscorvincing: the majority of English
words simply do not participatein the kinds of alternationsexhibited by the subset
consideredere.

To reiteratethe caveatsthatwe have alreadypresentedonenaturallymusttake the
analysispresentederewith at leasta small grain of salt: in particularif onemakes
differentassumptionsboutthe underlyingrepresentationghenonewould arrive at
differentresults. Still, 1 shouldbe surprisedif they turnedout to be too different,
and| would expectthe basicconclusionto remainthe same: with the exceptionof
theorthographiaepresentationf reducedvowels,which is moreelegantlyhandledf
oneassumes relatively deepORL, the evidencefor a deep“morphological’ORL in
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Englishis equivocal.

3.3 The Orthographic Representation of Serbo-
Croatian ConsonantDevoicing

An interestingprima facie countergampleto the Consisteng hypothesids foundin
Serbo-Croatiargndinvolvesthe spellingof dentalobstruentbefore/s/and/3/2* Ac-
cordingto thestandardlescriptionof Serbo-Croatiambstruentlustersagreein voic-
ing, with thevoicing of theclusterbeingdeterminedy thefinal membelof thecluster
Thusalongsidesvezatito bind’, onefindssve&a ‘notebook’; besideredak’line’, one
findsthe genitive singularform retka. This muchis in commonwith otherSlavic lan-
guagessuchas Russian.Whatis unusualaboutSerbo-Croatialis that thesevoicing
assimilationsarereflectedin the orthographysothata /b/ thathasbecomedevoiced
to a/p/, for instancejs written as<p> ratherthan<b>. ThemodernSerbo-Croatian
orthography due to Vuk Karadzic(1787—1864),s often cited asan instanceof a
“shallow” orthography(seeChapter5 for somefurther discussiorof this point), and
oneof thefeaturesof this “shallowness”is thatit spellswordsaccordingto their sur
facephonetiarealization:in popularparlance Serbo-Croatiars written“asit sounds”.

If this werethe entire story, then Serbo-Croatianwould be handleablaunderthe
presenttheorywithout further comment:the ORL would simply be a level at which
voicing assimilationin obstruentclustershad alreadyapplied. Thereis, however, a
systematicexceptionto the spelling principle we have just outlined: underlying/d/
whenfollowed by /s/ or /§/ retainsits spellingas <d>, eventhoughit is described
asbeingvoiceless:notethatin otherernvironments(e.g., before/k/, or /p/) devoiced
/d/ is spelledas <t>; andotherobstruentdesidesd/ are spelledastheir voiceless
counterpartbefore/s/ or /3/. Thusprefix od- beforepad-“fall” yields otpad ‘trash’;
srb- ‘Serb’ yields srpski ‘Serbian’. But grad- ‘city’ yields gradski ‘urban’, and od-
plussteta‘damage’yields odsteta‘compensation’.

Onthefaceof it, then,we would appeaito have a problem:for mostobstruentsn
mosternvironmentgheevidencewould appeato favor placingthe ORL afterobstruent
voicing assimilation.But justin casewe have anunderlying/d/ precedingan/s/ or /8/,
we seento needto placethe ORL earlier In orderto maintainConsisteng, we would
have to resortto oneof two possiblestrateyies,neitherof which is palatable:

e Assumea late (postvoicing-assimilationORL, but markunderlying/d/ before
/sl or [/ with adiacritic, sothatthe spellingrulescanseethefactthatit was/d/,
andspellit accordingly

e Assumean early (pre voicing-assimiliation)ORL. In this caseone hasaccess
to the underlyingsegments,so thereis no problemspelling underlying/d/ as
<d> in gradski Unfortunately however, in mostcaseghe obstruenis spelled
accordingto its surfacephoneticrealization,meaningthat onewould in effect

21| amgratefulto WaylesBrowne for bringingthis exampleto my attention.
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be duplicatingin the orthographiaules,the effectsof voicing assimilationthat
arealreadyhandledn the phonology

The seeminglyexceptionalspelling of underlying/ds/ and /d$/ sequencess not
merely a problemfor Consisteng, however. It is, in fact, a puzzlemore generally
Why did Karadzicfail to spellthe voicedstopasits voicelesscounterparin just this
one case? Could it be, in fact that suchunderlying/d/’s soundvoiced, despitethe
standarddescription? If so, this would suggestamongother things, that obstruent
voicingassimilatioris notaunitaryphenomenorbut appliesto varyingdegreesunder
differentconditions.

Supportfor the non-uniformity of obstruentvoicing assimilationis alreadygiven
by Browne (1993,page317),who notesthatassimilationto a voicedclusterfinal ob-
struent,andassimilationto a voicelessclusterfinal obstruentpehave differently with
respecto the phonologicalrule of clusterbreakingin nominalgenitive plurals. Con-
sonantgthat have becomevoiced by voicing assimilation,remainvoiced after being
separatedrom the consonanthattriggeredvoicing. Thusprimeiti ‘to remark’,yields
primedba‘comment’(noun);in thegenitive plural primedaba, theacquiredvoicingon
the/d/ is retained.On the otherhandthe devoiced/z/ in sve&a ‘notebook’, shavs up
againasa/z/ in thegenitive plural form sveaka Evidently, [+voiced]assimilationis
deepelin the phonologythan[—voiced] assimilationinsofar asa traditionalanalysis
would ordertheformerbeforeclusterbreaking,andthelatterafter.

To explain the orthographicfacts, however, we are interestedin an even finer-
grainedquestion: is there somereasonto believe that [—voice] assimilationis less
completein the sequencefds/ and/ds/, thanit is in othersequences?As a prelimi-
naryanswetto this questionwe conducted pilot studyof [ —voice]assimilatiorin the
speecthof a single Croatianspealer. In this studywe addressedhe following ques-
tions:

1. Are underlying/d/ and/t/ before/s/ phoneticallydistinct with respectto their
voicing profiles,contraryto standardlescriptions?

2. Are underlying/b/ and/p/ before/s/ (bothspelled<p>) phoneticallydistinct?

3. How dounderlying/d/ and/t/ (bothspelled<t>) beforea non-sibilantobstruent
—/k/ in our data— compareto thesestopsin the pre-/s/position?

The studyandits resultsaredescribedn thetwo sectionghatfollow.

3.3.1 Methods and materials

A list of Croatianwordswaspreparedhatcoveredthe ervironmentsof interestfor the
guestionsabore. Specificallythesewordscovered:

1. Underlying/d/ before/s/: akadski'Acadian’,gradski‘urban’.
2. Underlying/t/ before/s/: anegdotski‘anecdotal’ hrvatski‘Croatian’.

3. Underlying/b/ before/s/: arapski‘Arab’, mikropski‘microbial’, ropski‘slavish’,
srpski‘Serbian’.
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4. Underlying/p/ before/s/: mikroslopski‘microscopic’

5. Underlying/d/ before/k/: glatka‘smooth’, lutka ‘doll’, otpatke ‘refuse(noun)’,
votka‘'vodka'.

Thesewords were printed, alongwith filler material,in four iterations,eachwith a
differentrandomordet

The subjectof the experiment— aresearcheat AT&T Labs— is a malenative
spealer of a Dalmatiandialectof Croatian.He haslivedfor overadecaden English-
speakingcountriesbut his Croatianspeechs self-describedsnormalfor thatdialect,
andnot affectedby his exposureto English. He was not informed of the purposeof
the experiment??

The spealer was asled to readthe words on the printedlist at a normalrate of
speed. His speechwasrecordedto DAT using a Brilel and Kjeer Microphonein a
quietroom. The datawas subsequentlyploadedo a Silicon Graphicsworkstation,
andhigh-pasdiltered at 40 Hz to remove low-frequeng noise. The speechwasthen
segmentednto wordsusingthe EntropicResearcl.aboratoriesvaved packagePre-
diction of voicingwascomputedor eachfile usingthe Entropicget f0 utility (Talkin,
1995). Note that the voicing profile for a speechile producedby get fO is atime
serieswith two values,namelyl for voicedandO for urvoiced. The individual files
werethenhandlabeledusingwaved andthexmarksutility for thefollowing features:

e Onsetof thepre-/s/,or pre-/k/stop.
¢ Offsetof thevoicing within thestop.
¢ Onsetof thefollowing segment(/s/ or /k/).

Thefirst andthird of thesewerelabeledbasedon visualinspectionof the waveform
andthe spectrogramThe secondwaslabeledbasedon the voicing profile. A typical
waveformandvoicing profile for theword gradskiis shavn in Figure3.1.

3.3.2 Results

Thereareat leasttwo plausiblemeasure®f the degreeof voicing of a stop,giventhe
voicing profile: onemeasures the absolutedurationof theinterval betweerthe onset
of thestop,andtheoffsetof thevoicing; anotheiis the proportionor percentagef the
stopthatis voiced.As it turnsout, bothmeasuregield similar resultsin this study

Let us dealfirst with the leastsurprisingresult: /d/, written as <t> before/k/ is
clearly voiceless essentiallythroughout. The meanabsolutedurationof the voiced
region of the stopis 5 msec,andthe meanproportionof thevoicedis 0.06. Thusthese
underlying/d/’s really are/t/’s, hencetheir spelling.

Turning now to the caseof /p,b/ before/s/ (bothwritten <p>), thefirst thing that
we noteis thatvoicing is generallyfoundin, on average thefirst 25 msecof the stop,
whichis greatethanthe amountwe obsenedin the caseof /tk/. Betweenunderlying

22Thesubjectwasasledto readthefirst pageof thetext a secondime attheendof therecordingsession,
sothatwe have five ratherthanfour repetitionsof somewords.
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[®] gradski_4.d (S.F.:16000.0) {left:upfdown move mid:play between marks right:menu}
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Figure 3.1: Waveform andvoicing profile for one utteranceof gradski‘urban’. The closure
for the /d/ is labeledas “dcl”, the voicing offsetis labeledas“v”, andthe startof the /s/ is
labeledas“s”. Thevoicing profile is thethird plot from thetop in the secondwindow, labeled
asprob_voice
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-dski (d) vs. -tski (t)
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Figure3.2: Barplotshaving the proportionsof voicing for all samplef underlying/d/ (black
bars),versug/t/ (shadedars).

/p/ and/b/ therewasno significantdifferencefor /p/ (4 samples}heaverageduration
of voicing 24 msec,for /b/ (18 samples)t was26 msec. A t-testshoved this small

differenceto be non-significantt = 0.20,p = 0.84). Looking at the proportionof

voicing, we dofind amildly significantdifferencethemeanproportionfor underlying
/p/ was0.55andfor underlying/b/ was0.36 (t = 1.82,p = 0.08), but notethatthe

differenceds notin theexpectedirectionsincetheunderlying/p/ behavesmore voiced

thanunderlying/b/ by this measureThis resultmight at leastin partbe explainedby

the fact that the underlying/p/’s had shorterdurations(mean44 msec)comparedo

underlying/b/’s (mean72 msec).If thereis atendeng to keepa constantdurationof

voicing, thiswould resultin alargerproportionof voicing for theunderlying/p/ cases.
All in all though thereseemso be no corvincing evidencethatunderlying/b/ and/p/

before/s/ behae differentlywith respecto their surfacerealization.

With /t/ and/d/ before/s/ the story is very different. First of all, considerabso-
lute duration,which averaged14 msecfor /t/ (10 samples)and 34 msecfor /d/ (10
samples)This differenceis significant:t = 3.72, p < 0.005. The proportionof voic-
ing alsoshaws a significantdifference with a meanof 0.25for /t/, and0.46 for /d/:
t = 3.21,p < 0.05. Theproportionsof voicing for all sampleof /d/ and/t/ areshovn
in thebarplotin Figure3.2. While thereis clearly overlapbetweerthetwo catayories,
the conclusionseemaunequvocal: contraryto the standarddescription/d/ before/s/
in words like gradskior akadskihasa greaterpropensitytoward being voiced than
/t/ in the sameposition. This is differentfrom the casewith /d/ before/k/, which is
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unequvocally voicelessandit is differentfrom the caseof underlying/p,b/before/s/,
wherewe foundnoreliabledifferencen voicing behaior.

Should/d/ in words gradskibe consideredroicedasopposedo voiceless?This
dependsiponwhatonemeansby “voiced”. In Serbo-Croatianyoicedobstruentlus-
tersshaw clearvoicing throughoutwhereadd/ in gradskiis
never voicedthroughout. Perhapdor this reasonthis underlying/d/ shouldbe con-
sideredvoiceless. But no matterwhat the correctanswerto that questionmay be,
onepoint seemaunequvocal from the datawe have presentedhere: [—voice] assim-
ilation is not a simple across-thdoardphenomenonlt happendgo differentdegrees
in differentervironments. Evidently, it appliesin the leastcompletefashionwhere
/d/ precededs/, andthis factis reflectedin the orthography:such/d/’s soundmore
voiced,andhencearewrittenas<d>’s. So,farfrom beingaproblemfor Consisteny,
Serbo-Croatiatendsratherdetailedsupportto the notionof a uniform ORL.

Needlesgo say theresultsof this preliminaryexperimentneedto be corroborated
by a more thoroughstudy of a wider rangeof spealers. Nonetheless| believe the
burdenof proof now lies with thosewho would standby the traditional description
which presentobstruentclusterdevoicing in Serbo-Croatiamsa simpleacross-the-
boardphenomenothatappliesequallyin all cases.

Onefinal questionneedsto be addressedis it possiblethat the spealer in this
experimentwasinfluencedby the orthographyandwasthus producingspelling pro-
nunciations?ore generally might literate Serbo-Croatiaispealersbe influencedin
their applicationof obstruentdevoicing by the very spellingthatwe areattemptingto
explain? This would suggestthen,thatwhile in Karadzicstime thevoicing assimila-
tion wascompletedueto his (onceagain,peculiar)spellingof underlying/d/ as<d>
before/s/, subsequengeneration®f spealershave beeninfluencedby the spelling,
andnow differentiatehe degreeof assimilatioraswe have obsened. Thisis certainly
possible but if it is so,thenonceagainit would appearo supportthe notionof Con-
sisteng: onemightinventawriting systenthatfailsto obsene Consistenyg, but there
will bea strongtendenyg on the partof usersof that systemeitherto adjustthe writ-
ing systemto make it more Consistentpr elseto (unconsciouslypdjusttheir speech
to bring it morein line with the orthographicrepresentationin ary case,then,the
Consisteng hypothesisappeargo be supporteddy the Serbo-Croatiamatawe have
presentedh this section.

3.4 Cyclicity in Orthography

Traditionalmodelsof Generatie Phonology including classicalSPE-stylephonolo-
gy, andlater morearticulatedtheoriessuchasLexical Phonology(Mohanan,1986),
include the familiar mechanisnof cyclicity. Phonologicalrulesthat apply cyclical-
ly do so by applyingin tandemwith the morphology so that a setof phonological
rulesis appliedaseachaffix is attached Cyclicity is notin favor muchin present-day
phonologicatheories.

We are interestedhere, though, not in cyclicity in phonologybut ratherin or-
thography Perhapaot surprisingly given the dearthof formal analysesof ortho-
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graphicsystemsyery little evidencehasbeenadducedn the literaturefor cyclicity
in orthography Thereis however one such potentialinstancein Dutch, discussed
by Nunn (1998, pages102-103% involving the interactionbetweenOrthographic
ConsonanbegeminationandOrthographicSyllabification.OrthographidConsonant
Degemination roughly speaking simplifiesdoubledconsonantshatoccurwithin the
sameorthographicsyllable: thusverbrand+d (burn+ed)‘burnt’ (adjectve) is spelled
<verbrand-. OrthographicSyllabificationis arelatively complex rulein Nunn’sanal-
ysis, but oneresultof the rule is to split up intervocalic geminateconsonantsf the
righthandmemberof the pair can possiblybe syllabified to the right: thuswasster
‘washerveman’is syllabified as[was],[ster],. Nunngivesa numberof arguments
thatdespitetheir similarity to phonologicaldegeminationandsyllabification,theset-
wo processearein factorthographicallybased.l will notrepeatherargumentshere,
but referthereadetto herdiscussionin particularin Chapters3 and5.

As exampledik e wasstershav, OrthographicSyllabificationcanblock Consonant
Degemination:sincethetwo <s>'s areseparatedinto two syllables,therule of Or-
thographidConsonanbDegeminatioris nolongerapplicable Ontheotherhand forms
likewijste ‘wisest’ whichis morphologicallywijs+st+e (wise+Superlatie+Inflection)
shawv thatin somecasesSyllabificationseemanot to block Degemination: hereone
would have expectedthe syllabification[wijs] , [ste],, andthe spelling* <wijsste>.
Nunn suggestghat suchexamplescanbe handledif we assumehat Syllabification
andDegeminatiorapplycyclically. Thusin wijste, ontheinnercycle we have wijs+st.
Syllabificationhasnothingto do here(therebeingonly oneorthographic/owel, name-
ly <ij>), andDegeminationappliesto yield wijst. Onthenext cycle e is added,and
Syllabificationappliesto yield [wij] . [ste], -

Is cyclic applicationin orthographya problemfor Consisteng? It would be if
onecould shov thatthe orthographiccycleswerebuilt in tandemwith phonological
cycles.In thatcasepnecouldnolongerspeakof aconsistentevel for the ORL: rather
therewould bemultiple levels,onefor eachcycle. However, Nunn'sevidencedoesnot
seemto requirethis assumptionpreciselybecausave aredealingherewith thecyclic
behaior of two orthographic rules, we have no evidencefor a crucial dependence
uponphonolgical cyclicity.

Nunnassumeshat her phoneme-to-graphenreles— thefirst stagein the map-
pingfrom the ORL — mapfrom asomevhatabstractepresentationf morphological-
ly complex words: her presumedinderlyingspelling <wijsste>, canonly bederived
from a phonologicalrepresentationvhereonerepresentdoth the /s/ of the root and
the/s/ of the suffix ([[[we Is]st]o]) ratherthana more surfacephonologicalrepresen-
tation that representshe effects of phonologicaldegemination(/weist/). We could
thereforemapin onestepfrom a phonologicalrepresentatiomcluding morphologi-
cal constituenyg informationsuchas|[[we Is]st]s] into anorthographiaepresentation
[[[wijs]st]e] , which alsoincludesmorphologicalconstitueng information. A cyclic
applicationof orthographiaulescouldthenproceedon this orthographiaepresenta-
tion, independentlpf whatevergoeson in the phonology ThusNunn’s exampleneed
notbea problemfor Consisteng sinceunderthis scenaridhe ORL is indeeda single

23| thankAnnele Neijt for pointingmeto this example.
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level of representatiofin this casea phonologicallyabstracbne),andthecyclicity of
the orthographiaulesis entirelyinternalto the orthography

It shouldbestressedhatNunn’scasds theonly phenomenothatseemso require
acyclic treatmenin heranalysisof the orthographicsystemof Dutch,ananalysishat
includesthirteenautonomousspelling rules (of which theseare two), anda couple
of hundredphoneme-to-graphearules. Theremay of coursebe further evidence
for cyclicity in orthographyin Dutch, or in otherwriting systemshut at presentthe
evidenceis at bestsparseandit is hardthereforeto concludemuchfrom it.

3.5 SurfaceOrthographic Constraints

While mary aspect®f spellingarebestthoughtof in termsof a mappingfrom some
level of linguistic structureto written form, thereare otherswhich seemto be purely
orthographidn nature.Venezly (1970,pagess9-62)termsthesegraphemicalterna-
tions. Nunn (1998), aswe have alreadynoted, distinguishegphoneme-to-gapheme
conversionrules(our Mgn,c0q4¢), andasetof purelyorthographiautonomouspelling
rules(our Mspei;). Nunnidentifiesanumberof phenomenén Dutch spellingthatshe
arguesarebestdescribedn termsof rulesthatreferonly to orthographianformation.
Onesuchphenomenomvolvestheorthographiaepresentationf phonologicallylong
vowels: thesearegenerallyrepresentedsdoublevowelsin closedsyllablesasin maan
‘moon’, but assinglevowelsin opensyllables:manen'moons’. Nunnstateghis gen-
eralizationasarule thatdeleteghe secondf anidenticalpair of vowelsprecedingan
orthographicsyllableboundary

AssumingNunn’s analysisof Dutch vowel degeminationis correct,we mustas-
sume asindeedwe have, that}M s,y in generaimplementsarelation,sinceit includes
rewrite rulesthatchangepropertieof theorthographiaepresentatiortiowever, there
is goodreasonto assumehat at leastsomepurely orthographicphenomenare best
describedisconstraintsAs we suggesteth Sectionl.2.3.1,0necanthenview Mgy
asbreakingdown into two componentsoneconsistingf aregularrelationMspei,, , ,»
andoneconsistingof a regularlanguageMsyei; .,,,,,;,- We Will have nothingfurther
to sayaboutM, Spell map here:thereaderis referredto Nunnfor extensve argumenta-
tion for suchautonomouspellingrulesin Dutch. Ratherwe will focushereon afew
examplesof surfaceorthographiaconstraints.

A simple exampleis afforded by the alternationof <i> and <y> in Malagasy
Both lettersrepresenthe vowel /i/, but they arein complementargistribution, <y>
occurringonly at the endsof words, <i> only in non-finalposition?* For example,
from <omby> ‘cattle’, onecanderivethereduplicatve form <tsiombomby> (achil-
dren’s gamein which the childrenplay the role of cattle) (Rajemisa-Raolisor.971,
pagel9), wherethefirst copy of the stemombyspellsthe/i/ with <i>, sinceit is word
internal.

241t is temptingto think thatthis purely orthographiaestrictionmay have beenborraved from English,
which hasthe samerestriction,at leastwhenyou discountwords borroved from Greek,Latin and other
sourcesseeVenezly's discussior(page59). Thisis notanimplausiblesuggestionsinceit wasBritish mis-
sionariesjnvitedin 1817by King Radamd, who introducedthe Romanalphabeto Madagascareplacing
theolderArabic-derved orthography
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Sucharestrictionis easilymodeledoby a surfacefilter (partof Msycu,.,,,,;,) that
disallovs word-final <i> andnon-word-final<y> (theword boundarybeingdenoted
with ‘#):

(B17) H[(Z* <i>#)U(Z* <y > #)]

Assumenow that M gy,c.q4e cONtainsthe following rule, which maps/i/ to either<i>
or <y>:

(3.18) i — <i> | <y>

Thenthe mappingMorrL—r = MEncode © Mspen Will have the desiredresult of
mapping/i/ to <i> and<y>, andrestrictingtheseto the appropriatgositions.

Another straightforvard example of a surfacefilter involves positional variants
of graphemeswhich arefoundin mary languages; mary writers would term these
allographs thoughDaniels(1991a;1991b)hasarguedagainsthistermon theoretical
grounds.Oneexampleis thef-lik e “long <s>" which occurredexclusively in non-
word-finalpositionin variousRomanscriptsdatingfrom the Half Uncialsof thefourth
century(Knight, 1996),aswell aslaterprintedforms;the“round <s>" occurredonly
in word-final position. Clearlythis distribution canbe modeledin exactly the same
way asthe distribution of <i> and <y> in Malagasy The identical distribution is
found with Greeko <s> (non-finalonly) andg (final only). Comparableexamples
arefoundin Hebrav; andin Arabic, which hasinitial, medialandfinal formsfor most
letters.

It is alsopossibleto considerthe prohibitiononinternals <e> in Russiarto bea
surfaceorthographiaconstraint. However, the statemenbdf the constraintis certainly
more complex thanthe casewe have examinedin Malagasy For onething the state-
mentwould clearly have to restricta <e> not to word initial position, but ratherto
syllableinitial position,sincetherearenumerousasewhereonefindsword-internal,
thoughsyllableinitial » <e>:

(3.19) arTHaMEKTPOH <antidektron> ‘antielectron’
Aspodaor <agoflot> ‘Aeroflot’
nysT <dud> ‘duet’
nupysT <pirue> ‘pirouette’

In somecasesasin the caseof ‘antielectron’,the syllableboundaryalsocorresponds
to a morphemeboundarybut this is not alwaysthe case asthe otherexamplesshaw.
The restrictionon the distribution of 3 <e> canthus be statedin termsof syllable
structure,and more specificallyas a prohibition on s <e> occurringarnywhere but
right-adjacento anorthographicsyllableboundary?® Evenso,therearestill lexical
exceptionswhich would have to be marked assuch,andwhich would have to be able
to overridethis surface constraint: acroryms, not surprisingly regularly do so (e.g.

25As thereadewill notfail to have obsered, all of the examplesin (3.19)areborroved words. But this
is not surprising,since® <e> — with the exceptionof somehigh-frequeng wordssuchasaTo <eto>
‘this’, andits derivatives— is mostlyfoundin borravedwords



3.5. SURFACE ORTHOGRAPHICCONSTRAINTS 95

HBII <nep> for novajaekonomieskajapolitika ‘New EconomicPolicy’); andthere
area handfulof borrovedwordsthatdo not obey the principle (e.g. paker <reket>

‘racket’). It might be betterthereforeto considerthis to be not anabsoluteconstraint,
but rathera soft constraint,onewhich could be implementedwith a weightedrather
than unweightedfinite-stateacceptor® The constraint would allow non-initial »

<e>, but only at somecost. If alexical item is marked ashaving » <e> in a non-
syllable-initial position, thenit will be allowed. In all othercasesboth non-initial »

<e> ande <e> will beallowed,buts <e> will notbeselectedinceit will beamore
costlyanalysis.

26An alternatve would beto assumepriority union (Karttunen,1998).
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3.A English Deepand Shallow ORL'’s

3.A.1 Lexical representations

deep shallow
abound aebund o'baund
alundance aebu, - ndeens o'bandb .55 NS
academe ‘sekaglem '@l 5> dim
academicals .eekaslemkaeels &k as'demiko o512
academicism eekaglem kism ko ax'demisces 1zom
academic aekazlemk 2k as'demik
acetone '®Scseton '®Ses | <exitOun
acetonic BS o> e'tonk B el cestonk
acetylene &@Scc> el cyslen o'Scesetocysdin
acetylenic &ESce>licyslenk  oScesctocys'lenk
achondrite ak <cn>ondnt el'k<cnsondrat
achondritic akecnsondritik K< cnsondritik
acidophile '8 > 100l g ‘@S c>ldoufallf gy
acidophilic 2% > 1dOTIIK g1 @S 1dOUTINK g1
aconite 'aelonit '@lo o> nat
aconitic elonitik &koosnitik
actinomycete sekinomicy ket &ektnoumal ¢y »'Scex it
actinomycin  @kinomicysKin 2Kinoumal <y Scex 1N
actinomycosis @kinomi«ys'koss akinoumal «ys'kousis
adwocation aedwkatyon 2dwv o~ kersn
aeruginous €<ae>'TUQINOS | <ae> TUINGS
aerugo €<ae>TUGO | <ae>TUGOU
agnosticism  agnostkism &0NoSst Sce1Zom
agnostic g&emostk gmostk
albite ‘zellat 'zelbat
albitic eelbitik aelbitik
alcoholicity 2llohalikiti 2l coshooxlisces It
alcoholic elkoholik &ellocosos 11k
alkaline 'gelkeys alin '@lkeksocaslan
alkalinity elkaes aeliniti lkexsocas liniti
allophone '@l ab)0foN g1 ‘2l +dbjP<o>fOUN gy
allophonic ‘el an)ofoNk g1  @lrabP<osTONIK g1
allotrope ‘el .qp0trop ‘2@l gpP<o>troup
allotropic 2l apotropik 2l appP<o> tropik
ammonite ‘&N .ap)ONit '‘&®M1apjP<o>Nalt
ammonitic 22N aponitik 28N abjP<o>NItIK
amortization ,eemortzatyon EM o IMI'zen
amortize ''emoftiz ‘M <o talZ
anabolite genaebdit onaeb o lait
anabolitic &naebditik anaeb o itk
anecdote ‘zerck,dot '@N o~ kdout
anecdotic aergkdotik 2N o~ kdotik
angelic angelik aenjehik
angel ang! ‘elNfoces|
announce aen_[+db] uns o'N[+abjAUNS
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deep

97

shallow

annunciate
annunciation
anorthite
anorthitic
anthracene
anthracite
anthracitic
anthracoid
antigyclone
antigyclonic
antique
antiquity
antitype
antitypic
apical
apices
aplite
aplitic
appeal
appellation

aen[+db] U<u> NSce> lat
&N[tdb) UcusNSces l'atyon
gerorfit

anovitik

‘aerfrasken

‘aerbraekit

aemraekitik
‘gerbraekold
EN'Scesicysklon
ENtSc e i<y 'klonk
erteci>Kaqu>
&ereq;s kwiti
'Eentticysp
&ntti <y plk

‘aepkeel

'zepk+ez

‘zeplt

aepitik

&P[+db)C<ea> | _

204 ab)eltapjatyon

appendicectomy apy.gp)cndi’kektom

appendicitis
appendicle
appendix
archangelic
archangel
arenite
arenitic
argillite
argillitic
asceticism
ascetic
asinine
asininity
asparagine
asparagus
assignation
assign
asymptote
asymptotic
athlete
athletic
atone
atonic
atrocious

&P[rapjcndikitis
%p[+db] endikl
&p[+apjendiks
&rkecn>angelik
‘%@l ch>ang
eent
aenitik

'%r_g.l [+db]ﬁ
.%I’_g'l [+db]ﬁ||$
BSe o>t kism
ESE <> Stlk
'@snin

asniniti
aespaeragecisn
a@spaeraegs

% ab]IgNatyon
&S1qb]IgN B
‘@38 <y > Mecp>itot
L3y Mecps totik
‘adlet

etk

aaton

atonk

aetrokyos

9MN[1ab)ANScesi<i> it
aN[Lab)ANSce>i<i>'eISN
gemrat

anroitik

‘@mMrocas Sce>in
'@rrocas Scesalt
2Mrocas 'Sces Itk
‘@mro.,~ koid
&Nticis 'Scesal <y kloun
&Nticis S al <y 'Klonik
&rti<i>Kequ>
aertikwiti

eenticis tal <y~ p
&nticis 'ty pik
‘@pkocas|
'®PSces+iz

‘aeplat

eepitik

9'Pl4db]i<eas |

'%q—i-db] ol [+db] el%n
aP[+abjeNdI'ScesektocosMi
aP[+apjeNdi'sccsaltis
9'Pi+abjeNdikoel <1e>
9'Pl+abjendiks
.Clrk<ch>%r'i€| 1k
'ark<ch> € NP<es |
'@pnat

apnitik
'aria<i>.l[+db]a1t
.Qria<i>'|[+db] Itk
'Stce> €t|.S<c> 1Zom
'Stce> €t|k
'@®9<isnan

B9 isNniniti
I'SpES<asBi<i>N
9'SPEI<a>Po<u>S
288y gp]IgNESN

9§ +db)A <ig>N
'®$<y> Mecps toUt
BS<ys Mecps totik
‘adlit

alstik

a'toun

el'tonik

o'trou%s
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deep shallow
atrocity aetrokiti o'trosces Ii
audacious o'dakyos o'delSs
audacity sdakiti rdees e Iti
augite ngit ngat
augitic ogitik a'gitik
austenite Hstnit wsbnat
austenitic oastnitik osbnitik

australopithecine
australopithecus
authenticity
authentic
authorization
authorize
automate
automatic
autophyte
autophytic
autotype
autotypic
avocation
azeotrope
azeotropic
bacteriophage
bacteriophagic
balance

bale
baroscope
baroscopic
basicity

basic
beneficence
beneficent
benefic
biconcae
biconcaity
biophysicist
biophysics
biotite

biotitic

biotype
biotypic
biquadrate
biguadratic
breve

brevity

sstralopifekecis.n
ostralopifekus
ofentikiti
2'0entik
oforrzatyon
w00r1z

Htomat
otomaetk

otofi <y >ty gl
otofi cy S UKL g1
Htoticys P

ototi <y pIk
.awkatyon

37| .o~ 0trop
a2 <> 0troplk
baekeri o.fé_q+gk]
baekeri dféglgHgk]
'baelaens

'bal

'beercskop
beereskopik
basikiti

'bask
benefikens
benefikent
benefik
brkonkav
bikonkawti

|b|_0'f| <y> Z<S> |K| St[+gk]
D10flcy> 7o 1K+ g

‘biofit
biotitik
'bioti <y~ p
bIoti <y~ pik
brkweedat
brkwaedratik
‘brev

‘breviti

a,straloupifl cos Scesicisn
ostrelloupifi ces KocysS
oBentiSces It

2'0entik

000> 'Z8%N

Dlocos ralz

Dtocos Mmelt

otocox'Mmaetk
tocosfalcystgi
otocosTlaystiKp g
DlocostalcysP

.I)t9<0> 'l <y> p| k

22V <o>'kelSon
9'Zio< o> froup

€1 Zio o> troplk

baek <e>li<i>o<o> fellj gk
baektl <> l<i>o<o> Tl 4 gk
'baeb.asns

‘ball

'baeb . o~.skoup
baeb .~ 'skopik

ba'sis s It

‘beisik

bonefisccsans
bonefisccsont

bonefik

ba'konkeav

bakonkaewvti
DbaAOUTIcysZ s 1Sce> IS gk
baAoUTly~Z s IK+S gk
bao o> talt

bas o titik

bas o> talcysp

balocoxtl <y pIk
ba'kwodrat

bakwodraetk

briv

breviti
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deep shallow
bromide ‘bromid ‘broumad
bromidic bromidik broumidik
bronchoscope 'bronk..y,>0skop brogk < ch>9<o>Skoup
bronchoscopic bronk. .y~ oskopik brogk < ch>o<o>'skopik
bryophyte bricy>0fi cy>t g1 bracysocosfalcy>t g
bryophytic .bri<y>gfi <y>tKe  bracysocosTiaystikpgy
calcination kaelknatyon keels s I'ne%n
calcine keelkn 'keelscesan
calcite ‘keelkit keelsccsalt
calcitic keelkitik keelsccs Itk
calices 'keel k+ez kel Sees +iz
calicle ‘keelkl keelksl
calyces 'keel <y >.k+ez keel <y >Sce>+iz
calycine 'keel «ys KiNeces 'keel <y ScesINEces
calycle 'keel <y ki 'keel <y kol
capacious keepakyos kocas'pe®s
capacity keepakiti kocas'PERS ¢ Iti
capitalization  keepteelzatyon KeeptocaslI'zaSon
capitalize 'keeptaeliz 'kaeptocaslaiz
capitation keeptatyon keepteiSn
caput 'kaput kelpocust
carbonization keerbomzatyon Karbs .o ni'zetSn
carbonize 'keerbeniz karbe<os.naz
cathode 'kagdod 'kaghoud
cathodic kaefodik kaefodik
catholicity kagholikiti Katocosl1Sces It
catholic ‘kagholik 'kadho o 11K
causticity ko'stikiti ko'StiSces It
caustic kostk kostk
cave 'kav ketv
cavity ‘kawiti 'keeuti
cease 'S<c>€cea>S Sce>lceasS
cenobite 'Sce>€nagbit 'ScesiNocosbat
cenobitic Sce>€nobitik ScesiNocos'bitik
cenogte 'S<c>EnQS<c>i<y>t Sce>iNocosSces Ayt
cenogtic Sce>BN0Scesicy>tK  ScesiNocosSces I<y>tiK
centricity Scesentrikiti ScesENtrISces I
centric 'Scesentrik 'Scesentrik
centrosome 'Sce>eNtrasom 'ScesENtfocos,SO0UM

centrosomic
cercopithecid
cercopithecoid
cervical
cervicitis
cervix

Scesentrasomik
S<escrkoproekd
Scescrkoproekord
'Scescervikeel
SceservIkKitis
'ScesEMVIKS

Sces>eNtrocos'somk
Scesrkoupifisccs1d
S<c>rkoupidikord
Sces VIKocas |

Sce> VIS atis
'ScesTVIKS
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cessation

characterization

characterize
chaste
chastity
chondrite
chondritic
chromate
chromaticism
chromatic
chronicity
chronic
chronoscope
chronoscopic
chrysolite
chrysolitic
civilization
civilize
classicism
classicist
classic
clone

clonic
cognizance
cognize
coincidence
coincide
colic
collotype
collotypic
colonic
colonization
colonize
colon
combination
combine
commode
commodity
compilation
compile
concae
concaity
conceal
cone
confidence

S<e> €9 apjatyon
K<cn>aeraekdrizatyon
'K<cn>ereekdrnz
'Cast

'Castti
'K<cn>ondnt
K<cn>ondrtik

'K <cn>romat
K<chsromat kism
K<chsromatk
K<ensronikiti
'K<ch>ronik

'K <cn>ronaskop
K <cn>ronaskopik
K<en>T<y>salit
K<ehsl<ysSoltik
Sc<esIVIITZatyon
'ScesIVIIZ
'klees.qp)I KIsm
'kleesqp KISt
kleeg ap) 1k

'klon

'klonik
'kognizeens
'kogniz
kolInsccs1dens
Kkoinsces1d

'kolik
'Kol[;-ab)Olicy P
KOl[4ab)Oti <y > Pk
kolonik
Kkoloni'zatyon
'koloniz

'kolon
kombi'natyon
kombin
kO'mH_db]ad
ko‘m[+db]6dlti
kompilatyon
kompil

konkav

konkawti
konsces€ceas|
'kon

'konfidens

S<e>E'S+db]€ISN
Keens&ll «as kir'zeson
Kechs>El casKioraiz
‘Cast

‘Caesiti

'K<cn>ondrat
K<cn>ondritik
'K<chsroumelt
K<ch>roumaetsecs 1Zzom
K<ch>roumaetk
K<ch>rONISces It
'K<en>ronik
K<ch>l0M <o Skaup
K<en>romcox'skopik
Keech>T<y>S<o> lalt
Keeh>TcysScos Ttk
ScesVacis|'za%n
'ScesVocislalz
'klee$1ap)! S<e>12om
'klze$1.ap)S<e> ISt
ke ap) 1k

'kloun

'klonik

'kognizo< 45 NS
'kognaz
kou'Insccs1dons
kouins..sad

'kolik

kol rapP<o>ta<y>p
Kol LapP<o>Tl<y>pik
koulonik
Kolocosni'ze%n
kolocos Naz
'koulacosn

kombe .i5'neiSn
ko<osmban
k9<o>'m[+db]0Ud
k9<o>'m[+db]0d|ti
Komm «;s'leiSn
ko<o~mpall

konkelv

konkaewti
KocoxMScesiceas!
'koun

'konfidens



3.A. ENGLISHDEEPAND SHALLOW ORL'S
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confide konfid ko<oxnfard
congeal kongeceas | ko co>Nfi<eas!
congelation  kongglatyon korgolerdn
conic 'konik 'konik
consignation  konsgnatyon konsagne%n
consign konsign KocoxNsd <igsN
consolation  konsdatyon kons .,s'lei%n
contrarene kontraaven Kkontra,~'vin
contravention  kontraaventyon Kkontr .5 'venton
corvene konven ko <o>MNvin
corvention konventyon ko<o>Nventon
corvocation  korvokatyon Konve .o~ kei%n
corvoke kortvok ko <o>NVOUK
cormophyte kormafi <yt gk kormocosfal cy sty gk
cormophytic  kormofi .y stk gy Kormo <o fl oy s UK g1
creophagous  Krl cex'ofagdg gy kri'ofoc a> 0054 gk]
creophagy Kr<e>'ofag 4 gk kri'ofo<a>Hi[1gk]
creosote 'Kr'l <e> 080t Krio < o>, S0Ut
creosotic Krl <o~ 00tk Kriocos'sotk
criticism kritikism kritl Sees 1Zom
criticize kritiKiz Kritl Seesalz
critic kritik kritik
crocein 'krokein 'Krousccsiin
crocus 'krokus 'kroukes < y>S
cryoscope Kri <y 0skop kral <y >9<o>Skoup
cryoscopic Kri<y s 0skopik Kral «y 50405 'skoplk
crystallite 'Kr <y Stedap)It Kr<y>Sbeas ljapjalt
crystallitic Krl <y stad ) gpItIK Krcy>Sboas lpapItik
cyanite Scesi<y>aanit 'S<e> 8l cy>d<asNat
cyanitic Sce>l<y>aenitik Sce>8lcy>d<asNItIK
cyclone 'Scesicy>klon 'Scesal <y Kloun
cyclonic Scesicysklonk Scesal <y 'Klonik
cynicism 'Scexl<y>NIKISM 'Scesl<y>NlSces1Zom
cynic Sce>l<y>NIK Sce>l<y> NIk
cystoscope  'Scesl<y>Staskop 'Sce>l<y>SbcosSKOUp
CysStoscopiC  Scesl<y>Stoskopik Scexl<y>Sbcos'skopik
declination deklrnatyon deklo .i~'ne%n
decline dgklin drklain
dendrite 'dendnit 'dendrat
dendritic dendritik dendritik
denounce dg'nuns drnauns
denunciate  de'NUcy>NSces lat dimnanscesicis it
denunciation deNUcysNSceslatyon  diNanScesi<is'el®n
deprae de'prav drprev
depravity dz'prawviti di'preevti
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deep shallow

deprivation deprivatyon deprocis'vel%n
deprive depriv dirprav
derivation derrvatyon dera i~ 'vei%n
derive deriv dirav
dermatome 'dermeebm 'drmo 5. toum
dermatomic dermaetomik drmo 55 'tomik
dermatophyte ‘dermaebfi<y st g 'dMocastocosfalcystiygr
dermatophytic .dermaetdi <y >tk gk Ao cas tocosflay > tIK g1
desensitization desznsiti'zatyon dissngtrze%n
desensitize dessnsitiz dirssnstaiz
designation designatyon dez s~ 1gneSn
design de'sign dI'Zess @lcigsn
deuteranope  'duceyusteraenop 'duceustrocas.NOUp
deuteranopic  duceysteraenoplk duceustrocas'nopk
diaphone 'digefon g 'dalo ca> fOUN[; gk
diaphonic dizefonik g dals .o fonik) gy
dibasicity dibasikiti dabe'sisccs Iti
dibasic dibask dabesk
dichroite 'dikcnsroit 'dak.cnsrouait
dichroitic dIK . cnsrortik dak.cnsrouitik
dichromate di’k<cn>romat da'k<cnsroumelt
dichromaticism dik<cn~romat kism dakccnsroumaetsqcs 1zom
dichromatic dik cch>romatik dakcnsroumaetk
dichroscope 'dik < ch>roskop 'dakecnsrocosSkoup
dichroscopic  .dik<chsroskopik dak.cnsrocos'skopik
diorite 'diort 'daocosrat
dioritic dioritik dalocos itk

discommode
discommodity
disinclination
disincline
divination
divine

divinity
dolerite
doleritic
dramatization
dramatize
dynamite
dynamitic
ecclesiastical
ecclesiasticism
ecclesiastic
eclecticism
eclectic

di SkO'm[+db] od
diskomp gpj0diti
disinklrnatyon
disinklin
divrnatyon
drvin

drviniti

'dolerit
dolertik
.draemaatzatyon
'dreemaiiz
'dicysnaemit
dicysnamitik

ek tdabjlez.s> I'eestkeel
kK[ tdbjl€Zcs> I'eestkism

8.k[+db]|§Z<s> |'E‘EStK
g'klektikism
gklektik

disko <o>'Mp apjoUd
diSks <o >'M; gpj0diti
disinklirne%n
disinklain
divaisneiSn
dicis'van
di¢i>'viniti

'dolorait

doleritik
dreemoasti'zeSn
dreemcas taz

'dal cysNocasMmalt
dacysnocas'mitik

| <e>Klydb]liZ <s>i<i>'@Stko a5 |

l<e>Kiyap)liZ<s>1<i>'@SkScc>1Zom

| <e>lk[+db] liz <s> i <i>'E‘EStk
| <e>'k| Ekt|.S<c> 1Zom
|<e>'k|€kt|k
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deep shallow
ecotype ‘ekoticy P 'ekocosital <y P
ecotypic ekoticy~pik ekocosticys pik
ectoparasite  cktopaeraait cktou'paeb .~ sat
ectoparasitic cktopaeramitik cktou,paeb.,s'sitik
edacious g'dakyos lce>'deISoS
edacity g'dakiti lce>'daBS o i
elasticity gleastikiti lcesla@SUS s It
elasticize gleestkiz l<e>laBStSccsalz
elastic g'laestk | ce>'laastk
electrical glektrikeel l<es lektrikocas|
electricity elektrikiti l<eslektriSces It
electric elektrik | <e> lektrik
electrolyte elektroli «y>t l<es lektrocos lal yst
electrolytic elektroli ¢y tik lceslektrocos Ty tik

electrophone
electrophonic
electroscope
electroscopic
elliptical
ellipticity
empiricism
empiric
endoparasite
endoparasitic
endophyte
endophytic
endoscope
endoscopic
enounce
entophyte
entophytic
enunciable
enunciate
enunciation
epidote
epidotic
epiphyte
epiphytic
episode
episodic
equiocation
equioke
eremite
eremitic
eroticism

elektrofon gy
elektrofonik g
elektroskop
elektroskopik

el [+apb)Iptikeel
el-ap) I PUIKItI
empirikism
empirik
cndopaerasit
endopeerasitik
'SndQﬁ <y>t[+gk]
endofi <y>t|K[+gk]
'endaskop
endoskopik
gnuns

'entofi <y>l1gk
entofi <y>t|K[+gk]

€NUcy>NSces 12l

€NUcy>NScelat

gNUcy>NSces l'atyon

'epl dot
cpldotik

Pl <y > T4 gu)
,Spl'ﬁ_<y>t||§[+gk]
'epl,sod
£pl'sodik
ekwivokatyon
'ekwivok
'eremit
cre'mitik
g'rotlkism

| <e>lektro o foun gy
| <e>lektracos fonikp g1
| <e> lektra o5 .Skoup

| <e>lektrac o 'skoplik
l<e>'I1-ap]IPtiko<as |
l<e> l[1ap]PliSces It
EMPIT Sces1Zom
empirik
enhdou'paeb <, sat
endoupaeb«,s'sitik
TNbcosfal cys i gu]
.8nd9<o>'f|<y>t| k[+gk]
'eNtb o> Skoup
£ntb .o~ 'skoplk
l<e>'NAUNS

N <o fal ey >t gk
ENB o> Tl oy S K g
l<e>'NANSce>i<iso<ax ol
l<e>'NANSce>i<i> it
l<e>NANSce>T<i>'BISN
'gpl,dout

cprdotik

ePocisifal <yt gk
epecisflays ik gi
'ePo<i>soud
EPocis'sodk

| ce>KWIVa o5 'KEISN
'tkwo <~ VOUK

'ero,mait

era'mitik

9<e>'r0t|.3<c> 1Zom
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deep shallow

erotic g'rotik 9<ex'rotik

erythrogite €M<y 00Scesicyst l<ex>Tlcy>0PconScesa <yt

erythrogtic elNcy>00ScesicystK  Teesllayslocos'Sces lay>tik

esophageal S0fagl o> &l gk l<e>S0basfiocas gk

esophagus e'sofagus gi] l<e>'S0b<a>0ocu>4gk]

esthete 'eshet ‘et

estheticism esfet,kism £S0stl.Sces 1Zom

esthetic esbetk esfetik

ethicize 'ef1,kiz '01,Sce>aZ

ethic 'e01k 'ef1k

evocation cvokatyon £Vocos'kelSn

evoke g'vok | ce>'VOUK

exegete 'ekszget 'ekSl <o fit

exegetic ckseigetik eksl <o etk

exile egzl egzal

exilic g'gzilik g'gzilik

extreme gkstrem l<es'kstrim

extremity gkstremiti | ce>'KStremiti

falciform feelk form feelsccsocisform

falcon feelkon feelkocosn

fanaticism feeneetkism focas'NeetSccs12Zom

fanaticize feenaetkiz focas'Neetsccsaz

fanatic feenaetk focas'neetk

fasciation fas ..~ l'atyon faScsesicis'e1®N

fascia fasccslae felScsesicisocas

fascination feeg ..~ I'natyon fegccsocis'nNESN

fascine faesecc>€cisn feeSecesicisn

federalization federaelizatyon fedrcersocaslocis'ze®n

federalize feder,aelz fedrcersocaslalz

felsite felsit felsat

felsitic fel'sitik fel'sitik

ferocious ferokyos forouses

ferocity ferokiti forrosces Iti

ferroelectricity

ferroelectric
fertilization
fertilize
finance
finance
fluoroscope
fluoroscopic
fugacious
fugacity
fumarole
fumarolic

feryap)Oelektrikiti
.feerb] oell aktl’IK
fertilizatyon
fertihiz

fI'neens

fl,neens
flucwosroskop
flucyosroskoplk
fugakyos
fugakti

fumaerol
fumeemnlik

fer[yap]OUl ces lektrisccs It
fer[yap)OUl o> lektrik
frtocis l1'ze®n
frtocislaiz

fi'lneens

fal,neens
flucuo>To<osSkoUp
flucuoslo<os'skopik
fyugeiss

fyugees.cs iti
fyume < a~.roul
fyumo 5 'rolik
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fungicide fangkid fanglsccsad
fungic fanglk fangik
galvanoscope 'geelvaenskop 'gae\b £ ax No o> SkOUP
galvanoscopic geelveenskopik gaehb s Noos'skoplk
gastronome  'gaestrgiom ‘geests«o~.noum
gastronomic  gaestramomik gaests .o~ 'nomk
gastroscope ‘'gaestrskop 'gaestso>.skoup
gastroscopic gaestreskopik gaests o~ 'skoptk
generalization jgencreelizatyon JENTcers9<aslocis'za%nN
generalize fenereelz eNMcerso<aslalz
geneticist jenctikist fonetiSccs 1St
genetic jenctik fonetik
gene fen fin
genic fenk ffenik
genotype fenati<ysp EMocostacysp
genotypicity  jenoticys'pikiti EEMcostlcysPlSces It
genotypic gencti<yspik EMP<osTl<yspIk
geode jeod fioud
geodic jeodk jiodk
geophagism  jeofagism_ gy 1100 cax 1 ZoM g
geophagous  jeofagos i 1100 ca> 0084 gi]
geophagy ieofag i) 10focasiijygx
geophyte feafi <y >t gig Tocosfalcy>tygn
geophytic §eofi <y > K giq Ho<oxTlaystiKpgr
gibbose '010[ 4]0 'g1b] gpjOUS
gibbosity gI'b1.ap)0Siti gI'byyapjosti
glauconite 'glokonit 'gloko <o nalt
glauconitic gbkonitik gloko <o 'NitIk
globose 'globos 'gloubous
globosity globosti gloubosti
glucose 'glukos 'glukous
glucosic glukosk glukosk
glucoside 'glukosid 'gluks <o>.s5ad
glucosidic glukosidik gluks o> 'sidik
glycine 'g"<y>Ke<i_>n 'glal cy>Scesicisn
glycoside 'gli<yskosid 'glal <y kocossad
glycosidic Olicy>kosidik glalcyskocos'sidik
grandiose 'greendos 'graendi;~.0US
grandiosity graendogiti greendi;s'ogti
granulite 'greenul,it 'greerys,lait
granulitic greerulitik greerya'litik
granulogte 'graenuloScesid <y >t 'greeryslousccsal <yt
granulogtic greenuloscesicystik  greeyslousces <y stik
grave 'grav 'grelv
gravity 'graviti 'greevti
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deep shallow
gyroscope i <y>roskop fal <y >ocosSkoup
gyroscopic 1l <y>roskopik dal <y >Tocox'skopik
hagioscope 'haego.skop 'haegliso<o>.Skaup
hagioscopic heegoskopik haeglisocos'skoplk
halophyte ‘heeldi <y >t g1 'haeb<oxfal <y >t gk
halophytic heeldi <y stk g1 haeb o Tl cys K g
haplite 'heeplt ‘heeplat
haplitic haeditik haepitik
helical 'helikeel theliko cas
helices ‘helik+ez thell,Sces +iz

heliocentricism
heliocentricity

heliocentric
heliotrope
heliotropic
heliotype
heliotypic
hematite
hematitic
hemitrope
hemitropic
hemophile
hemophilic
heteroclite
heteroclitic
histiogyte
histiogytic
historicism
historic
holophyte
holophytic
holotype
holotypic
homologize
homologous
homology
homophile
homophone
homophonic
homophyllic
homozygote
homozygotic
hoplite
hoplitic
horoscope

hellosccsentrikism
hellosccsentrikiti
helios centrik
'heliotrop
heliotropik
‘helioticysp
helioti .y~ pik
'hemastit
hemaetitik

'hemi trop
hemitropik
'hEmOfT[Hgk]
.hEmofTIIKHgk]
‘heteroklit
heteroklitik
hIstoScesicyst
Nistoscesicystik
hi'stonkism
hr'stonk

‘holofi <y>U+egk]
holofi «y Stk g1
‘holati«y~p
holoti<y~pik
homologiz
homologps
homolog

'hol mofﬂ_[+gk]
'homof6n[+gk]
homofonik gy
homofi<y>Iiyan) K+ g1
.homozi.y - got
.homozi.y'gotik
'hoplit

hoplitik
'horaskop

hili ¢35 0U'Sc e eNtr Sees.1Zom
ili ¢35 0USces eNtriSces I
hili o35 0U'sc s entrik

thili c459<0> troup

hili c550 .05 tropik

‘hili ci>ocoxtalcy>P

hili cisoco0xt<y>pIk
'hemo < a5 tait

hemo < a5 tittk

'hemi troup

hemitropik
'him9<o>.fal|[+gk]
himo o5 FIlIK | gy
thetrocos Klalt
hetrocos'Klitik
histiciso<osSces>A <yt
histicisocos'Scesl<y>tik
hI'sbri,Sces1Zom

hi'sbrik

'hob <oxfal cy st

hob <ol oy S UK g
'holbcoxtal <y P

hob <ox'tl <y pik
hocos'MOb cos Az
ho<o>'MOb <05 oS
ho<o>'MOb c o i
'houms <o fail 4 g
'homb .o~ foun g1
homb o fonik 4 gy
houmo <o iy > |1t ab) K4 gk)
houma . >'zal .y~ gout
houme .5 zal .y~ 'gotik
‘hoplat

hoplitik

horo<o>.Skoup



hydroelectric
hydrolyte
hydrolytic
hydrophyte
hydrophytic
hydroscope
hydroscopic
hygroscope
hygroscopic
hypersthene
hypersthenic
hypogene
hypogenic
ichthyolite
ichthyolitic

ichthyophagous

ichthyophagy
iconomaticism
iconomatic
idiophone
idiophonic
imide

imidic
impastation
impaste
impolite
impolitic
inane
inanity
inclination
incline
incommode
incommaodity
indigene
indigenity
indignation
indignity
indign
inefficacious

hicy~droelektrik
'hi<y>dr0|i <y>t
hicysdroli <y stik
hicy>draficy st gi
Nicys drofi ¢y Stk giq
'hi<y~draskop
i<y~ droskoplk
'hi<y>graskop

i<y >groskoplk
'hicys persien
hicys persbenk
'hi<y>pogen
hi<y>pojenk
1K<en>01<y>o0lit
IK<ehs0l<ys0litik
1K <eh> 01y 'ofagog gy
IK<ch>0l<y>'0fag 1 gi)
1konomaetkism
1konomaetk

ndi o.f6n[+gk]

Jdi 0'f6nllg[+gk]

‘1mid

rmidik

Jmpastatyon

Impast

Impolit

impolitik

I'nan

I'nanti

JInkli'natyon

Inkln

Inkomp qpj0d
Inkomp gpjoditi
'Indigen

JIndigenti
JIndignatyon
indigniti

indign

INefp ap)I'’kakyos
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horoscopic .horoskopik hors .o~ 'skopik
hospitalization hospteaelzatyon hosptoasli'zeSn
hospitalize ‘hosptaeliz 'hosptoc,s.laiz
humane human hyumen
humanity humeenti hyumeaenti
hydroelectricity hi<ysdroclektrikiti hal .y~ droul ces lektrisces Iti

hal cy~droul ce> lektrik
‘hal cy>drocoslalcy st

ha| <y>dr9<o>'| | <y>t| k

'hal <y > drocosfalcy> iy gi
ha cy~dncosflay stk gy
'hal «y~ droco>.skoup

hal <y~ drocos'skopik

'hal <y~ grocos.Skoup

hal <y~ grocos'skopik

‘hal <y prshin

ha <y~ prsfenik

'hal <y Po<osdin

hal <y>pocosfenik
IK<en>Oicy>ocoslart
IK<ehs>0icysocox Itk
IK<ch>0i<ys'0focas 0951 gk
.|k<ch>9i<y>'0fe<a>ii [+gk]
al koo cos'MaetSc s 1Zom
akore.os'meetk
Idiciso<oxfouny gy
IdicisocoxTONIKY g1
1mad

rmidik

Jmpaege%n

Impeist

IMmpe <o lait

Impolitik

I'nen

I'naenti

JINKlocis'net%n

inklain

1Nk < o'Mp gpj0Ud

INK < o'Mp 4 gp) Ot

"Indi gin

JIndigeniti

Jndigne%n

indigniti

Indal <jg>n

INef L gpjo<ixkelSes
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deep

shallow

inefficacity
inelasticity
inelastic
iniquity
insane
insanity
intervene
intervention
inurbane
inurbanity
invitation
invite
invocation
invoke
ionization
ionize
isocline
isoclinic
isotone
isotonic
isotope
isotopic
kaleidoscope
kaleidoscopic
karyotype
karyotypic
kyanite
kyanitic
laccolite
laccolitic
lachrymose
lachrymosity
lactone
lactonic
lanose
lanosity
lanuginous
lanugo
laryngoscope
laryngoscopic
laterite
lateritic
lavation
lenticellate
lenticel

| nSfH_db] |'kal<|t|
Incleegikiti
JInelaestk

I'nikwiti

InNsan

Insanti

Intsrven
JInterventyon
JInurban

JInurbaenti
JInvitatyon

Invit

JInvokatyon

Invok

Jonizatyon

‘loniz

‘Isakln

Jsoklmik

‘Isqton

JIsotonik

‘Isqtop

JIsotopik

K> adli <oi> daskop
K<x>a8li <ci>doskopik
K<k>@lM<ysO0ticysp
K<xsallcys0ticyspik
Kersi<y>aanit
Kexsicy>aenitik
'|£K+db]0.|ﬁ

leek qp)olitik

leeke ch> M <y>IMOS
leeKech> N <y >'Mositi
'leekbn

leektonik

'lanos

lanosti

leenugnos

leenugo

lzeri <y~ ngaskop
lzer! <y~ ngoskopik
leetrit

leetrtik

leevatyon

lentl 'KS' [+db] at

lenti kel

il nSf[+db]9<i>'k$&c> Iti
ANl ces lEaRISc e It

INl <o 'leestk

rnikwiti

InNsan

Insaemti

Intrvin

JIntrvencsn

INreyrs'ben
INreursbaenti

Invitei%n

Invat

INVa .o~ 'keiSn

InNvouk
AlocosNocis'ze8%N
‘Aloco>Naz

‘aAScoxKlamn

Al o klink
'aAS<ostoun

Ao tonk

'A< t0Up

Ao topik
Kck>9<a>lal ceis 0o <o Skoup
K<k>9<a>lal <ei> oo 'skopik
K<ks@®licy>o<o>ta<ysP
Keks@®ricy>o<o>tl<y>pik
Kek>acy>o<asnat
Keks>al cy>9<asNItIK

leek rapjo<o> lait

ek apo<os ik
leekech> o<y >MOUS
leeKcchs o<y >'mogti
laektoun

leektonik

'leinous

lernogti

l[ocasNYo<isNoS
locas'nugau
locasTl<y>nGoco>SkoUp
locasM<y>nGocos'skopik
leebrat

leetritik

leevel%n

lentl 'S<e> el [+db]l<a> teces
lentl Sce> el
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lentic lentik lentik
leucite TUceusKit lUceu>Scesalt
leucitic U< eus'KItIK IUceus'Sces Itk
leukocyte UceusKak>0Scesicy>t Uceus>Kak>9<o>ScesB <yt
leukocytic MUceusKak>0Scesicy>tiK  lUceusKek>o<o>'Sces I<y>tK
lignite Tignit lignat
lignitic lignitik lignitik
limonite Timanit laime <o>.nait
limonitic Jimonitik Jlarmoe o5 nitik
lithophyte h0ofi cystigy 18ocosfalcystigy
lithophytic N00fi y >tk g1 IEPISN | PN (] (IR
logicism logi.kism lofl.S<c>1Zom
logic logik lojik
loquacious  Iokwakyos loukwelSs
loquacity lokweekti loukwees ¢ Iti
lycanthrope  'li <y keerbrop lal <y s KocasnOroup
lycanthropic  li <y~ keerfropik lal <y s Kocasnbropik
lymphogite  li<ys>mfoscesicystiygx Ncy>MfocosScesa<y> gl
lymphog/tic  licysmfoscesicystiKigy  llcysMiocos'Sceslcys tiK gy
lyricism N<y>rikism N <y>TSces1zom
lyricist T <y>rikist Ncy>TlScesIst
lyric Neysrik N<ysrik
macrogte 'maekrecsicyst 'Maekbco>Scesa <yt
macrogtic Maekrtecsicystik Maekbcos'Sces | <y 1k
macrophage 'maekrdag, gi 'maekp <o fell4 gl
macrophagic maekrdagki gx| meekp <o Tk 4 gk
magnetite 'maegn.tit 'meegnees tait
magnetitic maegnrtitik meegm.estitik
magnificence maegifikens maeifisccsons
magnificent  maegnifikent meeqnifiscesont
magnific maegnifik maegnifik
malignity mad1gniti Mo <as'ligniti
malign madign Mocaslalcigsn
martensite  'maertnz g1t 'Martenz.ssat
martensitic  maertnz.ss1tik Martenz g5 1t1k
matrices 'matn k+ez 'meitri Sces +iz
matrix 'matnks 'metriks
medicine 'medikinece MediSces INEces
medic 'medik 'medik
megaphone  ‘megasfon; g 'MeQo<ax fOUN[ g
megaphonic  megaefoniK g1 MeQo < a> TONIKE g1
mendacious mendakyos mende%s
mendacity mendakiti mendees e Iti
mesophyte  'MeZs»0fi cy>tiygi 'MeZ<s>9<o>falcystiygy
mesophytic  .MeZ<s> Ofi cy>tIK 4 gy MEeZess0 <0 Flays K gy
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deep shallow
mesothoracic MeZ s 000TRKK MEZ g 0c0>00TRS o5 1K
mesothorax MeZ~ 000reels MEZ g5 00> '00r2KS
metaphysicist Meteefl cy > Zoos IKIStg)  Metocas Tlays Zess1Sces ISt g
metaphysic meteefl cy~ 2o 1K1 gk MetocasTloysZess 1K gl
metathoracic Metagoraekk Metocas 00T e 1K
metathorax Mmetaeforaels Meto o~ 0oraeks
meteorite 'metearit 'Mitioc o> rait
meteoritic meteoritik Mitio o5 Ttk
metronome 'metronom 'Metro<os.nNOUM
metronomic metronomik Metrocos'Nomik
microgyte 'MIKroScesicyst 'makrocosScesa <yt
microgytic MIKroSccsicystik makrocos'Scesl<y>tik
microparasite mikro'paerasit makrou'paeb«,~ sat
microparasitic mikropaerasitik makrou,peeb«,s'sitik
microphone 'mikrofon gk 'makro <o foung; gi
microphonic mikrofonik; gy malkra o fonikp g1
microphyte 'MIKrofi «y >t gk 'makracosfal cys iy gy
microphytic MIKrofi «y >tk g Malkra <o floys K gl
microscope 'mikro,skop 'makroo>.Skoup
microscopic mikroskopik malkro.o~'skopik
microtome 'mikrotom 'makrac,s.toum
microtomic mikrotomik makrsos'tomik
mime 'mim 'mam
mimic 'mimik 'mimik
misanthrope 'miseerdrop 'MISs 5> NOroup
misanthropic miseerbropik MISo o5 nBroplk
mispronounce mispronuns MISPl <o~'NAUNS
mispronunciation MISPronU<y,;»NSces 'atyon  MISPR <> NANSces i <is'€15N
mithridate 'mifridat 'mifrocis. det
mithridatic miérrdatk midrirdeetk
monasticism monaestkism Mo < o>'NAESES ¢~ 1Zom
monastic monaesik Mo <> 'Naestk
monochromate  ,monok.n~romat MOMS < 65K cnsroumelt
monochromatic ,monokc.psromatk MONs <65 K ens rou'maetk
monocline 'monaklin 'MOMb<os.Klain
monoclinic monoklinik MO <5 KlINk
monog/te 'MONQSccsicyst 'MOM o> Sce>d <y>t
monogytic MONOSccsi<ystikK MOM<ox'Scesl<ystik
monotype 'monati <y~p 'MOMbo>tal cysP
monotypic monoati <y~ pik MOM o>ty pik
monzonite 'monzaonit 'MON®«,>nat
monzonitic .monzonitik MON2 . o~'NitIk
mordacious mordakyos mordei%s
mordacity mordakiti mordeescs Iti
mucose 'mukos 'myukous
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mucosity mukosti myukositi
myope 'Mi<y>0p 'mal <y 0Up
myopic Mi<y>'0pik mal <y~ 'opik
mysticism ‘Ml <y StLKISM Ml <y StSces1Zom
mystic 'Mi<y Stk 'Mi <y~ StK
neoclassicism  neoklees, qp)lkism  niouklees gp)lSce>1zom
neoclassic neoklees  qp)1k nniouklees, ek
neophyte "neafi <y >t gk Nio o> fal <y >4 gk
neophytic NEofi <y 51K 4 g1 Nio <o Tlcy K g1
neuroticism NUceys'TOtLKISM NUceus'TOSces 1Zom
neurotic NU<eu>"TOLK NU<eusTOtK
noctiluca .nokt'lukee Nokb ;s 'luke
noctilucent noktr'lukent NOoKb <~ lus ¢sant
nodose 'nodos 'nou,dous
nodosity nodosti nou'dogti
nummulite "NAM[ gp) ULIL "NAM;an)Yalait
nummulitic NAMp g UTTIK NAML gp] Yol itk
obligee .obli'ge 0blo i~ i
obligor .obli'gor 0oblois'gor
oblique oble<isKequs> 9<o>blicisKequ>
obliquity oble;s kwiti 9<o> blikwiti
obscene obsc..s€en 9<o>DSecesin
obscenity obsc..enti 9<o>DSeceseniti
omnificent omnifikent omnifiscesont
omnific omnifik omnifik
omophagous omofags gi] 0U'MOfoca> 0084 gk]
omophagy omofeedy, g oU'mMofocaslif+gk]
oolite ‘oalit 'OUa o> lait
oolitic .oolitik OUs <05 '11tIK
oophyte '§qfi <y>Utek] '0Us <o fal cy> 4 gi
oophytic 00fi <y S tK[ 4 g1 0Ua <05 Tl <y s UK g
opacity opakiti oU'paeS ¢ Iti
opaque opakequ> oupek<qu>
operate 'operat 'oparelt
operatic opsratik opa'reetk

ophthalmoscope
ophthalmoscopic

organicism
organic
organization
organize
orthoscope
orthoscopic
osteophyte
osteophytic

offeelmoskopy g
of.faelmoskopiki g
orgeenkism
orgaenk
.orgaenzatyon
'orgaeniz

'orfo,skop
.ordaskopik

'OSE:Qﬁ <y>1gk]
0sedfi <y>t|K[+gk]

offeelm < o>.SKoUP[ g
of.8eelm o> 'skoplK gi
orgeenSqcs1zom
orgeenk
OIgocasNIZaSN
2Igeca>NAZ
2rfa <o SkOUp
2o o5 'skoplk
'0Stb<ox.fal cy> 14 gk
0Sth <ol <y > K[ g1
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deep shallow
otiose 'otl,0s 'OUS > 1<i>.0US
otiosity .otrositi OUS ¢ i cis'09t
otoscope 'otaskop '0Uto <o >.Skoup
otoscopic .otaskopik OUto .o~ 'skopik
oxidase 'oks.das 'oks.deis
oxidasic oks'dagk .oksi'daesk
oxidation .oks'datyon oks'de%n
oxide 'oksid 'oksad
ozone '0zon 'ouzoun
ozonic ozonik ouzonk
palindrome 'peelndrom 'peelndroum
palindromic  paelndromik peelndromk
pantomime  ‘'paentgnim 'PENb <o~ Mam
pantomimic  paentamimik pENd o~ mmik
parasite 'paerasit 'PEEDb 5> Sat
parasiticide  peerasitiSce~1d P&ED s 'SItlScesald
parasitic peerasitik PE&EDb<as SItIK
paroxytone paeroks .y .ton Po<as"TOKS <y toUN
paroxytonic  paerokscys'tonk paeroks.y s tonk
pasteurization paestyes Urizatyon PEEt>9<ceuslZ8SN
pasteurize 'paeSty e~ UrIZ 'PEEt>9<ceusfAZ
pathogene 'padogen 'Pado o fin
pathogenic padojenk Pado o> Jenik
pearlite 'PEceas Tt 'Pleearslait
pearlitic PE <ea> Itk Preecars ik
pedicel 'pedikel 'PediScesoces|
pedicle 'pedikl 'pedikal
pegmatite 'pegmaxtit 'PEQMo < 5> talt
pegmatitic pegmaditik PegMo o titik
peptone 'pepton 'peptoun
peptonic peptonik peptonik
peridotite Jperirdotit peri'doutait
peridotitic peridotitik peridourtitik
periscope 'peri,skop 'peri.skoup
periscopic peri'skopik peri'skopik
perlite perlit ‘priait
perlitic perlitik priitik
perspicacious persp'kakyos PISm<is'kelss
perspicacity  persprkakti PSP <is'Keeses It
pertinacious perti'nakyos Procis'NeiSs
pertinacity pertinakiti Prto s NES o I
phagogte feeg®ccsicy>t gk fP<o>Sces>A<y>tign
phagogtic fegbccsicy>tK gl fRP<o>'Scesl<y>tiK gl
phallicism faelan]lKISM gk feelab]l S<e>12oMp g1
phalllc 'fa3|[+db] ||$[+gk] 'fa3|[+db] | k[+gk]
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pharmacal feermegkel gy farmocaskocas ey
pharmacist faermeekst | gy farmoe cas Sce> 1St gk
pharmag faermeek g farmocas Sces gl
pharyngoscope faer|<y>ngqsk§p[+gk] focasTl<y>100<o>SKOUP 4 gK]
pharyngoscopic faari«y~ngoskopik gy focasl<y>000<o>'SKOPIK[ gy
phenotype 'f§noti<y>p[+gk] finocostal <y>Pigk]
phenotypic .fenoti<y>rilg[+gk] finocoxtl<y>PIK gk
philhellene fil'hel L ap) €N gk fil'hel | L ap)in[ex
philhellenic .f||hs'l[+db]§nk[+gk] filnel [ ap)eniKp g1
phonolite fonality; gx fouNe <o laltyy gi)
phonolitic fonalitik | g founs <o NIk gy
phonotype 'f§nqti<y>p[+gk] foUns <o tal <y > Pri gk
phonotypic fonoti .y~ pIK[ gk foune <ot <y~ PIK 4 gk
phosphate fosfat; g fosfert;; gk
phosphatic fosfatiky gig fosfeetki gig
phosphorite fosfarity gig fosfo <o raty g
phosphoritic fosforitiky ;g1 fosfo o TtIK 4 g
photoelectricity fotoslektriKiti; | gi foutoul ces lektrisces Itip gy
photoelectric fotoelektrik gy foutoul ceslektrikiygig
photogene fotafen g fOUto <o liN[4gK]
photogenic fotofenky g fouto <o EENIK gk
phototype 'fcjtqti <y>Pitgk] foute <o tal <y Prigk]
phototypic fototi «y~ PIK[ 4 gk foutocos 't <y PIK 4 gk]
phyllite fl<y>Iiran) ek fleysI[ab@t1gy
phyllitic f|<y>'|[+db] EIK[-i-gk] f|<y>'|[+db]|t|k[+gk]
phyllome Tl <y>l[+ab)OM4 g1 fl<y>l[+ab)OUM4 g
phyllomic fl <y> 11 +ab)OMIK[ 4 gk fl <y >'l[+ap)OMIK 4 g1
phylogenesis  fi <y~ loferesis gy falcyslocos TeN e SIS gl
phylogenic fi cy>logenk gy falcyslocos TeNiK] gk
physical fley>Z<ss kel g1 flay>Zess Kocas [ ygi
physicist fley>Z<s> KISt g1 fley>Zes>1Sces IStk
physics fley>Zas> 1K+ gk fley>Zass 1K+ gk
physic fi <y>Z<s> 1K1 gk] fley>Zas> 1K gk
phytophagous  fi <y > 'tofagps g fal cy>'t0focas 0o i
phytophagy fi <y tof gl g fal cy>'tofocasijygn
pilose 'pilos 'palous
pilosity prlogti parlositi
pisolite ‘pisalit PASI<o> lalt
pisolitic pisolitik PaAS oItk
plasmagene 'pleez.s~magen pleezess Mocas fin
plasmagenic pleez.ssmagenk pleezess Mocas Jenik
plasticity pleestkiti plaestis s Iti
plasticize 'pleestkiz pleestsccsaz
plastic 'plaestk 'plaestk

pleasance Plecea>Zcs>NS PleceasZcs>9<a>NS



114

CHAPTER3. ORL DEPTHAND CONSISTENCY

deep

shallow

please
plumose
plumosity
podsolization
podsolize
podzolization
podzolize
poeticize
poetic
polarization
polarize
polemicist
polemic
polite
political
politicize
politic
polyphone
polyphonic
porcine

pork
posterity
poster
precocious
precocity
predaceous
predacious
predacity
prevocational
proctoscope
proctoscopic
prodigal
prodigy
prodrome
prodromic
profane
profanity
profound
profundity
pronounce
pronunciation
prosaicism
prosaic
prototype
prototypic

Ip|e<e3> Zes>
'plumos
plumosti
podsolzatyon
'podsdiz
podzolzatyon
'podzdliz

pocti Kz
poctik
[polaen'zatyon
'polaeriz
polemikist
polemik

polit

politikeel
politi kiz
'politik

'poli <y>.f§n[+gk]
ol <y FONIK 4 gi
'porkin
‘POrkeic>
postriti

'postr
pre'kokyos
pre'kokiti
predaky < 0S
pre'dakyos
pre'daekti
prevokatyoneel
'proktaskop
proktoskopik
‘prodigeel
‘prodigl
‘prodrom
prodromik
profan
profanti
profund
profuc .~ nditi
pranuns

PranUcysNSecs l'atyon

proz.ssakism
proz.s>ak
'prototi «y~p
prototi <y~ pik

Plicea>Z<s>
'plumous
plumogti
POdS o 11ZESN
'pods <o-.lalz
podz o5 lI'zeSn
'podz o> laiz
pouct Sccsalz
poustik
Poulo a5 rI'zeSn
'pPoulo o falz
Po<os'leMISces ISt
Po<os'lemik
Po<o>lait
Pocoslitikocas
PocoslitiScesalz
'politik
'poli<y~.founp gig
Poli<ysfonik gy
‘Porsce>an
Pork<ic>

postriti

'poustr

Prl <e>'kKOUSS
pri‘kosccs Iti
prirdeS, ce>oS
pride%s
prirdees cs Iti
privoukerSno .1
'prokt < o~ Skoup
Proki . o~'skopik
'Proth<i>Go<as|
'‘proc.<; i
'proudroum
proudromik
Pra<osfein
pro<ofeenti
pra<o>'faund
Pro<osfanditi
Pro<os'NaINS

Proco>NANScesi«is'€1%N
pI’OU'Z<S> €l |.S<c> 1Zom

prouz.gselk
'prOUta<o>.taI <y> p
Provtocos tlcys pik



pyroelectricity
pyroelectric
pyrrole
pyrrolic
radioisotope
radioisotopic
radiopacity
radiopaque
radiophone
radiophonic
radioscope
radioscopic
radiotelephone
radiotelephonic
rapacious
rapacity
realization
realize
recitation
recite
reclination
recline

regale

regality
renounce
renunciation
reomganization

Picysroelektrikiti
Picysroelektrik
'Pl<y>T1+db]O!
Pl<y>"[+apjOlK
radoisoop
radojsatoplk
radopakti

radopake qu>

Tad Oy gy 0N gk
rad 6[_gk]'f6n| K[—i—gk]
'radioskop
radoskopik

.rad C_)[_gk]'t€| s.fﬁn[_,_gk]
rad q,gk].t8| efoni K[+gk]
raepakyos

reepaekti

rezel'zatyon

readiz

resces Itatyon
re'ScexsIt

reklrnatyon

re'kln

regal

regaliti

renuns

reNUcys NSces l'atyon
reomgeenzatyon
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providence 'providens 'providens
provide provid Pra<os'vad
provocation Jprovokatyon Prove .o~'kei$n
provoke provok Procos'VOUk
psammite '€ <p>S&Myap) It '€ <p>S&®M gpjalt
psammitic €<p>SA&N ap)ItIK €<p>SEM gp)ItIK
psephite 'e<p>s§f|__t[+gk] ‘€ <p>Sifalt] gy
psephitic €<p>SEfitiK gl €<p>SHItIK g1
pteridophyte e<p>tendafi cy st g e<p>tTdocosfal eyt gy
pteridophytic  e<p>terndoficystiki gy e<pstordocosficystiK gy
publicist 'pablikist 'pablisces st
publicity pablikiti pablisccs Iti
publicize 'pabliKiz 'pablisccsaz
public 'pablik 'pablik
pugnacious pagnakyos pagness
pugnacity pagnakiti pAgn&eS ¢ Iti
pyrite PicysIt 'pal cy > rait
pyritic PicysTitik pal <y itk

Pal <y>rOUl <o lektrSces It
Pal <y 0Vl <o lektrik
'Pl<y>I+dbOUl
Pl<y>"T[+ab]OlIK
reldiqisovas <o~ toup
reldiqis oua S« toplk
reldiqisoupaes cs Iti
reldigs oupekequs
reldicis 0U[_gigfoun g
.reldi<i>ou[_gk]'fon|k[+gk]
reldi.;s0uU,skaup

reldiqi~ ouskopik

reldicis oUp_gitelafoun gi
.reldi<i>ou[,gk].tela'fon|ngk]
lo<as'PESS

loca>PeScs It
lMocasll'zaSn

Tiocaslalz

TeSces I'te1Sn

M'Scesalt

reklocis'netSon

riklain

rirgel

rirgeelti

rirnauns
MNANScesi<is'elSon
fiorge<as Ni'zei%n
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reolganize  reorgaeniz r'arge<asnaz
residence  'rez.gs1dens TeZes> 10onS
reside reZes>1d Nnz.ssad
resignation resignatyon reZoss1gnesn
resign re'sign NZegsal <ig>N
reveal re'Veceas| MN'Viceas!
revelation revelatyon revelel®n
revile revil rival
revocation  revokatyon reVocos'kelSon
revoke re'vok rivouk
rhetoric Tetonky gk Tetocox MK gk
rhetor 'Tetor ;g1 it <o M4-gk]
rhyolite i<y Ol g1 Tal cy>9<o>dalt gk
rhyolitic My~ ONtIK gk ral cy>9cos KL gk
rhythmicity iy~ 'mikiti;| gy MN<y>0MISces i gy
rhythmics Tlcy>OMIK+S gl Tl<y>OMIK+S gl
rimose 'TImos 'raimous
rimosity rrmositi rar'mogti
romanticism romaentkism roumeaentSqcs1zom
romanticist romaentkist rou'maentsccs Ist
romanticize romaentkiz rou'maentScqcsaz
romantic romaentk rou'maentk
rugose 'rugos 'rTugous
rugosity rugosti rugogti
rusticity ra'stkiti ra'stisces Iti
rustic Tastk 'rastk
salulose 'saehlos 'seebylous
sahlulosity seehlosti seebylositi
sagacious  samakyos Sca>'085S
sagacity sagyakiti Sca>'0RScs I
salacious sadakyos ScaslerSs
salacity sadakti ScaslEes st
salicine 'seelkiNeces 'seelSces INEces
salicin 'seelkin 'seelscces In
salic 'saelk 'seelk
sane 'san 'san
sanity 'santi 'seenti
saprolite 'saeproit 'SEPH<o>lalt
saprolitic Ssaeproitik SePbcos 1tk
saprophyte 'seeprdi <yt gk 'SEPS <o fal cy> 111 gk
saprophytic seeprdi «y>tiki1gk] S®PS<o>Tly>tK gk
satellite ‘st ap)It 'saebl[yapjalt
satellitic Seetlap) Itk Saebl[yapitik
saturnine 'saeur,nin 'S&byy>lnan
saturninity  'seetr,niniti 'Saeb <y KNINIi
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saxophone 'seekson gk 'SeBKS <o>.fOUN[ g1
saxophonic Seeksonik; g SEKS o> TONIKL g1

schizomycete
schizomycetic
schizophyte
schizophytic
scholasticism
scholastic
seismoscope
seismoscopic
semen
semination
semiparasite
semiparasitic
septicemia
septicidal
septicity
septic
sequacious
sequacity
serene
serenity
siderite
sideritic
sigmoidoscope
sigmoidoscopic
silicic

silicide
siliciferous
silicify

silicon

somite
somitic

sone

sonic
specifiable
specification
specificatve
specificity
specify
specimen

spectrohelioscope
spectrohelioscopic

spectroscope
spectroscopic

SK<ch> 1Z0Micy ket
SKeen>1Z0Micy > ketk
'SKech> 1Z0fi <y >ty g1
SKech> 1Z0fi <y > HK[ 4 g
SKecns Olaestkism
Skechs Olaestk
'SiceisZ<s>Maskop
Sicei>Z<s>Moskoplk
'semen
SEITE <5 'Natyon
Ssmi'paerasit
Semi,peerasitik
Ssspt'lkemiae
septirkideel

sepiikiti

'septik

sz’kwakyos
se'kwakiti

sz'ren

szrenti

'slde,rit

Slderitik
sigmoidoskop
sigmoidoskopik
si'likik

'silkid

silikiferos

si'hikifr

'silikon

'somit

somitik

'son

'sonik

'SpES<cs | f12ehl
SPES<cs IfI'’katyon
'SpES<e> IflkatVeces
SPES<e> Ikt
'SPESces 1T

'SPES<ce> IMen
spektrohelioskop
spektrohelioskopik
'spektroskop
spektroskopik

SKcch>1Z0UMa <y 5 'Scex it
SKech>1Z0UMal <y 'Sces etk
'SKech> 120 <o> fal <y >ty gi
SKech>120<o> Tl <y > K g1
SKech>9<o>'l@@StSccs1Zom
SKceh>9<o> laBstk

'S8 <ei>Z<s> Moo SKOUP
Sd <ei>Z<s> m9<o>'Sk0pI k
'simen

SEMocis'NESN
SEMicis'P&EDb <> SaL
SEMici~PEb o~ 'SItIK
SEPt'ScesiMiciso
SEPt'ScesaAdocas
SzptiSces I

'septik

Sl ces'kwelSes

Sl ces'kWaes o> Ii

So'rin

So'reniti

'sidorat

slderitik

sigmoido .o~ .Skoup

sigmoido .o~ 'skopik
SIlISces 1k

sl scesad

SlI'sces1fras
Sl'l1Scesocisfal

'SIl1Koco>N

'soumalt

sou'mitik

'soun

'sonk

'SPES<e>d<i>falocas bol
SES<ce>2<i> fa<i> kel%n
'SPES<e>9<is> focis KeltlVeces
SPES<e>9<is TISces i
'SPES<c>d<ix>fal
'SPES<c>9<ix>MaN
SpeKtro <o~ hili cj59 <05 Skoup
SpeKtro <o hili 55005 'skoplk
'spektro<o>.Skoup
Spektro<os'skopik
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sphericity sferikiti; gi] sferisces Itify gk
spherics 'sfenk+s4 gi] 'sferik+51 gk
spinose 'SPL.NOS 'spa.nous
spinosity sprnosti spanosti
sporophyte  'spordfi «y 1t g1 'Sprocosfalcy st g
sporophytic  spordfi «y stk gr]  SPre<osflays Ky gl
State 'stat 'stat
static 'statk 'steetk
staurolite 'sbrolit 'SHcausMP<oslalt
staurolitic sbrolitik Sbcauslocos'litik
stauroscope 'sbroskop 'SH < au>MP<o>Skoup
stauroscopic sbroskopik SbcausP<os>'skoplk
steatite 'steadit 'Stio c o> talt
steatitic Steaditik Stio o5 titIk
steatopga Steaebpicy > ge Stio <> tOU'PA <y > 0o
steatopgia .ste_aet_rpi<y>§|ae Stocas tOUPA .y s fi<iso
steatopgous steebpi<y~gos Stio ca> tOU'PaAl <y 0oS
stenotype  ‘stnoticysp 'SEMO<o>tal <y P
stenotypic SENOti <y~ pIk SEM <ol cyspIK
stereoscope 'streqskop 'Steliocos Skaup
stereoscopic streoskopik Skriocos'skopik
stereotype  'streqticysp 'Striocos tal <y P
stereotypic  Streoti«y s pik SElocos tl«ysplk
sterilization  s&rili'zatyon Stracisl1'ze%n
sterilize 'skriliz 'Sterois laiz
stethoscope 'stfoskop 'Stz00 <o~ SkOUp
stethoscopic ,stfoskopik Stefo .o 'Skoplik
stoicism 'stol kism 'StOUISc e 1Zom
stoic 'stolk 'stoulk
strobilation  ,strobilatyon Straubo i~ le1%n
strobila strobilee strouballe
stroboscope 'strobaskop 'stroube . skoup
stroboscopic ,stroboskopik Stroube <~ 'skoplk
stromatolite  stromeetdit stroumaeb .o~ lait
stromatolitic  stromeetditik stroumaeb .o~ 1tk
stylite 'Sticy s 1t 'sta <y s lait
stylitic Sticys Ttk stacys litik
stylolite 'Sticy > 10/t 'St «y s [ocoxlalt
stylolitic Sticyslolitik Sta <y s locoxTItIK
stypticity St <y pikiti Sty PliSces It
styptic 'stl <y ptik 'stl <y > ptik
sublime sublim Scu>blam
sublimity sublimiti S u>blimiti
subvene subven S<u>bvin
subvention subventyon S cu>bventon



tachistoscope
tachistoscopic
tachylite
tachylyte
tachylytic
telescope
telescopic
tenacious
tenacity
tephrite
tephritic
tetrabasicity
tetrabasic
thallophyte
thallophytic
theodolite
theodolitic

thermoelectricity

thermoelectric

thermoplasticity

thermoplastic
thermoscope
thermoscopic
thoracic
thorax
thrombogte
thrombogtic
tone

tonic

tope

topic

torose
torosity

taek < cn> IStaskop
teek < cn> IStoskopik
It%k<ch> I<y>Ilﬁ
teekech> <y >li <yt
It%k<ch> |<y>IIi <y>t||$
tele,skop

tele'skopik

te'nakyos

te'naekti

'tsfth[+gk]

tefritik g1
tetreelasikiti
tetraebask

028} ab]Ofi <y >t gi]
Hael i ap)Ofi <y > tiK[ 4 gig
feodalit

feodoalitik
Dermoeleketrikiti
Hermog'lektrik
Hermoplaestikiti
Hermoplaestk
‘dermoskop
Hermaskopik
foraekk

‘foreels
'0rombascesicyst
Brombosccsicystik
'ton

‘tonik

'top

‘toplk

'toros

torogti
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deep shallow

sulfite 'salfit 'salfait

sulfitic salfitik salfitik

supenene Suprven supmwvin

supenention Sugrventyon supventon

sybarite 'Sl <y > baerit 'SlcysDocas rait

sybaritic Sl <y beeritik Sl<y>Bocas itk

syenite 'Sicysenit 'sd <y > onalt

syenitic Sicysenitik S cysonitik

synagogical Sl <y > naegogkeel Slcy>NMocas'gkocas|

synagogue Slcy>NBYO0F cu>€<e> 'Slcy>MP<a>J0Fcu>C<e>

syndrome 'Sl «y>nNdrom 'Sl <y~ Ndroum

syndromic Sl <y > ndromik Sl <y ndromk

toca>'K<en>1Sb<ox> Skaup
tocas Keeh> 1Sbeos 'skopik
teekech>o<y s lalt
teekech>ocyslalcyst
teekech>o<ys 1<y tik
telo,skoup

tell ces'skopik

to'nel%s

to'naes ¢ Iti

tefrait gi

tefritik g

tetrocas bersisc s it
tetrocas'beisik

Bt abje<osfal<y>tiigk]
Ie%t+db]9<o> fi <y>t| k[+gk]
fi'odo o> lait

0,00 <>tk
Ormoul ces lektrisces Iti
Ormoul < lektrik

Ormo o plaastisccs Ii
Brmo <~ 'plaestk
'Brmo <o~ .Skoup
Brmo <o~ 'skopik

forees.es 1k

‘Boraeks

Brombe <o Sces A<yt
Oromboco5'Sces I <y >tk
'toun

'tonlk

'toup

‘topik

‘torous

torosti
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deep shallow
toxicity toksikiti toksISccs It
toxic toksk toksk
toxophilite toksofi It g toksob i lalty gi
toxophilitic toksofilitik gk toksob i 111K gk
trephination trefrnatyon g trefocisneSN g1
trephine trefin g tr <e>'falN gy
triazole 'triaezol tralo < a~.zoul
triazolic trizezolik tralo < a~'zolik
trichite trK<cns It trikccnsalt
trichitic trI'Kecns 1Tk trlkccns 1tk
trilobite trilo,bit trallo<o balt
trilobitic trilobitik fratlocos'bitik
troglodyte troglodicy >t trogh<o>da <yt
troglodytic troglodicystik trogh«os'dicystik
trope 'trop 'troup
tropic tropik troptk
tropophyte tropafi <y >t gk trop<o>fal cystiy gy
tropophytic tropofi .y >tk g1 trope o> flcy > K g
trypanosome trl <y > paenEom tr <y>Po<ca>Noco>SOUM
trypanosomic trl <y paensomik tcysPocasocos'sOMK
tuberose tube,ros 'tubarous
tuberosity tubsrogti tuberogti
ultramicroscope altreemikroskop altracas'makrs <o~ skoup
ultramicroscopic altreemikroskopik Altrocos.makra .o 'skoprk
unchaste Ancast Anceast
unchastity Ancastti Ancaesiti
uralite 'yureelit 'YUlocas lait
uralitic yuragitik YUrlocaslitik
uranite 'yuranit 'YUloca> Nalt
uranitic yuranitik YUlocas'NItIK
urbane urban l<ur>'bEN
urbanity urbanti l<ur>'baenti
urbanization .Urbaenzatyon FeursBocasnize®n
urbanize 'urbeenz Teur>Docas nNaz
vaccination VK cs Sees'Natyon  Vaekees Scesa<is'NESN
vaccine VaBK<csSce>BisN VaBK<esScesicisN
vaporization vaponzatyon Velpocosrze®n
vaporize vapariz Velpocos falz
varicose 'veaen kos 'Vaeb <> KoUs
varicosity veenkosti vaeb i~ 'kogti
variolite veenolt VEcaslicisd<oslalt
variolitic veenolhtik Vecaslicisacos 1tk
vaticination Vveetkl'natyon VeeltS s I'ne%n
vatic 'veetk 'veetk
ventricose 'ventri kos 'ventro <55 Kous
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deep shallow
ventricosity ventri’kosti Ventro ;s 'kositi
veracious  verakyos va'rel%s
veracity verakiti Voraes ¢ i
verbose verbos vrbous
verbosity verbosti vrbogti
verrucose 'Ver|+qp)UKOS 'VEIT4db]P<u>KOUS
Verrucosity  \Ver[gpjUkost VEIT}ab]P<u>'kosti
vertical vertikeel VItikocas |
vertices vertik+ez VIt Sces +iz
videophone videafony gy VIdis o> fOUN[ gk
videophonic videofoniky g Vidio <o foNIK g1
vinosity vi'nogti vi'nogti
vinous 'VINoS 'valnes
viscose 'viskos 'viskous
viscosity viskositi viskogiti
vivacious vi'vakyos ViI'vel%s
vivacity vi'veekti ViVeeS e Iti
vocational  vokatyoneel voukel®noas |
vocation vokatyon voukel%n
voracious vorakyos vo'rel$s
voracity vorakiti Vo'rees e Iti
vortical vortikeel Vortike < o5
vortices vortik+ez Vot Sees iz
vorticism 'vorti,kism Vortl,Sees1Zom
xerophyte  'Zoxseroficystygi Zex>l<esTocosfalcystigy
xerophytic  Z<xseloficystiK g  Zaxsl<esTo<osTlays K gy
xylophone  'Zoxsicyslofon gy Zex>A cy>loco>fOUN gy
xylophonic  Zexsicyslofoniki gl Zex>acyslocosfoniky gi
zeolite zealit Ziocoxlalt
zeolitic zeolitik Ziocox 111K
zoophile 'Z00f1[ 4 g1 'Z0Us <o fall 4 gig
zoophilic Z0OfINK | g Z0Us <o TIlIK 4 g
zoophyte '200fi <y > 11 gk 'Z0Us <o fal cy >ty gi
zoophytic 200fi <y > UKy g1 Z0Us <o Tl <y >t gi)
zygote 'Zi<y>0ot 'Zal <y gout
zygotic Zi<y>'gotik Za «y>'gotik
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3.A.2 Rulesfor the deepORL

In the next two subappendicekgive the rulesneededor the two differentORL's. |

alsoindicaterulesthat are neededor the deepORL but not the shallov ORL, and
vice versawith thesymbol“{”. Decidingwhich rulesareshareds notascompletely
trivial asit might seemsince,for instancea rule that corvertsan underlying/u/ into

<ou> is really equivalentto a rule that corvertssurface/au/ into <ou>, sincethe
latter phonologicalrepresentatiois supposedo be derived from the former. Such
casesarecountedasmatching.On the otherhand,in somecasenemayfind thata
singleunderlyingphonemses representeéh several possibleways: thus/yu/ surfaces
as/yu/, lyu/ and/ya/. In suchcaseonly oneof the correspondinghallov ORL rules
is countedasmatchingthedeepORL rule.
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1 » -  <auw>
2 tyon — <tion>
3 kyos — <cious> [_#
4 os — ous [ #
5 (kk)s — x
6 kw -  <qu>
7 0z - <X>
18 1z - <es> I+ __#
(plural /iz/ spelled<es>)
9 il - <le> /@b _#
10 r -  <er> /IC_#
11 e - <e> I [+tenselCt __#
(Adda“silent” <e> aftertensevowels)
12 e — € lign__#
13 e — € [T<ea> —[+cOr+cont]__ #
(<ea> requiresno“silent” <e> exceptwith intervening<s>)
14 | - <le> /IC_#
15 1 - <ee> ['c_#
16 ¢ — <ch>
17 d - <th>
718 g - <o>
19 6 - <th>
20 b -  <b>
121 k -  <c>
22 d - <d>
23 f —  <ph> [ ...[+0K]
24 ¢ - <rh> I#__ ... [+9K]
25 f - <>
26 g9 - <g>
27 h -  <h>
28 | - <>
29 m - <m>
30 n - <n>
31 p - <p>
32 r - <>
33 t - <>
34 v - <>
35 w - <w>
36 yu - <u> 1#__
37 vy - <y>
38 z - <>
39 s —  <ce> In__#
40 s - <S>
41 u -  <ou>
42 ol - <oi>
43 A - <u>
44 a - <&
45 a - <&
46 e - <e>
47 1 - <>
48 o - <>
49 u - <u>
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50
51
52
53
54
55
56
57
58

X oxmmcp — O
N R R R A

<u>
<o>
<i>

<e>
<o>
<j>

<k>
<c>
<y>

CHAPTER3. ORL DEPTHAND CONSISTENCY

I_(<i>|<e>|<y>)

I_(Ki>|<e>|<y>)

/

#

(this of coursecouldbe modeledasa surfaceconstaint — Section3.5)
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3.A.3 Rulesfor the shallow ORL

1 o - <0> [ _r
2 o -  <au>
3 (€8pn — <tion> [_ (6bI)?#
4 s — <cious> [/ __#
5 o - <a> Iw__
6 ks - <X>
7 9z - <X>
8 kw - <qu>
19 1 - <e> [#pr|r|d__
110 az - <ize> | #
11 z - <S> | #
12 r -  <er> /IC_#
113  zem - <sm> [__#
14 s - <ous> | #
15 ol - <le> | #
16 ¢ - <e> /[+tense]Ct _#
17 e —: [<eas —[+cCOr+cont]__#
18 | - <le> /IC_#
19 i - <ee> /Cr_ #
20 ¢ — <ch>
21 b -  <th>
22 6 -  <th>
23 b -  <b>
24 d - <d>
25 f -  <ph> [ ...[+0K]
26 r -  <rh> [#_ ... [+9K]
27 f - <>
28 ¢ - <g>
29 h - <h>
30 | - <>
31 m - <m>
32 n - <n>
33 p - <p>
34 r - <r>
35 t - <t>
36 v - V>
37 w - <w>
38 yu - <u> l#__
139 yo - <u>
40 yu - <u>
41 y - <y>
42 z - <z>
43 s - <ce> In__ #
44 s - <S>
145 au -  <ou>
46 ol -  <oi>
47 - <uU>
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48
49
50
51
52
53
54
55
56
57
58

159
60

161

162

163

164

165
66
67
68
69

xx-<-(q)q_)@::Q.q.qm_oCC

N S N R A e S A A A N R A
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<a>
<a>

<y> | _#

<e>

<i>

<o>

<u>

<u>

<o>

<i>

<e>

<r> [V __

<er>

<a>

<n> [__ [+velar]

<a> [#_

<a> [_#

<e>

<g> /I_(Ki>|<e>|<y>)
<j>

<k> |_(Ki>|<e>|<y>)
<c>



Chapter 4

Linguistic Elements

Un petitd’un petit
S’étonneauxHalles

Un petitd’un petit

Ah! dggréste fallent
Indolentqui nesortcesse
Indolentqui nesemene
Qu'importeun petitd’un petit
ToutGai de Regguennes.

vanRootenLuisd'Antin. 1967.Motsd’Heures: GoussesRamesThed Antin Manuscrip-
t, pagel. PenguinBooks,New York, NY.

In Sectionl1.2 we madea numberof specificassumption@boutwhat kinds of
linguistic elementswritten symbolsrepresent.More specificallyand more formally
we assumedhat both phonologicaland semanticportionsof an AVM representing
a morphemeor word canin principle licensegraphicalelements. This assumption
naturallybegsthe questionof the rangeof linguistic elementghatcanberepresented
by written symbolsin the world’s writing systems.This questionis the topic of this
chapter The questionof whatkinds of linguistic elementswritten symbolsrepresent
is the single mostinvestigatedssuein the study of writing systems. Gelb (1963)
is normally creditedwith beingthefirst to systematicallyinvestigatethe matter and
every extensie discussiorof the topic sincehaspresentead classificationof writing
systemdasedn which linguistic elementghewriting systemsupposedlyepresents.

| startthe discussion(Section4.1) with a review of someof the moreinfluential
taxonomief writing systemsAs we shallsee thesetaxonomiesaremostlyarboreal:
| will endthe sectionwith a proposalfor a non-arboreatwo-dimensionataxonomy
thattakesasonedimensionthe typeof phonographyencodedoy the writing system,
andasanotherdimensionthe degreeof logographyof the system.

Chinesewriting was introducedin Chapterl as a mixed systemthat generally
involvesboth phonographi@andsemantic— or logographic— elementsa position

127
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arguedmostforcefully by DeFrancig1984;1989).We furtherjustify thisassumption
herein Sectiord.2. Also aswe have previouslyargued thephonographi@andsemantic
elementgepresentedraphicallyin a Chinesecharacterarein a relation of overlap.
This formal property alongwith Axiom 1.3, hasmakes an interestingand correct
predictionaboutthewritten representatioof disyllabicmorphemesn Chinese.

We turn in Section4.3 to a discussiorof Japanesevriting, in particularwith re-
spectto its useof Chinesecharacters.Japanesés surelythe mostcomple« modern
writing system,andthe hardesto force into any taxonomicmold. The propertiesof
the Chinesescriptasit is usedin the Chinesewriting systemcontrastratherdramat-
ically with the useof the samebasicwriting system— kanji — in Japanesea point
that Sampsor{1985;1994)shows corvincingly in his discussionof this topic. As we
shallargue,Japanesaseof kanji is logographicto a greaterdegreethanis useof the
superficiallysimilar setof symbolsin Chinese.The characterizatiorf the Japanese
writing systemasa wholeis aratherdifferentmatter however. Thebestcharacteriza-
tion would appeato bethatit is basicallya phonographisystem put with significant
amountsof logography

We endthe chapten(Sectiond.4) with a discussiorof afew esotericgraphicalde-
vicesusedin somewriting systemsandpresentinanalysisof eachwithin thepresent
framework.

4.1 Taxonomiesof Writing Systems:A Brief Overview

Our purposehereis not to be exhaustve but ratherto presenta small sampleof some
of themoreinfluentialtaxonomiesf writing systemsa morebalancedeview canbe
foundin (Coulmas,1994)(andseealso(DeFrancis;1989,pagess6—-64)).

4.1.1 Gelb

Gelb’s taxonomyof writing systemss generallyviewed asthe startingpoint for all
subsequentaxonomies.Gelb’s purposen his classificationwaslargely teleological:
heviewedthe sggmentalphonographi@lphabetsthe evolutionaryhigh point of writ-
ing systemsandall otherwriting systemsould be viewed asfalling on a continuum
from pictographicnon-writingto alphabetiownriting. Thusalinearpresentatiorseem-
s mostappropriatefor Gelb’s taxonomy andthis is whatis presentedn Figure4.1.
NotethatGelb classifiedMayanwriting amonghis “limited-systems”subcatgory of
theforerunnes of writing; of coursethis is now known to befalse,sinceMayanwrit-
ing is a full writing systemcontainingboth logographicandphonographielements;
see(Macri, 1996),inter alia. Thereis alsogeneraldisagreementith Gelb’s classifi-
cationof theconsonantabemiticwriting systemsassyllabic.

4.1.2 Sampson

A lessteleologicalview of writing is presentedn (Sampson;1985); seeFigure4.2.
Oneimportantinnovationof Sampsors systemis the primarydivision betweerf'glot-
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The Alphabet H Greek, etc.

Syllabic writing @ Aegean syllabaries, Kana, West Semitic

Word syllabic systems @ Sumerian, Chinese

Forerunners of writing: pictographs and other "limited systems" @® Mayan

Figure4.1: Thetaxonomyof Gelb(1963),alongwith examplesof writing systemshatbelong

to eachcase.
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Semasiographic Glottographic
Systems Systems
Yukaghir [?]

Logographic Phonographic

Systems Systems
Chinese
Syllabic Consonantal Segmental Featural

(Alphabetic)

Linear B West Semitic Greek Hankul

Figure4.2: Thetaxonomyof Sampsor{1985).

tographic”writing, wherethe symbolsrepresentinguistic elementsand“semasio-
graphic”writing, wherethe symbolsrepresentonceptsput provide no specification
of a linguistic form to expressthoseconcepts. Sampson(pages28—29)tentatively
presentsas an exampleof semasiographigvriting a Yukaghir“love letter”, and he
givesa few otherinstancesaswell — for examplea setof pictographicinstructions
for startinga Ford car (page30). But on thewhole, the evidencefor semasiographgs
a viable category of writing systemds tenuous.Indeed,Sampsors primary interest
appeargo beto suggesmerelythatafully communicatve systemof semasiography
mightin principlebe possibleratherthanto arguethatsucha systemhasever existed.

Among glottographicsystemsSampsortakes the relatively traditional view that
Chinesewriting is logographic.Thisis becausein hisview, Chinesecharacterslo not
encodephonologicalinformation: rather he claims, Chinesecharacterglirectly rep-
resentmorphemessothatthe Chinesereademustsimply learnwhich characteigoes
with which morphemeandultimately with which pronunciation.This is of coursea
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fairly standardlefinitionof logography* It differsfrom theview thatwe areassuming
here— seeSectionl.2.2andthediscussiorbelow in Sectiord.2— in thatweview any
componendf a writing systermashavinga logographicfunctionif it formally encodes
a portion of non-phonolgical linguistic structure, whetherit be a whole morpheme,
or merelysomesemantigortionof thatmorphemeThelatterkind of encodingmight
perhapdecalled“semasiographic™ut for variousreasong preferto avoid thatterm.

In additionto adoptingthe commonview of Chinesewriting, Sampsoralsotakes
the moreinnovative (and controversial) position that KoreanHankulis featural,an
issuethatwe will returnto below.

4.1.3 DeFrancis

DeFrancig1989)takesissuewith anumberof Sampsors claims.

4.1.3.1 No full writing systemis semasiographic

First, andmostimportantly he arguesagainstthe existenceor eventhe possibility of
semasiographiwriting. His major attackconsistsof demonstratinghatthe Yukaghir
“loveletter”, that Sampsortiteswasnot aninstanceof a systemof written communi-
cationatall, butratherapropin akind of “party game”"whichwasneverintendedo be
understoody areaderbut ratherwasinterpretedor othersby the author(pages24—
35). Still, asSampsor(1994)correctlyobsenes,the agumentis not really fair: even
thoughthe Yukaghir“letter” turnsoutnotto beaninstanceof semasiographiwriting,
DeFranciggnoresthe otherinstancef semasiographiwriting (e.g. theiconic Ford
instructionmanual)that Sampson(1985) had previously discussedindeedDeFran-
cis cannotdery the existenceof iconic symbologythat communicatesdeaswithout
recourseto representingary specificallylinguistic information. On the otherhand,
DeFrancisis correctin observingthat suchsystemsare alwayslimited in what they
arecapableof expressing:nobodyhasshowvn the existenceof a writing systenthatis
entirely semasiographiaglying on no linguistic basisin orderto communicatédeas,
andwhich allows peopleto write to one anotheron ary topic they choose.It seems
fair to saythatthe burdenof proof is on thosewho would claim that semasiographic
writing is possibleto demonstrat¢éhe existenceof sucha system.For DeFrancisthen,
all full writing is glottographic.

4.1.3.2 All full writing is phonographic

But DeFrancismakesan even strongerclaim: all full writing is largely phonograph-
ic. A purelylogographicsystemis, accordingto him, impossible. Thus Sampsors
classificatiorof Chinesewriting as

logographids incorrect.DeFrancisbasicargumentis simple: thevastmajority of
Chinesecharacterghat have beencreatedthroughouthistory are so-calledsemantic-

INote that the basicdivision amongglottographicsystemsbetweenlogographicsystemsand phono-
graphicsystemscorrespond®xactly to what Haas (1983)termspleremicand cenemicrespectiely. See
also(Coulmas1989).
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phoneticcompoundssuchasthe charactefi# <INSECT+CHAN> chan ‘cicada’ dis-
cussedn Sectionl.2.2whereoneelementn thecharactegivesahint of themeaning,
and the other elementgives a hint at the pronunciation. The exact percentagale-
pendsuponthe size of the charactersetbeing considered:for the 9,353 characters
thathadbeendevelopedup to the 2nd centuryAD, about82% of the charactersvere
semantic-phoneticompoundsfor theentiresetof 48,64 1charactershatwererecord-
ed by the 18th century 97% were semantic-phoneticompoundgDeFrancis, 1989,
page99), meaningthat essentiallyall of the charactercreatedbetweenthe 2nd and
18th centurieswere of the semantic-phonetitype. No explicit estimateis given for
the percentag®f suchcompoundsn the written vocahulary of the averageChinese
reader(who canbe expectedto know betweens,000and7,000characters)but there
is no questionthatit will bethevastmajority. Thus,for DeFrancisChinesewriting
is not primarily logographicatall, but whathe termsmorphosyllabic it is basicallya
phonographiavriting systemwith additionallogographidnformationencoded.

4.1.3.3 Hankul is not featural

Finally, he aguesthat KoreanHankul, while thereareclearlysome featuralaspects
thatwentinto its design,is basicallysegmental(pagesl86—200)notethatthis is also
the positionof (King, 1996). The major reasornthat DeFrancisgives(andthis is also
echoedn (Coulmas,1994))is that Koreanchildrenlearningto readtypically mem-
orize the syllable-sizedyroupingsof elementsaswholes,andthatKoreanreadersare
certainlyunawareof the featuralrelationshipsetweenthe symbols. This agument,
it seemdo me,is rathershaly: whatreadersaretaughtor explicitly awareof in their
writing systemis oftenat oddswith whata carefulanalysistells usis true of thatsys-
tem. For exampleFlesch(1981)citessereralinstance®f Americanreaderof English
taughtreadingby theso-called'whole-word” method whowereunavarethatEnglish
writing is basicallysggmentalwith particularlettersor combinationsepresentingar
ticular sounds.

NeverthelessPeFranciss probablycorrectin assertinghat Hankul is basically
segmental,ratherthanfeatural. To seethis, it is worth consideringa truly featural
script,namelyBell’'s “Visible Speech’(Bell, 1867;MacMahon,1996),which wasde-
velopedfor useasa universal phoneticalphabet.The constructionof theindividual
glyphsin the systemencodesrticulatoryfeaturesin a consisteniconic fashion. For
instanceconsonanplaceof articulationis indicatedby orientationof the basicconso-
nantglyph (a C-shapedymbolfor consonank thusC is /x/ with thebowl of theglyph
pointingleftwards,indicatinga constrictionatthebackof themouth;andD is/§/, with
the rightward-pointingbow! representing bilabial constriction. Stops(closures)re
indicatedby closingoff the openpartof the glyph: thusQ is /k/ andD is /p/. Voicing
is indicatedby a bar thatis iconic for the nearclosureof the glottis during voicing:
thus€ is /g/ andB is /b/. Nasalityis indicatedby turninghalf of the closurebarinto a
wavy line, whichindicatesthe loweredsoft palate(MacMahon,1996,page838): thus
€ is /y/ and® is /m/. Otherfeaturesaresimilarly indicatedin a consistentashion.

In contrastHankulis not by any meansasconsistentin its representatioof fea-
tures. While somefeaturesare representedonsistentlyby propertiesof the script,
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Consonants
bilabial apical sibilant velar laryngal

lax continuant = L A o

m n s q (see

p.126)

lax stop H - = 1

b d ¥ g
tense aspirated oA E X = &
stop b t ch kb h
tense continuant AR

S*
tense unaspirated w =3 P m
stop p* t* c* k*
liquid =
1
Vowels
front back
spread rounded spread rounded

close il w — uT
mid el @ ¥ 1 0o -
open = H a t

Figure4.3: Featurarepresentationf KoreanHankul, from (Sampson1985,pagel24), Fig-
ure 19. (Presentedvith permissiorof Routledge/Stanfortiniversity Press.)

othersareonly inconsistentlyrepresentedandstill othersnotatall. Considerthe ba-
sic Hankul segmentalelementgresentedn (Sampson 1985, pagel24), andshovn
herein Figure4.3. As we have notedcertainphonologicalfeaturesdo have a consis-
tentrepresentatiom the elementof theHankulscript. Thus,for instancethefeature
(bundle)[+tenses-aspirated]fifth row of Hankul symbols)is representethy a dou-
bling of thebasicsymbolusedfor the correspondingjin termsof placeof articulation)

lax stop. Similarly, the sibilants(third column)have in commonthebasicsymbol A

<s>, which represents tooth (Sampson 1985, page125), or in otherwordsis an
indicationof the placeof articulationof theconsonants question.Ontheotherhand,
labiality is not consistentlyrepresentedim/, /b/ and/p/ sharea commonshape(the
squarerepresentinga mouth), but /p"/ is different. And somefeaturesarenot repre-
sentechtall: thusthereis norepresentationf thefeaturenasal:/m/, /n/ and/s/ appear
to be on a par, involving the “basic” glyphsfor eachplaceof articulation. Thereis

similarly no consistentepresentatiownf the feature[voiced] (lax, in Sampsors clas-
sification)for stops: the apicaland sibilant voiced elementshave an overbar but in

the caseof /b/ we find not an overbar but an extensionof the two vertical sidesof the
squareof /m/; the overbarfor /g/, accordingto Sampsonyepresentshe roof of the
mouthtouchingthe palate andthusis presumablynot the sameasthe overbarfor the
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Syllabic Segmental
Pure Morphosyllabic Consonantal Alphabetic
Syllabic
kana, Chinese,
Cherokee Sumerian
Pure Morpho Pure Morpho
Consonantal Consonantal Phonemic Phonemic
W. Semitic Egyptian Greek English,

Korean

Figure4.4: DeFrancis'classificatiorof writing systems.

apicalandsibilantglyphs. Finally, thereis no consistentepresentationf aspiration:
in somesymbols(/c"/, /h/) it seemsto be representeds a dot over the basicglyph
(third row), andin othercaseg/t?/, /k?/) it appearsisa horizontalbarinsidethebasic
glyph.

Noneof this shouldbeinterpretedasdenigratingthe Hankul script: it is probably
the mostscientific scriptin commonusetoday There is no questionthat the basic
designof Hankulis phoneticallymotivatedto a highly sophisticatediegree: afterall,
mary of the shapesare depictionsof modesof articulation,andareiconic in a way
similarto Bell's Visible SpeechBut it falls shortof being afeaturalscriptin theway
thatVisible Speechs: ratherit is betterviewedasanintelligently constructegegmen-
tal alphabetThis conclusiorshouldnotbesurprising.After all, evenin unequvocally
segmentalsystemsopnestill findssymbolsthatseento encodandividual features So
in Russianfor instancethe soft sign & <'> markspalatalizedconsonantsandthus
might be viewed asencodingthe feature[+high] for consonantsClearly Hankulhas
more featuralaspectghan Russianorthographyyet it is probablymore a matterof
degreethanof kind.

Thethreeviews we have just discussediakentogetherleadDeFrancigo propose
a classificatiorof truewriting systemsasdepictedn Figure4.4.

Somecommentsarein order DeFrancis’basicdivision is accordingto the type
of phonologicalunit representedsyllabic versussegmental andwithin thelattercon-
sonantal(representingnostly or only consonantsyersusalphabetiqrepresentingll
segments) Within eachcateyory heassumeswo variants namelya purevariantwhere
only phonologicalinformationis representedn the system;and a morpho-variant
where additionally morphologicainformationis representedThisis obviousenough
for ChineseSumeriarandEgyptian whereeachof thesewriting systemdassemantic
elementghatrepresenmeaning-relategropertieof morphemesEnglishandKorean
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Hankul aresimilarly classifiedsincein both caseshewriting systemsail to be fully
phonemic.We shallarguein the next subsectiorthatthis classificationrepresents
category error: EnglishandHankularenoton a parwith Chineseor Egyptian.

4.1.4 A newproposal

While | acceptseveral basicassumption®f DeFrancis’classificationschemethere
arenonethelesseveralareaswvherel feel his schemds deficient. Thesel enumerate
below:

1. Despitethe prominentpositiongivento syllabariedn DeFrancis'taxonomy(as
well as mostother schemes)it is importantto realizethat full syllabaries—
thatis, systemawvhereall syllablesof the languagearerepresentedby (oneor
more)singlesymbols— areactuallyvery rare. Thoughscholarof writing sys-
temshave undoubtedlybeenaware of this point for along while, it wasto my
knowledgefirst madeexplicitly by Bill Poserin a presentatiorat the Linguistic
Societyof Americain 1992. Posers basicpoint was simple. In the majority
of systemshatarecalled“syllabic” — amongthem,Japanes&ana,LinearB,
thephonologicatomponenbf Sumerianwriting, thephonologicacomponent
of Mayanwriting — onedoesnot find a symbolfor every full syllable of the
languagelnsteadwhatonefindsaresymbolsfor simple“core” (C)V syllables,
possiblyaugmentedo includeonglides(CGV); morecomplex syllablesarerep-
resentedn writing by combiningthe coresyllablesymbolswith symbolseither
representinginglephonemespr elseothersymbolsrepresentingoresyllables.
A few exampleswill seneto illustratethe point.

e KanasymbolsrepreseneitherV, CV or CGV. To representa CVV syl-
lable, one must combinea basicCV symbolwith a V symbol. Thusa
syllable/nai/ would be representeds <na><i>. Japaneserthography
might thereforebe describedasmoraic (cf. (Horodeck,1987,page33)).

e In LinearB (Miller, 1994;Bennett,1996),symbolsrepresen{C)V, CGV,
orin afew casesCCV. More comple syllablesare (partially) represented
usingcombinationsof thesebasicunits. Thusthe (disyllabic) word /ksen-
wion/ was represente@s <ke><se><ni><wi><jo> (with no repre-
sentatiorof thefinal /n/), andthe (tetrasyllabic)word /mnasiwegos/was
representedma><na><si><we><ko> (with no orthographicrepre-
sentatiorof the/r/ andfinal /s/) (Miller, 1994,pagesl 8—22).

e In Sumeriancomplex syllableswere oftenrepresentedyy “syllable tele-
scoping”(DeFrancis, 1989, pages81-82),wherebya CV graphemicaunit
andaVC graphemianit werecombinedo represena CVC phonological
syllable. Thus<ki>+<ir> would representkir/.

In one senseof course,suchsystemsare syllabaries:the phonologicalunit-
s representedby the simple glyphs are generallywell-formed syllablesof the
language But this is misleading.Whenonespeakf alphabeticsymbolsit is
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takenfor grantedthat thereare symbolsavailableto representvery phonemic
segmentof the language.So, the term syllabaryoughtto similarly imply that
every syllableof the languagéhasa graphemicsymbolassociatedvith it. Most
so-calledsyllabariesdo not meetthatrequirement For lack of a betterterm, |
will hencefortitermsuchsystemscore syllabaries®

Still full syllabariescertainly do occur: Chineseis one suchexample,though
of courseit is not a pure phonologicalsystem. Anotherexampleseemso be
theYi syllabary(DeFrancis,1989; Shi, 1996),whichin its classicform wasa
morphosyllabicsystemlik e Chinesglandmay have beeninfluencedby Chinese
writing), but in its modernform — atleastthe popularstandardizedorm thatis
recommendetby the government(Shi, 1996,241), it is a purely phonographic
syllabary Yi syllable-structurés exceedinglysimple, with basicallyonly CV
syllables(including somediphthongs)allowed. However, thereare 44 conso-
nants(including the empty onset),10 vowels and 3 lexical tones,resultingin
a syllabaryof 819 characteronceall legal C+V+Tone combinationsare con-
sidered. Of coursethe complexity of the syllable structurerepresentedby Yi
syllabogramds no more complex thanthoserepresentedby typical core syl-
labaries:butin Yi eachdistinctfull syllableis representetty a separatelyph,
unlike, for example thecasen Japanese.

Note thatto saythattrue syllabariesarerarerthanusually supposeds not, of

course,to dery the importanceof the syllable as an organizationalunit in a

greatmary writing systemswe have noted(as have others)theimportanceof

syllablesin Hankul, Devanagariand Pahavh Hmong,andmary othersystems
could be cited. We even arguedfor theimportanceof syllablesin the Russian
writing system(Section3.5).

2. “Morphophonemic”systemsuchasEnglishor Korean,areparallelin DeFran-
cis’ taxonomyto morphosyllabicsystemdike Chineseor Sumerianandmor-
phoconsonantalystemdik e Egyptian.Thisis a category error.

WhatmakesKoreanandEnglishlessthanfully “phonemic”relatesnotto what
is representetby the basicsymbolsof the script, but to the phonologicaldepth
of whatis representedand the amountof lexical marking one mustassume:
in otherwordsit relatesto the depthof the ORL, and otherissuesdiscussed
in Chapter3. This issuewas explicitly discussedor Englishin that chapter;
relevantdiscussioron Koreancanbe foundin (Sampson1985, pagesl 35ff.),
who describesa setof rulesto predictthe actual surface pronunciationof a
string of KoreanHankul, given regular (morpho)phonologal processesf the
languageAs | alsodiscussedh Section3.2,it is particularlyamistale to equate

20f coursethisargumentis notentirelyfair, sincein mary alphabeticystemsertainphonemesreonly
representedy combinationf basicsymbols,suchasdigraphs:so/¢/in Spanishs only representabley
<ch> and/0/ and/d/ in Englishareonly representablby <th>. But polygraphsaretypically the minority
in alphabeticsystems,and thereare mary segmentalsystemsthat do not have polygraphs. In contrast,
polygraphicrepresentationf comple syllablesin so-calledsyllabariesappeargo bethenorm.

SFischer(1997a;1997b) termsthem“opensyllabaries” but this termis suboptimal:CVV syllablesare
afterall “open”, thoughthey tendnotto berepresentedith singlesymbolsin coresyllabaries.
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thelexical orthographicmarkingof English(e.g. the marked spellingof /n/ in
knit) with the logographiccomponent®f Chinesewriting, an equationthatis
implicit in DeFrancis'classification.

3. Calling Egyptian“consonantal”’ andthusequatingit with Semiticwriting sys-
temsobscure®neuniquepropertyof Egyptian,namelythe existenceof bi- and
triliterals, standingfor two andthreeconsonantsespectiely (Ritner, 1996). In
factthesemake up the majority of the system:“uniliteral” symbolsconsistof
only about25 symbols;biliterals about80; andtriliterals 70. Egyptianwriting
mightthereforebetterbe describedhs“polyconsonantal”.

4. While | accepDeFrancisbasichypothesithatonecannotconstructa full writ-
ing systemon completelylogographicprincipleswithout recourseo phonogra-
phy, logographyis nonethelesanimportantaspecof mary writing systemsa
pointwhich no scholarwould presumablydery.*

Ontheotherhand,asDeFrancidhasargued for awriting systemnto beextensible
it musthave a robust phonographicomponent.onecannotefficiently develop
written representationfor neologismsf oneis restrictedto purelylogographic
means. Thusnomatterhow largetheamounif logographyaparticulamwriting
systemhas,logographyis clearly not on a par with phonographyand should
thereforenot be representeas part of the samearboreattaxonomyasit is, for
example,in Sampsors system.

Thelastpointmotivatesusto abandorthetraditionalarboreatlassificatiorof writ-
ing systemsn favor of atwo-dimensionalarrangemenvherethetypeof phonography
usedrepresentshe primary dimensionandamountof logographyusedrepresentshe
second.This schemas representeth Figure4.5. Naturallythe degreeof logography
is tricky to estimate— thoughl believe it canbe estimated— andthe arrangemenof
particularwriting systemsn this seconddimensioris largely impressionisticBut it is
importantto realizethatall writing systemsgrobablyhave somedegreeof logography
Sowritten Englishcontainsnumeroussymbolsandletter sequencethat canonly be
construedogographically:<& >, <lb>, <$>, arejust threeexamples.In the taxon-
omy, alphasyllabariesuchasDevanagari (Section2.3.2)areclassifiedasalphabets.
Thestatusof “onset-rime”scriptslik e Pahavh Hmong(Section2.3.3)is unclear:they
arealmostsegmental but symbolsfor rimeslike /oy/ show themnotto be completely
so0. Onemight considersettingup a specialcateyory for suchscripts;in the current
schemd classify Pahavh Hmongasfalling somevherebetweenalphabetsand core
syllabaries.

4Indeed,as Sampsor(1994, page122) cogentlypoints out, logographyis in no way anomalousonce
oneobseresthat“any naturallanguagehasunitsat mary levels,andin particularthatall humanlanguages
exhibit a ‘double articulation’ into units carryingmeaning,on the one hand,and phonologicalunits....on
theother ...t is atleastlogically possible therefore that a glottographicscript might assigndistinctve
symbolsto elementof thefirst ratherthanof the secondarticulatiort

5As we shallseein our discussiorof Japanesbelaw, kokuji— Japanese-irentedChinesecharacters—
areinstance®f purelylogographicconstructionsnventedto representvordsthatdid notpreviously have a
written representatiorBut thereareno morethana coupleof hundredof thesewhereaghe numberof new
wordsthathave representations the kanacoresyllabarynumberin thethousands.
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Type of Phonography

Consonantal Polyconsonantal Alphabetic Core Syllabic Syllabic
W. Semitic English, Pahawh | inear B Modern Yi
Greek, ~ "meng
Korean,
Devanagari

Perso-Aramaic

Aydeisbobo jo Junowy

Chinese

Egyptian Sumerian,
Mayan,
Japanese

Figure 4.5: A non-arboreatlassificationof writing systems. On Perso-AramaicseeSec-
tion 6.1.

Thereis of coursenoreasorto stopattwo dimensionsthoughit is morecorvenient
to do so for simplicity of presentation.An additionaldimensionwould relateto the
depthof the ORL, andothertopicsdiscussedn Chapter3; in this dimension English
and Koreanwould patterndifferently from, say Greek. This is of coursethe sense
in which DeFrancismeantthat Englishand Koreanare “morphophonemic”unlike
Greek:butthedimensioronwhichthey differis orthogonato thedimensioronwhich,
say ChineseandModernYi differ.

Yetanothedimensionwould bethedegreeto which complex planararrangements
have a significantfunctionin a writing systemthe topic of Chapter2: Koreanand
Devanagariwould patterndifferentlyfrom Englishon this dimension(Faber 1992).

4.1.5 Summary

We have suggestedh view of writing systemswherelogography— definedas the
graphicalencodingof non-phonologicalinguistic information— is anorthogonaldi-
mensiorfrom phonographywriting systemsanthusbeclassifiedminimally in atwo
dimensionabpaceaccordingo whattypesof phonologicaklementareencodedand
to how muchlogographythey have. Encodedphonologicaklementgepresenarange
of possibilities asis well known, but normallythe maximumsizeof suchelementss a
core-syllabicCV or VC unit: in particularrarely doesonefind a purely phonographic
systemthat representgachpossiblesyllable of the languagewith a distinctelement.
Egyptianrepresentanapparentlyuniquepolyconsonantadystem.

The orthogonalityof logographyandphonographys entirelyin keepingwith the
formalmodelwe presentedh Sectionl.2.2: assuminghatlogographielementgep-
resentinformationrelatedto the SYNSEM attribute, thenaswe previously obsened,
thelinguistic informationencodedy logographicelementds notin ahierarchicake-
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lationshipwith informationencodedy phonographielementsThereforedt shouldin
principle be possiblefor writing systemdo selectdifferentmixesof logographicand
phonographiencodingsandto exhibit bothin the samesystem.For differenttypes
of phonographythis ability to mix is lessnatural: syllablesdominatesegment-sized
units, andsoif a systemis core-syllabicit is naturalfor it to choosemostor all of
its elementsat thatlevel of the hierarchy;mixescould happenput onein factrarely
if everfinds systemghat have both a large collection of graphemeshat denotecore
syllablesandanothercollectionof graphemeshat denotesggments.Systemdendto
chooseonephonologicalevel to encode.

DeFrancis’'mainthesisis that Chineses awriting systemthatis basicallyphono-
graphic(asheclaimsareall writing systems)but with alargelogographiccomponent.
The conclusionof the precedingparagraphthat suchsystemsare expectedgiven the
formal apparatusf Sectionl.2.2is of courseconsistentvith DeFrancis’thesis. But
theformalmodelof Chinesesemantic-phoneticharacterpresentedherestill begsthe
guestionof whetherthereis compellingevidencethat Chinesewriting really behaes
thatway: doesit actuallybuy you anything to assumehatthe <INSECT> portion of
chan‘cicada’,encodes portionof the SYNSEMfield, whereaghe putatively phono-
graphicportion <cHAN> encodesphonologicalinformation? We will arguethat it
doesbothin thenext sectionandin Chaptels wherewe addrespsycholinguistievi-
dencefor readersbnlineprocessin@f charactersln thenext section jn particular we
will arguenot only thatthe phonographigortion of Chinesecharacterglaysanim-
portantrolein encodingphonologicainformation,but thattheformalmodelpresented
earliermakesaninterestingpredictionaboutthe encodingof disyllabicmorphemedn
Chinese.

4.2 ChineseWriting

The traditional Chineseclassificationof characterglividestheminto six groups,the
so-callediu shu, or Six Categyoriesof CharactersOf thesefour relateto the structural
propertiesof the charactersandtwo to their usage(Wieger, 1965,pagel0). It is the
structuralpropertieghatwill concernushere thefour cateyoriesof interestbeing:

¢ Pictographgxiangxng): e.g. A. <PERSON> rén‘person’,§ <TURTLE> gul
‘turtle’.

¢ Indicative symbols(zhsh): e.g. ™ <DowN> xia ‘downwards’, £ <up>
shang‘upwards’.

e Semantic-semanticompounds(huiyi): e.g. ¥ <FEMALE+CHILD> hao
‘good’, i <GRASS+FIELD> miao ‘sprout’.

e Semantic-phoneticompoundgxing sheng: e.g. & <INSECT+CHAN> chan
‘cicada’,#% <TREE+XIANG> xiang‘oak’.

Thefirst threecasesarereasonablyincontraversial:thereis no questiorthatthese
threegroupsof signs,which in total numberno morethanabout1,500in the largest
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dictionary (DeFrancis, 1989, page99), are logographswithout ary representation
of phoneticinformation. Of course,as Coulmas(1989, page50) notes,logographic
symbolswhichtheoreticallyshouldmapdirectly to a non-phonologicaportion of the
morphologicallevel of representatiomlo, in the minds of skilled readersalso map
directly to phonologicakepresentationa skilled Englishreadeyfor example,will un-
consciouslymap <lb> to /paund/, andequivalentfactshold for Chinesé® Thecon-
troversialcharacterareof coursethefourth cateyory, thesemantic-phonetigroup,the
catgyory that DeFrancis insistsare basicallyphonetic,whereasSampsorhasargued
(andmary othershave merelyassumedarelogographic.

The problemwith the cateyorizationof the semantic-phoneticateyory revolves
aroundthefactthatthe phonologicainformationprovidedby thephoneticcomponent
is sometimegerfect,frequentlyonly partial, andin somecasescompletelyuseless.
An exampleof eachcaseis givenbelow:

Char Analysis Phon.Component Actual Pron. Gloss
% <TREE+XIANG> % xiang(‘elephant’) xiang ‘oak’

i <BIRD+JIA> B jia (‘cuirass’) ya ‘duck’
- <DOG+QING> %= qing(‘green’) cai ‘guess’

Thedistribution of thesethreetypesis quite skewed: therearea small numberof
thefirst catgory (perfectmatch),afew of thelastcategory (completelyuseless)with
mostfalling into the secondtateyory (someavhathelpful). Somephoneticcomponents
arein generalmore usefulthanothers: for exampleall characterhaving 2 huang
(‘emperor’)asaphoneticcomponenhave the pronunciatiorhuang, matchingthebase
charactedown to thelevel of thetone;see(DeFrancis1989,e.9.,pagesl02—103)or
arangeof otherexamples’

Now, if the phoneticcomponentverealwaysa perfectindicatorof the pronuncia-
tion of the characterthentherewould presumablybe no contention:everyonewould
agreethat mostChinesecharactersre basicallyphoneticsymbols,with additionall-
ogographidnformation (the semanticcomponent) .But becausef theimperfections
in therepresentationf the phonologicainformation,mostauthorshave assumedhat

6This is presumablythe basisof the useof charactergpurelyfor their pronunciationa practicethathas
beenfollowed for centuriesto transliterateforeign words, whetherthey be Sanskrittermsfrom Buddhist
tracts,or present-dayoreign namesdlike TR #A #l kelindun ‘Clinton’. In Modern Chinesethe particular
charactershatareusedfor this kind of “phonetictranscription"area more-orlessclosedclass;see(Sproat
etal., 1996)for somediscussionSeealsoSection4.3for adiscussiorof the equivalentJapanesateji.

“What is the reasonfor inexact matches?In somecasesthe reasonis historical soundchange. For
example mary charactersvith thephoneticcomponen{T xing/hangarepronouncedingor hang(Wieger,
1965,page443)(asis thebasecharacter) Thesetwo syllablesaretheresultof a historicalsplitin Mandarin.
Thereis no questionthat the phoneticcomponentsvere more usefulin the pastthanthey arein Modern
Mandarin(and may be more useful even todayin other Chineselanguagessuchas Cantonesethoughl
have notseeraninvestigationof thistopic). EvenSampsorf1994)admitsthatthe Chinesesystemmayhave
beena muchmorephonographisystemat onetime. See(Baxter 1992)for a comprehense discussiorof
the phonologyof early Chineseandits relationshipwith the phoneticcomponents.

In othercasesthehistoricalargumentis lessconvincing: 1T <wATER+XING> ‘overflon’ is pronounced
yan, which presumablywas never historically derivable from xinghang presumablythis way of writing
thecharactewaschosersincethe phoneticcomponentvasdeemedsimilar enoughto theintendedreading,
andsincefT in its readingking meansgo’, it mayhave alsocontritutedsomesemantidnformationto the
compositecharacter
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the systemis no longerphonographic.Although the comparisorwith Englishis not
entirelyfair (Englishorthographyis never asirregularasChinese)ijt is interestingto
note that preciselythe sameassumption$ave beenpopularly madeaboutEnglish.
Indeed the misguidedassumptiorthat Englishis not basicallya phoneticbut rathera
logographiowriting systemhashada significantimpacton the teachingof readingin
theUnitedStatesaslamentedandattacledin (BloomfieldandBarnhart,1961;Flesch,
1981);this assumptiorstemsin large measurdrom the factthat Englishspellingis
not optimal for cuing the readerto the pronunciationof the word, meaningthat the
spellingandpronunciatiorof somewordsmustsimply belearned®

DeFrancis'argumenthowever, is notthatChinesewriting is agoodphonographic
system:indeed,he stresseshatit is a lousy one. However, it is muchmore useful
to view it asanimperfectphonographisystemwith additionallogographicattributes,
thanit is to view it asa wholly logographicsystem. Apart from the distributional
reasonghatDeFrancigdiscusseshereareotherreasongor assuminghatChineseas
largely phonographicandthatin particularthe phonographidnformationresidesin
the phoneticcomponentwhenthatis presentAmongthesereasons:

e The evidencefor the psychologicalreality of the phoneticcomponentasdis-
cussedn thenext chapter

e Thecommon-sensebsenationthatChinesaeadersywhenencounterin@nun-
familiar characterwill attemptto guessits pronunciationfrom the phonetic
componentindeed with acompletelyunfamiliarcharacterthey have nochoice
but to adoptthis strategy. An instanceof thisis the characteff <FISH+XUE>
xué ‘cod’. Apparentlythis charactewas a Japanes@vention, a kokuji (Sec-
tion 4.3), wherethe secondelement® wasusednot for its pronunciationxug,
but for its meaning'snow’ (the fleshof cooked cod beingsnowvy white). Thus
the correctanalysisfor Japaneseould be <FIsSH+sSNOW>, atypical semantic-
semanticconstructioncommonin kokuji. Whenthis charactemwas borroved
backinto Chinese Chinesereadersnterpretedhe’Z componengasa phonetic
componentthusassigninghe charactethe pronunciatiorkué.

¢ The developmentof somesimplified charactersn the Mainlandinvolving the
substitutionof a differentphoneticcomponenfor the oneusedin thetradition-
al script. The mainmotivationin characteisimplificationwasthe reductionof
the numberof strokes neededo write the characterwith the goal of making
Chinesewriting easierto learn; see(DeFrancis, 1984, inter alia). The major
ity of simplificationsinvolved stroke reductionsin componentf characters,
without actually changingthe componentsised. However a small percentage
involved actually substitutingan easiefto-write component— usually a pho-
neticcomponent— for amorecomplex traditionalcomponentin suchcasesa
substitutegohoneticcomponentvasmoreoftenthatnotacloserphoneticmatch

8Sampson(1985), aswe have noted elsavhere, males a similar assumptiorabout English spelling,
thoughit shouldbe stressedhat he cannotbe accusedf the samekind of navet as Americaneducators
who have subscribedo this view.
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to the pronunciatiorof thewhole charactethanthetraditionalcomponentt re-
placed.For instancea countof phonetic-componergubstitutiongrom thelist
of simplified/traditionalcharactepairsin onedictionary (Nanyang SiangPau,
1984)revealed74 characterg§64%) wherethe pronunciationof the substitut-
ed phoneticcomponenis a closer or at leastasclosea matchto the pronun-
ciation of the whole charactethan that of the traditional componentand 42
(36%) wherethe substitutedcomponents actually a worse match. Thus, i

<GOING+ ZHUI> jin ‘enter’ hasbeenreplacedn the simplified scriptby i
<GOING+JING>.? Similarly, traditional <EARTH+GUI> kudi ‘lump’ has

beenreplacecby Ht <EARTH+GUAI>. An instancewherethe pronunciation
of the substituteccomponenis worseis & <FORCE+zZHONG> dong ‘move’,

wherethe (lefthand) phoneticcomponent&E zhong, is replacedto form fﬁ]
<FORCE+YUN>.

Giventheseobsenations,it makessenseo assumeaswe have thatthe phonetic
components licensedby the phonologicainformationof the syllablethatit encodes.
Whatthenof the semanticcomponentwhich we have assumeds licensedseparately
by a portion of the SEM attribute’s value? For # <INSECT+CHAN> chan ‘cicada’,
we hadassume@nAVM asin (1.8), repeatedhereas(4.1); andanannotationgraph
asin (1.10),repeatedhereas(4.2).

(4.1)
PHON syL | SEC <[ONSch][RIMEan]> .
TONE2
CAT noun
SYNSEM )
SEM czcadaQ*]
ORTH {H, &, }
4.2)
SEM: | —_cicada: |
TONE: 2
SYL: o B
ONS-RIME: | _ch__ | _an__

Thetwo licensingcomponentsn (4.2) overlap,and Axiom 1.3tells usthatthey must
catenatavith eachother: the specificcatenatioroperatorchoseris (in this case)pre-
dictableby rule, following the discussiorin Section2.3.4.

9Notethatthesyllablesjin andjing arehomophonougor mary Mandarinspealers.
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Note, however, thatsincemostChinesemorphemesremonosyllabigDeFrancis,
1984),it would seemhardto distinguishbetweerthe somavhatelaborateheorypre-
sentechere,andthe seeminglysimplertheorythatstateghatthe phoneticcomponent
B <CcHAN>, is indeedlicensedby the syllable, but that the semanticcomponent
2 <INSECT> is simply someexcessbaggageahathappengo be associateavith the
syllablefor this particularword. In otherwordswe would lik e to distinguishour pro-
posalfrom the alternatve theorythat stateghat the so-calledsemanticcomponenis
notlicensedby the semantigortionof the AVYM atall.

Crucial evidencecomesfrom the orthographicrepresentatiomf disyllabic mor-
phemes.Somewell-known examplesof disyllabic morphemesncludehtdié ‘butter
fly’, ptho‘grape’andbinlang‘betel’: asfarashistoricalrecordsallow usto determine
thesewordsdo not derive from morphologicallycomplex formsandthereis certainly
no synchronicevidenceof morphologicalcomplexity. While varioussourcedliscuss
disyllabicmorphemespnerarely getsa clearsenseof how mary of thesemorphemes
thereare: DeFranciq1984;1989),for instancepnly discussea few suchcasesand
suchcursorytreatmenis thenorm?1° In factdisyllabicmorphemegprobablynumber
aroundahundred:74 arelistedin Tables4.1 and4.2,andthis by no meansacomplete
list.

Beforewe considerthoselists, however, let us seewhatthe theorypredictsabout
the orthographiaepresentionConsiderbinlang ‘betelnut’ which is written usingthe
<TREE> radicalZ~ andphoneticcomponent® andBR representingrespectiely,
thetwo syllablesbin andlang, andthuscould betranscribechs < TREE+BINLANG>.
The two phoneticsymbolsareobviously licensedby the individual syllables. Given
thatthe SYNSEM attribute is associatedvith the entire morphemeratherthanwith
theindividual syllables,the theorystateghatthe < TREE> radicalis associatedvith
thewhole morphemeatherthanwith theindividual syllables.The AVM for this mor-
phemewould beasin (4.3) andthe annotatiorgraphasin (4.4):

(4.3)

v [on([2 rsfome] e (onifome)],)

TONE1 "1 TONE?2

CAT noun
SYNSEM
SEM betel .

oRTH (K, &, 15, ))

10pjausibly thereasorfor therelative neglectof disyllabicmorphemesomesrom thefactthattraditional
Chinesdlictionariesareorganizedaroundmonosyllabiccharactersnot aroundwordsor morphemesSince
meaningsretraditionally listedin the dictionaryasentriesfor thesecharactersthis obscureshe factthat
mary charactersrein factmeaninglessinlesscombinedwith a specificsecondcharacter




144 CHAPTERA4. LINGUISTIC ELEMENTS

(4.4)
SEM: | betel: A |
TONE: 1 2
SYL: =1 o BB
ONS-RIME: | _b | _in_ | _I_ | _ang_

Given the representationin (4.4), how are the semantic and phoneticcomponents
to be realizedrelative to one another?First obsene that both the following overlap
statementsretrue,wheres; ando, arethefirst andsecondsyllables:

1. beteDoy
2. beteDos

From Axiom 1.3 we would thenexpectthaty(bete) mustcatenatewith (1), and
that~(bete) mustalsocatenatavith (o2); in otherwords,the semantiaadicalmust
shav up on bothcomponent®f the the written representatioof the morphemeThis
predictionis correct: the written form is ¥&#f, with the <TREE> componentk on
bothcomponents.

Of coursdn additionto overlappingwith theindividual syllablesit is alsotruethat
the semantidnformation bete| overlapswith the whole phonologicalword binlang
In that casewe would say that bete(Dbinlang and we might then expectto find a
written form suchas*#&ER, with the <TREE> componentatenatedo the left of
the pair of syllables— thusin effect shaving up on the first component.Note that
this obeys the catenatiorformula y(bete)) - v(binlang), which can be derived from
bete(Dbinlang from Axiom 1.3. However, recall that the combinationof semantic
and phoneticradicalsin Chinesefrequentlyinvolvesa different catenationoperator
from the macroscopimperator In generala formula suchas~(bete) - +(binlang)
would requirechoosinga differentoperatorfrom themacroscopioperatorattheword
level. This in turn violatesthe constraintthat the SLU is the syllablein Chinese;
seeSection2.3.4. Thereforethe only option giventhe theoryandthe writing-system
particularconstraintss to duplicatethe semanticelementacrossboth syllables. This
duplicationhasbeennotedelsavherein theliterature— e.g.in (DeFrancis1989;Law
andCaramazzal 995,amongothers)}— but neverto my knowledgeexplained.

The duplicationof semantiaadicalsacrossboth component®f a disyllabic mor-
phemepredictedby the theory holds quite generally One problem,of course,is to
definewhatone meansby a disyllabic morpheme:onecannotin generalrely on dic-
tionaries sincestandardChinesedictionariesarearrangedy characterandunderthe
multicharactesubentriesarely distinguish“compounds”of two or morecompounds
thataremorphologicallysimplex from compoundshataremorphologicallycomplex.
Onecanhowever collectdisyllabic morphemedrom corpora,if we make the reason-
able assumptiorthat a disyllabic morphemeshouldconsistof two elementghatare
statisticallyhighly associatedavith eachother, but not with arything else. Two such
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lists are presentechere,basedon 20 million charactersf Chinesetext.!* The first
list, presentedn Table4.1, consistf pairsof charactershatoccuratleasttwice and
only cooccurwith eachother:i.e. the token countof the pair is identicalto the token
countsof theindividualcharactersThesecondist, Table4.2,consist®f otherpairsof
charactersotin thefirst list, which have high mutualinformation(Fano,1961)? In
this secondtable, at leastone of the componenttharactersan occurelsavhere. In
somecaseghis is purely an orthographidact: for instance thelfil ka of i kafei
‘coffee’ is alsousedto write IfiIE gali ‘curry’. In othercasesaswith thetg dié of #f
I hadie, whatwasoriginally partof adisyllabic morphemeéhastakenona‘life of its
own”, andcanbeusednowadaysn new derivatives(aswell asin personahames)see
(Sproatand Shih, 1995) for somediscussion.But whatis clearaboutall thesecases
is thatboth on the basisof distributional evidence,andon the basisof native-speakr
judgmentsthesepairsof charactersill seento form singleindivisible units. Themost
striking featureof theselists, of course,is the predictedduplicationof the semantic
radicalsin eachof thecases.

Beyonddistributional evidence suchexampleseflectwhatis in facta very strong
intuition of Chinesereaderghat charactershatbelongto suchrelatively inseparable
constructionamust be written with the sameradical. Indeed,it is possibleto trace
the history of someof thesecasesandshow thatthe semantiaadicalsharedoy both
charactersvasaddedn accordancevith this “same-radicatonstraint”. For instance,
f1¥ <STEP+SHANGYANG > changyang‘roamleisurely’ hasin the pastbeenwritten
in variousways, including 3 (changyang, the literal interpretationof ‘everyday
sheep’beingirrelevant) (Ci Hai, 1979). Over time, the same-radicatonstraintforced
theword into its presenshape.

It is worth noting at this juncturethatonealsofinds a few pairsof disyllabic mor-
phemeswith identicalpronunciationand phoneticcomponentsdiffering only in the
semanticcomponents.The meaningdifferencesnay be subtle,or stark, but in any
casethereis a strongsensehatoneis dealingwith differentsense®f the sameword,
with different spellingsfor the different senses. One pair where the semanticdif-
ferenceis ratherstarkis #tH <TREE+PI14/92 pp.413-414BA > pipa ‘loquat’ andEE
B <MUSIC+Pl14/22 pp.a13—414BA> pipa ‘Chineselute’. But despitethe difference
in meaning,the words are clearly related: the Chineselute (or “pipa”) is a loquat-
shapednstrument A moresubtlepairis &l <MOUNTAIN+QIQU> diqu and §55E
<FOOT+QIQU> giqu, bothwith the senseof ‘rugged’, thoughwith the former seem-
ing to emphasizeahe terrain,andthe latter the journey or pathover a ruggedterrain.
A crucial point aboutsuchcasess that while thereis somefreedomto choosethe
semantiaadical, mixing the semantiaadicalsacrosshe two charactersesultsin an
ill-formed result: «&lE <FOOT+QI MOUNTAIN+JU> is not a possibleway to write

UThisin turn consistsof the 10-million characteROCLING (R.O.C.ComputationaLinguisticsSociety)
corpusplustenmillion charactersf anothercorpusfrom United Informatics,Inc.
2Mutualinformation is definedfor two eventse; andes, andtheir cooccurrence; cz, asfollows:

_ b(cica)
I= lOgZ(progzzl);iZi(cz) )

Herewe estimatethe probabilitiesby the maximumlikelihoodestimatep(c) = f(c)/N, wheref(c) is
thefrequeng of c andN is thesizeof thecorpus.Mutualinformationhasbeenusedin mary computational
linguistic applicationsfor computingthe strengthof associatiorbetweenlexical items: see,e.g. (Church
andHanks,1989), andalso(SproatandShih,1990)for anapplicationto Chinesenvord segmentation.



146 CHAPTERA4. LINGUISTIC ELEMENTS

thisword. Clearlytheseexamplesareconsistentvith amodelwherethesemantiaad-
ical is a propertyof themorphemeit is bothindependentof the phoneticcomponent
in thatthereis somefreedomto choosealternatie radicalswhile keepingthe phonet-
ics constantwhile at the sametime the sameradicalmustbe usedfor both characters
usedto write the syllablesof themorpheme.

While theappropriateepresentationf xing shengcharacterseemslear we need
to saysomethingaboutthe representationf the otherclasses— pictographsindica-
tive symbolsand semantic-semanticompounds— which formally lack a semantic
or phoneticcomponent. Taking as our examplethe pictographA. rén ‘person’, we
will assumea representatiosuchasthatin (4.5), wherethe graphemas licensedby
the SEM entry. Froma purely formal point of view A_ rénis alogograph:it doesnot
strictly speakingencodephonologicainformation. Nonethelessaswe have obsened
above, evenin suchcasesof formal logography skilled readersphonologically*“re-
code” the symbol (Coulmas,1989),which in turn suggests second licensingfrom
thephonologicaportionof the AVM. Boththesdicensingsareindicatedhere:

(4.5)

SEG <[ONST][RI ME enD
PHON SYL 1+
TONE2
CAT noun
SYNSEM .
SEM cicada,,
ORTH {A,.}

4.3 JapaneséNriting

Treatmentf writing systemaeedto saysomethingaboutJapaneserriting, widely
consideredo be the mostcomplex writing systemin usetoday | thereforebriefly
treatJapaneswriting here,andin Section5.2.2. In this sectionl provide aninformal
treatmentbf the degreeto which Japanesevriting is logographic,a sizeableboneof
contentionamongscholarsof writing systems.In Section5.2.21 discusspsycholin-
guisticevidencethat,no matterhow formally logographicJapanesenay be, Japanese
readersand writers seemto treatit asa phonographicsystem: thatis, the kind of
phonologicalrecodingsuggestedy Coulmas(1989) doesindeedseemto occurin
Japaneséandalso in Chineseaswe will arguein Section5.2.1).
Japanesapparentlyexhibits the most most extensive use of logographyof ary
modernwriting system.Thereasondor this arewell-documentealsevhereandwill
only bebriefly sketchedhere;see(Sampsonl1985;DeFrancis,1989;Sampson1994,
amongothers). Whenthe JapanesadaptedChinesewriting for representingheir
own languagethey experimentedvith variouswaysof usingChinesecharactergkan-
ji) to representlapaneswords. Oneway wasto useChinesecharactergo represent
Japanesavordswith roughly the samemeaningbut (of course)with quite different
pronunciationsthus A_ ‘person’would be usedto represenhito ‘person’ (Mandarin
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rén andg, ‘fish’ would be usedto represensakana‘fish’ (Mandarinyl). Charac-
tersusedin this way to represennative Japanesevords are saidto have their kun
(‘instruction’) reading. In somecasesa sequencef charactersvith the appropriate
interpretationwould be usedto represena monomorphemidapanesword: thus4a]
B for itsu ‘when’ (Mandarinhésh), or &7 anata‘you’ (Mandaringuifang). In
thesecases— termedjukujikun— thecharactesequenceehaesin effectasasingle
comple character

Right from the start, Chinesecharactersvere alsousedphoneticallyto represent
Japanessyllablesandin thisusagehecharactersook on pronunciationgorrespond-
ing (roughly) to their pronunciationin Chinese.Thus, 4 (Mandarinnai) would be
usedto representhe Japanessyllableno (Sampson1985, pagel75). Overtime, a
corventionalsetof theseso-calledmany’gana, reducedn form, evolvedinto thet-
wo modernkanacoresyllabariesBut in early Japanestexts onefoundadmixturesof
Chinesecharactergunctioningasphoneticelementsalongwith character¢o beread
with a kun pronunciation.

To addto the compleity, Japaneseorrovednot only Chinesewriting, but alsoa
largenumberof Chinesevocalularyitems. Naturallythesewverewritten asthey would
bein Chineseandthey werealsopronouncedapproximatelyasin Chinese.Signifi-
cantly, suchSino-Japaneseadingsarecalledon meaning'sound’ (Chineseg yin);
theinherent'sound’ of a characteis its Chinesepronunciationandthis is consisten-
t with the useof the Chinesepronunciationin maryo’gana. As is well-documented
in Sampsors (1985)discussionfurther complicationsarosedueto the factthat Chi-
nesevocalularywasborrovedinto Japanesat differenttimesandfrom differentpart-
s of China, resultingin various“Chinese” pronunciationdor mary characters.lt is
not unusualfor a charactetto have, in additionto a kun pronunciationthreeor four
distinct on pronunciations.Typically thesedifferentpronunciationsare restrictedto

differentwords:thusig ‘definite’ is pronouncedeiin SEM teika fix edprice’ (Man-
darin dingjia), but asjo in zg3# joren ‘regular customer’(which would be dinglian
in Mandarinif thiswerea Chineseword). Suchfactsguarante¢hatfor mostChinese
charactersthe Japaneseeaderhaslittle choiceotherthanto memorizethe associa-
tion betweerlexical entriesandtheir written form, with little or no usefulrecourseo
phonologicainformation:in otherwordsthesecharactersrelogographic.

Thelogographicnatureof Chinesecharactersasthey areusedin Japaneseés un-
derscoredn adifferentway by kokuiji (literally ‘domesticcharacters’)Chinesechar
actersthat wereinventedin Japanto representlapanesevords (Lehmanand Faust,
1951; Coulmas, 1989; Daniels and Bright, 1996). A sampleof theseis given
in Table4.3. The most striking featureof kokuji is the overwhelmingprevalence
of semantic-semanticonstructions,and the relatively small numberof semantic-
phoneticconstructs;particularly rare are semantic-phoneticonstructsnvolving na-
tive kun pronunciationsAlexanders compilationof kokuji (reportedn (Lehmanand
Faust,1951))includes249exampledor whichapproximatelyl84have aclearetymol-

ogy, andare not simply contractionf multicharacteexpressions(For instance L
jinrikisha ‘rickshaw’ is clearlyderivedfrom thecharactesequence\ /1 ¥ jin riki sha
(humanpower car).) Of these,72% aresemantic-semanticonstructs Theremainder
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are semantic-phoneticompoundswith 20% basedon an on pronunciation,andthe
remaining8% on a kun pronunciation. Someexamplesof eachof thesecateyories
canbeseenin Table4.31® The prevalenceof semantic-semantiformationsamong
Japaneseharacteinnovationsis striking in thatit so stronglycontrastswith the situ-
ationin Chinesethere,aswe have alreadynoted, semantic-phoneticonstructavere
overwhelminglythe preferredmeansof forming new charactersThe Japanessitua-
tion alsocontrastedvith anotherChinese-baseskcript,namelythe Chu’ Némwriting
systemof Vietnam.Exclusvely Vietnameseharacteinovationswerefoundin Chu’
Nom, but thesewereapparentlyall semantic-phoneticonstructiongNguyen,1959).

A coupleof factorsmightseento explainthelow percentagef semantic-phonetic
constructsin kokuji. Both of theseexplanationsdependupon the obsenation that
mary of the kokuji wereinventedto write wordsthathave only a kun pronunciation.
However aswe shallsee heitherof theseexplanationgeally work.

Thefirst ideais thatthe mostobvious sourceof the phoneticcomponenfor kun-
only charactersvould beacharactewith thesameor similarkun pronunciatiorasthe
intendedarget. But sincethe“sound” (on) of a Chinesecharacteis its Sino-Japanese
pronunciation(or pronunciations)usinga kun pronunciationin this way might have
beendisfavored. However, aswe have noted,8% of the kokuji were formedin this
way, sotherecannothave beenan absoluteprohibition on usingkun pronunciations
in phoneticcomponents.Furthermore sucha prohibition would not have ruled out
themorewidespreadiseof on pronunciationgo represenbothon (20% of the cases)
aswell askun pronunciationsIndeed,someinstancef the lattertype do occur, as

in 88 <FisH+KI> kisu (kun) ‘sillago’ (Alexanders entry 230), wherethe phonetic
componen& ki isanonreading.

The secondpotentialexplanationrelatesto the lengthof kun pronunciations.In
Chineseandalsoin Viethamesegharacteralmostexclusively represensinglesylla-
bles. Giventherelatively simplesyllablestructuref thesedanguagesthereis a high
degreeof homophow. Thusin inventinganew characteto represenamorphemewith
agivenpronunciationthereareusuallymary identicallyor similarly pronouncedhar
actergo choosdrom to actasa phoneticcomponentKun pronunciationsn Japanese,
in contrastareoften polysyllabic(three-syllablenative morphemesrenot unusual),
andthereforethe degreeof potentialhomophow is reduced. Again theremay be a
grain of truth to this explanation but it cannotrepresenmorethanatendeny. Poly-
syllabic homophonesio exist in Japaneseandthis factis apparentlymadeuseof in

forming someof the kokuji: see,for instance #j <CLOTHING+YUKI> yuki ‘sleeve
length’in Table4.3is homophonousvith (amongotherthings)yuki‘go’ (written47
), andthis s takenadvantageof in forming this characterSecondlythereseemgo be
no requiremenin generalthatthe homophory be particularly close. Thusthe 214th

entryin Alexanders (1951)list is BE <FisH+HASHI> subashi ‘young of grey mul-
let’, whichis apparentlyderived using hashi‘run’ asa phonetic;herethetargetis

13Note, that the semanticelementsusedin kokuiji do not always correspond to traditional semantic
elementsn Chinesethus,for instanceXE ‘definite’ is notatraditionalsemanticelementthoughit is used
assuchin thecharactefor shika‘clearly’, in Table4.3.
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quitedifferentin pronunciation(evenallowing for thewell-known /h/«»/b/ alternation
in Japanesdyom thatof the phoneticcomponent.

Theonly reasonablguessasto the highincidenceof semantic-semantiokuiji, in
my view, is thattherewassimply a preferencemongthe usersof the Japaneseriting
systentor creatingthesekindsof “visual puns”. Thismayin partbedueto thefactthat
throughoutmuchof historywriting wasanelite skill in Japar(asin muchof therestof
theworld) (Sampson1985)andthe peoplewho possessethatskill hadtime for what
may be viewed aspractically-orientedanguagegames.But the spreadof literacy has
by no meanskilled this kind of creatvity: Alexanderexplicitly excludesfrom discus-

sion morerecentwidely-known formationslike ## <FEMALE+UP+DOWN> erebeta
garu ‘elevator girl’ preciselybecausehey are punsandare not seriouslyconsidered
part of the writing system. But the differencein kind betweenthis exampleandthe

genuinekokuji & <MOUNTAIN+UP+DOWN>> touge ‘mountainpass’is in factmin-
imal.

As alogographicsystem— or more properly a logographicsubsetof a writing
system— semantic-semantikokuji exemplify the creatize limits of logography But
whatdo they tell usaboutthe natureof Japanesariting?

And secondlywhat do they tell us aboutthe possibility of developing an entire
writing systembasedon logography— somethingthat Sampson(1985), it will be
recalled claimsexistsalreadyin the caseof Chinese?

In answerto thefirst question,aswe notedin the introductionto this section,the
amountof logographythatJapanesesadersnustfaceis large, morethanin ary other
modernwriting system.But it is alsoclearthatthis percentagfasbeenonthedecline
within the last century asthe use of the systemmoved out of the circle of literati
into the generalpopulation;as Smith (1996, page210) notes,the useof kanji in a
wide variety of functionshasdeclinedsteadilythroughouthe 20th century With the
decreasén the useof kanji, therehasbeen necessarilya concomitanincreasen the
useof the phonologically-base#anascripts. Japaneseriting hasalwaysinvolveda
mixture of logographicand phoneticelements;t is, and alwayshasbeen,a “mixed
script”, asSampsor(1985)termsit, onewherethereis a large logographiccore, but
wherephonologically-basedevicesareavailable,andwidely andproductively used.
Themix hassimply shiftedmoreandmoreto the phonologically-basethethods.

Over andabove this onemustmake a cleardistinctionbetweerthe purely formal
characterizatiomf the scriptandhow the scriptis actuallyusedby fluent readersof
Japanesd.arge numberf logographicelementslearly exist in Japanesequt recall
that even logographicelementscan be recodedso asto represenphonologicalele-
mentsdirectly, aswe discussedn Section4.2. Thuswe would assumehatthe kokuji
&% tara ‘cod’ hasarepresentatiofik e thatof ChineseA, rén‘person’in (4.5),given
in (4.6)below:
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(4.6)

PHON (taray),.

CAT noun
SEM cod,,.

ORTH {8,

SYNSEM

Therearetwo kinds of evidencethatthis hashappenedn JapaneseFirst of all, there
is psycholinguisticevidencefrom Horodeck(1987) and Matsunaga(1994) demon-
stratingthatreadersof Japanesaccessphonolaical representationghenthey read
kanji; this evidencewill be discussedn Section5.2. Secondlykaniji (like characters
in Chinese)may be usedpurelyfor their phonologicalvalue,ignoring their semantic
value:in this usagethey arecalledateji. (Of coursethisis preciselytheway in which
they were usedin early Japanesenaryo’'gana.) An exampleis B¥f kohi ‘coffee’
(Smith,1996,page210),wherethe componentharacterdj] ko (‘ornamentahatpin’)
and¥f hi (‘string of mary pearls’)are usedpurely for phonologicalreasonsthe in-
dependenineaningf the characterdeingirrelevant. Thuswe may assume purely
phonographi@analysisfor #i1H, asin (4.7):

(4.7)

PHON  |syLs(ko,,h,, )]

CAT noun
SEM cof fee

ORTH {Hm, ¥, }

SYNSEM

Ateji really involve exactly the sameprocessy which onecanwrite the Englishsen-
tencel seeyouforgotthatas<i c u 4gotthat>: thedifferences thatspecificatejiare
anacceptesgtandardgpartof Japaneserriting.

Turningto the secondquestion semantic-semanticharactersn Japaneséandin
Chinesealso), certainly give someindication of what a purely logographicsystem
mightlook like. Now, in their reply to Sampsor(1994),DeFrancisandUnger(1994)
argue againstthe possibility of a learnablepurely logographicsystemby citing the
caseof military codes.In suchcodes(asdistinctfrom ciphers), wordsarerandomly
substitutedor eachother, sothatbattleshipmight betransmittedasgrapefruitandat-
tack mightbetransmittedasfallacious Suchsystemsreindeedunlearnablénobody
presumablyhassufficientmemory),but theexampleis notentirelyfair either:thesys-
temhasno structurewhichis of coursewhy it is soeffective for its intendedpurpose.
Semantic-semantitharacterprovide whatseemsik e amorereasonablenodel:there
would be a limited setof primitives— in the caseof Chineseand Japanesevriting,
the component®f the characters— andtherewould be a calculusthat defineshow
they areto becombined.Of coursetherewould beno phonologicakuesto thelearner:
ratherthelearnerwould needto learnto associateollectionsof purelysemantidgnfor-
mationwith intendedwordsor morphemeslt seemdair to guesshat sucha system
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would be extremelydifficult to design,whichis presumablypartof the reasorsucha
systemnever hasbeendesigned And it seemdair to guesghat sucha systemwould
alsobe difficult to learn, thoughpresumablynot as difficult asa military code. For
the latter reasoralonesucha systemwould not sene the needsof a societyin which
readingis takenasabasicskill to be masteredsrapidly aspossibleby alargenumber
of people:mostpeoplein a societyhave little time for complex linguistic games.To
senethoseneedsawriting systemmusthave a significantphonographicomponent.

4.4 SomeFurther Examples

In thischapteme have givenanoverview of someof thekindsof linguisticinformation
thatmaybeencodedy orthographielementsWe have proposeditaxonomyof writ-
ing systemsbhasedon thekind of phonographielementsusedin the system,andthe
amountof logographypresentin the system. However, unequvocally phonographic
elementsandthekinds of semanticallynotivatedlogographicelementghatwe have
consideredyy no meansexhaustthe possiblefunctionsof orthographicdevices. We
closethis chaptemwith threemildly esoterickindsof functions:anorthographiglural
markerin Syriac;reduplicationmarkers;andcancellatiorsigns.In eachcasewe give
aformal descriptionin termsof our model.

4.4.1 Syriac syame

The Syriac syameis a pair of dotsthat marksplurality in nounsand adjectivesin

Syriac and someother Aramaic dialects(Daniels, 1996a,page507). For example,
the plural of =€aYsn « <mlk?> /malkal ‘king’, is written =\ « <mlk’ 7>

/malke/ (with syametransliteratedas’). In urvocalizedtext, the syameare often

the only markof plurality, soonecanplausiblyanalyzethis device aslogographicijn

this casebeinglicensedby the SYNSEM feature[+PL]. A representatioffior /malke/
‘kings’, is givenin (4.8). (Ultimately, the syamewill catenatewith the orthographic
expressionof the word asa whole: thereforethe lettersin the word aregroupedhere
(using‘{}’) separateljrom thesyam¢:

(4.8)

PHON (m,.al,.k,.e)
ORTH {{<m>,,<I>,,<k>,,<t>}{<”2>,}}

CAT noun
SYNSEM
PL +,.

Sincethe PL attribute overlapswith the phonologicalinformationin the word, the
syame as the orthographicrepresentatiorof [+PL], catenate— more specifically
downwardscatenate— with the orthographicrepresentatiomf the phonologicalin-
formationin theword, in this casetheletters<m>, <I>, <k> and<?>.

The exact placemenbf the syameabove the word dependaiponthe particular
lettersin theword. If X <r> is presentthe syameareattractedo it andarewritten
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asaseconddotoverthe <r>: \. Otherwisethe syamearewritten preferablynearthe
endof theword, avoiding theletters<1> and<?>, which have long ascenders.

The catgyorical requirementshatthe syameappearabove the word, andthatthey
mustappearabose <r> if thereis oneare capturedby the rulesin (4.9) and (4.10).
Thefirst placesthe syameasthe graphicalexpressiorof [+pl] abovethe graphicalex-
pressiorof thenounor adjective w. Thesecondeassociatethe syameo the position
of the <r> in theword, if thereis one;notethatif morethanone <r> is presentthe
syamecanoccuron eitherone. Otherdetailsof syameplacementwe assumeo be
stylistic.

(4.9) Y(w - [+pl]) = syame ! y(w)

(4.10) Let y(w);...;—1 denotethefirsti — 1 lettersof v(w), v(w); theith letter, and
¥(w);y1...n theremainingletters.If v(w); is <r>, then:

4 +
syame * y(w) = Y(w)r..im1 - [syame * y(w)i] 7 Y(W)it1..n

Notethatwe would saythatin Syriacthe SLU is theword.

4.4.2 Reduplication markers

A numberof writing systemsincludingearlierformsof Malay and Bahasadndonesia
aswell asKhmer, have markersthatindicaterepetitionof precedingnaterial. Khmer,
for instancehasa signthatmarksthe repetitionof the precedingwvord or word group
(Schiller, 1996, page472). (In Malay andBahasadndonesiaa raised2’ wasused.)
Suchsignsmightappeaito constitutea countergampleto regularity: in orderto iden-
tify wheresuchsignscanbe written, the mappingMorr—r would have to identify
copiedstretche®f linguistic material somethinghatcannotbehandledby finite-state
devicesfor unboundecatopy lengths.However, asfar asl have beenableto ascertain,
thesedevicesarenot usedto mark arbitrarycopiesof surfacestrings,but ratheronly
copiesthatarisefrom someform of morphologicakeduplication.We canreasonably
assumehat the lexical representatiorof a reduplicatedform indicatesthat a given
stretchof linguistic materialhasbeencopied: for example, standardautosgmental
analyse®f reduplication(Marantz,1982,andmuchsubsequenvork) assumehatthe
basethatis copiedis affixedor compoundedvith amorphemehatis lexically phono-
logically empty but which derivesits surfacephonologicaimaterialby copying from
the base.Clearly suchreduplicatingmorphemesnustbe marked assuchin the lexi-
cal representationf constructghat containthem,andwe only needassumehatthis
informationis indicatedaspartof therepresentatioatthe ORL.

Forexample Jet's saythatwe have aform like oragoray, wherewe will assumédor
the sale of agumentthatthefirst portionis the baseandthe seconds the copy. The
informationaboutwhich is the baseandwhich the copy is known to the morphology
andpresumablycouldbelexically markedassuch.For instancepnemightimaginea
representatiosuchasthatin (4.11),wherethe copy is markedwith labeledbraclets:

(4.11) oray[copyOran]copy
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Assumethatthewriting systemin questionmarksreduplicatecconstituentsisingthe
symbol‘?’. Thenonecanwrite arulethatsimply stateghattheimageunderMorz 1
of any spanw bracletedby [copy and]copy is simply ‘2":

(4.12) ¥([copyw]copy) = >

Thusassuminga spellingof <orang> for thebasethe spellingof oray[cop, 0ran ] copy
would become<orang >.

4.4.3 Cancellationsigns

A numberof scriptshave cancellationsigns,usedto mark symbolsthat are not pro-
nounced.For example,Syriac markslettersthatarenot pronouncedn somedialects
with a diagonalbar (calledmbatana) underthe letter (GeogeKiraz, personacom-
munication).Similarly, Thai (Diller, 1996)usesa cancellatiorsignto indicateletters
thatarenotto bepronouncedmostlyin wordsderivedfrom Sanskritwhicharespelled
etymologicallyin ModernThai orthography

Cancellationsignsthus mark graphemeghat are not licensedby ary linguistic
material: more formally, they mark graphemesy wherethe imageof o underthe
inverseof Mogz,_,r — Whichwewill denotehereasy—! —isempty:y~(a) = 0: .
Thus,givenacancellatiorsignx, we wantto rewrite o« ass-a justin casey ! (a) = §:

(4.13) For an orthographicsymbol a;, and cancellationsign & if y~*(a) = 0 then
a— K-O.
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Orthography Analysis Pronunciation Gloss
EiE <SURROUND+LINGWU> lingy( ‘imprisoned’
< SURROUND+WULUN> haltn ‘swallow whole’
2L <CART+LIAOGE> jiuge ‘entwined’
A S <CAVE+YOUTIAO 534 p.438> yaotiao ‘graceful’
KR <DEMON+WANGLIANG> wangliang ‘roamingghost’
plipL <FEMALE+ZHOUg/22 p.436 Li> zhoull ‘sisterin laws’
R aE <FOOD+KUNTUN> hantin ‘wonton’
BT <FOOT+CUOTUO> cuotud ‘procrastinate’
i =} <FOOT+LANG 325 5.460QIANG7/19 p516>  langgang ‘hobble’
B <FOOT+ROULIN> réulin ‘trample’
HiE <FOOT+CHOUg)16 p.555ZHU> choudl ‘hesitate’
B <FOOT+ZHiy/3 5 582SHU> zhzhi ‘hesitate’
B <GAS+YINYUNg/17 p.517> yinyun ‘misty atmosphere’
PR <GOING+XIEHOU> xiehou ‘encounter’
i3 <GOINGH+YiLI> yilt ‘trailing’
3 <GRASS+BOQi > bigi ‘waterchestnut’
HE <GRASS+GUAJIU> wojl ‘lettuce’
(A< <GRASS+HANXIAN> handan ‘lotus’
3RE3 <GRASS+JANJIA> jianjia ‘type of reed’
HiE <GRASS+MUSU> musl ‘clover’
18771 <HAND+YEYU> yeyu ‘tease’
FETE <HEAD+MANHAN14/33 p.401> manhan ‘muddleheaded’
it <HEART+CONGYONG> songydng ‘eggon’
e <HEART+NIUg g p.40sNi> nitini ‘coy’
st <HEART+YINQIN> yingin ‘attentively’
bRt <INSECT+BIANFU> bianfu ‘bat’
L4 7 <INSECT+FUYOU> fayou ‘mayfly’
i 4| <INSECT+QIUYIN> giuyin ‘earthworm’
R <JADE+CUICAN> cuican ‘brilliant’
H{FE <JADE+DAIMAO> daimao ‘tortoiseshell’
FHBE <LEATHER+QIUQIAN> giugian ‘swing’
£E <OLD+MAOZHI> maodié ‘old people’
i <OVERHANGING+Ylg /26 ;.469NI> yint ‘fluttering’
= <PERSON+KONGZONG; /g pp.531—532> kéngdng ‘busy’
VIR < SICKNESS+GEg /23 p.400DA> geda ‘cyst, boil’
BE < STEP+PANGHUANG> panghuang ‘roam aimlessly’
frit¥ < STEP+SHANGYANG> changyang ‘roam leisurely’
HnER <TEETH+JUW0> juya ‘bickering’
LA <TREE+Pl14/22 pp.a13—414BA> pipa ‘loquat’
(24 <TREE+NINGMENG> ningméng ‘lemon’
[ <WINE+MiNGDING> mingding ‘drunk’
] <WINE+Tig /19 p.a9sHO> tihQi ‘clearwine, butterfat’
) <WRAP+PU15 /92 pp 456457 FU> pufl ‘crawl’

Table 4.1: Disyllabic morphemescollectedfrom the ROCLING corpus(10 million charac-
ters)and 10 million charactersf the United Informaticscorpus. This setconsistsof pairs of
character®ccurringat leasttwice, andwhereeachmemberof the pair only cooccurswith the

other
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Orthography Analysis Pronunciation Gloss

EBE <BIRD+YUANYANG> yuanyang ‘mandarinduck’
b3 <DOG+JIAOHUA /g 5 542> jidohua ‘cunning’

XE <GRASS+FANSHU> fanshi ‘yam’

HE <GRASS+HULU> halu ‘gourd’

#E <GRASS+LUOFU> lubbo ‘daikon’

&5 <GRASS+PUTAO> pltao ‘grape’

tria <HEART+GUANGHU> huanghu ‘illusionarily’
{54137 <HEART+KANGJI > kangkii ‘generous’
B <INSECT+HUDIE; 525 p.502> hadie ‘butterfly’

$EI% <INSECT+MAYIi> mayt ‘ant’

R <INSECT+PANGXIE> pangxe ‘crab’

R <INSECT+ZHANGLANG> zhanglang ‘cockroach’

A ia] <JADE+HUBO> hiipo ‘amber’

FAER <JADE+LINLANG> linlang ‘kind of jade’
bEE <JADE+PILi> boli ‘glass’

T <LAME+JIANJIE> gang ‘awkward’

11323 <MOUTH+PAO16/30 pp.430—431 XIAO>  paoxiao ‘roar’

I IgE <MOUTH+HOULONG> houlong ‘throat’

Bz <MOUTH+HAISU> kedu ‘cough’

NENE <MOUTH+JUJUE> jujué ‘Chew’

/1513 <MOUTH+JIAFEI > kafei ‘coffee’

A <MOUTH+LABA> laba ‘trumpet, spealer’
1713 <MOUTH+XIXU> XIXu ‘sniffling’

AT <PERSON+GUILEI> kuilei ‘puppet’

i <PERSON+KANGLI> kangli ‘couple’

FH <ROOF+YUZHOU8/22 p.436> ylzhdu ‘universe’

FEYE <SHELL+YOULV /38 446>t huiluo ‘bribe’

e < STEP+FEIHUI> paihui ‘going to andfro’
i <TREE+BINLANG> binlang ‘betelnut’

e <TREE+GANLAN> ganlan ‘olive’

[l <WINE+YUNg/17 p.517XIANG> yunniang ‘brewing (i.e. trouble...)’

Table 4.2: Furtherdisyllabic morphemescollectedfrom the ROCLING corpus(10 million
characterspnd 10 million character®f the United Informaticscorpus. This setconsistsother
pairsof charactershatdo not exclusively occurwith eachother but wherethereis nonetheless
a high mutualinformationfor the pair. NotethatLV (}) indicatesthatthe phoneticcomponent
in questionoccurs9 out of 38 timesin charactergronouncedvith initial /I/ followed by some
vowel.
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Alex. # | Kokuji | Analysis (Phonetic) Kun (on) | Gloss

10 &) <PERSON+MOVE> hataraki | do | ‘effort’

12 JiEl <WIND+STOP> nagi “lull, calm’

33 173 <MOUNTAIN+UP+DOWN> touge ‘mountainpass’
37 1% <HEART+FOREVER> kore ‘endure’

74 & <FEW+HAIR> mushi ‘pluck’

124 i <EAR+CERTAIN> shika ‘clearly’

160 £ <BODY+BEAUTIFUL> shitsule ‘upbringing’
198 B <DOWN+WIND> oroshi ‘mountainwind’
240 2 <FIELD+BIRD> shigi ‘snipe’

249 e <FEMALE+NOSE> kaka ‘wife’

138 Joi <GRASS+ZA> K& za(on) goza| ‘matting’

51 i <TREE+MASA> 1F masa(kun) | masa ‘straightgrain’
147 17 <CLOTHING+YUKI> 47 yuki(kun) | yuki ‘sleevelength’

Table4.3: A sampleof Japanesé&okuji (secondcolumn), with their componentialnalysis
(third column). The first columnis the entry numberin Alexanders list (Lehmanand Faust,
1951).Thefourth columnliststhephoneticjf ary. Thefifth columnliststhekunpronunciation,
andthe sixth columnthe on pronunciation,if ary: in one case— goza— thereis no kun

pronunciation. The last threekokuji shavn are formed as semantic-phoneticonstructswith

the lasttwo beingbasedon the kun pronunciation:notethat the phoneticcomponenbf masa
alsomeansstraight’, soit is possiblethatthis oneis alsoa semantic-semanticonstruct.



Chapter 5

PsycholinguisticEvidence

Thereis to datealargeliteratureonthepsycholinguisticef readingandwriting, which
dealsin the questionof how humansextractlinguistic informationfrom written text,
and how they composewritten text given a mentallinguistic representation.Some
usefulgenerakollectionsinclude(FrostandKatz, 1992;de GelderandMorais, 1995;
Perfetti,Rieben,andFayol, 1997)and (Balota,Floresd’Arcais, andRayner 1990);
therehasalsobeena large amountof work on readingandwriting Chinesescript,
including the paperscollectedin (Chenand Tzeng, 1992) and (Wang, Inhoff, and
Chen,1999).

Sincewe areproposingacomputationamodelof writing systemsandtheirrelation
to linguistic structure,it makes senseto askwhat “psychologicalreality” thereis in
the modelthat we have proposed. It is not my intention hereto review the various
psycholinguisticmodels— mary of them mutually inconsistent— that have been
proposedRathertheapproactthatwill betakenwill beto examinethemodelandsee
if thereis ary supportin the psycholinguistiditeraturefor someof the propertiesof
themodel.

Clearlysuchanapproachrequirescaution.Whatdo we meanby “psychologically
realistic”? This is a term which unfortunatelyhasbeenmuchahkusedin the history
of linguisticsand computationalinguistics. In the contet of the presentdiscussion
we needto beratherpreciseaboutthe level of granularityat which we would wantto
investigatethe psychologicakeality of our modelof writing systems.For example,
there are specificcomputationaldevices — finite-statetransducersn particular—
thathave beenproposedisplausiblecomputationamechanism$or mappingbetween
written form andlinguistic representationit seemaunlikely thatthesespecificdevices
areplausiblemodelsof whatgoesoninsideareaders (or writer's) head.

Ontheotherhandtherearemoremacroscopipropertieof themodelthatdo make
senseéo comparewith theresultsof psycholinguistiacesearchl will focusontwo such
propertieshere:

¢ Architectural Uniformity : thesamemodelof therelationbetweerorthography
andlinguistic form is proposedor all writing systems.

157
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e Dual Routes the model makesa distinction betweenspelling rules, andthe
lexical specificationspossibly includingmarkedorthographidnformation,that
theserulesoperateon. It is assumedhatin normalreadingorthographiaepre-
sentationgremappedo lexical elementdi.e.,the ORL's of morphemeswords
andphrases)andthenceto pronunciationsHowever, in mostwriting systems,
for mostwords,only partiallexical orthographicspecificationsarerequired the
bulk of the spellingbeingpredictableby spellingrules. Inverted,thesespelling
rulescansene asrulesfor inferringan ORL representatiofrom spelling;if one
thencomposesheseinvertedspellingruleswith whatever rulesor principlesof
thelanguageredicttheactualpronunciatiorfrom the ORL, onecanderive pro-
nunciationsfor spelledwordswithout actually “consulting” the lexicon. Thus
wehaveanadditionalrule-basegbathto pronunciatiorthatbypassethelexicon.

Oneof the maintopicsin the literatureon readinghasbeenthe questionof the
numberof routesby which a readercangetfrom a written word into a phonological
representation As we describein more detail below, the mostcommonassumption
in the literatureis thatthereareat leasttwo suchrouteswhich may be characterized
broadlyasvia thelexicon or via “grapheme-to-phonegrtorrespondences”.

Within this frameawork, one questionthathasreceved a greatdealof attentionis
whethemwriting systemdlifferin which of thesewo routesis taken. Theso-calledOr-
thographic DepthHypothesis— henceforttODH — claims,in its strongesform, that
somelanguages— the so-calledorthographically'deep” languagesof which English
is anoft-cited example— requirereaderdo govia thelexicon; whereasorthographi-
cally “shallow” languages— Serbo-Croatiaiis supposedlysucha case— only make
useof thegrapheme-to-phonemeute. Onemight betemptedo equatethis notion of
orthographiadepthwith the notion of the depthof the ORL, discussedn Chapter3.
But thereis a crucial difference:we claim thatlanguagedliffer in the depthof their
orthographyandin theregularity of their “grapheme-phonemeforrespondencebut
notin themannerin which onemapsfrom orthographyto linguistic representatiorgr
ultimatelyto pronunciation.

It seemghatonecandraw two conclusiongrom theliterature(thoughit would be
disingenuouso suggesthatthereis anything like a consensusn thesepoints). Both
of theseconclusionsare consistentwith the propertiesof the modelthat we outlined
above:

¢ Multiple routesfrom written form to pronunciatiorareavailable.

e TheODH, atleastin its strongesform, is incorrect:all writing systemsanbe
shavn to make useof both a “lexical”, anda “phonological” (i.e, rule-based)
route.

Theremainderof this chapteris organizedasfollows. In Section5.1,we will out-
line the evidencefor multiple routes,andwe will discussthe ODH, and give some
of the evidencethat hasbeenpresentedoth supportof, andagainstthis hypothesis.
Section5.2 continueghis discussiorwith someevidencefrom ChineseandJapanese
— two writing systems thatwould appeaon thefaceof it to beunequvocally “deep”
— shawing that eventhereonefinds evidenceof “shallon” processing.Finally, not
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all psycholinguistsupporthe hypothesiof multiple routes,andthemostvocaladvo-
catef analternatve single-routeapproacthave beentheconnectionistsA someavhat

dated thoughstill influentialwork in thismoldis (Seidenbeg andMcClelland,1989).
Section5.3 givesa brief critique of this work.

5.1 Multiple Routesand the Orthographic Depth Hy-
pothesis

Two kindsof experimentdigure prominentlyin the psycholinguistiovork onreading.
Oneinvolveslexical decision andthe other naming

In alexical decisionparadigm subjectsarepresentedvith awritten stimulus(usu-
ally on a CRT screen)andareaslkedto answer(e.g. by pressinga button on a key-
board)whetheror not the stimulusin questionis a word of their language. Their
reactiontime is measuredasis the correctnessf theirresponses.

In the namingparadigm subjectsareagainpresentedvith a written stimulus,but
this time they areaslkedto pronouncethe stimulusaloud— to “name” the word that
is on the screen. In this casewhat is normally measureds the time betweenthe
presentatiomf the stimulusandthe onsetof vocalization.

The ODH hasimplicationsboth for namingandfor lexical decision,but it is per
hapseasiesto illustrate the ideabehindthe hypothesisn the context of a model of
naming.Onesuchmodelis presentedchematicallyn 5.1;this modelis adaptedwith
simplifications from (BesnerandSmith,1992,Figure 1), andthe presentatiorof the
ODH hypothesigiravs heavily ontheir discussiorof thistopic.

Themodelin Figure5.1allows for threeroutesto naming.The simplestis labeled
‘A’ in thefigureandinvolvesthe applicationof “grapheme-to-phonemetles. In that
schemejnput text is fed into a block of rules,and a phonologicalrepresentatioiis
derivedsolelyvia thatblock of rules. Crucially, thereis no lexical accessnvolved. To
take anexample thestring<peat> in Englishcanbepronouncedby applyingtherules
<p>— /p/, <ea>— /i/,and<t>— /t/, deriving the pronunciationpit/. Sincethis
routeinvolvesassembling phonologicalrepresentatioon thefly, it is oftentermed
theassembledoute.

Thesecondandthird routesdoinvolvelexical accessto varyingdegrees.Theroute
labeled'B-D’ involvesthe so-calledorthographicinput lexicon which storeswords
in their orthographidorms, presumablywith associategphonologicalinformation; it
correspondgpretty muchexactly to the orthographidexical entryin the ORL in our
model. Namingvia route‘B—D’ thusinvolveslexical accessput of a fairly shallov
kind, in thatonly the formal propertiesof the word areaddressedUnderthis scheme
<peat> would be pronouncedy matchingthe string <p>, <e>, <a>, <t> against
the lexical entry for peatin the orthographidnput lexicon, andretrieving the stored
pronunciation'pit/.

The third route,‘C-D’ is the deepest.It too involvesthe orthographicnput lex-
icon, but it alsoinvolvesaccessinghe meaningof the word. In this case,semantic
attributesof the lexical entry of peatwould be accessedand from thereonewould
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Figure5.1: A modelof readingaword aloud,simplified from (BesnerandSmith, 1992).
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derive a pronunciatiorfor the word associatedavith thatsetof attributes! In normal
readersindernormalconditionsaccessinghe semanticshouldnotin principleyield
a differentresultfrom the ‘B-D’ route. Differentresultsmay be obtained however,
in neurologicallyimpairedpatients,as we shall seemomentarily Routesinvolving
lexical accesglerive pronunciationdor written wordsby addressing lexical repre-
sentationandhenceareoftentermedaddressedoutes.

As Besnerand Smith note (page47) thereis evidencefor the existenceof each
of theseroutesin readersof deeporthographieslike thatof English. Someof the
mostcompellingevidencecomesfrom patientswith variouskindsof brainlesionsthat
impair their ability to readaloudin variousways. Specifically:

e Oneclassof patientsfindsit easierto namewordswhosespellingsare “more
regular” giventheir pronunciations.For examplecavefollows the rulesof En-
glish spellingbetterthanhavedoes,andsuchpatientsfind it easierto correctly
namecavethanhave Plausibly suchpatientshave beendamagedn suchaway
thatthegrapheme-to-phonenrale pathA is the only oneleft opento them.

o At theotherextreme,somepatientsmake semanticerrorswhenaskedto name:
for <tulip> they mayanswercrocus for example.A reasonablexplanationis
thatfor thesepatientsthe semanticaccessoute C—D hasbecomefavored(and
thisonly imperfectly).

¢ In the middle are patientswho have no particularproblemsnaming ordinary
words (eitherhaveor cave, anddon't tendto make semanticerrors. Yet they
areimpairedin thatthey areunableto readnon-words. This suggestshatthey
areusingneithera grapheme-to-phonenwratey (route A) nor do they seem
to be using a semanticstratey (route C-D). Ratherthey are forced by their
impairmentinto routeB-D. This correctlypredictsthatthey will beableto read
wordsthatarein thelexicon already but not novel words.

We turn now to the ODH. Two flavors of this hypothesishave beenproposedn
the literature,the strong form andthe weakform. The strongODH canbe statedas
follows:

(5.1) Orthographicdepthhypothesigstrongform):
Readerof languageshathave completelyregular grapheme-phonemeorre-
spondencekck anorthographidnput lexicon.

In otherwords,routeA is the only routeavailableto suchreadersin the literatureon
the ODH, the mostoften cited instanceof a shallov orthographyis probablySerbo-
Croatian?

1This third, semanticrouteis the onethathasno directcorresponderin our model: it would of course
beeasyenoughto addanadditionallayerof semantigrocessingvherebylexical entriesatthe ORL mapto
asemantiaepresentatiorandthencebackto phonologicakentries.

2Note however that Serbo-Croatiamrthographydoesnot mark lexical accentwhich is determinedoy
(unwritten)lexical propertiesof theword muchasin thecaseof RussiarstresgSectionl.2.1);(Seidenbeg,
1990, pagess0-51;WaylesBrowne, personacommunication). Note thatthis is the casewhetherwe are
talking aboutCroatian(written in the Romanalphabet)or Serbian(written in the Cyrillic alphabet).Thus
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A (significantly) wealker versionof the hypothesis— one supported for exam-
ple, by Katz and Frost(1992) — states that all written languagesllow for both a
grapheme-to-phonenearrespondenceute (route A), andfor a lexical accesgoute
(routesB-D, or perhapsC—D): but thatcostof eachroutedirectly relateso thetype of
orthography(deepor shallon) involved. In shallov orthographiesthe grapheme-to-
phonemeouteis usuallycheapein naming,thoughtheremay be instancesn which
lexical accesss involved. Contrariwisejn adeeporthographylexical acceswill typ-
ically becheapeto usein namingthoughtherewill beinstancesvherethegrapheme-
to-phonemeoutemightbeused.

Insofar asit makesa far strongerclaim aboutthe mentalprocessof reading,the
strongODH is moreinterestingthanthe weak ODH. We shall thereforestartby out-
lining the evidencethat hasbeenmarshalledpoth for andagainstthis versionof the
hypothesisOur conclusionwill bethatthe evidenceagainsthe strongODH seem®n
thewhole morecompellingthanthe evidencefor it, andthatthereforethereseemso
be no reasorto accepthatreadersof differentorthographiehave fundamentallydif-
ferentmentalarchitecturesRatherthe evidenceseemsmore consistentvith a model
(possiblylike the weak ODH), wherereaderf all orthographiesisefundamentally
thesamemodel,thoughof coursedifferencemamongorthographiesvill inevitably lead
to differencesn how the mentalresourcesreallocated.

5.1.1 Evidencefor the Orthographic Depth Hypothesis

Accordingto the strongODH, the processingf shallov orthographiesn namingin-

volvespathway A in Figure5.1. Thus,it bypasse$oth of the lexical pathwaysB—D

andC-D. Thiswould appeato maketheratherclearpredictionthatreaderf shallov

orthographieshouldfail to shaw effectsof lexical acces$n namingtasks.In contrast,
readerof deeporthographieshouldshav sucheffectssincein generalpathway A is

not sufficient to correctlynamewritten forms, and one of the lexical routesmustbe
used.

Two widely reportediexical effectsarethe effect of word frequeny andlexical
priming. The lexical frequencyeffect relatesthe frequeng of particularlexical items
with the speedwith which they canbe retrieved from the lexicon: otherthingsbeing
equalmorefrequentwordsareretrieved more quickly. Thelexical priming effectre-
latesthe speedwith which aword will beretrieved,to the presencef a semantically
relatedword: if theword couc hasbeenusedin a previous context, semanticallyre-
latedsofawill beretrievedfasterthanif asemanticallyelatedword hadnotbeenused.
Thespeedf lexical retrieval is oftenmeasuredisingalexical decisionparadigmand
in this paradigm both priming andlexical frequeng effectshave beendemonstrated
bothin languageghat have deeporthographiesndin shallav orthographiegBesner
andSmith,1992,page50).

Giventheseobsenations,it would appearto be strongconfirmationof the ODH
thatpriming andword frequengy effectswerenot obsenedin namingtasksfor Serbo-

it is by no meanspossibleto predictevery aspeciof the pronunciationof a word in Serbo-CroatianThis
differs from the caseof Spanishwherealmostwithout exceptionone can predictthe pronunciationof a
written form without consideratiorof whatlexical form it mayrepresent.
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Croatianalanguagevith asupposedlghallov orthographyKatzandFeldman,1983;
Frost,Katz, andBentin, 1987). In theseexperiments, subjectswereasledto name
bothrealwordsandplausiblenon-words;the expectedpriming andfrequeng effects
did notobtainfor therealword stimuli. In contrastreaderof deeporthographiedijke
that of English,do shav theselexical accessffectsin similarly constructechaming
tasks(BesnerandSmith,1992).

Still, BesnerandSmith obsene (pages0):

...in contrasto thelarge numberof papershawving priming andfre-
gueng effectsin deeporthographiegheattempto provethenull hypoth-
esisof no priming andno frequeng effectsin theoral readingof shallov
orthographiesestsupona very narrov database.Therehave beenonly
two reportsthata relatedcontext doesnot facilitatenamingrelative to an
unrelatedcontets (Frost,Katz & Bentin, 1987;Katz & Feldman,1983),
andonly onereportthatword frequeng doesnot affect naming(Frostet
al.,1987)

As Besnerand Smith note, one critical designfeatureof both the Frostet al.
andKatz and Feldmanexperimentsis that, aswe have alreadydescribedthey used
bothwordsandnon-wordsasstimuli. Presumablyon-wordscanonly be pronounced
via the assembledoute: they have, after all, no lexical representationsCould this
thennot simply biassubjectgto alwaysusethe assembledoute? After all, in a shal-
low orthographythis will nearlyalwayswork. Sowhattheseexperimentseportmay
be indicative not of what readersof shallav orthographieslo in readingnormaltex-
t (wherethe majority of wordswill be known), but rathersimply be the resultof a
stratgyy thatsubjectshave adoptedunderthe conditionsof this experiment.

5.1.2 Evidenceagainstthe Orthographic Depth Hypothesis

Besnerand Smith discussseveral piecesof evidencethatwould appeato undermine
the conclusiongeachedn the Katz and FeldmanandFrost etal. papers,ncluding
datafrom Serbo-CroatianPersian(Farsi), and Japanes#ritten in kana. For Serbo-
Croatian,experimentswere performedwhereonly realwordswere presentedo sub-
jects.In this casepothlexical frequeny andpriming effectswerefound.
ThePersianresultswereoriginally reportedn (BaluchandBesney1991).Persian
orthographys anArabic-derved abjad(Kaye,1996)(andseeSection.1for anexpla-
nationof thetermabjad): for mary wordsthe phonological informationprovided by
the written form is incomplete,n particularinformationaboutthe vowels. However,
asin Arabic, theconsonantetters<w>, <y> and<‘> (alif) canfunctionasvowels
(/ul, lil and/a/,respectiely), andsomewordswritten with thesesymbolshapperto be
completean their phonologicakpecificationsThusPersiarprovidesbothcasesvhere
lexical accesss necessaryo namea written form, andcasesvherelexical accesss
in principle not necessaryThe ODH would predictlexical accesffects— word fre-
gueng andpriming effects— for thosewordsthatarerelatively “deep”, andno such
effectsfor “shallow” words. Baluchand Besners datasupportthis expectation but
only whena significantportion of non-wodswere includedamongthe stimuli. When
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suchnon-word stimuli were not presented|exical accesseffects were obtainedfor
both“shallow” and“deep”words. This, then,supportghe contentiorthatthereported
lack of suchlexical acces®ffectsin previouswork on Serbo-Croatiamaybedueto a
stratgly adoptedoy subjectsvhengivenataskwherethe assembledouteis oftenre-
quired.Whennon-wordsareremoved,the assembledouteis nolongerautomatically
adoptedandsubjectsbehare asif they areuniformly usinganaddressedoute.

Theexperimenton readingof Japaneskanareportedn (BesnerandHildebrandt,
1987) leadsto a similar conclusion. Japanese hasan even more extreme caseof
a mixed orthographythan Persian,using both Chinesecharactergkanji), mary of
whichfunctionlogographicallyaswe have seen(Sectiord.3,thoughseeSections.2.2
below), aswell two kanacore syllabaries— hiraganaandkatakanawhich arefairly
phonemicin their representatiod. Besnerand Hildebrandtpresentedsubjectswith
stimuli written in katakanawhichis normally usedto write foreignloanwords? The
stimuli were of two types,namelywordsthat are normally written in katakanaand
wordsthatwould normally be written in kanji. The latter groupwerethuswritten in
anunfamiliarway, whereagheformergroupwasorthographicallyfamiliar. However,
if the ODH werecorrect,this familiarity shouldhave no effect on namingspeedsince
katakanais in ary eventa shallov orthography Registeringa form as“f amiliar” or
“unfamiliar” presumeshatoneis matchinga written form againsta lexical entry, yet
if onepresumedfollowing the ODH, thatkanais readusingonly pathway A from Fig-
ure5.1,thenno matchingagainstiexical entriescanbeinvolved. In fact, Besnerand
Hildebrandts resultsshav definite effects of familiarity, with wordsthatarenot nor-
mally written in katakangunfamiliar orthographidorms) taking significantlylonger
to namethanwordsthatarenormallywrittenin katakangfamiliar orthographidorm-
s). This suggestshatlexical accessnustbeinvolvedin readingkatakanacontraryto
the expectationof the ODH.

5.2 “Shallow” Processingn “Deep” Orthographies

The previoussectionhasexaminedsomeof the psycholinguistievidencesurrounding
the ODH, whichin its strongform claimsthatreadersf shallov orthographiegargely

bypasdexical accessvhenreadingaloud. The bulk of the evidencedoesnot seento

supporthatradicalconclusion Ratherthereseemso beevidencethatreadersf both

shallov anddeeporthographieslo performlexical accessvhennaming,exceptunder
experimentakonditionsthatfavor adoptinga uniform assembledoute.

Yet surelythereis a sensehat“deep” orthographiessuchasEnglishor Chinese,
typically requirelexical accesghatis “deeper"thanonewould expectfor a shallav
orthography#or example,while naminga Spanishiform like cocer‘to cook’ may af-
ter all usuallyinvolve lexical accesspresumablythe wholelexical entry doesnt need
to beretrieved, but ratherjust the phonologicainformation,which correspondséairly
straightforwardly to the orthographicform. In contrast,to reada Chineseword like

3Note however, that pitch accentwhich is lexically distinctive in Japanesds not marked in the kana
scripts.
4Hiraganais resened mostlyfor grammaticamorphemes.
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55 ma ‘horse’, wherethereseemdo be no indication of the pronunciationin the or-
thographicform, presumablyone hasto retrieve the whole lexical entry: indeed,as
we have notedelsavhere,it hasoften beensupposedhat Chinesewriting is primarily
logographidn thateachcharacterepresentsotaphonologicalnit atall, but rathera
word or morpheme.n this sectionwe discussevidencethatin ChineseandJapanese
— two canonicalexamplesof deeporthographies— rapid accesgo the phonology
without (complete)lexical accessis possible.This thenprovidesevidenceof a com-
plementarynatureto whatwaspresentedh theprevioussection:a“deep” orthography
cannonethelesshow shallov processingffects.

5.2.1 Phonologicalaccessn Chinese

In an experimentreportedby AngelaTzeng(Tzeng,1994), Chinesereadersvere p-
resentedvith a seriesof Chinesecharacterpresentedn rapid successionpossibly
containingsomeinterveningcharactesflik e nonsensenaterial®> Thetaskfor the sub-
jectswassimplyto write down thecharactershatthey werepresentedvith. Thestim-
uli werepresentedvith anintenval of between90 and110 milliseconds fastenough
to resultin aneffect of repetitionblindnessunderappropriateconditions. Repetition
blindnessfirst reportedn (Kanwisher 1987),denotesa situationwheretwo tokensof
aparticulartype arepresentedn rapid successiorandwheresubjectdail to notethat
morethanonetokenwaspresentedln the context of Tzengs experiment,presenta-
tion of two identicalcharacters— e.g. two instancef % sheng‘win’ — resulted
in ameanaccuray ratein subjects’performancef about51%. In contrastpresenta-
tion of a controlsequencef two distinctandnon-homophonousharacters— e.g.Ji%
shengandsii di — resultedin a higheraccurag (around61%). Crucially, presenta-
tion of two graphicallydissimilarbut homographicharacters— e.g.fi% shengand22
sheng‘holy’ resultedn ameanerrorrateof 52%, or the sameastheratefor identical
characters.

The critical factorin this experimentis that the homographigairs chosenwere
graphicallydistinct, soit is not plausiblethatthe subjectswere simply confusingthe
characterst a visual level. Neitheris it possiblethat the subjectswere doing full
lexical accessand confusingthe two instancesat a lexical level. Putting asidethe
implausibility of doing lexical accessn aslittle time as 90-110milliseconds(most
experimentsare more consistentwith lexical accessequiringon the order of a few
hundredmilliseconds especiallyfor lower frequeng items),full lexical accessould
not be involved, sincethe charactersn questioncorrespondo differentmorphemes:
% sheng‘'win’ and®2 sheng‘holy’, certainlymusthave differentlexical entries,and
if thesubjectaveredoinglexical accesshenthey surelywould haveregisteredhefact
thatthey weredealingwith a successiomf distinct characters.The only solution, it

5The“nonsense’materialusedwasKoreanHankul syllableglyphs,which areof coursemeaninglesso
Chinesaeadersvhodonotknow Korean put have theusefulpropertythatthey look somevhatlike Chinese
characters.

6The behaior for high andlow frequenyg charactersvas different, with high frequeng homophon-
ic pairsshaving a higheraccurag thanrepeateccharactersthougha lower accurag than differentand
non-homophonigairs; for low frequeng characterghe performancefor homophonigpairs was actually
significantlyworsethanthe performancdor repeateddenticalcharactepairs.
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seemsijs to concludethat Chinesecharactersnap,in theinitial stagesof processing,
to a level of representatiothatis basicallyphonological. Putin anotherway, while
Chinesecharactergertainly containnon-phonologicainformation, it is nonetheless
the casethat skilled Chinesereadershave learnedan associatiorbetweencharacters
andtheir correspondingyllables thatallowsfor very rapidaccesso thephonological
form, in effect bypassingherestof lexical access.

Tzengsresultsareconsistentvith othermorerecenfindings. For examplePerfetti
andTan (1998)reportresultsof apriming experimentwheresubjectsverepresented
with a charactermprime followed immediatelyby a target, which the subjectswere
thenasled to readaloud as quickly and accuratelyas possible. The time difference
betweerthe startof the prime andstartof the target— the so-calledStimulusOnset
Asyndirony or SOA — wasvaried, aswasthe natureof the prime: the prime could
either be graphically similar, homophonoussemanticallyrelated(either vaguelyor
“precisely”), or an unrelatedcontrol. A strongerpriming effect resultedin a shorter
andgenerallymoreaccuratenamingof thetarget. With the shortestSQA’'s (43 msec)
thestrongespriming wasobtainedrom graphicallysimilarcharactershut asthe SQA
increasedo 57 msec the graphicsimilarity effect attenuatedAcrossthelongerSQA
conditions,homophonougrimesconsistentlyhada strongereffect thansemantically
similar primes.In otherwords,the namingof targetcharacterss facilitatedmoreby a
primethatsoundghe samethanwith aprimethathasarelatedmeaning.

In the context of the computationamodel,a sensiblenterpretatiorof this classof
resultswould appeato bethatskilledreader®f Chinesein additionto knowing which
charactersepresenwhich lexical entries,have alsolearneda setof “grapheme-to-
phoneme’correspondencdsy which they know, for example,thatf% mapsto sheng
In termsof the discussiorin Section4.2, this amountgo sayingthatthe relationbe-
tweenthe syllableshengandthe entirecharactefi% implicit in the representatiohas
beenextractedasa rule by the skilled Chinesereader;we returnto this pointin Sec-
tion5.2.4.

5.2.2 Phonologicalaccessn Japanese

Tzengsresultsfor Chinesearemirroredby theresultsobtainedfor Japaneskaniji by
two studies(Horodeck,1987)and (Matsunagal994).

Horodecks goal wasto refute the widespreadview that Chinesecharactersare
ideagraphicin the sensehatthey directly representdeasin the mind of the reader;
thisview hasof coursebeenhewaily attacledby others mostnotablyDeFrancig1984;
1989). To this end,Horodeckconductedtwo studies,oneinvolving writing andthe
otherreading. In the writing study spontaneouslyritten short essaysrom 2410
Japanesapealers with a variety of occupationsand educationabackgroundsvere
studiedfor spellingerrorsinvolving kanji. Horodeckclassifiedthe errorsalongthree
dimensions:

e whetherthe errorful charactehadthe right sound— i.e., wasa homophoneof
the correctcharacter;

¢ whethertheerrorfulcharactehadtherightform—i.e.,sharecamajorstructural
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componentvith thecorrectcharacterand

o whethertheerrorful charactehadtheright meaning— i.e.,wassimilarenough
in its senseo the correctcharacter

For the purpose®f Horodecksintentions the mostusefulkinds of errorswereerrors
involving either: charactersvith theright sound but wrongform andwrongmeaning;
or characterswith the wrong sound,wrong form but right meaning. All other cate-
goriesof errorareeitherambiguouspr elsecouldbe explainedpurely on the basisof

formal similaritiesbetweerthe errorandthe target. In Horodecks corpustherewere
136 right-sound/wrong-fornwrong-mearng errors;amongtheseerrors127involved
on (Sino-Japanesegadingsand9 involvedkun (native) readings.In contrastthere
were a total of 14 wrong-sound/wrongdrm/right-meanng errors. Thus, in sponta-
neouswriting oneis muchmorelikely to make anerroron the basisof soundthanon

thebasisof meaning.

Horodecks secondexperimentinvolved a readingtestwherekaniji with inappro-
priate meaningswere insertedin a text, and wherethe objectwasto measurehow
often theseerrorswere detected. All of the errorsin this portion of the study in-
volved multicharactecompoundsvith on readingskanji occurmuchmorefrequent-
ly in these constructionghanthey do eitherwith kun readingsor assingle charac-
terswith on readingg(“ on-isolates”),andit wasthereforeeasierto constructstimuli
using multicharacteron constructions. For the stimulustexts, newspaperheadlines
were chosensincethesehave a higher density of kanji than normal running prose.
Theerrorstimuli usedwereof two types:right-sound/right-fornwrong-mearing and
wrong-sound/right-fam/wrong-meaniry. Readeron averagedetectednly 40.5%o0f
theformerkind of stimulus,asopposedo 54.3%of thelatterkind of stimulus.Thisd-
ifferencewasstatisticallysignificant,anddemonstratethaterrorshomophonousvith
theirtargetsareharderto detectthanerrorsthatarenon-homophonous.

Matsunagas (1994)experiment ik e Horodecks secondexperiment,nvolvedho-
mophonousandnon-homophonaosikaniji errors. However, ratherthanaskingreaders
to markerrorsin newspapeheadlinessheinsteadmeasuredeaders’eye movements
asthey readfull sentencesontainingsucherrors:the assumptiorhereis thaterrors,
when detectedwill disruptthe readers readingand will translateinto fixations on
the locationof the error, which in turn will shov up in the eye-trackingdata. Mat-
sunagdoundthattherateof fixationspererrorwassignificantlyhigherin the caseof
nonhomophoni@rrorsthanin the caseof homophonicerrors. In otherwords, non-
homophonicerrorswere easierto detect,a resultthat replicatesHorodecks second
study

The studiesof Horodeckand Matsunagahus leadto the sameconclusion for
Japaneseeadingof kanji asdoesTzengs studyof Chinese Usersof bothwriting sys-
temsmorereadily misserrorsthatarehomophonousvith their targets,andthey more
readily missrepeatedtharactersf they arehomophonousvith a previously presented
characterAll of thesestudiesthereforesupportthe ideathat Chinesecharactersnap
directly to phonologicarepresentationis the mindsof fluentreaders.
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5.2.3 Evidencefor the function of phoneticcomponentsin Chinese

Psycholinguisticevidencefor low-level phonologicalprocessingof Chinese,of the
kind discussedh Section5.2.1seemsnthefaceof it to bedirectconfirmationof the
claim of DeFrancis(1984;1989),alsodiscussedn Chapter4, that Chinesewriting
is essentiallyphonographidn design,thoughobviously imperfectlyso. As it will be
recalled,the mostpowerful evidencefor this claim is the large numberof semantic-
phoneticcharactersyherethepronunciatioris indicated to agreateror lessedegree,
by a phoneticradical. Theimportanceof phoneticinformationin the developmentof
the Chinesewriting systemis unequvocal,andit is evenplausibleto supposdhatthe
phonologicainformationprovidedby thephoneticcomponents anaidto learningthe
writing system.What Tzengs experimentsshaw is thatskilled Chinesereadershave
internalizedhewritten symbolsasakind of alphabetsothatthey canretrieve pronun-
ciationsfor eachof the symbolsin theabsencef ary furtherlexical information. But
onemustbecarefulaboutdraving aconnectiorbetweertheresultsof this experiment,
andtheevidenceadducedy DeFrancis.To seethis, considetthefollowing thoughtex-
periment.Supposéahatthe Chinesenriting systemwere,counterfictually completely
arbitraryin its mappingbetweenorthographicsymbolsandtheir pronunciation:that
is, therewould be no equivalentto a “phonetic” componentandthereforeno way to
look atanovel characteandguessts pronunciation Supposdurthermorethatsome-
onehadmasteredhiswriting systemaswell asliterateChinesaeadersnastethereal
Chinesewriting system.Onemight expectthatthe resultsof Tzengs experimentson
this pseudo-Chineseould beidenticalto whatshedemonstratedith realChinese If
thatturnedoutto bethe casethenonewould have to concludethata skilled readerof
ary writing systemis likely to “phonologicallyrecode”the systemin thatthey would
be ableto mapbetweenwritten symbolsand pronunciationwithout performingfull
lexical access.

So Tzengs experimentmight not relatedirectly to DeFrancis’resultsat all. We
mustthenaskwhat the evidenceis that readersof Chineseactually make useof the
phoneticinformationprovidedin the majority of Chinesecharacters.

In fact,thereis suchevidence pnerelevantexperimentoeingthatof (Hung, Tzeng,
andTzeng,1992). In that experimenta Strooppicture-word interferenceparadigm
was usedto testsubjects’abilities to namea picture when a single-characteword
of varying degreesof congruencdo the picture was simultaneouslypresented.For
example, supposea picture of a baslet is presented.A completelycongruentword
would betheword  |an ‘basket’; following Hung, Tzengand Tzengsterminology
we will call this word/charactelCC for “completely congruent”. An exampleof a
completelyincongruen{CI) word would be&] ding ‘nail’. Partially congruentvords
were:

¢ A homophonougbut semanticallydistinct) charactehaving the samephonetic
componenfsCC, or having CC asa phoneticcomponentFor exampleg lan
‘blue’. (SGSS!similar graph,samesound”)

“Coulmas(1989, page50) makes exactly this point whenhe notesthat a skilled readerof Chinesecan
equallywell map betweena charactersuchas2 andits phonological— bi — and lexical — ‘pen’ —
values.
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e A homophonousnd structurallydistinct character:i§ lan ‘orchid’. (DGSS:
“dif ferentgraph,samesound”)

¢ A nonhomophonousharactesharinga componentith CC: B jian ‘jail’ (S-
GDS:“similar graph,differentsound”)

¢ A pseudocharactéPC), wherethe CC sened asthe phoneticcomponenof a
non-eistentcharacter &

Subjectsvereaskedto namethepicturesandtheirreactiontimeswererecordedalong
with their error rates. Not surprisingly the CC andCl conditionsshoved the fastest
andslowestreactiontimes,respectiely, aswell asthe bestandworsterrorrates.The
other conditionslisted above were arrangedas follows, orderedfrom fastest/lavest
errorto slowest/higheserror: PC < SGSS< SGDS< DGSS.As Hung, Tzengand
Tzengargue,therearetwo independenteffects,one of graphicsimilarity to the tar
get (CC) characterand one of phonologicalsimilarity. Takentogetheytheseresults
first of all supportthe laterwork of Tzeng(1994)in underscoringhe importanceof
phonologicainformationin Chineseandthey alsoshow thatthe phoneticcomponent
is bothaccessiblandusedby Chineseeaderssincethetwo non-CCconditions(PC,
SGSS)wherethe phoneticcomponents the sameasthat of CC werethe oneswhere
subjectgperformedthebest?

5.2.4 Summary

Thereappeardo be evidencethat phonologicalinformationis both availableto and
usedby readersof Chineseand JapaneseFurthermoreat leastfor readersof Chi-
nese,informationin the phoneticcomponenbf the characterwhenpresentjs used.
Whena usefulphoneticcomponentoesnot exist, we assumeaswe did in the pre-
vious chaptey thatthe orthographicentry for the morphemas linked simultaneously
to boththe semantiandphonologicakntries,andthatthe charactethussenesasits
own “phoneticcomponent. In the discussiorin the previous chaptey we assumed
staticrepresentatiomvherebythe orthographicsymbolis simply listed aspart of the
lexical entry of the morphemepwith indicesindicatingwhich portionsof the symbol
correspondo the semanticandphonologicalffields. What the experimentalevidence
presentedn this sectionsuggestss that skilled Chinesereadershave advancedone
stepfurther thanthis staticknowledge. SoratherthanmerelyrepresentindChinese)
& <BIRD+JA> ya‘duck’ asin (5.2),they have formulateda spellingrule asin (5.3),
whichwould belexically markedto applyonly to this morpheme.

8The importanceof the phoneticcomponenis further underscoredy several studiescited in (Hung,
Tzeng,andTzeng,1992,pagel27), whereit wasshavn thatthe phonologicalconsisteng of a phonetic
componentvasngyatively correlatedwith the naminglateny for characterdiaving that phoneticcompo-
nent.

OnemightalsosupposehatJapaneseeadersnake useof the phoneticcomponentvhenit is bothpresent
anduseful.Clearlythephoneticcomponentill notgenerallybeusefulfor kunreadingsbut for onreadings,
the phoneticcomponentvould in mary caseshave approximatelythe sameutility asit would for the same
charactein Chinese Onestudythatseemso supportthe utility of the phoneticcomponentn Japanesen
readingss (Floresd’Arcais, Saito,andKawakami,1995).
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(5.2)

SEG <[ONSy][RIMEa]>
PHON SYL 1*
TONE1

CAT noun
SEM duck,.

OrRTH {&,,H,}

SYNSEM

(5.3) ya— & <BIRD> - H <JA> (= &)

(54) (=) "W 5ya

Inverted,asin (5.4) this rule will map directly betweenf&§ andya. The presence
of the phoneticcomponent <JA> on the lefthandside of several suchinverted

ruleswill, giventhe phonologicakimilarity (thoughcertainlynotidentityin this case),
tendto reinforcethe salienceof the phoneticcontribution of that componento the

pronunciation®f thecharactergontainingit asa phoneticelement And theexistence
of suchinvertedrulesyields the resultthatit is possibleto map directly betweena

characteandits pronunciationwithout lexical access.

The situationin Chineseis really no differentin kind from the lexically marked
spellingsin English: for the word light, for example,one mustmark the spelling
<igh> in thelexicon, sincethereis nowayto predictthatspellingfrom generaprinci-
ples.However, onecancertainlyextractfrom the setof wordsspelledwith <igh> the
usefulgeneralizatiorthatthis graphemesequencés generallypronouncedal/.® Im-
puting a rule that mapsf& to ya from a lexical representatiothat statesthat ‘duck’
is written with the <BIRD> radicalanda phoneticcomponent<JA>, is merelyan
instanceof the samephenomenon.

5.3 Connectionist Models: The Seidenbeg-
McClelland Model

As we discussedbove, moststudiesof readinghave assumed dualroute,or multiple
route model. By definition suchmodelspresumea strict distinction betweenstored
lexical informationon the onehand,andruleson the other In separatingulesfrom
staticlexical information,suchpsychologicamodelsareof coursetakingafairly tra-
ditional stancepnethatis in accordwith traditionallinguistic models.

As is well-known, sincethe mid 1980, an alternatve view of languagehase-
merged which esch&vs a formal distinction betweenrules and lexicon. This is the
connectionistview, so-calledbecausehe belief is that complex systemsof behavior

90r, if oneprefersto assumea deepORL for English (seeSection3.2), thatit mapsto /i/ which sub-
sequentlychangedo /ai/ by phonologicalrule. Note thatsetsof suchinvertedrulessene asthe basisfor
linguistically-informedapproacheto theteachingof readingsuchas(BloomfieldandBarnhart,1961).
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can be modeledusing large numbersof simple, but massvely interconnectedinits
(sometimesalled“neurons”). Phenomenghat have beentermed-‘rules” or “lexical

entries” are merely emegentpropertiesof suchinterconnectedetworks. Probably
themostfamousapplicationof thisideato aproblemin naturallanguageés Rumelhart
andMcClelland’s (1986)oft-cited simulationof the learningof the Englishpasttense.
Their basicclaim wasthattherewasno differencebetweerEnglishregular pasttense
verbs whichaddsomevariantof /-d/, andirregular(mostly historically“strong” verb-
s)whichinvolve achangeof the stemvowel (alongwith otherchangesn somecases):
both typesof verbsarelearnedby their network in the sameway, and the network

is — to someextent— ableto generalizewvhatit has“learned”to new cases.Thus
thereis no needto posita formal distinctionbetweerrulesandstoredlexical items,as
both“kinds” of knowledgeare“learned”by the network in thesameway. An effective

rekuttal to this papercanbefoundin (Pinker andPrince,1988).

Theclassicconnectionisapproacho readingis the systemof Seidenbeg and M-
cClelland(1989). Naturally, oneof the main claimsof their theoryis thatdual-route
modelsare not necessaryin particular regularly spelledwords, suchasate, which
couldin principle be pronouncedvithout referenceo lexical information,arelearned
in the sameway asirregularly spelledwords (plaid), wherelexical accesseemso
be required. Indeed,in subsequentvork (Seidenbey, 1990) the modelis presented
asproviding analternatve to traditional“dual route” model(thoughsee(Seidenbey,
1992)for a slightly modifiedposition). Thework is alsocited (Seidenbeg, 1997)as
a viable alternatie to symbolicrule/principle-baseépproachesf the kind familiar
from generatie linguistics. Thereare more recentand arguably more sophisticated
connectionisapproache$o reading— see,for example,the work of VanOrdenand
colleaguegVan Orden,Penningtonand Stone,1990; Stoneand Van Orden,1994),
but Seidenbay andMcClelland’s paperseemgo presentthe mostdetaileddiscus-
sion of acomputationakimulationof a connectionistnodelof reading,aswell asthe
mostdetaileddiscussioncomparingthat model’s behaior to experimentson human
subjects.

It is not our purposehereto give an extensie review of Seidenbeg andMcClel-
land’s model. Ratheravery brief summarywill begiven,andafew of theweaknesses
of theapproachwill be pointedout. The mainconclusiorwill bethatSeidenbeg and
McClellandhave failedto provide corvincing evidencethattheir modelhaslearned
the taskthatit is claimedto have learned;thusthereis little reasonto accepttheir
conclusiornthatmoretraditionalkinds of modelshave beensuperseded.

5.3.1 Outline of the model

Seidenbeg andMcClellandhave in mind a completemodelof lexical processinge-
lating orthographic semantic phonologicalandcontextual information. Their model
is diagrammedn Figure5.21° The portion of the modelthatis actuallyimplement-

100ddly, morphologicainformation,socrucialfor thecorrectpronunciatiorof wordsin mary languages,
is missingfrom their conceptionof the lexical processingsystem. It is uncleay for instance wherethe
morphologicallydeterminedstressinformationin Russian(Section1.2.1)thatis crucial for correctvowel
pronunciatiorwould fit into the model: would thatbe partof “phonology” or “meaning”?
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C
I

orthography

phonology

MAKE /melk/

Figure 5.2: The Seidenbeg and McClelland model of lexical processing(Seidenbeg and
McClelland,1989,page526), Figurel. Usedwith permissionof the AmericanPsychological
Association/nc..
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100/200
hidden units

460
phonological
units

400
orthographic
units

Figure5.3: Theimplementedportion of Seidenbeg and McClellands modelof lexical pro-
cessing,(Seidenbey and McClelland, 1989, page527), Figure 2. Usedwith permissionof
AmericanPsychologicaAssociation|nc..

edin the 1989 paperis depictedin Figure5.3. This systemwastrainedon a setof
2,884word-pronunciatiorpairsconsistingof all minimally three-lettemonosyllables
from the Kuceraand Franciswordlist of English (1967),from which they removed
“proper nouns,words we judgedto be foreign, abbreviations, and morphologically
complex words that were formed from the addition of a final -s or -ed inflection”
(page530). The training wasdivided into epochs,andwordswere presentedo the
systemin eachepochwith a probability proportionalto their occurrencén the Kucer
a/Francidatabaselnput (orthographyandoutput(pronunciationwvascodedusinga
“Wickelgrentriple” letter/phonemdrigramschemesimilar to thatusedin (Rumelhart
andMcClelland, 1986): thus<cat> would be coded as{_ca,cat,at } (where'_’ is
the boundarysymbol). Eachinput andoutputunit is sensitve to exactly oneof these
triples.

The testingmethodologyis describedby Seidenbeay and McClelland asfollows
(page532):

The phonologicabutputcomputedor eachword wascomparedo all
of thetargetpatternghatcould be createdy replacinga singlephoneme
with someotherphoneme For theword HOT, for example the computed
outputwascomparedo the correctcode,/hot/, andto all of the stringsin
thesetformedby /Xot/, /hXt/, and/hoX/, whereX wasary phonemeWe
thendeterminedhe numberof casedor which the bestfit (smallesterror
score)wasprovidedby the correctcodeor oneof thealternaties.

The systemwastestedon thetraining set,andthe errorrate of the trainedsystemon
this setwas2.7%. Amongtheerrorsreported someareplausibleregularizationerrors
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(e.g./bruc/ for <broocl>); othersarelessplausible(e.g./hors/ for <hearth>).

The remainderof the paperis devoted mostly to demonstratingequivalencese-
tweenexperimentabdataon humansubjectsandthe behavior of themodelonthekind
of datareportedn theexperiments.Thetypical comparisormadeis betweerhumans’
naminglatencies— the amountof time it takesfor a humanto pronouncea given
word aloud— andthe phonologicalerror scoreof the model(computedasdescribed
above) for the correctpronunciationof the givenword. For example,in a studyre-
portedin (TarabarandMcClelland,1987),subjectsshoved slover naminglatencies
in low-frequeny wordsthanhigh-frequeng words; they alsoshavedslower naming
latenciesfor exceptionallyspelledwords over regularly spelledwords, but this dif-
ferencewas only significantamonglow-frequeng words. This patternof behavior
is apparentlyreplicatedin the phonologicalerror ratesof the model: low-frequengy
words shav higher phonologicalerror ratesthan high-frequenyg words; and among
the low-frequeny words,exceptionallyspelledwordsshowved significantlyhigherer-
ror ratesthanregularly spelledwords.

5.3.2 What iswrongwith the model

The Seidenbeg-McClellandmodelis not the first connectionisinodel thatwasap-
pliedto the problemof readingaloud:it waspredatedy severalyearsby the NETtalk
systemof Sejnavski and Rosenbey (eventuallyreportedin a journal article in (Se-
jnowski and Rosenbay, 1987)). Sejnavski and Rosenbey were only mamginally
interestedin psychology being concernednsteadin an engineeringproblem: how
could one designa computationabevice that “learns” to correctly pronouncewords
given a training corpusconsistingof text with aligned orthographyand pronuncia-
tion? Ratherthanrestrictthemselesto a few thousandnonosyllablesSejnavski and
Rosenbay’s systemwasexposedo Englishwordsof variousstructuresalignedwith
their pronunciationstaken from runningtext. The resultsof Sejnavski and Rosen-
bery’'s experimentwereclearly not acceptabldor a real application— reportederror
rateswereabout8% by phoneme— but werepromisingenoughto spavn a greatdeal
of subsequentesearchn self-oiganizingmethodsfor learningword pronunciations:
seeSection6.6.

Comparedwvith Sejnavski andRosenbay’'s systemthe Seidenbey-McClelland
systemseemgatherweak,evenif the resultsdo onthefaceof it appeaito be backed
up by experimentakvidence.Considetthatthemodelhasbeentrainedandtesteconly
on afew thousandnonosyllablegandfurthertestedon possiblya few hundredmore
exampledn thevariousreplicationsof experiments) Restrictingoneselfto monosylla-
blesonenaturallyavoidsoneof themostdifficult problemsn learningto readEnglish,
namelypredictingwherethe stresds placed.Linguistically motivatedmodelsof pro-
nunciation,suchasthosetypically usedin goodtext-to-speectsystemsmodelstress
placemenby somecombinationof lexical marking, and phonologicalrulesthat are
sensitve to morphologicaktructure. Seidenbeg andMcClelland's modelprovidesno
answerto how thelearnerearnsto appropriatelystressvordswhenreadingaloud?!!

Lgimilarly, by avoiding names the modelavoids anothercomplex areathat maturereadersof English
learnto dealwith. Becauseames— personahamesn particular— oftencomefrom languagestherthan
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As we notedpreviously, someof the errorsproducedby the systemare bizarre,
at leastif oneis consideringthe systemto be a modelof a normalmaturereaderof
English.Someerrorsthatfall into this cateyory aregivenin (5.5):

(5.5) chew cw

frappe frlp
lewd lid
mow mi
ouch ec

plume plom
swarm  swirm
angst  ondst
breadth brety

czar var
feud flud
garb gag

nerse  mers
nymph  mimf
sphinx  spinks

taps tats
tsar tar
zip vip

As Pinker andPrince(1988)obsenre abouta similar setof errorsin the Rumelhart-
McClelland(1986)model,this doesnotappeato be thebehaior of amaturesystem.
What, then, of the replicationsof the variouspsycholinguistic experimentsthat
Seidenbeg and McClelland discuss?Several of thesedependupon analogizingbe-
tweensubjects’naminglatenciesandthe error rate of the model: whetherthis is a
meaningfulcomparisonis unclear though one might acceptit if enoughexamples
shaw parallelbehaiors betweenthesetwo measuresThe problemis, however, that
someof the supposedarallelsare highly misleading. The bestexampleof this is
shavn in Seidenbeg andMcClellands Figure19, reproducederein Figure5.4. This
is areplicationof a studyreportedin (Seidenbeay, McRae,and Jared,1988), which
comparednaming latenciesfor regularly pronouncedenglish words, and regularly
pronouncedEnglishwordsthatbelongto aninconsistentlypronouncedlass(Re Inc
in the figure). For examplehoneis regularly pronounced/hon/), but thereare (fre-
guent)words sharingthe letter sequence<one>, that have pronunciationgor that
sequenc¢hatareinconsistentvith the pronunciatiorin hone gone done The exper
imentalresultsdemonstrated 13 millisecondnaminglateng differencebetweerthe
regularandregularinconsistentlassesasshovnin Figure5.4. Also showvnin thatfig-
urearethe meansquaredhonologicakerrorscoredor themodelon the samestimuli,
which accordingo Seidenbeg andMcClelland“also provide a goodfit to thelateng
data’ But this canhardly be describedasan honestcomparison.Note thatthereis
no prescribedormula for mappingbetweenlateng differencesand (mean-squared)

English,the pronunciatiorof namesdoesnot aiwaysfollow thegenerakorventionsof Englishwords.
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540 6.0

O Experiment
535 - @ Simulation

Mean Naming Latency (msec)
1
(&)
o
Mean Squared Error

530 =
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Regular Reg Inc

Type of Word

Figure5.4: Replicationof the (Seidenbeg, McRae,andJared,1988) experiment,from (Sei-
denbeg and McClelland, 1989, page545), Figure 19. Used with permissionof American
PsychologicalAssociation|nc..
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phonologicalerror scoresof the model. In otherwords, givena line representinda-
teng differencedor humansubjectsthereis no prescribedormulawhich, giventhat
line, allows oneto derive the slopeandintersectof the expectedphonologicakerrors-
coresof themodel. Thus,with only two datapoints,SeidenbegandMcClellandcould
have choserto give theline correspondingo the model's performancery slopeand
intersecthatthey chose.ln particulay they could have matchedheline exactlyto the
experimentaldata;but this would have lookedtoo good,andwould have emphasized
the point thatthe comparisoris meaninglessinsteadthey presentecn almostexact
match,a tacticthatis incredibly effective, unlessoneis payingcloseattention.

To sumup: Seidenbeg and McClelland presentheir modelasan alternatve to
standardpsychologicaltheoriesof reading. But it is hardto acceptthat conclusion.
Whatwe are presentedvith is a toy system,onethatis shavn to performwell (and
eventhenwith bizarreexceptions)only on a very small portion of the problem. The
comparisonsfferedwith realexperimentabatarangefrom the plausibleto thehighly
misleading.

In thefields of computationalinguisticsor speectechnologynobodywould ac-
ceptthatamodelprovidedausefulalternatve solutionto a problemif thatmodelhad
only beentestedon a small and carefully selectedsubsetof the relevant examples.
Neithershouldonebelieve similar claimsin psychology

5.4 Summary

Thecomputationamodelof orthographythatwe have presentedmplicitly assumes
“dual route” for mappingbetweenwritten forms andtheir pronunciation:on the one
handwe have the mappingto the ORL, thelevel of lexical representationelevantfor

orthographicencoding;on the other, the mappingbetweerthe ORL andthe orthogra-
phy — Morr—r — is asetof spellingruleswhich, invertedandcomposedvith the
map betweerthe ORL andthe pronunciationsene alsoasa setof “letter-to-sound”
rules.

The modelalsohasArchitectural Uniformity in thatit assumeshe samearchitec-
turefor all writing systems:onereadsChineseor Japanesey the samemechanisms
asonereadsEnglishor Serbo-Croatian.

Thesetwo propertiesarewell supportedy the psycholinguistiditeratureonread-
ing. Connectionisproposalsotwithstandingthereis evidencefor dual (or multiple)
routesduringreading.And the samemechanismappearto beavailableto readersf a
varietyof scripts.In particularthereis evidencebothfor “deep” (lexical) processingn
supposediyshallov orthographiesandalso“shallow” processingn supposediydeep
orthographies.Of coursedifferentexperimentalconditionsmay favor certainstrate-
gieswith certainscripts: presentinghonsensevordsto readersof arelatively shallov
orthographywill certainlyfavor an“assembled’toute.But onthewhole,whetherone
finds evidencefor deepor shallav processinglependsit seemsmore uponthe task
thatis beingexaminedthanthe orthographicsystemoneis studying.

So, while | would not go so far asto claim “psychologicalreality” for the com-
putationalmodel,we canstatewith someconfidencehatthe overall architecturds at
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leastnot at oddswith whatwe know abouthumanorthographigrocessing.



Chapter 6

Further Issues

Needlesgo say therearemary problemsin the analysisof writing systemshatare
left unresoledby this discussionThis chaptewill addresgour of theseissues.

First of all, in Section6.1, | examinethe adaptationof writing systemsandask
whatit meango adaptanorthographyto a new language.

In Section6.2 | considerspelling reforms,andin particularthe 1995 reform of
Dutchspelling:aswe shallseein thiscase contraryto populamotionsof whatspelling
reformsshouldbelik e, extantexamplesof spellingreforms(asin theDutchcasepften
aremore concernedvith “morphologicalfaithfulness”thanwith makingthe writing
systemmore“phonetic”, thoughthey maynotbeparticularlysuccessfuin eithergoal.

Throughoutmostof this book| have consideredvhatonemight term“core writ-
ing”, thatis the ordinaryspellingof wordsin the normalorthographyfor a language.
Largely left out of this discussiorhave beena large numberof typesof symbolsthat
arerampantin written language— abbreviations,specialsymbols(%, &, etc.),and
numericalsymbolsamongthem. How do suchthingsfit into the generalmodelthat
we have developedhere?This questionis addressedhtleastin a preliminaryfashion,
in Section6.3 with an examinationof written numeralsandtheir relationto number
namesandin Section6.4with ashortdiscussiorof abbreviatory devices.

Finally, implicit in theapproachadoptecherehasbeenthe Bloomfieldian(Bloom-
field, 1933,page21) maximthatwritten languagds “merely a way of recordinglan-
guageby meansof visible marks”. This view, while assumedn a lot of work on
writing systemss by no meansa universallypopularone,andthereis along tradition
thattakesthe view that written languages on a par with spoken languageandthat
therearealot of featuresof theformerthatarenotbestunderstoody appealingo the
latter. In fact,| believe thatthereis no fundamentalncompatibility betweenthe two
views, andl will arguethis pointin Section6.5.

179
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6.1 Adaptation of Writing Systems:the Caseof Manx
Gaelic

Almost all of the literate culturesin the world today originally borronved their script
from anotherculture. The only clear exceptionsto this generalizatiorare the very
few cultureswhosewriting systemwasdevelopedtotally indigenously:Chinesds the
mostobviousexampleof this, but othersmightincludeSemitic(dependingiponone’s
views of theoriginsof Semiticscripts— see(O’Connor, 1996)),andof coursewriting
systemssuchas Pahavh Hmong, that were developedin recenttimes by inspired
individualsin previously illiterate cultures.

It is worth making a distinction (one not often made)betweenthe adaptatiorof
scriptsandthe adaptatiorof writing systemsThedistinctioncanbeillustratedper
fectly by thevariousadaptationsf Semiticscripts,notablyHebrav andArabic (Hary;,
1996; Aronson,1996; Kaye, 1996). As is well known, the mostnotable featureof
Semiticwriting systemss their systematidack of representatioof shortvowels,and
their imperfectrepresentatiofor long vowels! Also systematicallyjacking arerep-
resentationsf certainconsonantapropertiessuchasgeminationin StandardArabic.
Daniels(1996b)termsthis kind of writing systeman abjad. As is alsowell known,
Semiticlanguagesave a characteristic¢'root-and-pattern’"morphology wheremor-
phologicallyrelatedwordssharea commonconsonantatoot, anddiffer mainly in the
patternof vowelsandgemination(in Arabic)or spirantizatior(in Hebrav) of rootcon-
sonants.The Semiticwriting systemsareoften claimedto be well adaptedo Semitic
languagesince,by omitting symbolsfor vowels andalterationsof root consonants,
therootis renderednoretransparenacrossvhole setsof derivationallyrelatedforms.

Whatever the meritsof this argument,it is notevorthy thatwhen Semiticwriting
systemdave beenadaptedo otherlanguageswo ratherdivergentcourseave been
taken. Onecourses simply to borrow the entire writing systemthatis the symbolset
is borroved (with possibleaugmentationsthe symbolsare usedto denote(roughly)
the samephonemesandthe way in which the scriptis usedto representinguistic
form is moreor lessidenticalto the original. This wasthe coursetaken by the Arabic-
basedabjadsfor PersianandUrdu, andthe Hebrev-basedabjadof Judeo-Arabic.In

thesecasesthe resultingsystemis the sameasthe original writing systemin that,
for instance shortvowelstendnot to be orthographicallyexpressed.Thereare other
sensef whichawriting systencanbeborroved,andwe returnto thesemomentarily

The secondway in which Semiticscriptshave beenadapteds for the borrowing
languagdo borrow the script, but notthewayin which it is used Thatis, the symbol
setis borroved (againwith possibleaugmentation)the symbolsare (again)usedto
represen{roughly) the samephonemesbhut the resultingsystemis not an abjad. Ex-
amplesarethe Arabic-basedurdishand Uyghuralphabetsand the Hebrav-based
alphabetdor YiddishandJudezmdLadino). Indeed,n thesecasesnorethanjustthe
symbolsetandthe grapheme-to-phoneatorrespondencasereborroved: onealso

Ivowel symbolsare of courseavailablein the form of “points” written above or belov the consonant
symbols but suchsymbolsaregenerallyreseredfor pedagogicalisesto ensurehatthelearnempronounces
thevowelscorrectly andfor religioustexts for the samereason.
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findspositionalpreferencesor certainsymbolsreflectingcertainsoundsborrovedin-
to the new system.For instancejn JudezmgBunis, 1975)the Hebrav consonanX
<’> is usedto representa/ in initial and medial position; however in final position
il <h> is usedsince Hebrav words endingin /a/ are mostfrequently spelledwith
final . Thuskada‘each’is spelled" ™R/ « <q'dh>. Similarly, ® <’> doublesasa
“support” for syllable-initialvowelsbesideda/, sothati ‘and’ is written ' « <’y >,
andes‘is’ is written O'X « <'ys>: notealsothat ! <y> is usedfor both/i/ and
/el. Again, this follows Hebrav practicesince® <’>, etymologically/?/, is oneway
of representingin emptysyllableonsetin Hebrav, and ! <y> may representither
(long) /el or /il. But despitethis inheritancethe systemusedin Judezmas clearlyan
alphabetnotanabjad,sinceall vowelsarerepresenteth the orthography

Let usnow returnto the notion of borrowing awriting system ratherthanmerely
ascript. Whatdoesthis notionentail?Clearlytheinterpretatiorof this conceptinges
crucially uponone's understandingf whatspecifickinds of linguisticinformationare
representedly agivenwriting systemandhow they arerepresented-or example,we
have notedearlier(Section3.2, Footnotel7) that thereis a tensionbetweertphono-
logical faithfulness”and “morphologicalfaithfulness”; writing systemsoften facea
choicebetween representinga word in a form thatis representatie of its (surface)
pronunciationandrepresentinghe morpheme®f aword in afashionconsistentvith
their spellingin otherrelatedwords. Semiticwriting systemshave addressethis ten-
sionin a ratherinterestingfashion:dueto their peculiarpropertiesthey areable,to
alarge extent, to consistentlyrepresenmorphologicalroots,abstractingaway from a
variety of surfacepronunciationsof thoseroots; but at the sametime, preciselybe-
causevowelsandcertainotherfeaturesarenot generallyrepresentedsemiticwriting
systemgepresentvordsin a mannerconsistenwith, if not particularlyinformative
of, theactualpronunciation(In otherwords,Semiticwriting systems$aveincomplete
coverageSectionl.2.1.)For a Semiticwritten form suchas<mlk> ‘king’, onecould
interpretthis aseitherrepresenting particularsurfacepronunciation(e.g. /malik/ in
Arabic) or elsea particularrootmorpheme.

Carriedone stepfurther, one might imagine“for getting” the phoneticbasisof a
string of graphemes$ike <mlk> andtakingthis to be alogographicepresentationf
the morphemeking’. For a particularword derived from ‘king’, onemight consider
ary additionalgraphemeso be phoneticcuesasto the particularderivative of ‘king’
in question.This abstractiorwould appeaito be the sourceof the hetengramsfound
in adaptation®f Aramaicwriting systemso Persiaanguage$Skjaerva 1996).Het-
erogramsarewordsor morphemeshat arespelledexactly asthey would be spelled
in their Aramaicsourcelanguagebut areintendedto be readasa Persianword: often
theword, in additionto its Aramaiccore,hasadditionalgraphemianaterialto reflect,
for example,Persianinflectionalendings,andtheseare spelledaccordingto Persian,
not Aramaic,pronunciation.To give anexamplefrom Middle Persian(Skjeervg, 1996,
page523),aword spelled< YHWWNd> consistecf an Aramaiccore<YHWWN >
‘be, become’(the Aramaic stembeing /yhwwn/), and the final <d> representinga
Persianinflectionalending. The word wasto be pronouncedbavand/,with the pro-
nunciation/bavan/ ‘become’ correspondingo the heterogram< YHWWN>. One
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could castthis asa reinterpretatiorof the mappingM gy, for a givenwritten sign:
ratherthanmappingfrom thevalueof PHON attributeto spelling, it is reinterpreteds
beinga mappingfrom a value of the SYNSEM attribute. Aramaicheterogramshus
have a strongfamily resemblancéo the adaptatiorof Chinesescriptto the writing of
native wordsin Japanesé€Section4.3), wherethe phonographidasisof the Chinese
charactewaslost.

Turning to anothercase,considerhow a writing systemmight look if it werean
adaptatiorof the Englishwriting system.Considerfirst whatparticularpropertiesare
essentiafeaturesf Englishwriting. Two importantpropertiescometo mind:

e A particular associationbetweenphonological structure and graphemese-
quenceiMSpell)

¢ A largeamountof lexical markingof orthographideaturesseeSection3.2

Onewriting systemthat is adaptedrom that of Englishandthat seemsto have
adoptedthe above-mentionedwo featuresis thatof Manx Gaelic. Unlike Irish and
ScotsGaelic,which presered a written tradition datingbackto the 7th century(see
(McManus,1996)for aconciseoutline of thehistoryof Gaelicorthography)the Gael-
ic spealerson the Isle of Man completelylost touchwith that literary tradition. So
when Bishop Phillips, the Welsh Bishop of Sodorand Man, undertookto translate
the Anglican Book of CommonPrayerinto Manx sometimebetweenl605and1610
(Thomson,1969), he wasforcedto inventan orthographyfor the language.This he
did, with a systemthatrepresentethe consonantasin Englishandthe vowels (ap-
parently)atleastin partbasednWelsh. Thisfirst attempto introduceanorthography
for Manx wasnot very successfulhowever. In the early eighteenthcenturythe first
printedbookin Manx appeareda bilingual versionof Bishop Thomaswilson’s Prin-
ciplesand Dutiesof Christianity, andit wasthe orthographicschemeusedherethat,
with someminor changesbecamehe standardrthographyfor Manx Gaelic.

This later orthographyunlike Phillips’, was basedalmostwholly on that of En-
glish. This muchis generallyacceptedsbeingclearlyborroved:

e Thevaluesof the vowels: thus, for instance,<ee> represented/ and <oo>
representedy/.

e Theuseof ‘silent’ <e> to markvowel length. Thuslane/le:n/ ‘full’.

e Doubled consonantsnarking short vowels. Thus moddg *Imode/,?  balley
/beels/ ‘town, farm’.

e <gh> is usedto representx/ (word internally), asit wasin variousdialectsof
Englishatthetime.

2The pronunciationheredoesnot reflectthe pronunciationof Late Spoken Manx (Broderick, 1984b),
which would be */m2:89/ for this word: betweenthe time that the orthographywas invented, and the
early 20th century severalinnovationshadtaken placein the Manx soundsystemincluding the lenition of
intervocalic stops,anda procesof lengtheningof /a/and/o/ in stresseapensyllablesof disyllabicwords.
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To be sure,somechoicesfor spellingcertainsoundsdo not make a greatdealof sense
givenan Englishmodel. So <y> generallyrepresentg/, somethingthat might per
hapsbe a holdoverfrom Phillips’ earlierorthographysince<y> is usedto represent
sl in Welsh. Equally puzzlingfrom an English (or a Welsh) point of view is the use
of <ey> to represents/, particularlyin final position: ushte /usts/ ‘water’, carrey
I/kaew/ ‘friend’.® Also not apparentlyfrom English (thoughvery reminiscenof tra-
ditional Gaelicspelling)wasthe sporadicuseof <i> beforea consonanto represent
palatalizationof that consonant.But on the whole, the English provenanceof most
featuresof Manx spellingis quiteclear

Not only did Manx borrow a large numberof its spelling-soundcorrespondences
from English, but it also apparentlyborrowved the propensityof Englishfor irregu-
lar spelling; in moretechnicalterms, it adoptedthe tendeng of Englishfor lexical
marking of orthographicfeatures. One interestinginstanceis the useof <h> after
initial consonantsvhich, with only four exceptions,would appearto correlatewith
no phonologicaldistinction. The four exceptionsare <gh> (representindy/), <ch>
(representindpoth/x/ and/t/), <ph> (representingf/) and<sh> (representings/)*

But <h> canalsooccurafterinitial <b>, <d>, <f>, <k>, <I>, <m>, <n>,
<r>, and<t>,% andin noneof thesecasesloesthe spellingwith <h> apparently
correspondo a differentphonologicaform from the spellingwithoutit.® Consider
for example,what Cregeenin his classicdictionary (1835,pagevi) statesconcerning
<Ih> —theonly <h> spellingthatheexplicitly commentn:

L. Somesaythatthis letteradmitsof no aspirationandis pronounced
asl (in English)in law, live, love asLAUE, LIOAR, LANE; but | think

30ne possibleexplanationof this particularpuzzleis thatthe <ey> spellingwasmotivatedby a final
reducedrowel otherthan/a/, namely/i/. At leastsomeof thewordsspelledwith final <ey> andpronounced
with /o/ in Late Spolen Manx may have hadan/i/-like vowel in 18th centuryManx, asevidencedby the
quasi-phonetidranscriptionscollectedin Edward Lhuyd's Geiriau Manaweg (‘Manx Words') (Ifansand
Thomson1979). Thuswe find: wyseefor ushte ‘water’; yleefor eoylle/ ‘mud’; maji for maidjey ‘wood’;
lomyr yn kyrri for loamrey’'n cheyrrey ‘fleece’; fani for fahney ‘wart’. For at leastsomeof thesethereis
etymologicalevidencein thatcognatesn Irish or ScotsGaelichave a palatalizedconsonanbeforethefinal
reducedrowel, which could plausiblyresultin ahigher/i/-like reducedsowel. Thus(palatalizecconsonants
underlined):(Irish) uisce ‘water’ (= ushtg), maide ‘stick’ (= maidjey), and (ScotsGaelic)foinne ‘wart’
(= fahng); notethatin Gaelicspelling,palatalizatiorof consonantss indicatedby <e> or <i> adjacent
to the consonantluster(andif possibleon both sides). Given that <y> was at leastsometimesisedto
representa/ in otherpositions theuseof <ey> to representhis/iI/ would have beenreasonablegspecially
sincethe pronunciationof final /i/ (asin chimng) wasmostlikely /i/ in nearby(Lancashire)ialectsof
English. (Indeed,Geofrey Sampsonpersonatommunicationnotesthatsuchfinal high vowels arelax in
present-dayReceved Pronunciationseealso (Wells, 1982, page119).) It is concevable that <ey> was
thengeneralizedo representll final reducedowels.

“Notethatin Phillips’ earlierorthography< ch> wasnot ambiguousasit representeanly /&/. In that
system/x/ wasrepresenteds<gh> in all positions.

50Onealsofinds <vh> to represeninitial lenition of wordsspelledwith <bh> or <mh>.

80f course,<bh>, <mh>, <fh> <th> and <dh> have an overt similarity to Gaelic spellingsfor
lenited/b/ (/v/ or iwl), Im/ (vl or Iwl), Il (10/), It/ (/n/y and/d/ (/y/). Butit seemaunlikely thattraditional
Gaelicorthographyis the sourceof thesespellings,sincethereis no evidencethat the developersof the
orthographywere awvare of Gaelicorthographidraditions,so therewould have beenlittle opportunityfor
themto attemptto give Manx a superficialsimilarity to Gaelic. Besidesa Gaelicsourcecould not directly
explainthemostcommon<h> spelling,<lh>, norcouldit explain <kh>, <nh> or <rh>, sincenoneof
thesesequencesccurinitially in Gaelicspelling.
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thereis a distinctionbetweenlie or ly in English,and LHIE in Manks;
andhadthewordsLOO, LOOR, etc. beenspelledor written LHOO and
LHOOR, they would have answeredhe Mankspronunciatiorbetter;for
withouttheh the soundis too narrow, exceptto thosewho know thatthey
requirethatsound.

Thoughit is hardto saywhat Cregeenis describinghere,it is evidentthat, at leastin
the Manx of the early 19th centurywhenhis dictionarywas compiled,the pronunci-
ation of /I/ in Manx wasdistinct from that of English/l/, andthe spellingwith <h>
wasintendedto answetthis difference! However, asis alsoevidentfrom Cregeens
commentsptherwordsthatwerespelledwith plain <I>, alsohadthis non-English/l/,
sothatthe <h>, if indeedit senedthe function of markingthe consonantsdistinct
from the Englishpronunciationat leastdid not do so consistently?

Did <h> seneto distinguishhomophonesr closehomophonest clearlydid at
leastpartly sene this function, asthe following closeminimal pairs (from Cregeens
dictionary)shaw:

beill ‘mouths’ bheill ‘grind’
leih ‘forgiveness’ |heih ‘place’
lott ‘lot’ lhott ‘wound’
meely ‘soft’ mheelg ‘mile’
taal ‘flow’ thaal ‘adze’
tie ‘theill’ thie ‘house’

Indeed,in onecaseCregeenhimselfexplicitly notesthisfunction: commentingonthe
wordmhill ‘spoil’ andonthealternatie spellingmill, henotes(pagel26)that“for the
bettersounds salke anda differencefrom Mill (honegy), theh is inserted.® However,
providing ameansof orthographicallydistinguishinghomophoneseemsnly to have
beena minor function of postconsonantakh>. Table 6.1 shavs the total countsin
Cregeensdictionaryof wordsspelledwith initial <Ch> (for C a consonant)andthe
numberof thosewordsthatareminimal pairswith homophonir close-homophonic
words spelledwithout the <h>. (In thesecalculations,| discountedderived com-
pounds:thusthie ‘house’is countedput notthie lhionney ‘alehouse’.)

About the only consistenfunction that <h> in thesespellingsseemgo have is
thatit senesto make Manx spellingirregular: thatis, onemustsimply list for aword

“RobertThomsonsuggestgpersonakommunicationthat Cregeenmay have hearda dark/l/ in Manx
in contrasto thelight /I/ onewould expectto getin Englishin initial position.

80nemight be temptedto supposehat <lh> representpalatal(“slender”) /I/, sincefor a numberof
words spelledwith <lh>, the correspondindrish or ScotsGaelic forms have palatalized/l/: thuslhaih
‘read’ correspondingo ScotsGaelicleugh (wherethe <e> senesto mark a palatalized/l/). However
palatalized!/ is alsomarkedin otherways,especiallyby <i>: lioar ‘book’ (Irish leabhay. And thereare
mary instance®f wordsspelledwith <Ih> thatarenot palatalizedn Gaelic:thuslhag ‘weak’ (Irish lag).
This is alsoconfirmedby late spolen Manx pronunciationsas cataloguedy Broderick (1984a): thusfor
examplethe word lhon (Irish lon) ‘blackbird’ hasattestedpronunciationglga:n/ or /1an/, neitherof them
with palatalizedl/.

91t is unclearwhathe meansby “the bettersounds sale”
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Spelling | Total Number | Homophones Percentage
<bh> 14 1 7%
<dh> 32 1 3%
<fh> 2 0 0%
<kh> 6 2 33%
<lh> 186 8 4%
<mh> 24 3 13%
<nh> 3 0 0%
<rh> 23 0 0%
<th> 90 5 6%

Table6.1: Total countsin Cregeens dictionaryof wordsspelledwith initial <Ch>, whereC
denotesaconsonantandthenumberandpercentagesf thosewordsthatareminimal pairswith
homophonior close-homophoniwordsspelledwithout the <h>.

like bheill ‘grind’, thefactthatthereis an <h> in theorthography Thuswe might as-
sumearepresentatioalongthelinesof (6.1), wherethe <bh> spellingis (irregularly)
licensedby /bf:

(6.1)

PHON(b,. €,.1,.)

ORTH{bh,, ei,,ll,}
This is, needlesgo say highly reminiscentof English,wherelarge amountsof such
lexical markingarenecessaryThe particularuseof <h>, is of coursenot apparently
borroved from English: thatis distinctively Manx. However the propertyof irreg-
ularity itself plausiblyis borroved. One canimaginethe original developersof the
Manxwriting systembpeingintimatelyfamiliarwith Englishorthographyconsciously
or unconsciouslymportingthe propertythatwordsmayhave orthographicallymarked
lexical entries.Occasionallythisirregularitywould beusedto distinguishhomophones
(asin Englishroad'rode), but more often it would be usedasa lexical markingwith
no apparenttherfunction. Putin anotherway, the developers’of Manx orthogra-
phy, giventheir experiencewith English,werenot particularlymotivatedto provide a
consistenspellingsystemfor Manx1°

What doesit meanto borrow a writing system? Apparentlyit can meanmuch

more than merely adaptingthe mappings,.; to a new language.Iln somecases,
asin Perso-Aramaitieterogramsit can involve a reinterpretatiorof what Mg,.; is
mappingbetweenIn the caseof Manx, whatwasborrowved (apartfrom the particular
“letter-to-sound’correspondences the propertyof having rampantexical marking
of orthographigroperties.

10As RobertThomsomotes(personatommunication)besidegheidiosyncraticuseof post-consonantal
<h>, therearemary otherinstance®f idiosyncraticspellingsin Manx. For instancethewordsleigh ‘law’,
leih ‘forgive’, lheiy ‘calf’ andlhiy ‘colt’ arehomophone®r nearhomophoneswhich arekeptdistinctin
somevhatarbitrarywaysin spelling.
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6.2 Orthographic Reforms: the Caseof Dutch

Englishis oneof thefew majorlanguageshathasbeenblessednot to have hadary
large-scaldormally sanctionedpellingreformsduringits history, this despitethe nu-
merousattemptson the part of variousindividualsfor the pastthreehundredyears.
Not surprisingly the majorintentionof all spellingreformsproposedor Englishis to
renderEnglishspelling“more phonetic”,or in otherwordsto make it morephonolog-
ically faithful. An Anglocentricviewpoint would thus assumethat spellingreforms
in generalshouldaim for phonologicalfaithfulness. In fact, this is not usually the
case,and morphologicalfaithfulness— a propertythat English orthographyalready
hasto someextent(seeSection3.2)— canoftenplay arolein theredesigrof spelling
systems. We examine herethe caseof the 1995 spelling reform for Dutch, which
illustratesthis point.

In 1995a new revision of Dutch spellingwas formulated(Instituut voor Neder
landselexicologie, 1995);this new spellingbecameofficial in the fall of 1996in the
NetherlandsindBelgium. Variouschangeproposedn the 1995spellingsystemhave
beenthe sourceof muchlinguistic debate see(Neijt andNunn, 1997)for a compre-
hensve review of this andpreviousspellingchangegor Dutch.

In this discussionwe will concernoursehes with only one issue, namely the
spellingof two of the so-called“linking morphemes’in nominal compoundsthose
that are spelled<e> or <en>, both of which are pronounceds/. Someexamples,
usingthe corventionsof the pre-1995— 1954— spelling,areshownn below, with the
linking morphemen questionunderlined. (We will glossthe linking morphemeas
“Lm7): 11

(6.2) (a) slangdeet(snale+LM+bite)‘snakebite’
paardéloem(horse+LM+flaver) ‘dandelion’
kattevel (cat+LM+skin)‘catskin’
forellevangst(trout+LM-+catch)'trout catch’

(b) bessejam (berry+LM+jam)‘berry jam’
boekekast(book+LM+case)bookcase’
paardemolk (horse+LM+people)cavalry’
kreeftervangst(crab+LM-+catch)crab catch’

6.2.1 The 1954spellingrules

Underthe 1954 spelling corventions,the decisionon which form to usewasbased
largely on whetherthe lefthandmemberis interpretedas plural. A commonplural

11The-e andenformsareonly two of thefive possiblewaysof linking elementsf nominalcompounds
in Dutch. Of the otherthreeways, the mostcommonis simply to have no linking morpheme:rundviees
(ox+meat)beef. Lesscommonis -s (lamsvleeglamb+S+meat)amb (meat)’),andevenrareris -er (run-
demehakt(ox+ER+chopped)groundbeef). As Schreudeetal. (1998)note(from whomtheseparticular
exampleswere taken), all of the non-zerolinking morphemesare relics of an obsoletemediezal Dutch
nominalinflectionsystem.
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suffix for Dutchnounsis written <en> — andpronounceds/. If thelefthandmember
of the compoundhasa plural in <en> (hot all nounsdo), andif the interpretationof
thelefthandmemberin the compoundn questionis plausiblyplural, spellthelinking
morphemeas <en>; otherwisespellit as<e>. Thus,in principle one shouldwrite
bessejam for ‘berry jam’ becausehe word for berry (beg hasapluralin <ern>, and
becaus®nenormally makesjam out of multiple berries.Ontheotherhandonewrites
slangdeetfor ‘snakebite’, becauseventhoughthe plural of slange is slangen a s-
nakebitetypically only involvesonesnale. As Neijt andNunnnote(1997,pagesl1—
12), and as one might expect, thingswere by no meansuniformly so simple. So,
sometimeshe principleswereappliedratherarbitrarily: why is it kreeftewangstcrab
catch’,implying the catchof morethanonecrab,but forellevangst‘trout catch’,im-
plying thecatchof justonetrout?? Furthermoresomeportionsof thevocakulary ap-
parentlylicenseccateyoricaloverridesof thegeneraprinciple. For instanceif theleft-
handtermdenoteda persoror personsenwasalwaysused gvenif asingularinterpre-
tation might be plausible:weduwepensioeriwidow’s pension’*® However, if apar
ticular individual is intended then <e> is written: koninginnelag (queen+LM+day)
‘Queensday’.

But ignoring these(somavhat large) nits in the system,and working underthe
assumptiorthat the 1954 spelling corventionswere more-orlessconsistentwhat is
the bestanalysisof the mappingbetweeringuistic representatioandorthographyin
termsof thetheoryunderdevelopmenthere?The spellingcorventionsstatedthatone
shouldwrite <er> if thelinking morphemevaspronounceds/, if theintendednter-
pretationof thelefthandmembemvasplural,andif thenounin questiorhadapluralin
-en They did notactuallymake thelinguistic claim thatin suchinstanceghelinking
morphemads the plural morphemeHowever, sererallinguists(e.g. Booij (1996),and
Schreudeand colleagueq1998) who provide experimentaldatasupportingBooij’'s
claim) have madepreciselythis agument,andindeedit seemso resultin the most
succinctdescriptionif we make this assumption.If this is the casethenwe canas-
sumethatnounsthathave apluralin -en, selectthelinking morphemespelled<en>,
andmarked[+PL]) in (6.3a),whichis in factjust the-en plural morphemeandin all
othercasegheformin (6.3b)(whichis unspecifiedor plurality) is selected:

(6.3) ()

SYNSEM([+PL])
PHON  (o,)
ORTH {en,.}

12ps areviewer haspointedout to me, the answermight be that “crabsaretypically caughtin numbers,
while trout are caughtindividually on aline” On the otherhand,a trout fishermanmay capturemultiple
trout on a single fishing trip, andyet underthe old spelling system,this would still have to be written
forellevangst

13Note that the Englishtranslationhasa singularform widow’s, correspondingo the Dutch plural form
weduwen
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(b)
SYNSEM()
PHON  (o,)
ORTH {e.}

6.2.2 The 1995spellingrules

For all of their relative consistenyg, the 1954cornventionssuffer from onemajorprob-
lem, that make themideal fodderfor spellingreformers. Decidingwhetherto write
<er> or <e> requiresoneto judge whethera lefthandmemberof a compoundis
plausibly plural in interpretation. Sincethis may differ from compoundinstanceto
compoundinstance,the 1954 corventionshad the disadwantagethat one could not
guarantee consistenspellingof a givencompoundpr a givenclassof similar com-
poundssincein someinstances plural interpretatiormight seemappropriatein oth-
ersasingularinterpretation. Thusfrom the point of view of thosewho prefera super
ficially consistenspellingsystemthe 1954designis ratherpoor.

Underthe 1995corventions,oneis no longerrequiredto decideuponwhethera
plural meanings moreappropriatdo a givencontect. Rathertherule for using<en>
and<e> dependsatleastin its simplestform, onwhatthe pluralform of thelefthand
nounis (Instituutvoor Nederlandséexicologie,1995,page25, my translation):

Write an -n- whenthe first part of the compoundis an independent
nounwhich hasa plural exclusively in -(e)n4

Theconnectiorbetweerthe <ert> form of thelinking morphemeandthepluralis thus
alsodrawn in the 1995corventionsasin the 1954 corventions but herethe semantics
of the compounddo not enter into the decision. On the faceof it, then, the 1995
cornventionswould appeato bea simplificationoverthe earliercorventions.

However, thereare someexceptionsto the mainrule, which significantlycompli-
catethe new spellingprinciple. Amongthese:

1. Thefirst partdenotesa personor thing thatin thegivencontext is auniquetype:
zonnedhijn ‘sunshine’

2. The first part is an animal name, and the secondpart is a botanical term:
paardebloem(horse+LM+flaver) ‘dandelion’

3. The first part denotesa body part, and the whole compoundis a fos-
silized construction: kakébeen (jaw+LM+bone[?]) ‘jawbone’, ruggespraak
(back+LM+speechconsultation’

Thefirst of theseexceptionsis of coursealmostidenticalto the stipulationof the
1954corventiongrelatingto compoundsvith lefthandmemberslenotingpersonsand

14Besideghe exceptionsto therule to be discussedbelaw, therearea coupleof additionalamendments.
For example,if the singularof the lefthandnoundoesnot endin /a/ andcanform a plural bothin /s/ and
/en/,thenthelinking morphemeshouldalsobe spelledwith <en>
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for this classof caseghewriter is still forcedto judgewhetherthe lefthandmembelis
appropriatelyinterpretedasuniquegiventhe context. The “flora-faunarule” is appar
ently a concessionio the factthat mostsuchcompoundsad previously beenspelled
with <e>, andtherewasadesireto minimizethenumberof spellingchangesequired
by the new corventions(Neijt andNunn, 1997, page22). Thethird seems perhaps
the mostdifficult to apply sinceit requiresoneto determinewhetherthe construction
in questionis “fossilized” (the Dutchtermusedhereis versteendesamenstellingpet-
rified compound’),presumablymeaningthatit is semanticallyopaque.Ruggespiaak
‘consultation’clearly countsasopaqueput kakebeerijjawbone’is muchlessobvious-
ly so,andonly after somerathercircuitousreasoningdoesit becomeclearthat one
shouldprobablyconsiderit to be opaqueafterall: beenmeanseither‘bone’ or ‘leg’;
thepluralfor ‘bone’is beendeen for ‘leg’ benentheplural of kakebeeris kakebenen
suggestinghatthebeenherehas,etymologicalconsiderationaside the‘leg’ reading.
Onthatreasoningthencertainlykakebeershouldbe consideredpaque.

Whatis an appropriateformal analysisfor the 1995 corventionon <e> versus
<er>? Sincethe basicrule is no longer basedon the semanticsof the situation,
but ratheron a morphologicalpropertyof the lefthandnoun— whetheror notit has
apluralin -en— it no longermakesary sensdo assumea linking-morphemeentry
with a[+PL] semanticspecificatior(asin (6.3a)).Simplerwould beto assumeasingle
linking morphemehatis unspecifiedor orthographiandsemantianformation:

(6.4)
lPH ON<9)]
ORTH{}

In orderto predicttheappropriatespelling,we needto assumeamorphologicafeature
[+en], which marksnounsthat have a plural exclusively in /en/. Thenwe canwrite

spellingrulesasin (6.5),to capturethe basicrule of the 1995corventionsandfill in

valuefor the ORTH attributein (6.4):

(6.5) lol —» <en>/[+en] __
fol —» <e>

For theexceptionalclassesherearetwo possibleroutes.Firstly, onecouldprespecify
the exceptional<e> spellingin the orthographicfield of the compoundditting the
termsof the exception:this seemgerhapshe mostreasonableoutein thethird class
of exceptionggivenabove. Secondlyonecouldassumenadditionalrule introducing
<e> in certainsemanticallyspecifiedcontects. The flora-faunaexceptioncould be
handledby therule in (6.6), which would apply so asto bleedthefirst of the rulesin
(6.5):

(6.6) /ol — <e> [ [+flora] __ [+faunag]

But, howeverthe exceptionsareto betreatedwhatis clearis thatwe have in the 1995
proposak systemthatis morecomplex thanthe corventionsit supplants.

Whatwould a morereasonablapproachor the 1995proposato have takenwith
regardto the linking morpheme?0One approachwould have simply beento leave it



190 CHAPTERG6. FURTHERISSUES

unchangedrom the 1954 corventions. This is more or lesswhat Booij (1996) sug-
gests.Of coursethis doesleave someambiguityin somecasesdependingiponwhat
onemeansonecould have eitherschapevleesor schapernviees(sheep+LM+meatjor
‘mutton’. But, asBooij rightly asks(pagel33): “what is wrongwith that?”

A secondapproachwould have achieved completeconsisteng, andwould at the
sametime have beenmuchsimplerto state:sincethelinking morphemas invariably
pronouncedos/ no matterhow it is spelled,onecouldsimply alwayswrite it <e>, and
eliminatethe <ern> spellingentirely. Alternatively, one could have chosento spell
thelinking morphemesxclusively with <ern> (eliminating<e> entirely);in thelatter
case the pronunciationof <en> as/s/ would be consistentvith the pronunciatiorof
the plural suffix <en>, whosespellinghasnot beenchangedunderthe 1995reform.
Either of thesereforms,hadthey beenadopted would have madeDutch spelling s-
lightly more“phonologicallyfaithful”. Insteadwhathasbeenadopteds a systenthat
attemptsto be as“morphologicallyfaithful” asthe 1954 corventionsbut at the same
time drainsthe morphologicafaithfulnessof ary semanticsenseratherthandepend-
ing uponthesemantic®f thesituation,the 1995cornventionsrequirethatoneconsider
a purely formal propertyof the lefthandnoun(whetherit exclusively formsits plural
in -en). In principlethis could of courseguaranteanore consistenspellingsthanthe
1954corventionssincethewriter would merelyhave to reflecton the morphological
propertiesof the basenoun,andwould not have to determinepossiblysubtleseman-
tic nuances.Needlesdo say whateser benefitmight have beengainedby this new
corventionhasbeeneffectively eliminatedby the additionalstipulatedexceptions.

6.3 Other forms of Notation: Numerical Notation and
its Relation to Number Names

In our discussionof writing systemswe have thus far focusedexclusively on what
might be termedthe coreof writing systemswherewritten symbolsclearly represent
somesort of linguistic object, be it phonologicalor lexical. But written language
containsmary formsthatcannotbe sodescribedthe mostprominentandwidespread
of thesebeingnumericalnotation. Herewe will concernoursehesmostly with the
Hindu-Arabicnumeralsystemwhich hasbecomepracticallyuniversal.

Therehave of coursebeennumerousvritten representationsf numbergdeveloped
throughoutistoryby variousculturesspeakingsariouslanguagesfor anoverview see
(Pettersson]996). In somecasesthe system,in additionto servingasa representa-
tion for numeralsalsosenedasareasonablevritten representationf the associated
numbernames.Suchis the casewith traditional Chinesenumerals. Thusa numeral
representatiosuchas=F75~ & /\ M sangianlitbai bashisi ‘3102 61028 10" 4,
senessimultaneoushasarepresentatiofor thenumber' 3,684’ andasaspecification
of how the numberis actually read; indeedthereis no other way to representhe
numbernamefor ‘3,684’ in Chinesethanby the string of charactergjiven!® And

15Businessandaccountingvariantsof the standarchumbemamecharactersio exist: thusgl, ér instead
of . erfor ‘2". Butthesearemerelycontetually determinedyraphicalvariantsof the standardorms.
For seriousmathematicatalculations,standardChinesenumeralsare not very corvenient, and other
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numericalrepresentatioschemeslevelopedby a particularculturetend, not surpris-
ingly, to have propertiesthat are influencedby the linguistic factsof the language
spolen by that culture: thus Ancient Mayannumericalrepresentatiofs basicallyvi-
gesimal reflectingthe vigesimalsystemusedin numbemameconstructiorin Mayan
languages.

Thus somenumericalrepresentatioschemesre at leastpartly glottographicin
design,n thatthey reflectatleastsomeaspect®f thestructureof thelinguistic system
of numbernamesof the languagespolken by the designersof the system. In con-
trast,the Hindu-Arabic systemis decidedlynon-glottographidn designeven for the
spealersof the SouthAsian languagegwhichever they may have been),who devel-
opedit, around600AD from anearliermoreglottographicsystem(Pettersson1996,
page804). Ratherit is a purely mathematicallymotivated“positional” representation
(Harris, 1995;Pettersson] 996)wherepowersof thebase(10) are representedy the
positionof digits in a grid startingfrom the rightmostposition,and the digits them-
selesrepreseninultipliersof thepower of thebase. Thusanumbersuchas<3,684>
representstraightforvardly (omitting 10°):

(6.7) 3x103+6x102+8x10' +4

The Hindu-Arabicsystemis now usedto represenhumbersn the written repre-
sentationof nearlyall languagesandthe systemsf numbernamesn the languages
coverawide spectrunof possibilities.A sampleof therangeof possibilitiesfor theex-
ample'3,684' is givenbelow in (6.8). English(6.8a)is afairly straightforvarddecimal
systemwherethereis a closeone-to-onemappingbetweenthe wordsin the number
name,andthe multipliers and multiplicandsin the factorizedrepresentatiom (6.7).
German(6.8b)is similarly straightforward with the exceptionthat, asin mostother
Germanidanguage¢ModernEnglishbeingthe notableexception) thedigits andtens
are presentedn the reverseof their “logical” order In Malagasy(6.8c) (Rajemisa-
Raolison,1971), the entire numbernameis presentedn the reverseof its “logical”
order Finally, in the caseof Basque(6.8d)we find a partially decimal-vigesimasys-
temwherenumberdelon 100areregularly representeth termsof sumsof products
of powersof 20 followedby unitsor ‘ten’ plusaunit.1®

(6.8) (a) threethousandsix hundredeightyfour

(b) dreitausendsechshundertviedathzig
(three+thousand+six+hundiefour+and+dghty)
3x1034+6x10%2+4+8x 10!

(c) efatraambyvalopolosy eninjatosy telo arivo
(four andeight+tenandsix+hundredandthreethousand)
4+8x10'+6x102+3x10?

(d) hiru mila seirehunddaurogeitaau
(threethousandsix+hundredour+scorefour)
3x103+6x102+4x20' +4

numericalrepresentationaereinventedfor suchpurposessee(Needham1959;Petterssorn] 996)

16geg(Hurford, 1975)and(Stampe 1976)for suneys andlinguistic modelsof numbemamesystemsand
(BrandtCorstius,1968)for someearlygrammaticamodelsof numbemames.
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The relationshipbetweenthe blatantly non-glottographidHindu-Arabic numeral
systemand the numbernamesystemsof the variouslanguagesn which it is used
would be of largely academidnterestwereit not for the factthat corvertingbetween
the two representationis somethinghatliterate spealkersdo routinely— andsome-
thing that automatictext-to-speeclcorversionsystemsnustalsobe capableof. This
immediatelyraisesthe questionof whatkind of mappingsuchspealersperformand
how the modelof this mappingrelatesto the theory of writing systemshatwe have
beendeveloping.

On first considerationpur model of writing systemswould appearto have little
to sayaboutthis mapping,sincethe two mostprominentassumptionshat one must
male seento directly contradictwhatwe know to betrueof theHindu-Arabicnumeral
systemandwhatis claimedto betrue of numbemamesystems:

e A numericalrepresentatiosuchas‘3,684’ mapsdirectly to alinguistic level of
representatiorin this casethelexical representationf thenumbemameitself.t’

e Themappingbetweerthetwo levelsis regular.

Thefirst assumptiompatentlycontradictshemathematicatiesignof thesystemwhich
wasclearly non-glottographicThe secondassumptiornis alsoclearlyfalsein general
sincethe“alphabet’of powersof tenis infinite: by definitiononecannothave aregular
relationthatinvolvesaninfinite alphabet.®

But thesetwo pointsare misleading.First of all, the original designof a written
representatiosystemshouldnot confusetheissueof how the systemis actuallyused
by readerof alanguagahatuseghatsystemzthereis noreasorwhy theHindu-Arabic
numeralsystemasused,say in Englishcould not have a dual function, namelyasa
mathematicallynotivatedrepresentationf thenumber but alsoasa crudelogograph-
ic representationf the numbemamesof thelanguage Secondlythe obsenationthat
the alphabetof powers of tenis non-finite missesthe importantpoint that thereis a
limit to the length of a digit string thatwill be readby a humanreaderas a number
name(asopposedo merelya string of digits). Thelimit of coursevariesfrom reader
to readerandpresumablyependsiponthelevel of literacy andmathematicahcumen
of the personinvolved. But thereclearlyis suchalimit: while mostreadersof Amer-
ican Englishwould have no problemreading'1,000,000’asonemillion, fewer would
be so confidentaboutone quadrillion for *1,000,000,00000,000'; and presumably
nonewould be ableto translate(without the aid of pencil and paper and possiblya
dictionary)a numbersuchas‘1,000,000,000,00,000,000,000,000000'. In practical
situations suchnumbersaretypically eitherrepresenteéh scientificnotation(1027),
which hasatotally differentmodeof readingaloud,or else(atleastwith smallernum-
bers)partlyin words(e.g. AmericanEnglishZ trillion for ‘1,000,000,00000"). Given
theseobsenations we canproceedo developalfinite-statemodelfor theconversionof
Hindu-Arabicnumeralsnto numbemamedor agivenlanguagethis modelis theone

"Wwetake it for grantedthatnumericalrepresentationdo not generallyrepresenphonologicalinforma-
tion.

18Numbernamesystemshemseles have beenarguedto be mildly context sensitve, hencenot regular;
see(Radzinski,1991).
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0:0

1:1

Figure6.1: A numeralfactorizationtransducefor numbersup to 999.

usedin theBell Labsmultilingual TTS systemasdescribedn (Sproat,1997b;Sproat,
1997a).

The problemis bestunderstoodby factoringit into two components.The first
component,which we shall term factorization is a mechanismfor expandinga
Hindu-Arabicnumeralsequencénto arepresentatioin termsof sumsof productsof
powersof ten. The secondcomponenmapsfrom this factorizedrepresentatioiinto
the sequencef wordsthatmake up the numbemamecorrespondingdo the particular
numeralsequencejet us term this latter componentthe numbername geneator.
Both of theseoperationsanbe handledusingfinite-statetransducerskor example,a
simpletransducethatfactorsnumeralsup to multiplesof 10? is shavn in Figure6.1.
Generatinga numbernamefrom a numeralstring then consistsof composingthe
string with the factorizationtransducercomposingthe resultwith the numbername
generatorandthencomputingthe projectionof the output,or formally:

numbemame= ;[ numeralo factorizatiod o ‘ numbemamegeneratof]

Thenumbemamegeneratois obviously language-specifisincenot only arethe
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lexical itemsinvolved specificto a given languagebut also variousaspectof their
combination:it is a language-specifi€act of English,for examplethat one may (in
somedialectsmus) usethe word and betweenhundred and following materialin
the numbername,but do not useit afterthousand million, etc; similarly in Russian
comple caseandgenderagreemenis requiredbetweerelementof thenumbemame
(Wade,1992)1°

The factorizationtransduceis alsolanguagespecific— or one might bettersay
language-arespecific. Thisis in partbecauséanguagesliffer in thewaythey logical-
ly factorizealong numbemame.Most (decimal)numbemamesystemshave distinct
wordsfor 10!, 102 and 102, but differ significantly on higher powers. The first five
powersof tenfor which thereareseparatdexical itemsin AmericanEnglish,Chinese
(alongwith several other EastAsianlanguagesandHindi (alongwith mostSouth
Asianlanguagesregivenin (6.9):2°

(6.9) English 10%, 102, 10%, 10%, 10°
Chinese 10!, 102,103, 10%, 108
Hindi 10,102, 102, 10°, 107

For the “missing” powers, languagesevert to an analytic stratey, sothat1x10* in
Englishis expressedistenthousandand1x10° + 1x10* is expressecasa hunded
and tenthousand Thusa numberlike ‘12345678’ would be factoreddifferently in
thesethreelanguagesHere,the analyticblocksareunderlined:

(6.10) English [1x10" + 2]x10° 4 [3x10? 4+ 4x10" + 5]x10% 4+ 6x10% + 7x10" +8
Chinese [1x10% +2x10% + 3x10" + 4]x10* 4+ 5x10% + 6x10* + 7x10* 48
Hindi 1x107 +[2x10" 4 3]x10° + [4x 10" + 5]x10% +6x10% + 7x10' + 8

Onepoint thatis not often notedin discussion®f numericalrepresentationand
their relationto numbernamesrelatesto the positioningof commaor otheraidsto
interpretationthat are typically insertedinto long numerals?> Where one finds a
commawritten dependsxactly uponwhich powersof ten the languagehasdistinct
wordsfor. For English,the commais written in positionscorrespondingo the endof
the first and secondunderlinedblocksin (6.10): thusonewrites <12,345,678. In
Chinesethe commais alsowritten after thefirst underlinedblock, this time resulting
in <1234,5678>. Finally in Hindi, onewrites the commaafter the first secondand
third underlinedblocks, resultingin <1,23,45,678-.2> Thusthe placementf the
commacorrespondsxactlyto the(right) edgeof analytichumbemameconstructions.
It is hardto interpretthe commain ary otherway thanasan aid for thereaderin the
mappingbetweerthe numericalrepresentatioandthe numbemame.In otherwords,

19n aworking systemsuchasthe Bell LabsTTS systemsuchlinguistic factscanbe handledn partby
rewrite rulescompiledinto finite-statetransducers.

20The systemfor AmericanEnglishdiffers, of course from thatusedtraditionallyin British English,and
currentlyin otherWesternEuropearlanguages.

21Thesymbolis *,’ in English, ChineseandHindi, asit happensin mary Europearianguagesbesides
Englishoneuseseither’.” or simply a spacethe’,’ beingusedto representvhatis representeavith a
decimalpointin English.

22The surfaceform of the numeralsin Hindi and other Indian languagesand also Arabic), is different
from thatusedin Englishor Chinesebut the systemotherwiseworks exactly thesame.
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the numericalrepresentatiois beingtreatedin the writing systemasa representation
notonly of mathematicabbjects but simultaneoushasanorthographiagepresentation
of linguistic objects.

For somelanguagesadditionalmechanismsarerequiredin the factorizationstep.
In German,for example,digits anddecade®ccurin the numbernamein thereverse
of their ‘logical’ order, as notedin (6.8b). This “decadeflop” can be handledby
a finite-statetransducerbut only at somecost, sincetransducergan only perform
string reversalg(for a finite setof strings)by enumeratingll stringspairedwith their
reversedform. (Thisis exactly whatis donein the Germanversionof the Bell Labs
TTS system;see(Sproat,1997b).) So the mappingbetweennumeralsand their
associatedactorizationds still regular, but not elegantly so. It is thusnot surprising
that spealersof GermanandDutch (which hasan equivalentnumbernamesystem)
have somedifficulty in readingnumbemamesdrom their numericalrepresentatiof®

For Malagasywhich hasa completereversalof thelogical order(6.8c),it makes
moresenseo assumehat readerswhenfacedwith a number shift their attentionto
theendof thenumeralstringandread(within thatstring)from rightto left, temporarily
overriding the normalleft-to-right orderof reading. Thus,a simpleregular mapping
betweemumeralndnumbemamecanbemaintainedywith theonly addedcassumption
beingthe additionallow-level processingstratayy just described.A similar stratay
mustin ary casebe assumedor Hebrav and Arabic, wherethe script runsfrom
right to left, but Hindu-Arabic numeralsrun from left to right asthey do in other
languageg?

Turningto vigesimalsystemsve notethattherearetwo possiblestratejiesfor deal-
ing the mappingbetweerdecimal-base¢iindu-Arabicnumeralsandnumbemames.
The first would be to insertinto the factorizationstepa stepthat performsthe base
conversionbetweenl0 and20. For numericalrepresentationsf afinite size,this can
be handledby a regularrelation. Oncethis factorizationinto powersof 20 is accom-
plished,the numbernamegeneratomwould work in a vigesimalsystempreciselyas
in a decimalsystem. As a practicalmatterhowever thereseemto be relatively few
extant vigesimalsystemshat have distinct words for anything above a small power
of 20. In Basquefor example,the systembecomesdecimalabove 102. Merrifield
(1968) reportson the Macro-MayanlanguageCh’ol, which haswords for 20!, 202
and 203, thusreflectinganold Mayanpurelyvigesimalsystemjut he alsonotesthat
the systemfor the larger numbershas essentiallygiven way to the decimalsystem
of Spanish.Furthermorethereis no dataon Ch’ol spealrsreadingnumbersfrom a
Hindu-Arabic decimalrepresentatiofassumingt would be possiblefor themto do
this). Sofor the point at hand,namelythe corversionof decimalHindu-Arabicnu-
meralsinto vigesimalnumbernameswe cannotdeduceanything from the existence
of sucha systemof numbernames.For simpler(onemight evensaysemi-fossilized)

23Harald Baayen,personalcommunication. The evidenceis currently only anectodal,and this claim
certainlyneedso be supportedy experimentakvidence.

241t is interestingto note that when Malagasywas written in the Arabic script (beforethe early 19th
century),this low-level processingtepneednot have beenassumed.The scriptran from right to left, of
courseput numeralsvould have beernrepresentedsin Arabicorin presentiayMalagasyfrom left to right.
Thusareaderf Arabic-script-based/lalagasycould maintaina right-to-left readingorderthroughouthoth
theordinarytext and(asin modernMalagasy}he number
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decimal-vigesimasystemssuchasBasqueijt is a relatively straightforvard matterto
list the vigesimal-basedvordsin the numberlexicon, associatinghemwith decimal
ratherthanvigesimalfactorizationsThesolutionis notentirelyelegant,butit is notto-
tally unreasonableither especiallysince,aswasnotedabore, Basquenumbemames
aredecimalabove 10%; numbersunder10? arethuslexical exceptionsto the general
patternof the numbemamesystemof ModernBasque.

It shouldbe stressedif it is not alreadyclear, thatwhat| have presenteds not a
linguistic theoryof numbernames but rathera modelof the mappingbetweenra nu-
mericalrepresentatior— the Hindu-Arabicsystem— andthe numbernamesystems
of variouslanguages.Numbernamesystemsthemseles can be quite complex: S-
tampe for example,givesanexampleof anexotic systememployedin Sora,aMunda
languageof India (Stampe1976,page601):

Most Mundalanguage$ave decimal-vigesimatounting: they count
10, 20,20 + 10, 2 x 20, (2 x 20) + 10. Sorachangedrom a decimalto
a duodecimal(12) basewithin this vigesimalstructure. Sorastherefore
addunitsto 12 to reach19 miggel-gulji (12 + 7); thencount20 bo-kori (1
x 20) andaddunitsto reach32 bs-kori-miggel ((1 x 20) + 12), to which
areaddedunitsto reach39 by-kori-miggel-gulji ((1 x 20)+ 12+ 7); 40is
ba-kori (2 x 20), andso on, in a Stravinskianalternationof twelvesand
eightsunparalleledn arny known language.

The currenttheorywould be ableto provide a modelfor the readingof Soranumber
namesrom a Hindu-Arabicdecimalrepresentationbut of courseit would not really
accountfor the form of the numbernameshemseles,a topic thatfalls ratherunder
thedomainof alinguistic theoryof numbemames.

In summary it is indisputablethat the primary representationdaunction of the
Hindu-Arabic numeralsystemis mathematicalnot linguistic. IndeedHindu-Arabic
numeralsare often held up asan archetypalexampleof a patentlynon-linguistically
motivatedwritten representationHowever, the mappingbetweemumeralsandtheir
associateciumbernamesin a large variety of languagesan, somevhat surprising-
ly, be handledby a modelthatis consistentith the more generalmodel of writing
systemghathasbeendevelopedin theremainderof this book.

6.4 Abbreviatory Devices

The literatureon writing andwriting systemscontainsvery little discussiorof abbre-
viations, acroryms, and othershorteningdevices falling underthe generalrubric of
“initialisms”. Thisis perhapsunsurprisinggiventhe heavy focusin thatliteratureon
whatlinguistic objectswritten symbolsrepresentandhow they representhemin the
spellingof “ordinarywords”. Yetit is atthesametime somavhatof anoversightsince
abbreviatory devices of variouskinds have a history thatis asold asthat of writing
itself (Cannon,1989;Romer, 1994).

Abbreviations,asdefinedbelow, areof particularpracticalimportancein the de-
velopmentof TTS systemssincethe systemmustdecideon how to readthem,given
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thatthey typically do not obey the normal“pronunciationrules” of the language For
standardizedasesuchas<Blvd> for Boulevard, thisis lessof a problemsincesuch
caseganbecatalogued(Thereis, however, the problemthatmary abbreviationscan
corventionally standfor more than one thing, asin <St> (Streef Sain) or <Dr>
(Drive, Doctor, drachmg); or elseare confusablewith ordinarywordsasin <Ave>
(Avenueg or aveasin avemaria). Theseissuesareamenabldo sensedisambiguation
techniquessuchasthoseof Yarowsky (1996).) But creatvely coinedabbreviations
arenotatall uncommonandin certaingenressuchasrealestateadertisementshey
arerife. Considertheexamplein (6.11)takenfrom the New York Timesreal estateads
for Januaryl2,1999:

(6.11) 2400’ REALLY! HI CEILS, 18" KIT,
MBR/Riv vu, mds,clstsgalore! $915K.

Herewe find <CEILS> (ceilingy, <KIT > kitchen <MBR> masterbedioom
<Riv vu> river view, <mds> maids(room)(?) and <clsts> closets noneof which
arestandardabbreviations,atleastnotin generalwritten English. While humanread-
ers(usually)have no problemreconstructingheintendedwvords,thesearebeaserious
problemfor TTS systemswhich generallywill fail to correctlyexpandthe abbrevia-
tion in suchcases.Clearly, though,abbreviation is a productve procesghat mustbe
modeledn ary theoryof therelationbetweeranguageandwriting.

Thepurposeof this sectionis to proposenow abbreviatory devicesmightfit into the
theorythatwe have developed.Beforewe proceedhowever, it is necessaryo define
someof our terminology sincetermssuchasabbreviation, acronymandsoforth, are
usedn differentwaysby differentpeople;see(Cannon,1989)for adiscussiorof some
of this terminologicalquagmire.

For the purposesf the presentdiscussionwe will distinguishthree catagories.
Thefirst category, abbreviations constituteall caseswvherethe normal spellingof a
construction— typically, thoughby no meansalways, a singleword — is shortened
eitherby deletingletters(e.g. <St>, <Dr.>, <kg>, <CEILS> or <clsts>), or by
substitutinga shorterstring of symbolswhich is synchronicallyunrelatedo thetarget
word: thelatter casesnclude <lb> for pound <%> for percent <& > for andand
<$> for dollar. Note that my useof the term abbreviation differs from Cannons,
on which seebelon. Whatall of thesecaseshave in common,and what setsthem
apartfrom the othertwo categoriesto bediscusseanomentarilyis thatthey all involve
shortenedormswhereit is nonethelesmtendedhatonereadthefull formof theword.
Thus,whenencounteringhe abbreviation <lb>, onewould normally readpoundor
pounds but notl. b..

The secondcategory, which we shalltermletter sequencedehae differently: in
this caseheintentionis thatonereadthemassequencesf letters,irrespectve of what
they standfor. Thus<CIA>, <USA> and <ACL> areto be readassequencesf
letters,despitethefactthatthey standfor (amongotherthings)Central IntelligenceA-
gency United Statesof AmericaandAssociatiorfor ComputationaLinguistics Note
that Cannonincludescasessuch as theseunderthe rubric of abbreviation, though
thesereally differ in kind from what | have termedabbre/iationsabore, sinceletter
sequencearenot generallyto be expandednto aword or setof words. On the other
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handwhat| termlettersequenceareoften popularlycalledacronymswhichis more
properlyusedto namethe third cateyory. To avoid thesepotentialconfusionsthen,|

suggestheterm letter sequence Typically a letter sequenceas formedfrom the ini-

tial lettersof the words of the phrasebeing abbreviated, thoughfunction words are
often omittedin this computation(asin <USA>). Periodsmay be usedwithin the
lettersequencéhoughtheseseemmeverto berequired;see(Cannon,1989)for further
details.

Thethird category areacronyms which canbe thoughtof asletter sequencethat
are to be readaswords. Well-known examplesare <NATO>, <UNESCQO> and
<AIDS>. Theformationprinciplesof acrorymsaresimilar to thoseof initial letter
sequenceduttherearedifferencesAcronymsaremorelik ely thanlettersequence®
have additionallettersaddedbeyondtheinitial lettersof the constituenton-function
words; Cannon(pagel14)citesexamplessuchas <APEX> from advancepurchase
excursion And acroryms can be longer than letter sequencesthe initial letter se-
guencesn Cannons corpushadmaximallyfive letters,whereasacrorymscould have
asmary aseightletters(pagesl10-113).

Unlike abbreviations,both letter sequenceandacroryms are derived mostoften
from multi-word phrases.

How arethesevariousclasse®f initialismsaccountedor within the currentmod-
el? Let usstartwith abbreviations,which arethe easiesto describe For standardized
abbreviationsit makes senseto simply assumethat they are listed as an alternatve
orthographientryfor atheword, or words,thatthey areassociatedvith. Thiswould
yield arepresentatiosuchasthe onein (6.12)for <Dr> representindpoctor:

(6.12)

PHON(d,, aktor,. )
ORTH{D,,r,}

Note that there are somewords for which thereis no standardnon-abbreiated
form: in Englishtheseinclude Mrs (missusis a possiblefull spelling, but this is in
fact hardly ever used),and Ms. In thesecasesone assumeshereis simply no full
orthographicentry.

For novel abbreviations— casedik e <clsts> in (6.11)abos/e— we mustassumex
devicewherebytheabbreviationmaybederivedproductively from thenormalspelling
of theword. It is notentirely clearwhatthe constrainton abbreviation formationare:
clearlyin Englishvowelsareparticularlyproneto beingdeleted andthereseemgo be
atendeng to deletenon-initial consonant$oo, but beyondthisit is hardto sayclearly
whatmakesa goodversusanunacceptablabbreiation. However, it seemdik ely that
whatever the constraintsare,they canbe describedn termsof regularrelations. This
beingso,we canmodelproductively-formedabbreviationsby composinganadditional
abbreviationtransducerd ontotheoutputof Mogr_sr: MogrL_r © A. This predicts
that abbreviations, as we have definedthem, can be formed purely on the basisof
the orthographidorm. It mustthereforebe possibleto recastapparenphonological
influenceson abbreviation (if ary) in purely orthographiderms. Whetherthis is true
or notremaingto be seen.
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For acroryms and letter sequencethe model mustbe different. Acronymslike
<NATO> andletter sequencelke <CIA> certainlyrepresentrespectiely, North
Atlantic Treaty Organizationand Cential IntelligenceAgency(or Culinary Institute
of Americg. But they are not generallyto be read assuch. Rather<NATO>, for
instance,is the orthographicrendition of a lexical item that happengo denotethe
sameasNorth Atlantic TreatyOrganization but is pronouncedneto/:

(6.13)

PHON(n . el,.t,.0,.)
ORTH{N,,A,,T,,0,}

A similar analysiswould be givenfor <CIA>, whereherethe syllables/si a el/ are
representedrthographicallyby theletterswith the corresondingnhames:

(6.14)

PHON(si . al,. el )
ORTH{Cl ? 12 ? AS}

Thus,whereasabbreviationsmerelyconstituteshorterwaysof writing existing lexical
items, acroryms and initial letter sequencesorrespondo new lexical items. The
creationof acroryms and initial letter sequencess thusa type of word formation
(Aronoff, 1976; Cannon,1989), applyingto the orthographic representatiomf the
word, ratherthan(aswould normally be the case)on the phonologicarepresentation.
Onceonehasthe new orthographidorm, the pronunciationcanbe derivedin oneof
two ways. In the caseof acroryms the relationthat mapsbetweenphonologyand
orthographidorm (“spelling rules”) canbe inverted(“grapheme-to-phonesrules”)
to producea phonologicalrepresentation.n the caseof initial letter sequencethe
phonologicalrepresentations formed out of the normal namesof the letters; note
here,though,that other devices suchas descriptionsof the letter sequenceénvolved
(Triple Afor <AAA >) arepossible.

While the rangeof abbreviatory devices possiblefor Englishseemgo be widely
availablefor mary written languagesthe distribution of the varying typesseemsto
differ from languageto language.(l am not aware of ary cross-linguisticsurweys of
thedistributionsof typesof abbreviatory devices.)In somelanguagesindeed certain
typesseemto be essentiallylacking. For example,Chineseseemso have very few
abbreviationsin thesensehatl have usedthisterm,andit will beinstructiveto digress
for amomentandconsiderthe caseof Chinesesinceit offersaninterestingexample
of how differentpropertief thewriting systemcanresultin differentpossibilitiesfor
abbreviatory devices.

In Chineseacroryms— termedsuoxie‘'shrunkenwriting’ — abound:thusone
finds mary standardexampleslike db X béi da for JL A £ béijing daxué ‘Beijing
University’; & déngxuanfor §/MESCEE dengxidopingwénxun (DengXiaoping
selected-wrks) ‘the selectedvorks of DengXiaoping’; and3Z ¥ wengé for 3Ttk
.y werhua dagéming ‘Cultural Revolution’ (Wang, 1996). An examinationof the
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exampleggivenwill revealthatthe piecesselectedor thesuoxieconstructiomeednot
comefrom theinitial of the correspondingonstituentunlike whatonewould almost
invariably find in English. NonethelessChinesesuoxieare like English acroryms
in that they are shortenediorms of longer constructionswhich, crucially, are read
in their shortenedform, not expandedinto the constructionfrom which they were
derived. Now, asthe astutereademwill have alreadynoted,the natureof the Chinese
writing systemmakesit impossibleto determinewhethersuoxieis more correctly
equatedvith acroryms,aswe have heretoforeassumedor with lettersequencesThe
key distinctionis in how thesetwo kinds of constructionsare read: acroryms are
pronouncedy applyingpronunciatiorrulesto the sequenc®f symbols;initial letter
sequenceare pronouncedy namingthe lettersin sequenceln Chinesethesetwo
routesyield the sameresultsincethe pronunciatiorof a characteis alsothe nameof
thatcharacter

As we noted,Chinesebasicallylacks abbreviationsin the sensethatwe have de-
fined. With the exceptionof specialsymboilslike ‘%’ and‘$’, which are expanded
into the correspondingxpressiondor ‘percent’,‘dollar’, etc.,thereareessentiallyno
othercaseavherea shortenedorm is expandedduring reading: this even appliesto
borrowvedforms, like <kg> or <cm>, which areobligatorily treatedasabbreviations
in English,but which Chinesereaderspell outassequencesf letters:thus<kg> is
readliterally ask. g. (Chilin Shih, personatommunication).Theapparentvoidance
of treatingborronvedgraphicalelementsasabbreviationsto be expandedvhenreading
couldbe explainedby the factthat Chinesehashistorically lacked abbreviations. But
why did it lack abbreviations?

| believe the explanationmay be dueto a conspiray betweenpropertiesof Chi-
nesemorphology the natureof the Chinesescript, andthe function of abbreviations.
First, Chinesewordsaretypically short,one-andtwo-syllablebeingthe overwhelm-
ing majority. (Thisis with the notableexceptionof nominalcompoundswhich canbe
quitelong.) In the earliestforms of Chinesejt is commonlyconjecturedhat words
were largely monosyllabic(seevariouschaptersn (Packard,1998) for discussion),
andevenin later ClassicalChinesewhich wasthe written standardup until the early
partof this century monosyllabiovordsmadeup alargerproportionof wordsin atyp-
ical text thanthey wouldin present-dagpokenMandarin.SecondChinesecharacters
phonologicallyalmostalwaysrepresensinglesyllables.Third, aswe obseredabove,
abbreviationsare mostcommonlyusedto abbreviate singlewords (thoughabbrevia-
tions of phrasesertainlydo occur). In Chinesethen,all one could hopeto gainin
mostcasesvould bethe shorteningof a word thatwould be written with two charac-
ters(atwo-syllableword) into a one-charactesbbreviation, somethinghatwould not
have affordedmuchof asavings. Therewastherefordittle to begainedby introducing
graphicalshorteningdevicesin theform of abbreviations?®

Abbreviations,aswe have definedthem,area purely graphicaldevice intendedo
shortertheform of writtenwords. Acronymsandinitial lettersequencearesomeavhat
morecomple thanthis, but they too dependuponthewritten form of words. As such,
all of thesgormsof “initialisms” have aplacein acompletemodelof writing systems.

25Notethatothergraphicalshorteningleviceswereemplged, suchasa specialsymbolto indicateredu-
plicatedcharactersimilarin functionto thereduplicatiormarkersdiscussedn Section4.4.2.



6.5. NON-BLOOMFIELDIAN VIEWS ON WRITING 201

In this sectionwe have madesometentative stepstowardsfitting thesedevicesinto the
proposednodel.

6.5 Non-BloomfieldianViewson Writing

It hasoften beennotedthat scholarsof languagenave beendivided in their attitudes
aboutwriting alongtwo partly independentimensions.The primary dimensionre-
latesto whetherthe studyof writing is eveninteresting:Bloomfieldis generallycited
asthe sourceof theview thatwriting itself is notinteresting(sincewritten languagés
merelyatbestacrudeapproximatiorof spokenlanguagethetrueobjectof study),and
thisview hasto alargeextentsurvivedin moderngeneratie linguistics?® Thesecond
dimension,assumingone at leastacceptsthat writing systemsmight be interesting,
is how written languagerelatesto language.Specifically is it in Bloomfield's terms
a “way of recording[spoken] languageby meansof visible marks”, or is it indeeda
separatéorm of communicatiorthatneednot relateto spokenlanguageat all %’

The Praguiansmostnotably Vachek(e.g. (Vachek,1973)) have beenamongthe
moststaunchdefender®f the view thatwritten languageshouldbetreatedseparately
from spolen languagebut a numberof British linguists, including Sampsor(1985)
andHarris(1995),have challengedheessentially'glottocentric” Bloomfieldianview.
For example,aswe discussedearlier Sampsordistinguishedetweenglottographic
writing systemswherethe written symbolsrepresensomeaspecf specificallylin-
guisticinformation;and“semasiographicivriting systemswherethewritten symbols
directly representhe“meaning”of theintendedmessagegiving noinformationabout
how onewould actually expressthis meaninglinguistically. Crucially, for Sampson
both of thesekinds of systemscountaswriting, andthis view is echoedby Harris
(1995).

Perhapsthe clearestinstanceof the opposingview is offered by DeFrancis
(1989),who defines‘writing system”assynorymouswith “glottographicwriting sys-
tem”.28 Onecentralreasoris thatif oneinsiststhatwriting systemsareexactly those
graphicakystem®f communicatiorwhereinonecanexpressary messagexpressible
in spolenlanguagethenthe only extantsystemghat meetthis requiremenareglot-
tographicones.To be sure therearemary highly complex notationalsystemghatare
arguablynot glottographicandwhich allow for arich setof expressionsmathemati-
cal notation,danceand othermovementotationsystemsmusic(seevariouschapters
in (DanielsandBright, 1996)),andeventheicon-basednessagesne frequentlysees
in (especiallyEuropeanjnstructionmanuals(Sampson;1985, pages31-32). All of

261t would be a mistale, however, to view this asary kind of religiousdogmain generatie linguistics
thatis inculcatedn succeedingeneration®f disciples.When| wasa graduatestudeniat MIT in theearly
80's, | donotrecallwriting systemdeingdiscussedn ary form, eitherpositively or negatively. Ratherthe
lack of attentionto writing systemsaamonggeneratie linguistsarises, believe, simply becausdew in that
tradition have thoughtmuchaboutthetopic, andnonehave beenencouragedo do so.

270f course,as Harris rightly obseres (1995, page45), the existenceof Braille shavs that the writing
doesnot have to bevisibly arrangedmerelyspatiallyarranged.

28Indeed,aswe have seenhe goesmuchfurther thanthis, insistingthat full writing systemsmustnot
only beglottographicput atleastto somedegreephonographic.
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theseexamplesnvolve symbologythatis corventionalto agreateror lesserdegree;all

of themareclearly systemsf communicatiorthatarecomple to a greateror lesser
degree;andall of themareableto communicatenessagethatcanbe quite comple,

especiallyif one hadto put theminto words. But all of them are highly restricted
in the domainto which they apply, andthis is, to take DeFrancis’position,the crux

of the matter To make the samepointin a differentway, while it may be painful to

preciselyexpressa complex mathematicaéxpressiorusingordinarywritten English,
thisis somethinghat could be done,just asonecould readthe expressioraloud,and
have it be understoodoy someonewith sufficient mathematicaknowledge. In con-

trast, it would be hardto seehow one could representhe AmericanDeclaration of

Independencasingonly the symbologyof mathematicsThusglottographicsystems
aregeneralwhereasarguablysemasiographisystemsarerestricted.

Shouldnon-glottographicsystemsbe consideredwriting? On the faceof it this
would appearto be purely a matterof definition, and hardly worth arguing about.
However, thereis oneimportantpropertythatnon-glottographisystemsuchasmath-
ematicalnotationsharewith (glottographic)written languagewhich neitherof them
sharewith speechandthatis theuseof atwo-dimensionaturface:speechs produced
andprocesseaver time, andthereforecould be consideredo be a one-dimensional
signal; written forms, whetherglottographicor otherwise,usually have two dimen-
sionsattheir disposal andfrequentlymake useof themin waysthathave no parallel
in speech.

Forexample asHarrisnoteg(pagesl41-144)crucialusehasbeenmadein diverse
mathematicatraditionsof tabular arrangementsf symbols:multiplicationtables,and
logarithmtablesare just two moderninstancesf these. The takular arrangemenis
crucial for representinghe relevant mathematicatoncepts:for example,in a mul-
tiplication table, one understandshe entriesin eachcell of the tableasrepresenting
the productof the numberheadingthe relevant column,andthe numberheadingthe
relevantrow. Speectcannotadequatelyepresenthis two dimensionaktructure.As
Harrisobsenes(pagel44): “If mathematichadhadto rely on speectasits cognitive
mode,we shouldstill beliving in a primitive agriculturalsociety’2°

Similar usesof two-dimensionalayout can also be found, of course,in glotto-
graphicwriting. One casethat Harris pointsto is patternpoetry wherewordsin the
poemarearrangedoasevoke apicture;therearealsoinstance®f “patternprose”,the
mostfamousf thesen Englishbeing,perhapsthemousestale/tailin Lewis Carroll's
Alice’s Adventuesin Wonderland A moderninstances the e-mailsignatureblock, a
made-up(but perfectlyrealistic)exampleof whichis givenin Figure6.2; herewe see
the useof two-dimensionakrrangemenin the separatiorof the postaladdresgrom
the namein thelefthandcolumn,the e-mailaddressn the top righthandcolumn,and

29Having saidthis, it shouldalsobe pointedout thattherearesituationswhereoneis forcedto represent
takular informationin speech:suchis the caseof readingsystemdor the blind. Oneingenioustechnical
solutionthatcircumwentssomeof thelimitations of normalspolenlanguagevasdevelopedby T.V. Raman
(1994)in his text-preprocessingystermamedAster Ramans systenmrenderdATEXdocumentsnto speech
(usingthe DECTalk TTS system) andincludesmethod<or renderingvariouslevels of documenstructure,
aswell asmathematicaéxpressions— including matriceswhich areof coursea kind of tatular represen-
tation. Tablesarereadleft-to-right andtop to bottom,with the positionin thetablebeingmimicked by the
perceved positionof thevoicein theauditoryfield.
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the integration of the verbiagefrom the compary logo (“Lucent TechnologiesBell
LabsInnovations”) into the restof the design. Thereare mary other examplesthat

couldbegiven.

Sonon-glottographidorms of “writing” sharewith glottographicformsthe prop-
erty of usingtwo-dimensionabpacein waysthathave no directcounterparin (one-
dimensional)speech. Furthermore this “layout analysis”(to borrov and somavhat
adapta term from documentmageprocessing)s clearly a field worthy of studyin
its own right. But whatarewe to malke of this obsenation? Doesit force usto view
(e.g.) mathematicahotationand ordinarywritten Englishasbeingtwo instanceof
the sameclassof object? And mustthe term “writing” apply to both? | fail to see
why: presumablynecouldrestricttheterm“writing” to glottographiaepresentation-
al systemsandusea separatderm to denoteforms of symbolicrepresentatiothat
malke crucialuseof two dimensionsGlottographiowriting systemsin theirfull glory,
would beinstance®of both; mathematicahndothernon-glottographisystemswvould

beinstance®nly of thelatter. It comesdown, afterall, to a matterof definition.

Of coursethis view doesentailthatthereareinterestingaspect®f (glottographic)
writing thatgo beyond the way in which writing representspeech.This conclusion
seemsncontrovertible,but it is importantto realizethatthis in no way contradictghe
theoryof writing systemsresentedh this book, which dealssolelywith themapping

betweenwritten andspolkenform.

6.6 Postscript

| have presente@ formaltheoryof orthographymakingspecificproposalsaboutwhat
linguistic objectsarerepresentedyhatlevel of linguisticrepresentatiofwhatwe have
termedthe ORL) may be representedand what the constraintson the mappingbe-
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tweenlinguistic andgraphicalrepresentatioare. The questionof whatspecifickinds
of linguistic objectsarerepresenteds, of course,a topic that hasoccupiedmuch of
the literatureon writing systemsthe level of linguistic representatiomasonly been
discussedxtensiely in the psycholinguistiditerature,andthereonly in superficial
terms; constraintson the mappingbetweenlinguistic and written form have hardly
beendiscussedit all. Thereis thereforesomereasorto believe thatthe currentwork
is the most systematicformal proposalfor a theory of writing systemspresentedo
date.lt is, nonethelesonly a beginning,andit is hopedthatthis work will sene asa
stimulusfor developinga muchmore completetheory of writing systemdiy a much
wider groupof researchers.

Suchatheoryis clearly necessaryor a variety of reasonsConsideyfor example
thatorthographicevidencehasbeenoccasionallyusedby generatie linguiststo sup-
portoneor another(usually) phonologicaltheory We have alreadydiscussedChom-
sky andHalle’s views on English spellingandits relationto their modelof English
phonology;onecould addto this Steriades (1982)and subsequentiyiller’ s (1994)
useof evidencefrom Linear B to supporta modelof syllable structurefor Greek.
Miller’ s studyis broadin scopeandsystematicbut mostuseof orthographicevidence
thatonefindsin theliterature,including Steriades,andChomsly andHalle’sis limit-
ed,andmostlyadhoc. In somecasegplausiblySteriades)theanalysisnayturnoutto
becorrect;in others(Chomsk andHalle’s)it is suspectBut therealpointhereis that
afortuitously selectedrthographidactheld up asevidencefor a particularlinguistic
claim cannotbe readily evaluatedin the absencef a serioustheoryof orthography
Thereis nothingspecialaboutorthographyin this regard:in anentirely similar veina
phonologicalfactoidbroughtin asevidencefor a particularsyntacticanalysisshould
not be taken seriouslywithout a good understandingf the relation betweensyntax
andphonology Orthographydeseresthe sameevel of respect.

A coherentheoryof therelationbetweenwriting andlinguistic form is alsoneed-
edin speechtechnologywhich wasthe startingpoint of our discussionMany speech
technologyresearcherdjothin text-to-speectandautomaticspeectrecognition,im-
plicitly view the standardrthographyfor a languagdike Englishasa poor kind of
phonetictranscription. Thus one hearstermslik e “letter-to-soundrules” usedas if
somehwv the sequencef letters <enough> was simply a lousy phonetictranscrip-
tion of the sequencef soundghatwould (in standardPA) be representedy /onaf.
Recognizinghatfor a complex orthographylik e English,thedevelopmenbf aletter
to-soundcomponents amajorundertakingtherehasbeen overthepastdecadeor so,
alarge amountof interestin automaticmethodsfor acquiringletterto-soundsystem-
s: (Sejnavski andRosenbey, 1987; Luk andDamper 1993; Adamsonand Damper
1996; Luk and Damper 1996; Daelemansand van denBosch,1997) aresome
of the betterknown instancesf these. Suchsystemscan automatically‘learn” the
contt-dependentransductionsieededor a systemlik e thatof English,sothatone
might expectrough troughandthroughto becorrectlypronounced(To date,though,
nobodyhasyet demonstrategherformancefor English, at the level of a moretradi-
tionally designedsystemincluding a dictionary plus morphologicalor phonological
rules.) In sodoingsuchsystemgake advantageof a crucial propertyof Englishor-
thography:while the mappingbetweena particularletteranda given soundis highly
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compl&, onecanalmostalwaysfind agoodanswertby looking atthe context within a
fairly smallwindow (sayplusor minusfour letters)aroundthetargetletter.

Evenso,thereis still alarge amountof indeterminag. Alternationslike proéduce
(noun)versusprodiice(verb),or axes'aeksz/ (plural of ax) versusaxes/seksiz/(plu-
ral of axis), demonstratéhat onehasto be preparedo make useof informationnot
found in the letter string alone: in generalone mustuselexical, grammaticalor se-
mantic information that can only be inferred from examining a wider contet than
just theindividual word. Letter stringsin Englishdo encodepronunciationbut only
in combinationwith otherinformationthat cannotbe computedrom the letter string
alone.

So,to theextentthatautomatianethodsvord pronunciatiorpresumehatall of the
informationneededo pronounceawordis foundin its letterstring,they aremissinga
basicpoint abouthow writing systemgepresentinguistic information. Orthography
is not phonetictranscription;ratherit is a guideto the native readerof the language
that frequentlygivesa large amountof informationabouthow to pronouncewords,
but alsoinvariably assumeshatthe readerhasotherlinguistic knowledgeto bring to
bearontheproblemof decodinghemessageThisis akey reasorwhy automaticTTS
corversionis so hardto do right: mostof thelinguistic knowledgethathumansbring
to bearon thetaskof readingis simply missingfrom TTS systems.

To further drive homethis point, consideragainthe caseof Russianorthography
As we have seenRussiarspellingis highly regular(much moresothanEnglish),but
thereis onecrucial pieceof informationmissingfrom the standardspelling, namely
the lexical stressplacementwithout which one cannotpredictthe quality of various
vowels in the word: in Russian,lexically-determinedstressplacementof the kind
illustratedby Englishproducéprodiceis rampant.Stresgplacementnformationcan
be predictedfrom morphologicalinformation, and if suchinformation were added
to the strings (either by somedictionary-plus-rule-basedrocedure or by someas-
yet-to-be-deelopedhigh accurag automatidnferenceprocedure)thenof coursethe
variousautomaticschemeshathave beerproposedghouldhave notroublelearningthe
relationbetweertheseannotatearthographicstrings,andthe pronunciation But this
exercisewould largely defeatthe statedpurposeof mostwork on automaticlearning
of “letter-to-sound”rulesin that therewould not be much savings of labor. On the
onehand,developingthe morphologicalanalysistools for Russiansuchthatonecan
predictthe appropriatanorphologicafeaturego addto a givenstringis itself amajor
undertaking®® andonceonehasthis portion of the system developingthe “letter-to-
sound’rulesis relatively straightforvard. It shouldbe addedthatto datethereareno
known methodsby whichthe morphologicakystemof alanguageasmorphologically
complex as Russiancould be automaticallylearned;automaticmethodsthus fail to
save laborpreciselywherethe savingsis needednost.

It shouldbeclearthatmy goalis notto argueagainstheinvestigatiorof automatic
methodsfor learningword pronunciation:on the contrary investigationof theseand
similarmachine-learningroblemsareaninterestingandimportantiine of inquiry. But
suchinvestigationshouldbe groundedn a properunderstandingf the phenomenon

3%In our experienceseveral monthsat leastis required:see(Sproat,1997b).
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thatoneis attemptingo investigateandthis understandings frequentlylackingin the
speechtechnologycommunity As aresultary regularattendeef speechtechnology
conferencewill be subjectedo a seriesof quite surprisingclaimsto the effect that
since such-and-suclan automaticmethodperformswith (say)a 10% error rate on
Englishword pronunciation(which is well-known to be the hardestlanguage or so
the suppositiongoes), the sametechniquecanbe appliedto ary otherlanguagethus
obviating the needfor manuallinguistic labor. Worse,sincemostregularattendeesit
speecthconferenceslo not know ary better suchclaimsdo not raisethe numbersof
eyebrowsthatthey oughtto.

It is certainlyoptimisticto assumehata well-articulatedformal theoryof writing
systemswill ipso factoraisethe generallevel of awarenesof orthographyand its
relationto linguistic form. But it is also certainthat without sucha theory, writing
systemawill notgenerallybe deemedvorthy of seriousstudyby theoreticalinguists,
norwill muchattentionbe paidto their propertiesy speecttechnologists.
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