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1 Intr oduction

1.1 Background considerations

Themaincontetsin whichspolenlanguageandmultimodallexicaarerelevantfor multilingual contexts
arein localisablespeechtechnologysystemgin automaticspeechrecognitionandspeectsynthesis)in
speech-to-speedmanslation,andin otherlessstriking contexts suchasthe provision of pronunciation
informationfor eachlanguagen bilingual or multilingual dictionaries.

Thedifficult partof multilinguallexicon developmenfor spolenlanguagdiesin thecoordinationof the
corpusvocahulariesfor thelanguagesoncerned.

First, spolen languagesystemdevelopmentusesrelatively small corporaof transcriptiongperhapsup
to severalhundredthousandvords,yielding a lexicon of severaltensof thousandsf words,depending
on applicationtype). Thesecorporaare expensve and very labourintensie to make, with real-time
factorsof betweerb0and500to transcribeandannotateagaindependingn specification A merehour
of speechsay 20 pagesof relatively close-typedranscription,would thereforetake betweenaboutl
and 12 weeksto processasa resourceor lexicon acquisition,dependingon the lexicon requirements
specification.

Second,n a speech-to-speedhanslationlexicon the scenarioconstrainedccorpuslexicon requirement
whichinvariablyhasto be metfor spolenlanguagesystemniexicais over-strainedoy theneedto translate
from agivencorpudexiconinto atranslation-generatl lexiconin thetargetlanguagevhichis by defini-
tion nota corpuslexicon, andto procesgshesdexical entriesin thetaigetlanguageTheneedto process
itemswhich arenotin the corpuslexicon but needto be accountedor quasi-compositionil is knowvn
asthe Out Of Vocatulary (OOV) problem;this problemis compoundedby the translatiorsituation.

The pathtowardsa solutionto theseproblemsis moregeneralthanthesespecificexamplesmight sug-
gest. Consequentiythe presentcontrikution presentsa preliminary clarificationand systematisatioof
resourcesor spolenlanguagdexicawith aview to developingstandardsndresourcesn thisareaand
builds on a numberof previously collatedsourcef information. The basicsourcesare[9], [12].

1.2 Spokenlanguagelexicography

A centralproblemin discussingesource$or spolenlanguagdexica emegesfrom thefactthatthereis
no unified notion of lexicographyfor spolenlanguageandthereforeno relatively homogeneouguild
of lexicographerssthereis for written languageMany disciplines,ndependenthpf eachother manu-
facturespolenlanguagdexica. Thereasorfor this lexicographicinhomogeneitylies in the wide range
of usesfor which lexical informationon spolenlanguagas required someof which arelistedhere:

e Generalexica:

— Transcriptionof pronunciatiorinformationasa datacateyory in written languagedexica,
— Pronunciatiorexica (orthographiovordlistswith phonemidranscriptions).

— Rhyminglexica,

— Wordlists,glossariesandlexicafor unwrittenlanguages;

e Machinelexica for humanuse:
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— Transcriptiorandaudiooutputfor pronunciatiorin hyperl«ica,
— Audio andvideo concordanceéwvordlists, pre-compiledor generatean-the-fly)mappedo
time-stampsn audioandvideorecordingfiles);
e Machinelexica for written languagesystems:

— Transcriptionof pronunciatiorfor the pronunciatiordatacateyory;

— Spellcheckalgorithmswith pronunciatiorconstraints,

— “Phoneticsearch”wordlistswith functionsdefiningphoneticsimilarity via algorithmssuch
aslLevenshteirdistanceor sounds;

e Machinelexica for spolen languagesystemgcurrently always scenarioconstrainedand corpus
based):
— orthography-promciation mappingfor text-to-speechexicain speectsynthesis,

— lexical searchand mappingto orthographyfrom output of decodercomponentin speech
recognitionin conjunctionwith alanguagemodel,

— translationlexicafor speech-to-speedhanslation;
— resourcdexicafor generatingoptimisedlexica;

— stochastidanguagemodel (essentiallya wordlist with statisticalconstraintson contets of
cooccurrencewith n-gram,regulargrammaror context-free grammarstructures.

This heterogeneitynakesit someavhat difficult to integratethe requirementgor spolen languagdex-
ical resourcesnto the genericlSLE framewvork without considerableébacktrackinginto the basicsof
computationabpolenlanguagdexicography

1.3 Overview

The following sectionsdealwith spolen langugeand multimodallexica, typesof lexical information,
Transcrptionin corporaandlexica, corpusandlexicon annotation andformal prerequisitegor spolen
languagdexicon implementationfollowed by conclusionandprospects.

2 Spokenlanguageand multimodal lexica

We may startwith a simpleinformal definition,assumingunderstandin@f the basicconceptsthe defi-
nition will be expandedelow:

Lexicon: a4-columntableofthenon-compositionasignsof a language andtheir category, constituent,
semanticandsurfaceproperties.

Spolen languagediffer from written languagdexica, in structure,contentanduse(in the following
discussiona broaderview of spolen languagesystemlexica will betakenthanis usualin the spolen
langugageechnologies).
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In structure spolen languagdexica, particularlythoseconstructedor usein spolenlanguagesystems,
differ from written languagdexicain severalways. The mostimportantway is perhapgshe needto link
lexical entries via time-stampsto occurrencef corporawhetherfor thetraining of statisticaldecoder
modelsor for the constructiorof audioconcordances.

In content,spolenlanguagdexica requireinformationof varying detailaboutpronunciationandabout
the useof lexical itemsin dialoguecontets and differing pragmaticsituations,as well as statistical
information.

In use,spolenlanguagdexica have a differentdeploymentspectrumfrom written languagdexica, par
ticularly in the spolenlanguageechnologiesasalreadyoutlined.

Relatively few of the world’s approximately7000languagesrewritten languagesandconstructiorof
lexicafor purelyspolen,i.e. unwrittenlanguagess perhapshe majorsingletaskin descriptie linguis-
tics, A large part of the taskis taken up with representingsegmental(phonemic)and suprasgmental
(prosodic)pronunciationinformationin the lexicon, and with mappingthis to more detailedphonetic
representationsf pronunciationin actualutterancesln addition,spolen dialoguecontexts requirethe
differentiationof differentsemanticand pragmaticvocahulary fields for representatiorn the lexicon.
Evidently unwrittenlanguagesre not intrinsically lesscomplex thanwritten languagesthey aresup-
portedby comple oral traditionswith orally transmittedegal andreligioussystemsandsophisticated
orature(oral “literature”).

It is now widely recognisedhatspolenlanguagés multimodalandnotrestrictedo theacoustic-auditory
modality implying thatspolenlanguagesystemsave to consider'body language’componentsinclud-
ing the

1. gesturalmovementsf head faceandlimbs),
2. postural(configurationof body),and

3. proximal(interlocutordistance)

component®f communicationaswell asthe morewell-knonvn locutionary componentgthoughthe

latter are presumablythe most complex by ordersof magnitude). Until recently thesecomponents
have beeninvestigatedseparatelyin differentdisciplines,from choreographyhroughanthropological
linguisticsto the studyof the complex signlanguagesisedby acousticallyjhandicapped.

Indirectconfirmationof this generalisatiomf the definitionof speecHrom theacoustic-auditorynodal-
ity to multimodalcommunicatioris provided by the numerousontributionson multimodalspechin the
recenteventsin the LREC andEUROSPEECH:onferenceseries;seealso[8].

The lexical informationrequiredfor multimodal speechwill thereforebe accommodateih the model
developedhere.

2.1 A noteon spokenlanguagegenres

Spolen languagdexica for systemuseare almostinvariably scenarioconstrainectorpuslexica, while
spolenlanguagédexica for directhumanuseareinvariably generalanguagdexica. Scenaricconstraints
correspondargely to the criteriausedin the traditionalcharacterisationf registers,genresandsublan-
guages.Therangeof thesespolen languageaegisters,genresandsublanguageis wide, andbeyondthe
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scopeof this study; it will be sufficient for presentpurposego referto previous traditional studiesof
genre registerandsublanguagesf. [6].

In thecontets of thespeectsciencespsychologyandspolenlanguagengineeringthemostcommonly
usedgenreof spolenlanguagds readspeeb. In anthropologicahnddescriptve linguistics,aswell as
in ethnolomethodologyconversationanalysisanddiscourseanalysis spontaneoustypesof dialogueare
focussedn. Increasinglythisis alsothe casefor the spolenlanguagdechnologiesyundertheinfluence
of developmentrequirement®f producinginterfacesfor naturalhuman-machinéteraction.

2.2 Basicterminology for spokenlanguagelexica

The basicterminologyusedin this contrikution follows andsystematisethe usagein previouswork in
this field, andasfar aspossibleis kept compatiblewith the work of the ISLE Computationalexicon
Working Group.

Corpus: aquadruple< metadata, corpusdata, annotations, corpuslexicon >.

Modality: a pair of human output (motor gesture) and input (sensory)channelssuch as <
acoustic, auditory > (e.g. speech),< gestural, visual > (e.g. gesturing,signing),
< gestural, auditory > (with gesturestransducedinto sound, e.g. hand-clapping),<
gestural, tactile > (e.g.shouldesslapping kissing). In phoneticsspeectis alsocommonlyre-
gardedasa specifickind of < gesture, auditory > modalityin whichthe gesturesrerestricted
to thevocaltractandtransducednto sound.Analogously orthographyis a < gesture, visual >
modalityin which gesturesretransducednto storedtracesinscriptions).

Submodality: An autonomouslyrganisedstreamof intonationwhich modulatesa modality (required
for representingarallelstreamf informationsuchasprosody).

Corpusdata: collectionof (generallydigital) audio/video/sensaignalrecordingsand/ortranscriptions
of spolen languageutterancesor hardcop/scansand/ordiscreteelectronicversionsof written
languagenscriptions.

Transcription: asymbolicrepresentationf corpusdata.
Annotation: theenhancemenruf

e atranscriptiorby time-stampgointingto boundarie®r segmentsin corpusdatarecordings
(labelling); formally, a pair < label, timestamp >, wheretimestamp canbe a point
or aninterval, the interval generallybeing representedy a pair of point timestamps
< point;, point;i1 >

e written languagecorpusdataby a function mappingdescriptive catejoriesinto boundaries
or sgmentsn the corpusdata(tagging,tree-banking).

Corpuslexicon: asetof lexical items(words,idioms)inducedfrom the corpusby the following func-
tions,
e sorting,
e remowving duplicates,
¢ (optionally)stemmingj.e. removing affixes,
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¢ (optionally)lemmatisingj.e. extractingstemsaslemmata.
andmappednto a setof typesof lexical information.
Standard lexicon model: amodelof alexicon asatablewith atomiccell entries.

Lexical entry: arow in astandardexicon modelrepresentingvectorof lexical informationof different
types(correspondingo thetraditional“lexicon article™).

Lexical data category: acolumnin astandardexicon modelrepresentingtypeof lexical information
containedn lexical entries.

Micr ostructure: avectorof datacateoriescomprisingthe typesof lexical representatiomepresented
in lexical entries.

Spoken LanguageReferenceMicr ostructure (ISLE-SLRM) model: a recursvely structuredvector
of datacatayories(ignoringhousekepingandentry metadata):

Standard model:
< STRUCTURE, INTERPRETATION >

Standard model components:
STRUCTURE is apair < CATEGORY, PARTS > andINTERPRETATION
is a par < MFEANING, SURFACE >. SURFACE is, in turn, a pair <
MODALITY phoneticc MODALITY ;501 >

Additionally, a category for corpusfrequeng informationof differenttypes(isolatedfrequeng,
frequeng in variouscontets suchasdigrams)is needed.

Thegroupingof datacateyoriesis derivedfrom the ILEX model[7] andarecloselyrelatedto the
datacatayory specification®f the ISLE Computationalexicon Working Group,but extendedfor
applicationto spolen andmultimodallexica.

The CATEGORY attribute, in a spolen languagelexicon, is very often a statisticalfunction
relating co-occurringneighbourdn a corpus,but it may alsobe a function from the lexicon into
the corpuswhich effectively definesa (pre-compiledor on-the-fly) concordancelf the corpusis
purelytextual the concordancés corventional. However, if the pointersaretime-stampselating
to an audioor video signal, the concordanceés a multi-mediaconcordancéaudio and/orvideo
concordancefor humanuseor statisticalsystemtraining,

For easeof comparisorafull versionof the ISLE-SLRM modelis given asa featurestructurein
Figurel.

This schemastandgor a family of reducedor expandedmicrostructuresn practicalinstantiations
of themodel,which dependon actualrequirementsn specificapplicationsandrepresenspecial
caseof the|SLE-SLRM referencanodel.

For example, the model proposed by Bell & Bird [1] for lexicon metadata def-
inition is a triple corresponding to a restricted instantiation of the triple <
STRUCTURE, MEANING, SURFACE >.

And a descriptve linguistic glossary would be adequately modelled by the pair <
meaning, surface >, With meaning modelledby a glossin the descriptionlanguage,and
sur face modelledby a phonemidranscriptionin the sourcdanguage.

A lexicon in atheoreticallinguistic framework, on the otherhand,suchasthe HPSGparadigm,
requiresa muchfuller spellingout of the STRUCTURE and M EANING attributes.
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CATEGORY =
STRUCTURE=
PARTS =
MEANING =
MODALITY ; =
INTERPRETATION =
SURFACE = MODALITY ; =
MODALITY ,, =
FREQUENCY =

Figurel: Groupedrepresentatiorof microstructue vectorin thelSLE-SLRMmodelasanattribute-value
structue. Themodalitiesare orthography, phonetic, gestural, etc. (seetext). ThePART Scorrespond
to the Daughtes attribute of HPSG-like grammas.

Macrostructure: anorderingrelationovertherowsin alexical relationtableasansearch-orientedata
structureoptimising operation,suchas an alphabeticsorting by the orthography a hyporymy-
basedreerelationinducedover over sense®f lexical entries,asin athesaurus,

Mesostructure: aclassificatiorof lexical entries andanorderingover theseclassessageneralisation
operation,inducedfrom datacateyory valuesof lexical entries,andrepresenteds grammatical
informationin the front matterof alexicon, or asaninheritancehierarchyin aformal lexicon.

Semasiologicalexicon: alexiconwith a macrostructureptimisedfor searchasa functionfrom stems
to senseepresentations.

Onomasiologicallexicon: alexiconwith amacrostructureptimisedfor searchasafunctionfrom sense
representationt® surfaceforms.
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3 Typesof lexical information

3.1 Genericlexical information

A genericmodelof syntacticandsemantiaypesof lexical informationfor spolenlanguagewill for the
mostpartcorrespondo the ISLE CLWG modelfor written languageandthereforeneednot be spelled
outin this section.

3.2 Spokenlanguagespecificlexical information

Thefollowing arethe mostimportanttypesof lexical informationwhich differ eithergraduallyor cate-
gorically from thetypesof lexical informationincludedin written languagdexica:

1. Pronunciatiomrepresentatioin humanreadabldexica:

(a) non-standaré@daptedrthographies,

(b) InternationalPhoneticAlphabet,

(c) Alphabetssimilarto thelPA or encodinghelPA in typewriter-friendly ASCII codesge.g.the
SAMPA alphabef8].

2. Pronunciatiomepresentatiom machinereadabldexica (this systematisatiogoesbeyondcorven-
tional descriptionsn thedisciplinesconcernedndmayappeauncoventionalin thesecontets):

(a) Statisticalcharacterisationf component®f pronunciatiorsuchasphonemesgiphonesdi-
syllablesand larger units by meansof stochastiomodelssuchas Hidden Markov Models
(HMMs), NeuralNetworks (NNs), BayesiarNetworks;

(b) Statisticalkcharacterisationf distributionalpropertiesof functionalitemssuchasmorphemes
andwordsby meanof stochastienodelsof cooccurrencén corpora(digram,n-grammaod-
els,regulargrammargequialently: finite stateautomata)context-free grammars).

3. Gesturgascapturedn currentgestureranscriptionsystems):

(a) HamNoSys:a gesturerepresentatiofor signlanguages,
(b) FORM: agesturerepresentatiofor automatiogesturerecognition,
(c) CoGest:alinguistically motivatedrepresentationf gestureformsandfunctions.
4. Spolen languagespecificunits correspondingo and generalisingthe notion of Part of Speech
(POS),particularly
(a) Interjections,
(b) Clitic unit formation,
(c) Functionalunits,
(d) StochastiRegular& CF LanguageModels.
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4 Transcription in corpora and lexica

Theissueof corpusandlexicontranscriptionjncluding prosodictranscriptionweredealtwith in detail
in the SAM andEAGLESI andll projectd[9], [8], andneedonly be summarisedhere.

4.1 Transcription in corpusrepresentation

The kind of transcriptionusedin corpusrepresentations highly variableand dependenbn scenario
constraintsThefollowing tentative scaleof transcriptionds proposedor corpusrepresentations:

1-tier transcription: Minimally, aphonemidranscriptioror anorthographidranscriptionwhichis reg-
ularly relatedto pronunciation.The latteris perhapghe mostwidely usedform of transcription,
bothin corporafor spolenlanguagesystemsaswell asin written languagecorporaif alphabetic
or syllabic orthographiesare used. Logographicorthographiesare unsuitableunlessa function
which mapstheminto a somepronunciatiomotationis provided.

2-tier transcription: Preferably for minority languagecorporaand especiallycorporaof endangered
languagedataalignedparallel transcriptionsof forms (minimal transcription)and of functional
cateyories(e.g.glossesn astandardlescriptiodanguagesuchasEnglish,French RussianSpan-
ish, ...). Thiskind of transcriptionis generallyreferredto asan interlinear glossin descriptve
linguistics.

n-tier (multi-tier) transcription: In additionto a 2-tier transcriptionfurther alignedtiers with other
lexically relevantinformation,suchas:

e non-pronunciatiotfriendly orthographies,

prosodiccategories,

morphosyntacticategories,

semanticateyories,

pragmaticcategories.

Any or all of the datacateyoriesin the ISLE CLWG microstructuredefinition can be expectedin an
annotatiortier, in additionto corpus-specifitiers.

4.2 Transcription in lexical representation

In additionto ary orthographigepresentatiorg transcriptiorsystentor theinstantiatiorof a DataCate-
goryin themicrostructureof alexiconis by definitionalexical or phonolaical underlyingtranscription,
not a phonetictranscription,which hasthe function of capturingphoneticdetail of the pronunciation
of soundsin contet. For lexical transcription,the following levels are appropriate dependingon the
typology of the language(no distinctionwill be madeherebetweenprosodicand suprasgmenta) as
distinctionsmadein theliteraturearegenerallyidiosyncraticto a particularmethodology):

Segmental: Dependingon the degreeof abstractiorin the phoneticandphonologicalnalysisinvolved
in word identification,thefollowing levels maybeused:
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1. Morphophonologidaor phonotypic:phonemevariationin uniquelyidentifiablemorphologi-
calcontts arenotmarkedbut generatedby rule; e.g. Germarorthographys morphophone-
mic Mond/mo:nt/‘moon’ - Monde/mo:nd/ ‘moons’. For a monolinguallexicon meantfor
native spealkrs,who have internalisedhe syllabificationandfinal devoicing rules,or com-
putationalmodelswhich have explicit syllabificationandfinal devoicing rules,nodistinction
is necessaty

2. Phonemic: phoneticvariation betweenthe alloophonesof phonemeswithin a word (such
asthe approximantandvocalisedallophonef /r/ or the aspirationof voicelessplosivesin
English),without consideratiorof word-internalmorphologicainformation,

3. Phonetic: variationsin phonemicor phoneticdetail which may be requiredfor capturing
phonostylisticvariationof pronunciatiorin differentstylesandregisters.

The mesostructuref a spolen languageexicon (the front matterof a book lexicon, the rules
or inheritancehierarchieof a formal lexicon) containsgeneralisationso supplementhe explicit
informationin lexical entries:

1. Morphophonemiculesfor specifyingphonemevariationin morphophonemicontexts,

N

Allophonicrulesfor specifyingallophonevariationin phonemiccontexts,

w

Phoneticdetail rulesfor specifyingdialectalandsociolectalariation,

»

Supalexical rules (traditionally knowvn as”postlexical rules” in Generatie Phonologyand
its descendantdpr specifyingpronunciatiorvariationin larger syntacticandphonostylistic
contets.

Suprasegmentakprosodic): In languagesvhich have lexical prosodysuchasword stressor tone,with
variousdistinctive andmorphologicafunctions provision mustbemadefor representinghis. The
mainkindsof lexical prosodyarethefollowing:

stress asin Dutch, English,German;

pitch accent asin Japanese;

tonal accent asin Swedish;

registertong asin very mary African languages;

contourtone asin very mary SouthEastAsianlanguages.
The main lexical and morphologicalfunctions of lexical prosodyare, illustratedwith German
examples(for clarity: stressindicatedby uppercase,standardnitial uppercasecharactersiot
used):

distinctive TEnor ‘tenor’ (singer)- teNOR'tenor’ (gist)

inflectional DOKtor ‘doctor’ - dokTORen‘doctors’

derivational TElefon'telephone’(noun)- telefoNIEen‘telephone’(verb)

compoundingUbersetzericrossover’ (verb),iiberSETZertranslate’(verb)

Thesefunctionsoccurwith all typesof lexical prosodicforms. Furtherrelatively standardised
informationaboutprosodictranscriptionwith examplesfrom 20 languagesganbefoundin [10].
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4.3 Implementation of transcriptions
4.3.1 Criterial levels
Thefollowing sectiongertainmainly to theimplementatiorof lexica for humanuse,andnot primarily

to theimplementatiorof systemexica, which arevery product-specific.

In implementingranscriptionsystemsat leastthe following four-way level distinctionis needed:

1. transcriptioncateyory (e.g.avoicelessalveolarplosive, a hightone),

2. transcriptionid (e.g. the codenumbersin the Esling coding of the IPA, or the SAMPA ASCII
encodingof the InternationalPhoneticAlphabet,cf. [8], or in the Unicodecorventions),

3. transcriptionsymbol(e.qg./t/ for avoicelessalveolarplosive phoneme; for ahightone),

4. transcriptionfont (e.g.theactualglyph designfor particularsymbols)with propertiesuchasserif
or non-serif

4.3.2 Transcription category

The level of transcriptioncateyory is ratherstablefor sggmentaltranscriptionsandis detailedin the
Handbookof the InternationalPhoneticAssociation[11] andin practicallyary leadingphoneticstext-
booksuchas[5].

For prosodictranscriptionghis is not the case. The IPA providesa setof cateyoriesfor prosodictran-
scription,but othersetsarein use.

Thevariationis too greatto be detailedhere,but severalexamplescanbefoundin [10].

4.3.3 Transcription id

The level of transcriptionid hasnot completelystabilised,astherearea numberof codingsin current
use,asalreadymentioned. It may be supposedhat the Unicodecorventionswill be adoptedassoon
asadequateenderingenginesfor Unicodebecomeavailable, which is currentlynot the case. For this
reasonptherencodingsaarecommonlyused.

4.3.4 Transcription symbol

At thelevel of symbolchoice,the situationis rathersimilar, sincethe mostsymbolsin currentusehave

beenfixed by the InternationalPhoneticAssociationsincethe late 19th century Thereis still some
variationin differenttraditions,however, for examplebetweenly/ in oneUS phonetictradition, and/j/

in Europeanphonetictraditions,for a palatalapproximant,Although this distinctionis rathertrivial,

neverthelesst canleadto misunderstandingsConsequentlyhe recommendationef the International
PhoneticAssociationarepreferred.

In spolen languagaechnologiesandin generallexicographicpracticecorventionssuchasaccentdia-
critics overwordsfor stressor tones,or capitalisatiorof stresseayllablesarefound.
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4.3.5 Transcription fonts

Thereare mary fonts available for encodingsegmentalsymbols,from commonorthographicfonts to
specificimplementationsf the IPA symbols.Fontimplementationsrevery platform-specificandeasy
font cornversionsarenot possible.

Simplifying away from anumberof issuesvhich arenotimmediatelyrelevantfor presenpurposesthere
aretwo basicfont technologiesvhich affect the usability andinteroperabilityof fonts, word processor
outlinefont technologysuchasTTF, andthe Metafontglyph functiontechnologyusedby TeX systems,
mainly underUNIX.

Themostwell-known word processotPA fontsimplementationsre:

e |PAkiel, basednthelPA chartasdefinedatthe Kiel Corventionin 1993.

e SIL (SummerSchoolof Linguistics)fonts,of which therearemary, perhapshe mostwell known
beingthe Doulosseries.

e Lucida,whichmapsinto Unicode,andwill possiblybethepreferredontfor this purposevhenfull
Unicoderenderingenginesare available (currentword processorfiave extensie but still partial
Unicodeimplementations).

For the WYSIWYG orientedfonts, evenwith similar implementationsthe functionswhich mapids to
symbolsandtheir glyphs,andwhich mapkeyboardcombinationgo ids andthenceto symbolsandtheir
glyphs)vary greatlyfrom onefont implementatiorto another

Themostwell-knovn implementation®f IPA fontsfor IATEX are:

o WSUIPA from WashingtorStateUniversity

e TIPA from University of Tokyo.
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5 Corpusand lexiconannotation

5.1 A definition re-visited
As definedin theglossaryanannotatiorin the contet of spolenlanguagecontet is:

Annotation: theenhancemeruf

e atranscriptiorby time-stampgointingto boundarie®r segmentsin corpusdatarecordings
(labelling); formally, a pair < label, timestamp >, wheretimestamp canbe a point
or aninterval, the interval generallybeing representedyy a pair of point timestamps
< point;, point;i1 >

Thetheoreticafoundationsof this conceptof annotatioraredueto eventlogic basedphonologiesasin
the EventPhonologyof Bird & Klein, cf. [2]. The Time Map theoryof Carson-Berndsef#] introduced
extensiongo phonetidevelsandapplicationgo spolenlanguageprocessingwith finite statemodelsfor
theeventlogic theory

Annotationof spolen languagedatahasbeenextensiely dealtwith, alsoin previous Europearproject
work, cf. [9] and[8]. Currentlythemostinfluentialapproachs by Bird & Liberman[3], whogeneralised
thenotionof annotatiorby meansof the constructAnnotationGraphin orderto encompasknown kinds
of signalandtext annotation.

Strictly speakingtheinclusionrelation

Transcription C Annotation

holds, sincemaximally the beginning andend of a transcriptionare informally synchronisedvith the
beaginningandendof the speectsignal,thoughthisis notavery usefulideaasthe synchronisatioris too
fuzzy in generalto be machineprocessableandin ary given casea signalrecordingmay not actually
exist.

5.2 Acquisition of spoken languagelexical information

Work in the spolen languagetechnologiesand modernhyperleicon applicationssuchas audio and
video concordancespresupposehe availability of carefully annotatedspolen languagedata. Marny
toolsfor automatically semi-automaticallandmanuallyannotatingaudiosignaldataareavailable. Of
primary importancearethe manualtools, sincethe final quality criterion for accurag (not necessarily
consisteng!) of annotationss the humanannotatar

Therearemary proprietaryandlocally developedandusedoolsfor audioannotationandnotmary atall
for videoannotation.Thesedevelopmentsarenot availablefor standardisatiorandhave not developed
into stateof the artfreewareor opensourcetools,andconsequentlythey will notbe consideredhere.

Themostwidespreadoolsfor this purposearecurrentlythe following:
1. Praat,a comprehense freevare toolsetfor annotationand experimentationin phoneticsand

speechtechnology developedsincethe early 1990sat the University of Amsterdamphonetics
laboratoryby Paul BoersmaandDavid Weenink.
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2. espsiveves+("Xw aves”),aproprietarylibrary andGUI developedby Entropicin CambridgelUK,
andnot maintainedor generallyavailablesinceits purchaséy Microsoft Corp. anumberof years
ago(thoughachangen this policy is apparentiyunderdiscussion).

3. TASX, anopensourceworkbenchor videoandaudioannotatiordevelopedby Jan-DbrstenMilde
at Universitit Bielefeldandimplementedn Java.

Currently the mostwidely usedaudiotool, in researchdevelopment,resourcecreationand teaching
ervironmentsis Praat.

In comparisonwith lexicon acquisitionwork on written languagecorpora, spolen languagelexicon
acquisitionis relatively impoverished. Although the automaticconstructionof stochasticnodelsfor
speeclhrecognitionis very highly developed,this is not true of the analysisof collocations,vocalulary
fields and relatedactuities characteristioof corpuslinguistics and of naturallanguageprocessingn
general.

In additionto theseactiities, threeareaf generalisatiolmver corporaareonthehorizon,representetly
ascatteringof studiesandit may be expectedthatthesewill increasen importanceasspolenlanguage
inputandoutputdevicesbecomamorewidely usedandadaptabilityandportability requirementincrease
in importance:

1. Resourceadaptatiorin spolenlanguageechnologyfor examplefor permittinga genericspeech
recognitionor speectsynthesisapplicationto be usedby a wider rangeof users.

2. Annotationgraphcollation by fuzzy operationsover nearsimultaneougoints and overlapping
intenalsin time.

3. Syntagmatichierarchyinductionin orderto createphonotacticmorphotacticand phrasalgram-
marsfrom data.

4. Paradigmatidnductionof classhierarchiever lexical itemsfor usein compactandrobustinher
itancehierarchies.

Effectively, theseare MachineLearning(ML) applicationswhich aregraduallybeingtransferredrom
otherareasf languageprocessindo spolenlanguageandwill notonly make there-usabilityandinter
operabilityof spolenlanguageesourcesnorefeasiblebut will alsoenableresourceso berelatedto and
benefitfrom theoreticalinguistics,andvice versa.

Finally, it may be notedthat “lexicon acquisition”in generalrelatesto the instantiationof pre-defined
microstructuregrom corpusdata. The notion may be generalisedhowever, to the processof defining
lexicon microstructuredy meansof generalisatiorand disjunctive abbreiation procedurege.g. for

alternatvesin lexical fields).
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6 Formal prerequisitesfor spokenlanguagelexiconimplementation

6.1 Towards a genericlexical modelfor spokenlanguage

Traditionallexicogaphyis very mucha practicalart, andmary featuresof this art have beentransferred
to computationalexicography

The conceptsof microstructure (especially the ISLE-SLRM model of lexicon microstructure),
macrostructureind mesostructurevere introducedearlier as a basic genericstarting point for defin-
ing awide rangeof varietiesof spolenlanguagdexicon morepreciselyandfor integratingthe notionof
spolenlanguagdexiconinto thegenericapproactadoptedy thelSLE Computational.exicon Working
Group.

Summarisinghe discussiorof previous sections the structureof the basicreferencdexicon is thusa
triple:
< microstructure, macrostructure, mesostructure >

The microstructurewhich correspondso the notion of lexicon modelin mostprevious computational
lexicographiowork, defineghestructureof thevectorwhich representspecificlexical entries(Z.1 means
"lexical information” and7 LI means'type of lexical information”, usuallyexpressedsattribute-value
pairs):

< LITLIN vy LITLI" >

In thisreferencanodel,microstructureareintendedo befully inflated,with nodisjunctionsor substruc-
turesof thekind to be foundin corventionalalphabeticsemasiologicatlictionaries.Thereasorfor this
is to clarify thefactthatdisjunctionsandtree-structuredexical entriesimplicitly expressgeneralisations
over moreprimitive structures.

Thegenerid SLE-SLRMmodelis mappednto specificlexica by meansof thefollowing generalisation
operationsvhich definemesostructureandthe macrostructuresf the specificlexica:

1. A groupingoperationfor local alternatvesin pronunciationin spellingdatacateyorieswhich are
unrelatedto other datacatayories (analogoudo the groupingof readingsor senses).A simple
exampleis the/aids- ida/ pronunciationvariationof Englisheither.

2. A distributeddisjunctionoperation(dueto Krieger & Nerbonne)for examplefor relatinglinked
local alternatvesin pronunciationwhich arewhich arelinked to alternatvesin spelling(or other
datacateyories), or in specifyingmorphologicalsyncretisms. This operationis usually repre-
sentedin lexicographyby postulatingseparatdemmatawhenthe disjunctionsinclude syntactic
or semanticcateyories. However, sinceeachprimitive lexical entryin the ISLE-SLRM modelis
inherentlyseparatdrom all others,lemmagroupingsareby default left over afterthe groupings
of alternatvesanddistributeddisjunctionoperationshave beenapplied.

3. Abstractionof distributeddisjunctionsinto atype or default classhierarchy

4. Definition of macrostructur@rderingrelationsover lexical entriesbasedn relationsbetweerthe
fields of lexical entries.Macrostructuresvhich differ from the basictablestructurearegenerally
applicationspecific,anddefinedfor optimisationin lexical searchwhetherby humanor machine.
Macrostructuresherefore contrastwith othergeneralisationsyhich may be saidto be declasa-
tive, in thatthey have a procedual motivation. Examplesof macrostructurerderingsare:
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¢ Onomasiologicalordering: Tree graph induced over senseterms and representinga
hyporym-hyperogym taxonomyor a merorymy (asin athesaurus).

e Semasiologicabrdering: Alphabeticalorderingover the orthographyfield (classically "the
dictionary”).

e Unnamedordering: Alphabeticalorderingover reversedpronunciationfields (rhyming lex-
ica).

e Rankorderingfor definingidiom dictionariesasagainstword dictionariesor morphemaetic-
tionaries.etc.

e Selectionby sublanguagéield for technicalandtermsand other collocationallyrestricted
itemsfor specialisegublangagelictionaries.

e Speeclrecognitionordering:over representationsf pronunciation.

e Speechsynthesisordering (text-to-speech):as semasiologicabrdering, exceptin general
with highly reducedmicrostructures.

e Speeclsynthesiordering(concept-to-spe®: asonomasiologicabrdering,butin principle
with nointerveningorthographiaepresentation.

In traditionallexicography macrostructurerderingssuchasthesedefinedifferentspecificbooklexica.
In the context of lexical databaseghesemacrostructurerderingrelationsareimplementedasdatabase
views. In hyperleica, the macrostructurearedefinedasalternatve superimposetiyperlink structures.

Any resourcearchive format will needto be at least“virtually” re-constitutablénto the ISLE-SLRM
formatin orderto be ableto mapthis on to the differentmicrostructuresequiredin speechtechnology
andhumanreadablalictionarypublication.
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7 Conclusionsand prospects

7.1 Integration into multilingual contexts

It hasbeendemonstratedhat by returningto somebasicconceptshe apparentheterogeneityn spo-
kenlanguagdexicographycanbe reducedo a fairly straightforvard model,althoughthe realisationof
spolen languagdexicathemselesis arything but simple. The ISLE-SLRM (Spolen LanguageRefer
enceMicrostructuremodel,lik e generaliseanodelsof lexical entriesusedin sometheoreticalinguistic
frameworks, hasthe propertythat notionsof headverd andlemmaare not basic,but the resultof the
applicationof operationof macrostructur@ptimisationandmesostructurajeneralisation.

Theresultsof procedurdollowedin this contritution arethussimilar in spirit to the resultsoutlinedby
Bell & Bird [1], exceptthat

¢ they basedheir studyon an examinationof 55 printedlexica, whereaghis contritution is based
onvariedpracticalexperiencan manufcturingcomplex spolenlanguagdexica,

¢ their abstracdatamodelis morerestricted andturnsoutto be a specialcaseof the ISLE-SLRM
model,

¢ they do not systematicallyconsidermacrostructurabptimisationsor mesostructuragieneralisa-
tions of thelexicon (thoughoneof their mainpointsis thatlexica areextremelyinhomogeneious).

Therehasbeenno explicit discussiorof metadatan relationto the ISLE-SLRM modelbecausef the
needto clarify requirementanddesignissuesheforemaving on to specificmetadatgroposalgor im-

plementingarchivesanddisseminatiorportals. However, the ISLE-SLRM modelhasbeendesignedn

suchaway asto assistimetadatalesign,andit is proposedhatthe ISLE-SLRM model,with the associ-
atedconceptof macrostructurabptimisationoperationandmesostructurajeneralisatioroperationss

a suitablefoundationfor the definition of lexical metadatdor spolenlanguagdexica.

7.2 Realisationwith XML technologies

The formal characterof an attribute-\alue structureis commonto linguistic featurestructuresto the
ISLE-SLRM model,andto XML treestructuresfacilitating portability of structurefrom onemethod-
ologyto another

In the context of spolen languagdexicography a numberof theoreticalproblemsremainwith XML,
thoughin oneway or anotherthe structuresdiscussedheremay be representeih XML. Thefollowing
pointsarerelevant for the generatiorof the varietiesof macrostructureequiredfor differentkinds of
spolenlanguagdexicon:

1. XML hasnowell-definedformal semanticheyondthe assignmenof tree-graphs.

2. For otherabstractatastructuresad hocdefinitionsarerequired.

3. A specificexampleof anad hoc solutionto a well-known problemis the caseof tables(familiar
from the IATEX andHTML tablemodels):if the XML treeis row-basedthereis no well-defined
concepiof column;the columnis stipulatedn aninformal semanticsor thetree. The sameholds
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vice versa. If it is acceptedhat XML is specifiableby context-free rules, the proof of this is
ohvious: atablehasthestructurea™b™c™..., which s clearly not context-free but context-sensitve
(in fact,anindexed language) An actualimplementatiorfor the purposeof systemusein spolen
languageechnologiegor brovserconstructionmusttake this into consideration.

4. Theissuebecomegorrespondinglynorecomplex with recursve tables.

5. Anotherspecificexampleof ad hoc solutions from the point of view of thesyntaxof XML, is the
enhancememf XML with pointers. The internal syntaxof pointersis tree-structuredbut their
semanticds that of variableswith arbitrary valuesover positionsin documentswhich may be
usedto constructstructuref arbitrarycomplexity.

6. it is unlikely that the transformationsequiredby spolen languagesystemtechnologieswill be
amenabldo the proceduratomponent®f the XML technologiesuchasXSLT.

Thesepoints pertainto the projectionof the ISLE-SLRM andwill no doubtbe resohed whenan ade-
guatesemanticdor XML is available. Currentlyit is suficient to notethemfor future discussiorand
to illustrate the necessityfor pragmaticstratgies of operationalisingcomputationalexica for spolen
language.
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