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1 Intr oduction

1.1 Background considerations

Themaincontexts in whichspokenlanguageandmultimodallexicaarerelevantfor multilingualcontexts
arein localisablespeechtechnologysystems(in automaticspeechrecognitionandspeechsynthesis),in
speech-to-speechtranslation,andin otherlessstriking contexts suchasthe provision of pronunciation
informationfor eachlanguagein bilingualor multilingualdictionaries.

Thedifficult partof multilingual lexicondevelopmentfor spokenlanguagelies in thecoordinationof the
corpusvocabulariesfor thelanguagesconcerned.

First, spoken languagesystemdevelopmentusesrelatively small corporaof transcriptions(perhapsup
to severalhundredthousandwords,yielding a lexicon of several tensof thousandsof words,depending
on applicationtype). Thesecorporaareexpensive andvery labour-intensive to make, with real-time
factorsof between50and500to transcribeandannotate,againdependingonspecification.A merehour
of speech,say20 pagesof relatively close-typedtranscription,would thereforetake betweenabout1
and12 weeksto processasa resourcefor lexicon acquisition,dependingon the lexicon requirements
specification.

Second,in a speech-to-speechtranslationlexicon the scenarioconstrainedcorpuslexicon requirement
whichinvariablyhasto bemetfor spokenlanguagesystemlexica is over-strainedby theneedto translate
from agivencorpuslexiconinto atranslation-generatedlexiconin thetargetlanguagewhichis by defini-
tion notacorpuslexicon,andto processtheselexical entriesin thetarget language.Theneedto process
itemswhich arenot in thecorpuslexicon but needto beaccountedfor quasi-compositionally is known
astheOutOf Vocabulary (OOV) problem;thisproblemis compoundedby thetranslationsituation.

Thepathtowardsa solutionto theseproblemsis moregeneralthanthesespecificexamplesmight sug-
gest. Consequently, thepresentcontribution presentsa preliminaryclarificationandsystematisationof
resourcesfor spokenlanguagelexicawith aview to developingstandardsandresourcesin thisarea,and
builds on anumberof previously collatedsourcesof information.Thebasicsourcesare[9], [12].

1.2 Spoken languagelexicography

A centralproblemin discussingresourcesfor spokenlanguagelexicaemergesfrom thefactthatthereis
no unified notionof lexicographyfor spoken language,andthereforeno relatively homogeneousguild
of lexicographersasthereis for written language.Many disciplines,independentlyof eachother, manu-
facturespoken languagelexica. Thereasonfor this lexicographicinhomogeneitylies in thewide range
of usesfor which lexical informationon spokenlanguageis required,someof whicharelistedhere:

� Generallexica:

– Transcriptionof pronunciationinformationasadatacategory in written languagelexica,

– Pronunciationlexica (orthographicwordlistswith phonemictranscriptions).

– Rhyminglexica,

– Wordlists,glossaries,andlexica for unwrittenlanguages;� Machinelexica for humanuse:
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– Transcriptionandaudiooutputfor pronunciationin hyperlexica,

– Audio andvideoconcordances(wordlists,pre-compiledor generatedon-the-fly)mappedto
time-stampsin audioandvideorecordingfiles);� Machinelexica for written languagesystems:

– Transcriptionsof pronunciationfor thepronunciationdatacategory,

– Spellcheckalgorithmswith pronunciationconstraints,

– “Phoneticsearch”wordlistswith functionsdefiningphoneticsimilarity via algorithmssuch
asLevenshteindistanceor soundex;� Machinelexica for spoken languagesystems(currentlyalwaysscenarioconstrainedandcorpus

based):

– orthography-pronunciation mappingfor text-to-speechlexica in speechsynthesis,

– lexical searchand mappingto orthographyfrom output of decodercomponentin speech
recognitionin conjunctionwith a languagemodel,

– translationlexica for speech-to-speechtranslation;

– resourcelexica for generatingoptimisedlexica;

– stochasticlanguagemodel(essentiallya wordlist with statisticalconstraintson contexts of
cooccurrence,with � -gram,regulargrammaror context-freegrammarstructures.

This heterogeneitymakesit somewhat difficult to integratethe requirementsfor spoken languagelex-
ical resourcesinto the genericISLE framework without considerablebacktrackinginto the basicsof
computationalspokenlanguagelexicography.

1.3 Overview

The following sectionsdealwith spoken langugeandmultimodal lexica, typesof lexical information,
Transcrptionin corporaandlexica, corpusandlexicon annotation,andformal prerequisitesfor spoken
languagelexicon implementation,followedby conclusionandprospects.

2 Spoken languageand multimodal lexica

We maystartwith a simpleinformal definition,assumingunderstandingof thebasicconcepts;thedefi-
nition will beexpandedbelow:

Lexicon: a 4-columntableof thenon-compositionalsignsof a languageandtheir category, constituent,
semantic,andsurfaceproperties.

Spoken languagesdiffer from written languagelexica, in structure,contentanduse(in the following
discussion,a broaderview of spoken languagesystemlexica will be taken thanis usualin the spoken
langugagetechnologies).
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In structure,spoken languagelexica,particularlythoseconstructedfor usein spokenlanguagesystems,
differ from written languagelexica in severalways.Themostimportantway is perhapstheneedto link
lexical entries,via time-stamps,to occurrencesin corpora,whetherfor thetrainingof statisticaldecoder
modelsor for theconstructionof audioconcordances.

In content,spokenlanguagelexica requireinformationof varyingdetailaboutpronunciation,andabout
the useof lexical items in dialoguecontexts and differing pragmaticsituations,as well as statistical
information.

In use,spoken languagelexica have a differentdeploymentspectrumfrom written languagelexica,par-
ticularly in thespokenlanguagetechnologies,asalreadyoutlined.

Relatively few of theworld’s approximately7000languagesarewritten languages,andconstructionof
lexica for purelyspoken,i.e. unwrittenlanguagesis perhapsthemajorsingletaskin descriptive linguis-
tics, A large part of the task is taken up with representingsegmental(phonemic)andsuprasegmental
(prosodic)pronunciationinformation in the lexicon, andwith mappingthis to moredetailedphonetic
representationsof pronunciationin actualutterances.In addition,spoken dialoguecontexts requirethe
differentiationof differentsemanticandpragmaticvocabulary fields for representationin the lexicon.
Evidently, unwrittenlanguagesarenot intrinsically lesscomplex thanwritten languages:they aresup-
portedby complex oral traditionswith orally transmittedlegal andreligioussystems,andsophisticated
orature(oral “literature”).

It is now widely recognisedthatspokenlanguageismultimodalandnotrestrictedto theacoustic-auditory
modality, implying thatspokenlanguagesystemshave to consider“body language”components,includ-
ing the

1. gestural(movementsof head,faceandlimbs),

2. postural(configurationof body),and

3. proximal(interlocutordistance)

componentsof communication,aswell as the morewell-known locutionarycomponents(thoughthe
latter are presumablythe most complex by ordersof magnitude). Until recently, thesecomponents
have beeninvestigatedseparatelyin differentdisciplines,from choreographythroughanthropological
linguisticsto thestudyof thecomplex signlanguagesusedby acousticallyhandicapped.

Indirectconfirmationof thisgeneralisationof thedefinitionof speechfrom theacoustic-auditorymodal-
ity to multimodalcommunicationis providedby thenumerouscontributionsonmultimodalspechin the
recenteventsin theLREC andEUROSPEECHconferenceseries;seealso[8].

The lexical informationrequiredfor multimodalspeechwill thereforebe accommodatedin the model
developedhere.

2.1 A note on spoken languagegenres

Spoken languagelexica for systemusearealmostinvariably scenarioconstrainedcorpuslexica, while
spokenlanguagelexica for directhumanuseareinvariablygenerallanguagelexica. Scenarioconstraints
correspondlargely to thecriteriausedin thetraditionalcharacterisationof registers,genresandsublan-
guages.Therangeof thesespokenlanguageregisters,genresandsublanguagesis wide,andbeyondthe
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scopeof this study; it will be sufficient for presentpurposesto refer to previous traditionalstudiesof
genre,registerandsublanguages,cf. [6].

In thecontextsof thespeechsciences,psychology, andspokenlanguageengineering,themostcommonly
usedgenreof spoken languageis readspeech. In anthropologicalanddescriptive linguistics,aswell as
in ethnolomethodology, conversationanalysisanddiscourseanalysis,spontaneoustypesof dialogueare
focussedon. Increasingly, this is alsothecasefor thespokenlanguagetechnologies,undertheinfluence
of developmentrequirementsof producinginterfacesfor naturalhuman-machineinteraction.

2.2 Basicterminology for spoken languagelexica

Thebasicterminologyusedin this contribution follows andsystematisestheusagein previouswork in
this field, andasfar aspossibleis kept compatiblewith the work of the ISLE ComputationalLexicon
WorkingGroup.

Corpus: aquadruple�������
	���	
�
	����������������
	���	���	���� ����	���!"���#�$���%���%���&�(')��*�!"�����,+ .

Modality: a pair of human output (motor gesture) and input (sensory) channels such as �	-�������(�.!"���/	
���$!0�
����12+ (e.g. speech), � 34�(�(�.���5	-'��76
!��8��	�'9+ (e.g. gesturing, signing),� 3-���8�����:	-'.�;	����
!0�����51 + (with gesturestransducedinto sound, e.g. hand-clapping), �34�(�(�.���5	-'��<��	-�%�.!.'=�>+ (e.g. shoulder-slapping, kissing). In phonetics,speechis alsocommonlyre-
gardedasaspecifickind of �?3-�(�(�.���$�:��	
���$!0�
����1@+ modalityin which thegesturesarerestricted
to thevocaltractandtransducedinto sound.Analogously, orthographyis a �?3-�(�(�.���$�:��6
!.�(��	-'<+
modalityin whichgesturesaretransducedinto storedtraces(inscriptions).

Submodality: An autonomouslyorganisedstreamof intonationwhich modulatesa modality(required
for representingparallelstreamsof informationsuchasprosody).

Corpus data: collectionof (generallydigital) audio/video/sensorsignalrecordingsand/ortranscriptions
of spoken languageutterancesor hardcopy/scansand/ordiscreteelectronicversionsof written
languageinscriptions.

Transcription: a symbolicrepresentationof corpusdata.

Annotation: theenhancementof� a transcriptionby time-stampspointingto boundariesor segmentsin corpusdatarecordings
(labelling); formally, a pair �A'=	-B��('.�C��!0�����8�
	
�D�E+ , where �.!"���(�(��	��D� can be a ����!0���
or an !0���F���56�	-' , the !0���
�8�56�	-' generallybeing representedby a pair of ����!0��� timestamps�;����!0���.G�������!0���.GIHKJL+� written languagecorpusdataby a function mappingdescriptive categoriesinto boundaries
or segmentsin thecorpusdata(tagging,tree-banking).

Corpus lexicon: a setof lexical items(words,idioms) inducedfrom thecorpusby thefollowing func-
tions,� sorting,� removing duplicates,� (optionally)stemming,i.e. removing affixes,
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� (optionally)lemmatising,i.e. extractingstemsaslemmata.

andmappedinto asetof typesof lexical information.

Standard lexicon model: amodelof a lexicon asa tablewith atomiccell entries.

Lexical entry: arow in astandardlexiconmodelrepresentingavectorof lexical informationof different
types(correspondingto thetraditional“lexicon article”).

Lexical data category: acolumnin astandardlexiconmodelrepresentinga typeof lexical information
containedin lexical entries.

Micr ostructure: a vectorof datacategoriescomprisingthetypesof lexical representationrepresented
in lexical entries.

SpokenLanguageReferenceMicr ostructure (ISLE-SLRM) model: a recursively structuredvector
of datacategories(ignoringhousekeepingandentrymetadata):

Standard model:�NMKOQPSRCTUOVRWPCXY�KZ�[7OQX\PC]VPCXCOW^LOQZ4_C[`+
Standard model components:M�OQPSRCTUOVRWPCX is a pair �aTC^bOQXScV_VPCde�V]f^QPWOUMg+ and Z�[7OWXfPC]VPCXVOQ^LOWZ-_C[

is a pair � hiX\^Q[/Z
[;cS�jMkRUPClV^UTVX + . MmRWPClV^CTCX is, in turn, a pair �hn_Cop^WqeZ:OWd�r8s(t.u5v.w Gyx , hn_Cop^QqkZ:OQd�z GI{"|(}�~ +
Additionally, a category for corpusfrequency informationof differenttypes(isolatedfrequency,
frequency in variouscontexts suchasdigrams)is needed.

Thegroupingof datacategoriesis derivedfrom theILEX model[7] andarecloselyrelatedto the
datacategory specificationsof theISLE ComputationalLexiconWorkingGroup,but extendedfor
applicationto spokenandmultimodallexica.

The TV^LOWXScV_VPCd attribute, in a spoken languagelexicon, is very often a statisticalfunction
relatingco-occurringneighboursin a corpus,but it mayalsobea function from the lexicon into
thecorpuswhich effectively definesa (pre-compiledor on-the-fly)concordance.If thecorpusis
purely textual theconcordanceis conventional.However, if thepointersaretime-stampsrelating
to an audioor video signal, the concordanceis a multi-mediaconcordance(audioand/orvideo
concordance)for humanuseor statisticalsystemtraining,

For easeof comparisona full versionof theISLE-SLRM modelis givenasa featurestructurein
Figure1.

Thisschemastandsfor a family of reducedor expandedmicrostructuresin practicalinstantiations
of themodel,which dependon actualrequirementsin specificapplications,andrepresentspecial
casesof theISLE-SLRM referencemodel.

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 �M�OQPSRCTUOVRWPCXY��h�Xf^W[�Z�[�cS�eMkRUPClV^CTCX�+ .

And a descriptive linguistic glossary would be adequately modelled by the pair ����(	
��!"�&3��S�(���$�&	-���i+ , with ���(	
��!0�&3 modelledby a gloss in the descriptionlanguage,and�(���$�&	-��� modelledby aphonemictranscriptionin thesourcelanguage.

A lexicon in a theoreticallinguistic framework, on the otherhand,suchasthe HPSGparadigm,
requiresamuchfuller spellingoutof the M�OQPSRCTUOVRWPCX and hiX\^Q[/Z
[;c attributes.
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����������������������������������������
�

STRUCTURE=

����
� CATEGORY = ...

PARTS= ...

�����
�

INTERPRETATION =

����������������������
�

MEANING = ...

SURFACE=

���������������
�

MODALITY � = ...

... = ...

MODALITY � = ...

... = ...

MODALITY � = ...

� ��������������
�

� ���������������������
�

FREQUENCY = ...

�����������������������������������������
�

Figure1: Groupedrepresentationof microstructurevectorin theISLE-SLRMmodelasanattribute-value
structure. Themodalitiesare ���5�F����3
�:	8�&��1 , �������#����!"� , 34�(�(�.���5	-' , etc. (seetext). ThePARTScorrespond
to theDaughters attributeof HPSG-like grammars.

Macrostructure: anorderingrelationover therows in a lexical relationtableasansearch-orienteddata
structureoptimising operation,suchas an alphabeticsortingby the orthography, a hyponymy-
basedtreerelationinducedover oversensesof lexical entries,asin a thesaurus,

Mesostructure: aclassificationof lexical entries,andanorderingover theseclassesasageneralisation
operation,inducedfrom datacategory valuesof lexical entries,andrepresentedasgrammatical
informationin thefront matterof a lexicon,or asaninheritancehierarchyin a formal lexicon.

Semasiologicallexicon: a lexicon with a macrostructureoptimisedfor searchasa functionfrom stems
to senserepresentations.

Onomasiologicallexicon: alexiconwith amacrostructureoptimisedfor searchasafunctionfrom sense
representationsto surfaceforms.
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3 Typesof lexical information

3.1 Generic lexical information

A genericmodelof syntacticandsemantictypesof lexical informationfor spokenlanguagewill for the
mostpartcorrespondto theISLE CLWG modelfor written language,andthereforeneednot bespelled
out in thissection.

3.2 Spoken languagespecificlexical information

Thefollowing arethemostimportanttypesof lexical informationwhich differ eithergraduallyor cate-
gorically from thetypesof lexical informationincludedin written languagelexica:

1. Pronunciationrepresentationin humanreadablelexica:

(a) non-standardadaptedorthographies,

(b) InternationalPhoneticAlphabet,

(c) Alphabetssimilar to theIPA or encodingtheIPA in typewriter-friendly ASCII codes,e.g.the
SAMPA alphabet[8].

2. Pronunciationrepresentationin machinereadablelexica(thissystematisationgoesbeyondconven-
tionaldescriptionsin thedisciplinesconcernedandmayappearunconventionalin thesecontexts):

(a) Statisticalcharacterisationof componentsof pronunciationsuchasphonemes,diphones,di-
syllablesand larger units by meansof stochasticmodelssuchas HiddenMarkov Models
(HMMs), NeuralNetworks(NNs),BayesianNetworks;

(b) Statisticalcharacterisationof distributionalpropertiesof functionalitemssuchasmorphemes
andwordsby meansof stochasticmodelsof cooccurrencein corpora(digram, � -grammod-
els,regulargrammars(equivalently: finite stateautomata),context-freegrammars).

3. Gesture(ascapturedin currentgesturetranscriptionsystems):

(a) HamNoSys:agesturerepresentationfor signlanguages,

(b) FORM: agesturerepresentationfor automaticgesturerecognition,

(c) CoGest:a linguisticallymotivatedrepresentationof gestureformsandfunctions.

4. Spoken languagespecificunits correspondingto andgeneralisingthe notion of Part of Speech
(POS),particularly

(a) Interjections,

(b) Clitic unit formation,

(c) Functionalunits,

(d) StochasticRegular& CF LanguageModels.
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4 Transcription in corpora and lexica

Theissuesof corpusandlexicontranscription,includingprosodictranscription,weredealtwith in detail
in theSAM andEAGLESI andII projects[9], [8], andneedonly besummarisedhere.

4.1 Transcription in corpus representation

The kind of transcriptionusedin corpusrepresentationsis highly variableanddependenton scenario
constraints.Thefollowing tentative scaleof transcriptionsis proposedfor corpusrepresentations:

1-tier transcription: Minimally, aphonemictranscriptionor anorthographictranscriptionwhichis reg-
ularly relatedto pronunciation.The latter is perhapsthemostwidely usedform of transcription,
both in corporafor spoken languagesystems,aswell asin written languagecorporaif alphabetic
or syllabic orthographiesareused. Logographicorthographiesareunsuitableunlessa function
whichmapstheminto asomepronunciationnotationis provided.

2-tier transcription: Preferably, for minority languagecorporaandespeciallycorporaof endangered
languagedataalignedparallel transcriptionsof forms (minimal transcription)andof functional
categories(e.g.glossesin astandarddescriptionlanguagesuchasEnglish,French,Russian,Span-
ish, ...). This kind of transcriptionis generallyreferredto asan interlinear glossin descriptive
linguistics.

� -tier (multi-tier) transcription: In addition to a 2-tier transcriptionfurther alignedtiers with other
lexically relevant information,suchas:� non-pronunciation-friendly orthographies,� prosodiccategories,� morphosyntacticcategories,� semanticcategories,� pragmaticcategories.

Any or all of the datacategoriesin the ISLE CLWG microstructuredefinition canbe expectedin an
annotationtier, in additionto corpus-specifictiers.

4.2 Transcription in lexical representation

In additionto any orthographicrepresentation,atranscriptionsystemfor theinstantiationof aDataCate-
gory in themicrostructureof alexicon is by definitiona lexical or phonological underlyingtranscription,
not a phonetictranscription,which hasthe function of capturingphoneticdetail of the pronunciation
of soundsin context. For lexical transcription,the following levels areappropriate,dependingon the
typology of the language(no distinctionwill be madeherebetweenprosodicandsuprasegmental, as
distinctionsmadein theliteraturearegenerallyidiosyncraticto aparticularmethodology):

Segmental: Dependingon thedegreeof abstractionin thephoneticandphonologicalanalysisinvolved
in word identification,thefollowing levelsmaybeused:
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1. Morphophonological or phonotypic:phonemevariationin uniquelyidentifiablemorphologi-
calcontextsarenotmarkedbut generatedby rule;e.g.Germanorthographyis morphophone-
mic Mond /mo:nt/ ‘moon’ - Monde/mo:nd� / ‘moons’. For a monolinguallexicon meantfor
native speakers,who have internalisedthesyllabificationandfinal devoicing rules,or com-
putationalmodelswhichhaveexplicit syllabificationandfinal devoicing rules,nodistinction
is necessary,

2. Phonemic:phoneticvariation betweenthe alloophonesof phonemeswithin a word (such
astheapproximantandvocalisedallophonesof /r/ or theaspirationof voicelessplosivesin
English),withoutconsiderationof word-internalmorphologicalinformation,

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

The mesostructureof a spoken languagelexicon (the front matterof a book lexicon, the rules
or inheritancehierarchiesof a formal lexicon) containsgeneralisationsto supplementtheexplicit
informationin lexical entries:

1. Morphophonemicrules for specifyingphonemevariationin morphophonemiccontexts,

2. Allophonicrules for specifyingallophonevariationin phonemiccontexts,

3. Phoneticdetail rulesfor specifyingdialectalandsociolectalvariation,

4. Supralexical rules (traditionallyknown as”postlexical rules” in Generative Phonologyand
its descendants)for specifyingpronunciationvariationin largersyntacticandphonostylistic
contexts.

Suprasegmental(prosodic): In languageswhichhave lexical prosodysuchaswordstressor tone,with
variousdistinctiveandmorphologicalfunctions,provisionmustbemadefor representingthis. The
mainkindsof lexical prosodyarethefollowing:

stress, asin Dutch,English,German;

pitch accent, asin Japanese;

tonal accent, asin Swedish;

registertone, asin very many African languages;

contourtone, asin very many SouthEastAsianlanguages.

The main lexical and morphologicalfunctionsof lexical prosodyare, illustratedwith German
examples(for clarity: stressindicatedby uppercase,standardinitial uppercasecharactersnot
used):

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

inflectional: DOKtor ‘doctor’ - dokTORen‘doctors’

derivational: TElefon‘telephone’(noun)- telefoNIEren ‘telephone’(verb)

compounding: Übersetzen‘crossover’ (verb),überSETZen’ translate’(verb)

Thesefunctionsoccur with all typesof lexical prosodicforms. Furtherrelatively standardised
informationaboutprosodictranscription,with examplesfrom 20 languages,canbefoundin [10].
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4.3 Implementation of transcriptions

4.3.1 Criterial levels

Thefollowing sectionspertainmainly to theimplementationof lexica for humanuse,andnot primarily
to theimplementationof systemlexica,whicharevery product-specific.

In implementingtranscriptionsystems,at leastthefollowing four-way level distinctionis needed:

1. transcriptioncategory (e.g.avoicelessalveolarplosive,ahigh tone),

2. transcriptionid (e.g. the codenumbersin the Esling codingof the IPA, or the SAMPA ASCII
encodingof theInternationalPhoneticAlphabet,cf. [8], or in theUnicodeconventions),

3. transcriptionsymbol(e.g./t/ for avoicelessalveolarplosive phoneme,́ for a high tone),

4. transcriptionfont (e.g.theactualglyphdesignfor particularsymbols)with propertiessuchasserif
or non-serif.

4.3.2 Transcription category

The level of transcriptioncategory is ratherstablefor segmentaltranscriptions,and is detailedin the
Handbookof the InternationalPhoneticAssociation[11] andin practicallyany leadingphoneticstext-
booksuchas[5].

For prosodictranscriptionsthis is not thecase.The IPA providesa setof categoriesfor prosodictran-
scription,but othersetsarein use.

Thevariationis toogreatto bedetailedhere,but severalexamplescanbefoundin [10].

4.3.3 Transcription id

The level of transcriptionid hasnot completelystabilised,astherearea numberof codingsin current
use,asalreadymentioned.It may be supposedthat the Unicodeconventionswill be adoptedassoon
asadequaterenderingenginesfor Unicodebecomeavailable,which is currentlynot thecase.For this
reason,otherencodingsarecommonlyused.

4.3.4 Transcription symbol

At thelevel of symbolchoice,thesituationis rathersimilar, sincethemostsymbolsin currentusehave
beenfixed by the InternationalPhoneticAssociationsincethe late 19th century. Thereis still some
variationin differenttraditions,however, for examplebetween/y/ in oneUS phonetictradition,and/j/
in Europeanphonetictraditions,for a palatalapproximant,Although this distinction is rathertrivial,
neverthelessit canleadto misunderstandings.Consequentlythe recommendationsof the International
PhoneticAssociationarepreferred.

In spoken languagetechnologiesandin generallexicographicpracticeconventionssuchasaccentdia-
critics overwordsfor stressor tones,or capitalisationof stressedsyllables,arefound.
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4.3.5 Transcription fonts

Therearemany fonts available for encodingsegmentalsymbols,from commonorthographicfonts to
specificimplementationsof theIPA symbols.Font implementationsareveryplatform-specific,andeasy
font conversionsarenotpossible.

Simplifying awayfrom anumberof issueswhicharenot immediatelyrelevantfor presentpurposes,there
aretwo basicfont technologieswhich affect theusabilityandinteroperabilityof fonts,word processor
outlinefont technologysuchasTTF, andtheMetafontglyph functiontechnologyusedby TEX systems,
mainlyunderUNIX.

Themostwell-known wordprocessorIPA fontsimplementationsare:

� IPAkiel, basedon theIPA chartasdefinedat theKiel Conventionin 1993.� SIL (SummerSchoolof Linguistics)fonts,of which therearemany, perhapsthemostwell known
beingtheDoulosseries.� Lucida,whichmapsintoUnicode,andwill possiblybethepreferredfont for thispurposewhenfull
Unicoderenderingenginesareavailable(currentword processorshave extensive but still partial
Unicodeimplementations).

For theWYSIWYG orientedfonts,evenwith similar implementations,the functionswhich mapids to
symbolsandtheir glyphs,andwhichmapkeyboardcombinationsto ids andthenceto symbolsandtheir
glyphs)vary greatlyfrom onefont implementationto another.

Themostwell-known implementationsof IPA fontsfor LATEX are:

� WSUIPA from WashingtonStateUniversity,� TIPA from Universityof Tokyo.
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5 Corpus and lexicon annotation

5.1 A definition re-visited

As definedin theglossary, anannotationin thecontext of spokenlanguagecontext is:

Annotation: theenhancementof� a transcriptionby time-stampspointingto boundariesor segmentsin corpusdatarecordings
(labelling); formally, a pair �A'=	-B��('.�C��!0�����8�
	
�D�E+ , where �.!"���(�(��	��D� can be a ����!0���
or an !0���F���56�	-' , the !0���
�8�56�	-' generallybeing representedby a pair of ����!0��� timestamps�;����!0���.G�������!0���.GIHKJL+

Thetheoreticalfoundationsof this conceptof annotationaredueto eventlogic basedphonologies,asin
theEventPhonologyof Bird & Klein, cf. [2]. TheTimeMap theoryof Carson-Berndsen[4] introduced
extensionsto phoneticlevelsandapplicationsto spokenlanguageprocessing,with finite statemodelsfor
theeventlogic theory.

Annotationof spoken languagedatahasbeenextensively dealtwith, alsoin previousEuropeanproject
work,cf. [9] and[8]. Currentlythemostinfluentialapproachis by Bird & Liberman[3], whogeneralised
thenotionof annotationby meansof theconstructAnnotationGraphin orderto encompassknown kinds
of signalandtext annotation.

Strictly speaking,theinclusionrelation

Ob�:	
�#���%��!I���.!.���;�?^Q��� ����	��.!.���
holds,sincemaximally the beginning andendof a transcriptionare informally synchronisedwith the
beginningandendof thespeechsignal,thoughthis is notaveryusefulideaasthesynchronisationis too
fuzzy in generalto be machineprocessable,andin any given casea signalrecordingmay not actually
exist.

5.2 Acquisition of spoken languagelexical information

Work in the spoken languagetechnologies,and modernhyperlexicon applicationssuchas audioand
video concordances,presupposethe availability of carefully annotatedspoken languagedata. Many
tools for automatically, semi-automaticallyandmanuallyannotatingaudiosignaldataareavailable. Of
primary importancearethemanualtools, sincethefinal quality criterion for accuracy (not necessarily
consistency!) of annotationsis thehumanannotator.

Therearemany proprietaryandlocallydevelopedandusedtoolsfor audioannotation,andnotmany atall
for videoannotation.Thesedevelopmentsarenot availablefor standardisation,andhave not developed
into stateof theart freewareor opensourcetools,andconsequently, they will notbeconsideredhere.

Themostwidespreadtoolsfor thispurposearecurrentlythefollowing:

1. Praat,a comprehensive freeware toolset for annotationand experimentationin phoneticsand
speechtechnology, developedsincethe early 1990sat the University of Amsterdamphonetics
laboratoryby PaulBoersmaandDavid Weenink.
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2. esps/waves+(”Xw aves”),aproprietarylibrary andGUI developedby Entropicin Cambridge,UK,
andnotmaintainedor generallyavailablesinceits purchaseby MicrosoftCorp.anumberof years
ago(thoughachangein thispolicy is apparentlyunderdiscussion).

3. TASX, anopensourceworkbenchfor videoandaudioannotationdevelopedby Jan-TorstenMilde
at Universiẗat Bielefeldandimplementedin Java.

Currently the most widely usedaudio tool, in research,development,resourcecreationand teaching
environmentsis Praat.

In comparisonwith lexicon acquisitionwork on written languagecorpora,spoken languagelexicon
acquisitionis relatively impoverished. Although the automaticconstructionof stochasticmodelsfor
speechrecognitionis very highly developed,this is not trueof theanalysisof collocations,vocabulary
fields and relatedactivities characteristicof corpuslinguistics and of natural languageprocessingin
general.

In additionto theseactivities,threeareasof generalisationovercorporaareonthehorizon,representedby
ascatteringof studies,andit maybeexpectedthatthesewill increasein importanceasspokenlanguage
inputandoutputdevicesbecomemorewidely usedandadaptabilityandportabilityrequirementsincrease
in importance:

1. Resourceadaptationin spoken languagetechnology, for examplefor permittinga genericspeech
recognitionor speechsynthesisapplicationto beusedby a wider rangeof users.

2. Annotationgraphcollation by fuzzy operationsover near-simultaneouspoints and overlapping
intervals in time.

3. Syntagmatichierarchyinductionin orderto createphonotactic,morphotacticandphrasalgram-
marsfrom data.

4. Paradigmaticinductionof classhierarchiesover lexical itemsfor usein compactandrobustinher-
itancehierarchies.

Effectively, theseareMachineLearning(ML) applicationswhich aregraduallybeingtransferredfrom
otherareasof languageprocessingto spokenlanguage,andwill notonly make there-usabilityandinter-
operabilityof spokenlanguageresourcesmorefeasiblebut will alsoenableresourcesto berelatedto and
benefitfrom theoreticallinguistics,andvice versa.

Finally, it may be notedthat “lexicon acquisition”in generalrelatesto the instantiationof pre-defined
microstructuresfrom corpusdata. Thenotion may be generalised,however, to theprocessof defining
lexicon microstructuresby meansof generalisationanddisjunctive abbreviation procedures(e.g. for
alternativesin lexical fields).
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6 Formal prerequisitesfor spoken languagelexicon implementation

6.1 Towards a genericlexical model for spoken language

Traditionallexicogaphyis very mucha practicalart,andmany featuresof this art have beentransferred
to computationallexicography.

The concepts of microstructure (especially the ISLE-SLRM model of lexicon microstructure),
macrostructureand mesostructurewere introducedearlier as a basicgenericstartingpoint for defin-
ing awiderangeof varietiesof spokenlanguagelexiconmoreprecisely, andfor integratingthenotionof
spokenlanguagelexiconinto thegenericapproachadoptedby theISLE ComputationalLexiconWorking
Group.

Summarisingthe discussionof previous sections,the structureof the basicreferencelexicon is thusa
triple: �?��!"�%�:�5�(�������%�.���:�$�#�7	-�%�5�:�(�.�5���������$�$�#���(���:�8���5���%�����$�V+
The microstructure,which correspondsto thenotion of lexicon modelin mostprevious computational
lexicographicwork,definesthestructureof thevectorwhichrepresentsspecificlexical entries( qeZ means
”lexical information”and OQqeZ means”type of lexical information”,usuallyexpressedasattribute-value
pairs): ��qeZ%���-� � �m�����-��qeZ%���-� � +
In thisreferencemodel,microstructuresareintendedtobefully inflated,with nodisjunctionsorsubstruc-
turesof thekind to befoundin conventionalalphabeticsemasiologicaldictionaries.Thereasonfor this
is to clarify thefactthatdisjunctionsandtree-structuredlexical entriesimplicitly expressgeneralisations
over moreprimitive structures.

ThegenericISLE-SLRMmodelis mappedonto specificlexicaby meansof thefollowing generalisation
operationswhichdefinemesostructuresandthemacrostructuresof thespecificlexica:

1. A groupingoperationfor local alternativesin pronunciationin spellingdatacategorieswhich are
unrelatedto otherdatacategories(analogousto the groupingof readingsor senses).A simple
exampleis the/a�I�:� - i �:� / pronunciationvariationof Englisheither.

2. A distributeddisjunctionoperation(dueto Krieger& Nerbonne),for examplefor relatinglinked
local alternativesin pronunciationwhich arewhich arelinkedto alternativesin spelling(or other
datacategories), or in specifyingmorphologicalsyncretisms. This operationis usually repre-
sentedin lexicographyby postulatingseparatelemmatawhenthe disjunctionsincludesyntactic
or semanticcategories. However, sinceeachprimitive lexical entry in the ISLE-SLRM modelis
inherentlyseparatefrom all others,lemmagroupingsareby default left over after thegroupings
of alternativesanddistributeddisjunctionoperationshave beenapplied.

3. Abstractionof distributeddisjunctionsinto a typeor default classhierarchy.

4. Definition of macrostructureorderingrelationsover lexical entriesbasedon relationsbetweenthe
fieldsof lexical entries.Macrostructureswhich differ from thebasictablestructurearegenerally
applicationspecific,anddefinedfor optimisationin lexical search,whetherby humanor machine.
Macrostructurestherefore,contrastwith othergeneralisations,which maybesaidto bedeclara-
tive, in thatthey have aprocedural motivation.Examplesof macrostructureorderingsare:
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� Onomasiologicalordering: Tree graph induced over senseterms and representinga
hyponym-hyperonym taxonomyor ameronymy (asin a thesaurus).� Semasiologicalordering:Alphabeticalorderingover theorthographyfield (classically, ”the
dictionary”).� Unnamedordering:Alphabeticalorderingover reversedpronunciationfields (rhyming lex-
ica).� Rankorderingfor definingidiom dictionariesasagainstworddictionariesor morphemedic-
tionaries,etc.� Selectionby sublanguagefield for technicalandtermsandothercollocationallyrestricted
itemsfor specialisedsublangagedictionaries.� Speechrecognitionordering:over representationsof pronunciation.� Speechsynthesisordering(text-to-speech):as semasiologicalordering,except in general
with highly reducedmicrostructures.� Speechsynthesisordering(concept-to-speech): asonomasiologicalordering,but in principle
with no interveningorthographicrepresentation.

In traditionallexicography, macrostructureorderingssuchasthesedefinedifferentspecificbooklexica.
In thecontext of lexical databases,thesemacrostructureorderingrelationsareimplementedasdatabase
views. In hyperlexica, themacrostructuresaredefinedasalternative superimposedhyperlinkstructures.

Any resourcearchive format will needto be at least“virtually” re-constitutableinto the ISLE-SLRM
format in orderto beableto mapthis on to thedifferentmicrostructuresrequiredin speechtechnology
andhumanreadabledictionarypublication.
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7 Conclusionsand prospects

7.1 Integration into multilingual contexts

It hasbeendemonstratedthat by returningto somebasicconceptsthe apparentheterogeneityin spo-
kenlanguagelexicographycanbereducedto a fairly straightforwardmodel,althoughtherealisationof
spoken languagelexica themselvesis anything but simple. TheISLE-SLRM (SpokenLanguageRefer-
enceMicrostructure)model,likegeneralisedmodelsof lexical entriesusedin sometheoreticallinguistic
frameworks, hasthe propertythat notionsof headword andlemmaarenot basic,but the resultof the
applicationof operationsof macrostructureoptimisationandmesostructuralgeneralisation.

Theresultsof procedurefollowedin this contribution arethussimilar in spirit to theresultsoutlinedby
Bell & Bird [1], exceptthat

� they basedtheir studyon anexaminationof 55 printedlexica, whereasthis contribution is based
on variedpracticalexperiencein manufacturingcomplex spokenlanguagelexica,� their abstractdatamodelis morerestricted,andturnsout to bea specialcaseof theISLE-SLRM
model,� they do not systematicallyconsidermacrostructuraloptimisationsor mesostructuralgeneralisa-
tionsof thelexicon (thoughoneof theirmainpointsis thatlexicaareextremelyinhomogeneious).

Therehasbeenno explicit discussionof metadatain relationto the ISLE-SLRM modelbecauseof the
needto clarify requirementsanddesignissuesbeforemoving on to specificmetadataproposalsfor im-
plementingarchivesanddisseminationportals.However, the ISLE-SLRM modelhasbeendesignedin
sucha way asto assistmetadatadesign,andit is proposedthattheISLE-SLRM model,with theassoci-
atedconceptsof macrostructuraloptimisationoperationsandmesostructuralgeneralisationoperationsis
asuitablefoundationfor thedefinitionof lexical metadatafor spokenlanguagelexica.

7.2 Realisationwith XML technologies

The formal characterof an attribute-value structureis commonto linguistic featurestructures,to the
ISLE-SLRM model,andto XML treestructures,facilitatingportability of structuresfrom onemethod-
ology to another.

In the context of spoken languagelexicography, a numberof theoreticalproblemsremainwith XML,
thoughin oneway or anotherthestructuresdiscussedheremayberepresentedin XML. Thefollowing
pointsarerelevant for the generationof the varietiesof macrostructurerequiredfor differentkinds of
spokenlanguagelexicon:

1. XML hasno well-definedformal semanticsbeyondtheassignmentof tree-graphs.

2. For otherabstractdatastructures,ad hocdefinitionsarerequired.

3. A specificexampleof anad hocsolutionto a well-known problemis thecaseof tables(familiar
from theLATEX andHTML tablemodels):if theXML treeis row-based,thereis no well-defined
conceptof column;thecolumnis stipulatedin aninformal semanticsfor thetree.Thesameholds
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vice versa. If it is acceptedthat XML is specifiableby context-free rules, the proof of this is
obvious: a tablehasthestructure	 u B u � u ����� , which is clearlynotcontext-freebut context-sensitive
(in fact,anindexedlanguage).An actualimplementationfor thepurposeof systemusein spoken
languagetechnologies(or browserconstruction)musttake this into consideration.

4. Theissuebecomescorrespondinglymorecomplex with recursive tables.

5. Anotherspecificexampleof adhocsolutions,from thepointof view of thesyntaxof XML, is the
enhancementof XML with pointers. The internalsyntaxof pointersis tree-structured,but their
semanticsis that of variableswith arbitraryvaluesover positionsin documents,which may be
usedto constructstructuresof arbitrarycomplexity.

6. it is unlikely that the transformationsrequiredby spoken languagesystemtechnologieswill be
amenableto theproceduralcomponentsof theXML technologiessuchasXSLT.

Thesepointspertainto theprojectionof the ISLE-SLRM andwill no doubtbe resolved whenan ade-
quatesemanticsfor XML is available. Currentlyit is sufficient to notethemfor futurediscussionand
to illustrate the necessityfor pragmaticstrategiesof operationalisingcomputationallexica for spoken
language.
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