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Abstract
We describea simpleandefficient Jasa objectmodelandapplicationprogrammingnterface(API) for (possiblymulti-modal)annotated
naturallanguagecorpora.Corporaarerepresentedselementdik e SentenceslTurns,UtterancesWords,GestureandMarkables.The
API allows linguiststo accessorporain termsof thesediscourse-ieel elementsij.e. at a conceptualevel they arefamiliar with, with
theflexibility offeredby a generapurposgrrogrammindanguagelt is alsoa contritution to corpusstandardizatioefforts becausét is
basedn a straightforvard andeasilyextensibledatamodelwhich cansene asatargetfor corversionof differentcorpusformats.

1. Intr oduction

A lot of effort is normally put into the developmentof
powerful andexpressie representatioformatsfor natural
languagecorpora. nitiativeslike EAGLES' attemptto de-
veloprecommendationsndguidelinedor corpusencoding
(like CES), with the overall goalof establishingtandards
or quasi-standards fosterreusabilityandexchangeof cor-
poraamongresearchers.

In contrasto this, naturallanguagesorporaexploitation
oftenis highly specializedandimplies developmentover-
headon the partof theresearcherThis is becausehe cor-
pus,evenif it doesconformto somestandarddoesnotnor-
mally offer adefinedsetof methodgo accesdts contentsn
atask-independentay. Theresultis thatin mary research
projectssoftwareis createdfrom scratch,usedoncefor a
particularcorpusprocessindgask,andis thendiscarded.

Oneway to maximizereusabilitynot only of corpora,
but alsoof the softwarecomponentprocessinghem,is the
definition and implementationof programminginterfaces
to complemenstandardizatiorefforts of naturallanguage
corpusrepresentation.

Theremainderof this paperis structuredasfollows. In
section2., we arguein favor of standardizationn natural
languagecorporaaccessnethodsWe then(section3.) out-
line two existing approacheso this problem. Section4.
describesour own approachthe MMAX DiscourseAPI,
which is focussedon discourse-leel phenomena.n sec-
tion 5. we briefly sketcha selectionof possibleandactual
usecases.

2. The Needfor Standardsin Corpus Access

In the field of corpusencoding,it is commonpractice
to distinguishbetweerthe logical andthe physicallevel of
representation.

e Thelogicallevel definesanabstractlatamodelwhich
describes corpusandits annotatiorin termsof con-
ceptualelementstheir attributesand possiblevalues,
andtheirrelationsto eachother(lde andBrew, 2000).

Yhttp:/mwwilc. pi.cnritt EAGLES/home.htm
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e The physicallevel implementsthe logical level data
modelin a way which allows its elementgo be ma-
nipulatedcomputationallyandto bestoredin andread
from files.

For the latter task, XML is mostoften usednowadays. It
allows the modelling of arbitrary elementswith arbitrary
relations,andthussupportghe straightforvard mappingof
elementof thedatamodelto elementof thephysicallevel
(i.,e. XML tags). The XML-related technologiesXLink
andXPointersupport’stand-of annotation?, a formalism
which hasemegedasa quasi-standartbr themodellingof
(possiblyoverlapping)relationsbetweenXML elements.

While the useof XML makesdifferentlanguagecor-
pora similar on a technicallevel, they are obviously not
compatiblewith oneanotherunlessthereis agreemenbn
thelogicallevel aswell. Requirecagreemenivouldinclude
basicissuedike

¢ thegranularityof the model,i.e. whatthe smallestn-
dependenthaccessibleorpuselementshouldbe (e.g.
phonesmorphemesywords,discourseentities,or oth-
erwiseunspecifiedimed units),or

e the internal principle of organizationof the model,
i.e. which higherlevel elementsaareusedto imposea
structureon the basicelementge.g. sentencedurns,
dialoguemoves,or justtime spans).

Corpusstandardizatiomitiativeslike EAGLESattempt
to provide answergto thesequestions. One of the major
principlesbehindtheir work is theory-independencef the
model,becausét facilitatesexploitationfor asmary differ-
entusesaspossible. The problemwith mary standardized
naturallanguagecorporaasthey areusednowadaysis that
standardizatiorendsas soonas their exploitation begins.
To alarge extent,thisis dueto the highly specializedasks
thatcorporaareusedfor: In the areaof discourseprocess-
ing, e.g.,automatiaialogue-actagginghasentirelydiffer-
entrequirementshananaphoraesolutionandaccordingly

3Introducedas "remote markup” by (Ide and Priest-Dorman,
1996).



different operationshave to be performedon the corpus.
Thus,whatis commonto all but the mostsimpletasksis

thatthey requirecomputationatorpusprocessingf some
kind. For mary corporatherearetoolsfor queryingandex-

tractinginformation(e.g. TIGERSeath* for treebankdik e
thePennTreebankthe Susann&orpus,andthe Negracor-

pus,tgrep, or TTT, the Text TokenizationTool°), but these
areoftenvery specializedlf moreflexibility is neededlin-

guistseitherhave to fall backon genericXML or SGML

processingools, or they have to implementthe required
parsingcapabilitiesthemseles from scratch. The MUC-

7 event, for which textual datawas distributed as a set of

SGML files, is arelevantexampleof how this wasdonein

the recentpast. This way of naturallanguagecorpusex-

ploitationhasseveralshortcomings:

e Linguists have to deal with technicalintricacies of
mark-uplanguagesnsteadof beingallowedto focus
onthedataatthe conceptualevel.

e Rapid-prototypingapproachedo corpus processing
are not encourageecauseof pre-processingver
head.

e Algorithms (e.g. for anaphoraresolution) imple-
mentedfor usewith certaincorporacannoteasilybe
appliedto othercorporabecausehey probablyaccess
thedatain anon-standaravay. This complicategheir
re-useandin particulartheir evaluation.

3. CorpusAccessvia APIs

One way to avoid the disadwantagesdescribedabove
is to extendnaturallanguagecorpusstandardizationo in-
cludethe definition of standardcorpusaccessmethodsas
well. Likethemodelthey operateon,thesemethodsshould
be theory-independertind imposeas little constraintsas
possiblein termsof theapplicationghatcanbecreatedvith
them. At the sametime, technicalitiesof the physicallevel
shouldbe hiddenfrom theuser

Corpusaccessnethodscanbe definedin termsof ap-
plication programmingnterfaces(APIs) to corpora.On a
logicallevel, theseformally describe

e the namesand propertiesof the objectsin terms of
whichthe corpusis represented,

e thenamef procedureshatcanbeappliedto them,

¢ theinput parametershat a particularproceduremay
require,and

o theresultof theprocedurewhich maybee.g.astring
oranumber but alsoanobjectof atypedefinedin the
model.

In orderfor an API to be practicallyapplicableto existing
corpora,t hasto beimplementedor a particularprogram-
ming languagelike e.g. Java, C/C++, Tcl, or Perl. It is
thislanguagehatuserscanthenwrite their corpusprocess-
ing applicationgn. Obviously, the choiceof programming

languageshouldrestrictaslittle aspossiblethe type of ap-
plication that can be createdwith it. It hasto be noted,
however, thatthereis somekind of trade-of betweenthe
power andflexibility of the programminganguageon the
onehandandthe demandst makeson theuserin termsof
programmingskills andexperienceontheother As thefol-
lowing brief discussiorof someexistingapproacheshaws,
this trade-of appeargo be commonlyresohedin favor of
greatempower andflexibility .

3.1. GATE

GATE (General Architecture for Text Engineering)
is the result of researchconductedat the University of
Shefield (Cunninghanet al., 1996). It consistsof, among
other things, a numberof Java applicationsfor perform-
ing recurrentasksin naturallanguageprocessinglike e.qg.
tokenization,sentencéoundarydetection,and nameden-
tity recognition,andthe GATE DocumentManagera data
infrastructurethroughwhich theseapplicationscommuni-
cate. In GATE 1, this infrastructureis basedon an im-
plementationof the TIPSTER documentmodel. In this
model, documentsand their annotationsare represented
by associatingattributes with spansof charactersn the
text, with the spandeingidentifiedby characteoffsetand
length. While this formalismis sufficiently powerful to
model corventionaldocumentsjt doesnot appearto be
extensibleto cover non-hierarchicalkstructureslike over
lappingin dialogues. The main reasonfor this is thatthe
TIPSTER model was primarily designedfor information
retrieval andextractiontasksin atext-only domain.lt isin-
terestingo notethatin the currentversion(GATE 2) (Cun-
ningham,2000)the original datamodelhasbeenmodified
in orderto complywith "AnnotationGraphs”amuchmore
flexible formalism also underlyingthe ATLAS approach
(cf. section3.2.). Thefield of applicationof GATE, how-
ever, appearso berestrictedo uni-modalandnon-dialogue
domains.

3.2. ATLAS

ATLAS (Architectureand Tools for Linguistic Analy-
sisSystems)is ajoint effort of NIST, LDC andMITRE. It
comprisesamongotherthings,a datamodelfor language
corporaandan API to accesghesecorporafrom program-
ming languagedik e Java or C++. The datamodelis based
onthenotionof "Annotation Graphs”(Bird andLiberman,
1999). Within this framework, corporaandtheir annota-
tions arerepresenteds a set of labelledarcsconnecting
nodeson acommontimeline. Eacharcis associatedvith a
particulartype(likee.g.phoneword,dialogueactetc.)and
a setof arbitraryattribute-value pairs. Embeddedr over
lapping phenomenan differentlevels canbe represented
in an elegantand straightforvard way by arcsof different
typeswhich may sharenone, one or both of their nodes.
Annotationgraphsare readfrom and written to files in a
specialXML-basedATLAS Interchangd-ormat(AIF).

The ATLAS Java API offersaccesdo acorpusin terms
of elementdik e Annotation Region, Content Anchor, and

Shttp://gate.ac.uk
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Signal® Thesearegeneralisationsf arcsandnodeswhich
have beenadoptedo be ableto cover datawith morethan
onedimensionalitylike e.g.video (Bird etal., 2000).

The ATLAS approacthasseveral strengths:Sinceit is
sogeneral,it is very powerful andcanbe usedto modela
wide variety of phenomenaslong asthesecanbe mapped
to sequentiallyalignedelementsvhich have atemporalex-
tension. Moreover, graphsand graphtraversalare mathe-
maticallywell-understoodotionsfor which efficientalgo-
rithmsexist. Therefore ATLAS is certainlygoingto estab-
lish itself asa usefuland widespreadstandardor natural
languagdincludingmulti-modal)corpora.

On the otherhand,the expressve power of ATLAS is
basedn ahighlevel of detailin thedatamodel. Thiscom-
plicatesaccesgo higherlevel elementsvia the API. What
is more, the elementsin termsof which this accesdakes
placeareratherabstractandnot of the kind that a linguist
is familiar with. It could thusturn out that technicalin-
tricaciesof representatiotanguagesfrom which the API
abstractsarereplacedoy intricacieson anotherevel.

4. The MMAX DiscourseAPI

The MMAX DiscourseAPI is an approachtowards
the developmentof reusablesoftware componentdor dis-
courseprocessingasks. It is centeredarounda Java Dis-
courseobjectbuilding on a simplediscoursemodelwhich
hasoriginally beendevelopedasthe basisfor the MMAX
annotationtool!®. The logical level discoursemodel is
physicallyimplementedn XML. Figurel shavsthestruc-
ture of a small fragmentof a sampledialoguewhich has
beencorvertedfrom the SwitchboardcSWBD-DAMSL cor-
pus-,

4.1. Logical Level

The discoursemodel canrepresentwo basictypesof
corpora: textual and (possiblymulti-modal) dialoguecor-
pora.Dependingnthetype,differentstructural pragmatic
andbaselevel elementsaremodelled. Apart from a setof
systemattributes(someof which will be mentionedn the
following), eachof theseelementscan be associatedvith
a setof arbitrary attribute-value pairs. Theseare mapped
from the XML files from which a particularinstanceof a
Discouiseobjectis created.

Structural level The structureof texts is describedin
termsof text elementsyhich containanumberof sentence
elements.

Accordingly, dialoguestructureis describedn termsof
a dialogue elementcontaininga numberof turn elements.
Systemattributesof turn elementsncludee.g. a spealer
attribute (A andB in turns7-10in the dialoguein figure 1).

Pragmatic level On the pragmaticlevel, both texts and
dialoguescan optionally be sggmentedinto utterances
which can, but do not have to correspondo elementson
the structurallevel. For dialogues,in particular this al-
lows for the representationf discontinuousitterancese-
sulting from spealersinterruptingeachotheror speaking

Shttp://www nist.gor/speech/atlas/delop/core.html
Downloadat http://www.eml.og/nlp
http://vww.colorado.edu/ling/jurafskws97/datainde html

at the sametime (cf. e.g. utterancel3 and 15 in figure
1). Amongothersutteranceobjectscontaina dialogue act
attribute (e.g.aa, qyin figure 1)*2.

Baseelementlevel The modelat this time supportsup

to threebaselevel elementsorrespondindo threediffer-

entmodalities:word, gestue, andkeyaction the latter be-
ingintendedo capturehuman-machinateraction(lik ethe
pressingof buttons)througha GUI or on a remotecon-
trol. For text corpora,only word elementsare permitted,
whereaglialoguecorporamaybemulti-modal.In thatcase,
thebasdevel elementssystemattributesstarttimeandend-
timemustbe specifiedn orderto assurecorrectchronolog-
ical orderingof elementsacrosanodalities.

Annotations Finally, corpusannotationsarerepresented
in terms of markable elementswhich specify (single or
sequence®f) baselevel elementsand associatean arbi-
trary setof attribute-valuepairswith them. A generictype
attribute can be usedto distinguishdifferent classe¥ of
markables.Relationsbetweenmarkablesare modelledby
two attributes: a memberattribute, which describesun-
orderedsetsof markables,and a pointer attribute which
statesan orderedrelationbetweenwo markables.The se-
manticsassociatedvith eachrelationis not pre-definedby
thediscoursemodelitself. Insteadjt is suppliedby the an-
notationschemeusedin the productionof the annotation
andcanbe differentfor differentannotationsput alsofor
differenttypes of markableswithin the sameannotation.
Thoughsimple,the two relationsare sufficiently powerful
to expressa numberof relevant concepts:E.g., if a par
ticular annotationschemeusesmarkablesto identify dis-
courseentities, setsof markableswith identical valuesin
their memberattributescan be interpretedas equivalence
classesthusallowing themodellingof coreferenceandthe
pointer attribute canbe usedto identify adiscourseentity’s
direct antecedentithin sucha class(Muller and Strube,
2001). If, onthe otherhand,markablesepresensyntactic
phraseshierarchicalreestructurecanbe modelledusing
pointers from child to parentconstituents.

4.2. API Level

The MMAX DiscourseAPI mapsthe elementsof the
logical level to Java classesand definesa setof basicop-
erationsto be performedon them. The entirediscoursds
wrappedn aJava Discouiseobjectwhich senesasthesin-
gle entry point to the corpusandits annotation. The Dis-
courseobjectitself is createdrom a setof XML filesby a
DiscouiseLoaderclasswhich parseshefiles andresoles
referencebetweerelementn differentlevels. Theresult
is a tree-like structure(cf. figure 2) which can be navi-
gatedby accessingelementson a particularlevel andre-
trieving their "child” elementswhich canthenbe usedas
entrypointsto their"child” elementsaswell.

The syntax and semanticsof the methodswhich im-
plementthesenavigation operationsconformto the stan-
dardobject-orientedvay. Example:getTurnCount() when

2http:/ivww.colorado.edu/ling/jurafskmanual.augustl.html

130ur annotationtool MMAX, e.g., usesthe type attribute to
implementuserdefinableconstraintson permitted markableat-
tributesandpossiblevalues.



turn_7:A okay utt 12:aa
\ utt_13:qy
turn_8:B utt_14:b
@ ut_15:sd
turn_9:A Edoes usuaIIy @make recording
N
turn_10:B w Wdont Nremember §
| e | ] ) o R
INyUHHgyngu
ﬁbut tﬁf@ might [ not H—utt_l?:sd

turn_7:A  turn_8B
!

1 P

markable_l. type=anaphor
np_form=pronominal

Markables

Figure?2: Discourse'tree” representationf afragmentof the SwitchboardSWBD-DAMSL corpus

called on the Discouise object in figure 2, returnsthe
numberof Turn elementscontainedin the discourse(i.e.,
four, in this fragment). This numbercan be usedto it-
eratethroughall Turn objectsin the discourseusingget-
Turn(position) For position=3, this methodwould thus
returnturn_9 (the third in the fragment). Sinceeachturn
retrieved in this way is itself a Java object of type Turn,
processingon this level can continuein the sameman-
ner: getElementCount(Wwhencalledonturn_9, returnsthe
numberof baselevel elementsthis turn consistsof (i.e.
eight). The methodgetElement(position)finally, returns
theelementatthespecifiedpositionasa Java objectof type
Wbrd, Gestug, or Keyaction Thus,getElement(2)eturns
the word "it".  The baselevel elementrepresentinghis
word is at the sametime annotatedas being a Markable
with one userdefined(np_-form) and one systemattribute

(typs.

On eachlevel in the entire Discouise object, user
definedaswell assystemattributescanbe accessedising
agenericgetAttribute\alue(attribute name)method:getAt-
tribute\alue("'np_form”), e.g.,whencalledon markablel,
returns”pronominal”. In addition to vertical navigation
throughthe discourse horizontal navigation betweenele-

mentson the samelevel (e.g. from oneword in a turn or
sentenceo the next), is supportedn the sameway.

Apart from turn- and sentence-basedccessthe dis-
coursecanalsobetraversedn termsof its pragmaticcom-
position, i.e. basedon its segmentationinto utterances.
Sinceonesstepin the creationof a Discourse objectis the
mappingof elementdrom the structuralandthe pragmatic
level onto eachother it is possibleat every stageto ac-
cesscorrespondinglementson the otherlevel. Example:
getTurns(), whencalledon utterancel 3in theabove exam-
ple, returnsthe setof Turn objects(i.e. turn_7 andturn_9)
thatit is mappedo. Mappingof elementf the structural
and the pragmaticlevel is doneby virtue of sharedbase
level elements:Eachbaselevel elementcanbe part of at
mostonepragmaticand onestructuralelementwhich can
beretrieved by getUtterance()andgetTurn() resp. getSen-
tence()

In addition,the API supportsa setof basicmethodsor
procedure$ik e determiningheformalrelationbetweerel-
ementde.g.,embeddingr overlapof markables)filtering
elementon particularattribute values andthelik e.



5. SampleUseCases

Although still in an early stageof development,the
MMAX DiscourseAPI hasalreadybeenappliedto a num-
berof discourseprocessindasks(in awider sense) These
include

¢ implementatiorof anumberof referenceesolutional-
gorithms,

e generatiorof trainingandtestdatafor machineearn-
ing for coreferenceesolutionfrom annotateaorpora,

e implementatiorof the coreferenceesolutionevalua-
tion algorithmaccordingo (Vilain etal., 1995),

e generatiorof trainingandtestdatafor machineearn-
ing from an annotateccorpusof multi-modalhuman-
computetinteractionwithin the EMBASSI project?,

e generationof training data for an HMM-based di-
alogue act tagger from a corverted Switchboard
SWBD-DAMSL corpus.

Despitethe relatively low level of detail (as comparedo
e.g.the ATLAS approach)the modeland APl provedsuf-
ficientfor eachof theseasks.In fact,it hadapositive effect
in mary casedecause¢he Jasa codethatneededo bewrit-
ten was more self-explanatorythanit would have beenif
theapplicationhadaccessethecorpususinggenericXML
processingnethods. The simplicity of the datamodelis
alsoanadwantagevhenit comego corvertingcorporafrom
differentformats. While the availability of our annotation
tool, which producesannotationsn the requiredformat, is
certainlyamajoradvantageyve believethatour model,due
to its generality is equallyapplicableasthe target format
for corversionfrom other formats. Thus, the volume of
availablecorporacaneasilybe extendedoy writing corver
sion programswhich, oncewritten, canbe appliedto ary
numberof availablecorporain the particularformat. Con-
versionfrom otherformatsis supportedn particularby the
factthatour modelis openin the sensehatarbitrarydata
from the sourcecorpus(e.g. POStags,but also syntactic
markup)canbe storedas XML attributeson the appropri-
atelevel (i.e. theword element,or a markableelementof
type”constituent”,in which casethemarkablespointerat-
tribute canbe usedto relateit to its parentelement) andis
mappedo the respectre Java objectin the Discourse ob-
ject.

6. Conclusionsand Futur e Work

This paperdescribeda simple Java object model and
API for the representatiorand discourse-leel processing
of annotatedtorpora.Both themodelandthe API work in
termsof straightforvardconceptshatlinguistsarefamiliar
with. We outlinedthestructureof themodelandthewayin
which the APl makesit accessibldrom Java. Apart from
continuinguseof the API asoutlinedin section5., future
work on the topic will includethe following: We will de-
fine andimplementmore higherlevel elementswvhich are
derived from the simple basicelementssupportedso far.

Yhttp://www.embassi.de

The suitability of our model asthe target format for cor-
puscorversionwill befurthertestedoy developingcorver
siontoolsfrom additionalformats.Finally, we will investi-
gatewaysto addmethodsnot only for elementaccessbut
alsofor elementreation which would allow the discourse
modelandAPI to be usedasthe basisfor the development
of annotatiortools.
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