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Abstract
WedescribeasimpleandefficientJava objectmodelandapplicationprogramminginterface(API) for (possiblymulti-modal)annotated
naturallanguagecorpora.Corporaarerepresentedaselementslike Sentences,Turns,Utterances,Words,GesturesandMarkables.The
API allows linguiststo accesscorporain termsof thesediscourse-level elements,i.e. at a conceptuallevel they arefamiliar with, with
theflexibility offeredby ageneralpurposeprogramminglanguage.It is alsoacontribution to corpusstandardizationeffortsbecauseit is
basedon a straightforwardandeasilyextensibledatamodelwhichcanserve asa targetfor conversionof differentcorpusformats.

1. Intr oduction
A lot of effort is normallyput into the developmentof

powerful andexpressive representationformatsfor natural
languagecorpora.Initiativeslike EAGLES1 attemptto de-
veloprecommendationsandguidelinesfor corpusencoding
(like CES2), with theoverall goalof establishingstandards
or quasi-standardsto fosterreusabilityandexchangeof cor-
poraamongresearchers.

In contrastto this,naturallanguagecorporaexploitation
often is highly specializedandimplies developmentover-
headon thepartof theresearcher. This is becausethecor-
pus,evenif it doesconformto somestandard,doesnotnor-
mally offeradefinedsetof methodsto accessits contentsin
a task-independentway. Theresultis thatin many research
projectssoftware is createdfrom scratch,usedoncefor a
particularcorpusprocessingtask,andis thendiscarded.

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

Theremainderof this paperis structuredasfollows. In
section2., we arguein favor of standardizationin natural
languagecorporaaccessmethods.Wethen(section3.)out-
line two existing approachesto this problem. Section4.
describesour own approach,the MMAX DiscourseAPI,
which is focussedon discourse-level phenomena.In sec-
tion 5. we briefly sketcha selectionof possibleandactual
usecases.

2. The Needfor Standardsin Corpus Access
In the field of corpusencoding,it is commonpractice

to distinguishbetweenthelogical andthephysicallevel of
representation.�

Thelogical level definesanabstractdatamodelwhich
describesa corpusandits annotationin termsof con-
ceptualelements,their attributesandpossiblevalues,
andtheir relationsto eachother(IdeandBrew, 2000).

1http://www.ilc.pi.cnr.it/EAGLES/home.html
2http://www.cs.vassar.edu/CES

�
The physicallevel implementsthe logical level data
model in a way which allows its elementsto be ma-
nipulatedcomputationallyandto bestoredin andread
from files.

For the latter task,XML is mostoften usednowadays. It
allows the modelling of arbitrary elementswith arbitrary
relations,andthussupportsthestraightforwardmappingof
elementsof thedatamodelto elementsof thephysicallevel
(i.e. XML tags). The XML-related technologiesXLink
andXPointersupport”stand-off annotation”3, a formalism
whichhasemergedasaquasi-standardfor themodellingof
(possiblyoverlapping)relationsbetweenXML elements.

While the useof XML makesdifferent languagecor-
pora similar on a technicallevel, they are obviously not
compatiblewith oneanotherunlessthereis agreementon
thelogicallevelaswell. Requiredagreementwouldinclude
basicissueslike�

thegranularityof themodel,i.e. whatthesmallestin-
dependentlyaccessiblecorpuselementshouldbe(e.g.
phones,morphemes,words,discourseentities,or oth-
erwiseunspecifiedtimedunits),or�
the internal principle of organizationof the model,
i.e. which higher-level elementsareusedto imposea
structureon thebasicelements(e.g. sentences,turns,
dialoguemoves,or just timespans).

CorpusstandardizationinitiativeslikeEAGLESattempt
to provide answersto thesequestions. One of the major
principlesbehindtheir work is theory-independenceof the
model,becauseit facilitatesexploitationfor asmany differ-
entusesaspossible.Theproblemwith many standardized
naturallanguagecorporaasthey areusednowadaysis that
standardizationendsas soonas their exploitation begins.
To a largeextent,this is dueto thehighly specializedtasks
thatcorporaareusedfor: In theareaof discourseprocess-
ing,e.g.,automaticdialogue-acttagginghasentirelydiffer-
entrequirementsthananaphoraresolution,andaccordingly

3Introducedas”remotemarkup” by (Ide andPriest-Dorman,
1996).



different operationshave to be performedon the corpus.
Thus,what is commonto all but the mostsimpletasksis
that they requirecomputationalcorpusprocessingof some
kind. For many corporatherearetoolsfor queryingandex-
tractinginformation(e.g.TIGERSearch4 for treebankslike
thePennTreebank,theSusannecorpus,andtheNegracor-
pus,tgrep, or TTT, theText TokenizationTool5), but these
areoftenveryspecialized.If moreflexibility is needed,lin-
guistseitherhave to fall backon genericXML or SGML
processingtools, or they have to implementthe required
parsingcapabilitiesthemselves from scratch. The MUC-
7 event, for which textual datawasdistributedasa setof
SGML files, is a relevantexampleof how this wasdonein
the recentpast. This way of naturallanguagecorpusex-
ploitationhasseveralshortcomings:�

Linguists have to deal with technical intricaciesof
mark-uplanguagesinsteadof beingallowed to focus
on thedataat theconceptuallevel.�
Rapid-prototypingapproachesto corpus processing
are not encouragedbecauseof pre-processingover-
head.�
Algorithms (e.g. for anaphoraresolution) imple-
mentedfor usewith certaincorporacannoteasilybe
appliedto othercorporabecausethey probablyaccess
thedatain anon-standardway. Thiscomplicatestheir
re-useandin particulartheir evaluation.

3. CorpusAccessvia APIs
One way to avoid the disadvantagesdescribedabove

is to extendnaturallanguagecorpusstandardizationto in-
cludethe definition of standardcorpusaccessmethodsas
well. Likethemodelthey operateon,thesemethodsshould
be theory-independentand imposeas little constraintsas
possiblein termsof theapplicationsthatcanbecreatedwith
them.At thesametime, technicalitiesof thephysicallevel
shouldbehiddenfrom theuser.

Corpusaccessmethodscanbe definedin termsof ap-
plicationprogramminginterfaces(APIs) to corpora.On a
logical level, theseformally describe�

the namesand propertiesof the objectsin termsof
which thecorpusis represented,�
thenamesof proceduresthatcanbeappliedto them,�
the input parametersthat a particularproceduremay
require,and�
theresultof theprocedure,which maybee.g.a string
or anumber, but alsoanobjectof a typedefinedin the
model.

In orderfor anAPI to bepracticallyapplicableto existing
corpora,it hasto beimplementedfor a particularprogram-
ming languagelike e.g. Java, C/C++, Tcl, or Perl. It is
this languagethatuserscanthenwrite theircorpusprocess-
ing applicationsin. Obviously, thechoiceof programming

4http://www.ims.uni-stuttgart.de/projekte/TIGER/TIGERSearch
5http://www.ltg.ed.ac.uk/software/ttt

languageshouldrestrictaslittle aspossiblethetypeof ap-
plication that can be createdwith it. It hasto be noted,
however, that thereis somekind of trade-off betweenthe
power andflexibility of the programminglanguageon the
onehandandthedemandsit makeson theuserin termsof
programmingskills andexperienceontheother. As thefol-
lowingbrief discussionof someexistingapproachesshows,
this trade-off appearsto becommonlyresolvedin favor of
greaterpowerandflexibility .

3.1. GATE
GATE (GeneralArchitecture for Text Engineering)6

is the result of researchconductedat the University of
Sheffield (Cunninghamet al., 1996). It consistsof, among
other things, a numberof Java applicationsfor perform-
ing recurrenttasksin naturallanguageprocessing,like e.g.
tokenization,sentenceboundarydetection,andnameden-
tity recognition,andtheGATE DocumentManager, a data
infrastructurethroughwhich theseapplicationscommuni-
cate. In GATE 1, this infrastructureis basedon an im-
plementationof the TIPSTER7 documentmodel. In this
model, documentsand their annotationsare represented
by associatingattributes with spansof charactersin the
text, with thespansbeingidentifiedby characteroffsetand
length. While this formalism is sufficiently powerful to
model conventionaldocuments,it doesnot appearto be
extensibleto cover non-hierarchicalstructureslike over-
lappingin dialogues.The main reasonfor this is that the
TIPSTERmodel was primarily designedfor information
retrieval andextractiontasksin a text-only domain.It is in-
terestingto notethatin thecurrentversion(GATE 2) (Cun-
ningham,2000)theoriginal datamodelhasbeenmodified
in orderto complywith ”AnnotationGraphs”,amuchmore
flexible formalism also underlying the ATLAS approach
(cf. section3.2.). Thefield of applicationof GATE, how-
ever, appearsto berestrictedto uni-modalandnon-dialogue
domains.

3.2. ATLAS
ATLAS (ArchitectureandTools for Linguistic Analy-

sisSystems)8 is a joint effort of NIST, LDC andMITRE. It
comprises,amongotherthings,a datamodelfor language
corporaandanAPI to accessthesecorporafrom program-
ming languageslike Java or C++. Thedatamodelis based
on thenotionof ”AnnotationGraphs”(Bird andLiberman,
1999). Within this framework, corporaand their annota-
tions are representedas a set of labelledarcsconnecting
nodeson acommontimeline.Eacharcis associatedwith a
particulartype(likee.g.phone,word,dialogueactetc.)and
a setof arbitraryattribute-valuepairs. Embeddedor over-
lappingphenomenaon different levels canbe represented
in an elegantandstraightforwardway by arcsof different
typeswhich may sharenone,one or both of their nodes.
Annotationgraphsare readfrom andwritten to files in a
specialXML-basedATLAS InterchangeFormat(AIF).

TheATLAS JavaAPI offersaccessto acorpusin terms
of elementslike Annotation, Region, Content, Anchor, and

6http://gate.ac.uk
7http://www.itl.nist.gov/iad/894.02/relatedprojects/tipster
8http://www.nist.gov/speech/atlas



Signal.9 Thesearegeneralisationsof arcsandnodes,which
have beenadoptedto beableto cover datawith morethan
onedimensionality, likee.g.video(Bird et al., 2000).

TheATLAS approachhasseveralstrengths:Sinceit is
sogeneral,it is very powerful andcanbeusedto modela
widevarietyof phenomenaaslongasthesecanbemapped
to sequentiallyalignedelementswhichhavea temporalex-
tension. Moreover, graphsandgraphtraversalaremathe-
maticallywell-understoodnotionsfor which efficientalgo-
rithmsexist. Therefore,ATLAS is certainlygoingto estab-
lish itself asa usefulandwidespreadstandardfor natural
language(includingmulti-modal)corpora.

On the otherhand,the expressive power of ATLAS is
basedonahigh level of detailin thedatamodel.Thiscom-
plicatesaccessto higher-level elementsvia the API. What
is more, the elementsin termsof which this accesstakes
placeareratherabstractandnot of the kind thata linguist
is familiar with. It could thus turn out that technicalin-
tricaciesof representationlanguages,from which the API
abstracts,arereplacedby intricacieson anotherlevel.

4. The MMAX DiscourseAPI
The MMAX DiscourseAPI is an approachtowards

thedevelopmentof reusablesoftwarecomponentsfor dis-
courseprocessingtasks. It is centeredarounda Java Dis-
courseobjectbuilding on a simplediscoursemodelwhich
hasoriginally beendevelopedasthebasisfor theMMAX
annotationtool10. The logical level discoursemodel is
physicallyimplementedin XML. Figure1 showsthestruc-
ture of a small fragmentof a sampledialoguewhich has
beenconvertedfrom theSwitchboardSWBD-DAMSL cor-
pus11.

4.1. Logical Level

The discoursemodelcanrepresenttwo basictypesof
corpora: textual and(possiblymulti-modal)dialoguecor-
pora.Dependingonthetype,differentstructural,pragmatic
andbaselevel elementsaremodelled.Apart from a setof
systemattributes(someof which will bementionedin the
following), eachof theseelementscanbe associatedwith
a setof arbitraryattribute-valuepairs. Thesearemapped
from the XML files from which a particularinstanceof a
Discourseobjectis created.

Structural level The structureof texts is describedin
termsof text elements,whichcontainanumberof sentence
elements.

Accordingly, dialoguestructureis describedin termsof
a dialogueelementcontaininga numberof turn elements.
Systemattributesof turn elementsincludee.g. a speaker
attribute(A andB in turns7-10in thedialoguein figure1).

Pragmatic level On the pragmaticlevel, both texts and
dialoguescan optionally be segmentedinto utterances,
which can,but do not have to correspondto elementson
the structurallevel. For dialogues,in particular, this al-
lows for the representationof discontinuousutterancesre-
sulting from speakers interruptingeachotheror speaking

9http://www.nist.gov/speech/atlas/develop/core.html
10Downloadat http://www.eml.org/nlp
11http://www.colorado.edu/ling/jurafsky/ws97/dataindex.html

at the sametime (cf. e.g. utterance13 and 15 in figure
1). Amongothers,utteranceobjectscontainadialogueact
attribute(e.g.aa, qy in figure1)12.

Baseelement level The model at this time supportsup
to threebaselevel elementscorrespondingto threediffer-
entmodalities:word, gesture, andkeyaction, the latterbe-
ing intendedto capturehuman-machineinteraction(likethe
pressingof buttons) througha GUI or on a remotecon-
trol. For text corpora,only word elementsarepermitted,
whereasdialoguecorporamaybemulti-modal.In thatcase,
thebaselevelelements’systemattributesstarttimeandend-
timemustbespecifiedin orderto assurecorrectchronolog-
ical orderingof elementsacrossmodalities.

Annotations Finally, corpusannotationsarerepresented
in terms of markableelementswhich specify (single or
sequencesof) baselevel elementsand associatean arbi-
trary setof attribute-valuepairswith them. A generictype
attribute can be usedto distinguishdifferent classes13 of
markables.Relationsbetweenmarkablesaremodelledby
two attributes: a memberattribute, which describesun-
orderedsetsof markables,and a pointer attribute which
statesanorderedrelationbetweentwo markables.These-
manticsassociatedwith eachrelationis not pre-definedby
thediscoursemodelitself. Instead,it is suppliedby thean-
notationschemeusedin the productionof the annotation
andcanbe differentfor differentannotations,but alsofor
different typesof markableswithin the sameannotation.
Thoughsimple,the two relationsaresufficiently powerful
to expressa numberof relevant concepts:E.g., if a par-
ticular annotationschemeusesmarkablesto identify dis-
courseentities,setsof markableswith identical valuesin
their memberattributescan be interpretedasequivalence
classes,thusallowing themodellingof coreference,andthe
pointerattributecanbeusedto identify adiscourseentity’s
direct antecedentwithin sucha class(Müller andStrube,
2001). If, on theotherhand,markablesrepresentsyntactic
phrases,hierarchicaltreestructurescanbemodelledusing
pointers from child to parentconstituents.

4.2. API Level

The MMAX DiscourseAPI mapsthe elementsof the
logical level to Java classesanddefinesa setof basicop-
erationsto be performedon them. The entirediscourseis
wrappedin aJavaDiscourseobjectwhichservesasthesin-
gle entry point to the corpusandits annotation.The Dis-
courseobjectitself is createdfrom a setof XML files by a
DiscourseLoaderclasswhich parsesthe files andresolves
referencesbetweenelementson differentlevels.Theresult
is a tree-like structure(cf. figure 2) which can be navi-
gatedby accessingelementson a particularlevel and re-
trieving their ”child” elements,which canthenbe usedas
entrypointsto their ”child” elementsaswell.

The syntaxand semanticsof the methodswhich im-
plementthesenavigation operationsconform to the stan-
dardobject-orientedway. Example:getTurnCount(), when

12http://www.colorado.edu/ling/jurafsky/manual.august1.html
13Our annotationtool MMAX, e.g.,usesthe typeattribute to

implementuser-definableconstraintson permittedmarkableat-
tributesandpossiblevalues.
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i

utt_12:aa

utt_14:b

utt_15:sd

well i don’t remember

it seemed like it did

but it might not

utt_16:sd

utt_17:sd

Figure1: SWBD-DAMSL corpussw 00014325(fragment)

Discourse

Utterances

well does it usually make a recording or s− i well i don’t remember

Turns

Markables

turn_7:A turn_8:B turn_9:A turn_10:B utt_13:qy utt_15:sd

markable_1:   type=anaphor
np_form=pronominal

Figure2: Discourse”tree” representationof a fragmentof theSwitchboardSWBD-DAMSL corpus

called on the Discourse object in figure 2, returns the
numberof Turn elementscontainedin the discourse(i.e.,
four, in this fragment). This numbercan be usedto it-
eratethroughall Turn objectsin the discourse,usingget-
Turn(position). For position=3, this methodwould thus
return turn 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(), whencalledon turn 9, returnsthe
numberof baselevel elementsthis turn consistsof (i.e.
eight). The methodgetElement(position), finally, returns
theelementat thespecifiedpositionasaJavaobjectof type
Word, Gesture, or Keyaction. Thus,getElement(2)returns
the word ”it”. The baselevel elementrepresentingthis
word is at the sametime annotatedas being a Markable
with oneuser-defined(np form) andonesystemattribute
(type).

On each level in the entire Discourse object, user-
definedaswell assystemattributescanbe accessedusing
agenericgetAttributeValue(attribute name)method:getAt-
tributeValue(”np form”) , e.g.,whencalledon markable1,
returns”pronominal”. In addition to vertical navigation
throughthe discourse,horizontalnavigation betweenele-

mentson the samelevel (e.g. from oneword in a turn or
sentenceto thenext), is supportedin thesameway.

Apart from turn- and sentence-basedaccess,the dis-
coursecanalsobetraversedin termsof its pragmaticcom-
position, i.e. basedon its segmentationinto utterances.
Sinceonestepin the creationof a Discourseobjectis the
mappingof elementsfrom thestructuralandthepragmatic
level onto eachother, it is possibleat every stageto ac-
cesscorrespondingelementson the otherlevel. Example:
getTurns(), whencalledonutterance13in theaboveexam-
ple, returnsthesetof Turn objects(i.e. turn 7 andturn 9)
that it is mappedto. Mappingof elementsof thestructural
and the pragmaticlevel is doneby virtue of sharedbase
level elements:Eachbaselevel elementcanbe part of at
mostonepragmaticandonestructuralelement,which can
beretrievedby getUtterance()andgetTurn() resp.getSen-
tence().

In addition,theAPI supportsa setof basicmethodsfor
procedureslikedeterminingtheformalrelationbetweenel-
ements(e.g.,embeddingor overlapof markables),filtering
elementson particularattributevalues,andthelike.



5. SampleUseCases
Although still in an early stageof development,the

MMAX DiscourseAPI hasalreadybeenappliedto a num-
berof discourseprocessingtasks(in a wider sense).These
include�

implementationof anumberof referenceresolutional-
gorithms,�
generationof trainingandtestdatafor machinelearn-
ing for coreferenceresolutionfrom annotatedcorpora,�
implementationof the coreferenceresolutionevalua-
tion algorithmaccordingto (Vilain etal., 1995),�
generationof trainingandtestdatafor machinelearn-
ing from anannotatedcorpusof multi-modalhuman-
computerinteractionwithin theEMBASSI project14,�
generationof training data for an HMM-based di-
alogue act tagger from a converted Switchboard
SWBD-DAMSL corpus.

Despitethe relatively low level of detail (as comparedto
e.g. theATLAS approach),themodelandAPI provedsuf-
ficientfor eachof thesetasks.In fact,it hadapositiveeffect
in many casesbecausetheJavacodethatneededto bewrit-
ten wasmoreself-explanatorythan it would have beenif
theapplicationhadaccessedthecorpususinggenericXML
processingmethods. The simplicity of the datamodel is
alsoanadvantagewhenit comesto convertingcorporafrom
differentformats. While the availability of our annotation
tool, which producesannotationsin therequiredformat,is
certainlyamajoradvantage,webelievethatourmodel,due
to its generality, is equallyapplicableasthe target format
for conversionfrom other formats. Thus, the volume of
availablecorporacaneasilybeextendedby writing conver-
sion programswhich, oncewritten, canbe appliedto any
numberof availablecorporain theparticularformat. Con-
versionfrom otherformatsis supportedin particularby the
fact thatour modelis openin the sensethatarbitrarydata
from the sourcecorpus(e.g. POStags,but alsosyntactic
markup)canbe storedasXML attributeson the appropri-
atelevel (i.e. the word element,or a markableelementof
type”constituent”,in whichcasethemarkable’spointerat-
tributecanbeusedto relateit to its parentelement),andis
mappedto the respective Java objectin the Discourseob-
ject.

6. Conclusionsand Future Work
This paperdescribeda simple Java object model and

API for the representationanddiscourse-level processing
of annotatedcorpora.Both themodelandtheAPI work in
termsof straightforwardconceptsthatlinguistsarefamiliar
with. Weoutlinedthestructureof themodelandthewayin
which the API makesit accessiblefrom Java. Apart from
continuinguseof the API asoutlinedin section5., future
work on the topic will includethe following: We will de-
fine andimplementmorehigher-level elementswhich are
derived from the simple basicelementssupportedso far.

14http://www.embassi.de

The suitability of our modelas the target format for cor-
pusconversionwill befurthertestedby developingconver-
siontoolsfrom additionalformats.Finally, we will investi-
gatewaysto addmethodsnot only for elementaccess, but
alsofor elementcreation, whichwouldallow thediscourse
modelandAPI to beusedasthebasisfor thedevelopment
of annotationtools.
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