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Abstract

This paperdescribesthedesignandimplementationof theMATE workbench,a programwhich providessupport
for flexible displayandeditingof XML annotations,andcomplex queryingof asetof linkedfiles. Theworkbench
wasdesignedto supporttheannotationof XML codedlinguisticcorpora,but it couldbeusedto annotateany kind
of data,asit is not dependenton any particularannotationscheme.Ratherthanbeinga generalpurposeXML-
awareeditorit is asystemfor writing specialisededitorstailoredto aparticularannotationtask.A particulareditor
is definedusinga transformationlanguage,with suitabledisplayformatsandallowableediting operations.The
workbenchis written in Java, which meansthat it is platform-independent.This paperoutlinesthedesignof the
workbenchsoftwareandcomparesit with otherannotationprograms.

1. Intr oduction

The annotationor markupof files with linguistic or othercomplex informationusuallyrequireseither
humancodingor humancorrectionof automaticcoding. This annotationcanbea time consumingand
tediousprocess,yet it is anecessaryonefor thecreationor analysisof corporaandtheprovision of data
necessaryfor training automaticannotationprograms,suchas parsers,speechrecognisers,or named
entity recognisers.In order to supportthe creationand useof suchannotations,specialisedediting,
retrieval anddisplayprogramsarerequired.However, thecreationof theseprogramscanin itself bea
complex process.In theMATE workbench,wehaveattemptedto provideaparametrisedtool whichcan
bespecialisedto provide thesefunctionson any annotationschemecapableof beingexpressedin XML
[Bray, 1998].

An annotationtool which is specialisedfor theannotationtaskat hand,i.e. onewhich only shows the
informationrelevant to thetask,andonly allows thoseeditingactionswhich contribute to thetask(and
optimisesthehumanactionsrequired),is vastlypreferableto ageneralpurposeeditor. However, thisnor-
mally requireswriting individualeditorsfor eachtask.In theMATE workbenchthecorpusdesignercan
write rule basedstylesheets(basedon theXSLT transformationlanguage[Clark, 1999]) which describe
how thecorpusis presentedto theannotatorandwhateditingactionsareallowed. TheWorkbenchpro-
videsanumberof pre-definedstylesheetsfor usewith particularnnotationschemesdevelopedwithin the
MATE project,but its majorstrengthlies in thefactthatthestylesheetlanguageis sufficiently high-level
for writing stylesheetsto besignificantlyeasierthanwriting aneditorfrom scratch.

Themajorfeaturesof theMATE workbenchare:

� An internal database- using arbitrary XML as an interchangeformat, extendedto cover mul-
tiple hierarchiesand arbitrary directedgraphsusing hyperlinks [DeRose,1999] or ID/IDREF
[Goldfarb,1990] pointersbetweenelements.This extensionfrom treesto graphsis requiredto
allow XML to representmorecomplex data.

� A query languagewhich is tailoredto this internal representation.This languagereturnstuples
insteadof singleelements(asin theXSLT querylanguage).Thearchitectureallowsusto addnew
structureto thedatabaseby evaluatingaquery.



� A transformationlanguageandprocessorthatgoesbeyondXSLT in somerespects.

� A displayandeditingenginefor displayingto theuserandenablingeditingactions.

2. Review

The ideaof usingSGML(XML) asa annotationstandardfor NLP goesback to the work of the Text
EncodingInitiative (TEI) [Sperberg-McQueen,1994]. Usinga databaseasa centralresourcefor natu-
ral languageprocessingwasdevelopedby the Gateproject [Cunningham,1997]. Datamodelsrelated
to XML and associatedquery languageswere developedby a numberof groupsincluding the Lore
project [Abiteboul,1997] andSGMLQL [Le Maitre,1996]. The ideaof documenttransformationus-
ing structurallyrecursive rulescomesfrom thework of theDSSSLstandardandXSLT working group.
Therehavebeenanumberof toolsdevelopedfor thesupportof linguisticannotation,for example,Tran-
scriber, Annotag,NB, EMU, Alembic (seebelow). What the MATE project is attemptingto do is to
bring thesestrandsof work togetherto provide agenericannotationtool, whichsupportsnon-hierarchic
markup(particularlynecessaryfor speechdueto overlappingannotationschemes,multiple overlapping
speakers). Stylesheettransformationlanguageshave so far largely beenusedto producestaticdocu-
ments,but in thisprojectweextendthis to createactiveeditabledisplays(seealsotheAmayawebeditor
[Vatton,1999] for asimilarapproach).An extensive list of tools,with links, canbefoundat theLinguis-
tic DataConsortium’s LinguisticAnnotationwebsite[Bird, 2000]. Wewill giveanoverview of someof
thesetools.

There are a numberof systemswhich focus on higher level annotation. The Alembic workbench
[Day, 1999] is designedto facilitatetheconstructionof trainingcorporafor informationextraction.Dif-
ferentannotationschemescanbeusedwith theworkbench,but only oneannotationcanbedisplayedat
a time,andthereis a fixedannotationenvironmentandview of annotations.It usesa Tipstercompliant
format [Grisham,1996], andcanalsooutputannotationsin an SGML format. It doesnot provide fa-
cilities for listeningto or manipulatingspeechsignals.TheLacito Archivagetool [Michailovsky, 1999]
displaysrecordingsandannotationsmadeby Lacitomembersover thelastthirty years.Theannotations
arestoredasXML, andXSL stylesheetsareusedto provide multiple views of thesamedata.Displays
aremadeusingJava applets,andcanbeshown onany standardwebbrowser.

Therearesystemswhichaimto bring togetherexistingtools.GATE [Cunningham,1997] supportsmod-
uleswritten in any programminglanguage.It usestheTipsterarchitectureinternally, but alsosupports
SGML input andoutput. It is now possibleto do manualannotationsaswell, with a singlefixedinter-
face. GATE alsocontainsa tool for comparingannotations- for exampleonedonemanuallyandone
automaticallyon thesametext. EUDICO[Brugman,1999] is platformindependent,written in Java,and
is usableover theinternetwith any standardbrowser. It allows theuserto synchronisetext presentation
with theplaybackof MPEGvideo. It is designedsothatnew toolsandcorporacaneasilybeadded.It is
currentlyavailableonly in “read-only” version(i.e. no annotationis possible).A successfulpilot study
wascarriedout to investigatethepossibilityof amergerof EUDICOwith componentsfrom GATE.

Thereareseveraltoolswhichprovidespeechsignalmanipulationcapabilitiesfarmoresophisticatedthan
thosecurrentlyavailablein the MATE workbench,(e.g. Emu[Cassidy, 2000] , Praat[Boersma,2000]
andTranscriber[Barras,2000]). We envisagethat for somepurposes,researchersmight wish to do the
initial transcriptionfrom the speechsignalusinganothertool, andthenusethe MATE workbenchfor
subsequentlevels of annotation,andfor creatingdisplaysusingtheseannotations.Exceptin the case
of Transcriber, this would necessitatetransformingtheannotationsinto someform of XML. A tool for
convertingEntropicXlabel formatto XML is providedwith theMATE workbench,see(section6).

Alembic andLacito bothprovide similar functionalityto somepartsof MATE, but tailoredto theneeds
of their particularprojects. Alembic provides automaticannotationoptionsfar beyond the scopeof
MATE. Lacito takesthe mostsimilar approachto MATE of all the tools studied,but it is restrictedto
oneparticulardomain;wewouldhopethatin futureif aprojecthasneedof sucha tool, they couldmore



easilybuild it by writing MATE stylesheetsthanby building an entire tool from scratch. GATE and
EUDICO aim to bring togetherexisting toolsandmake it easierto usethemin a commonframework.
The MATE workbenchalso intendsto facilitate the displayof outputof automaticanalysistools - it
would be useful to investigatepossibilitiesof integrating the MATE workbenchwith one or both of
thesetools.Theworkbenchhasmuchin commonwith otherXML editorsandbrowserscurrentlybeing
developed,suchastheAmayaHTML browser/editor. Wego beyondthescopeof Amayaby supporting
arbitraryannotationschemesratherthanjust HTML andby usinga morepowerful mappingbetween
documentanddisplaystructures.

3. SystemAr chitecture

3.1XML asdata format

XML has proved to be a widely usedand effective format for annotatingtext and speechcorpora
[Sperberg-McQueen,1994] [Ide, 1999]. Its flexible hierarchicalstructurematcheswell with many ar-
easof linguistic theory. TheMATE workbenchusesXML asits input/outputformat,andusesa similar
internaldatamodel. However, thestrictly hierarchicnatureof XML is at oddswith certainaspectsof
linguistic(particularlyspeech)data.In multi-speaker dialogues,speechmayoverlap,anddifferentanno-
tationhierarchiescodedon a corpusmayoverlap,for exampleprosodyandsyntax.Oneway to indicate
this non-hierarchicalstructurein XML is by the useof standoff annotation[Isard,1998]. Linking be-
tweenelementsis doneby meansof adistinguishedhrefattributeof elements,whichusesasubsetof the
XPOINTERproposal[DeRose,1999] to point to arbitraryelementsin thesameor differentfiles. Such
attributesareoften calledhyperlinks. This extendeddatamodelallows us to representoverlappingor
crossingannotations.For example,thefollowing nonwell-formedXML would representacasewherea
contrastive markingis on thesubjectandverbandcrossesa � vp � constituent.

�
np� �

contrastive� �
det� the

�
/det� �

n � cat
�

/n � �
/np��

vp � �
v � sat

�
/v � �

/contrastive� �
pp� �

pos� on
�

/pos��
det� the

�
/det� �

n � mat
�

/n � �
/pp� �

/vp �
Thisexamplecouldberepresentedin well-formedXML asbelow

�
np� �

detid=”x1” � the
�

/det� �
n id=”x2” � cat

�
/n � �

/np��
vp � �

v id=”x3” � sat
�

/v � �
pp� �

posid=”x4” � on
�

/pos��
detid=”x5” � the

�
/det� �

n id=”x6” � mat
�

/n � �
/pp� �

/vp ��
contrastive href=”id(x1)..id(x3)”/�

The representationof this in the MATE database(seesection3.3) is shown in figure 1. Note that this
couldall be in onefile or separatefiles for the two hierarchies.Standoff annotation(wherehyperlinks
referto elementsin a differentfile) is not essential,but it providesa way of factoringannotationsandis
very usefulif multiple versionsof anannotationlayerarerequired,for exampleto compareannotations
by differentcoders.

3.2Software Ar chitecture

TheMATE workbenchis designedto work onannotationcorporacodedin XML. It is not restrictedto a
particularannotationscheme,describedin XML by aDocumentTypeDefinition (DTD).

Thearchitectureof theMATE workbenchconsistsof thefollowing majorcomponents:

� An internaldatabasewhich is an in-memoryrepresentationof a setof hyperlinked XML docu-
ments(section3.3). Therearefunctionsfor loadingandoutputtingXML files into andout of the
database;

� A query languageandprocessorwhich areusedto selectpartsof this databasefor subsequent
displayor processing(section4);
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Figure1: Internalrepresentationof examplewith crossingannotations

� A stylesheetlanguageandprocessorwhich respectively defineandimplementa languagefor de-
scribingstructuraltransformationson the database.The outputof a transformationappliedto a
documentcaneitherbe anotherdocumentin the databaseor a setof displayobjects. Theseare
usedto definehow thedatabasewill bepresentedto theuser(section5);

� A displayprocessorwhich is responsiblefor handlingthedisplayandeditingactions(section5.4).
This takesthedisplayobjectoutputof astylesheettransformationandshows it to theuser;

� A userinterfacewhichhandlesfile manipulationandtool invocation(section5).

The workbenchis written entirely in Java 1.2, which meansthat it is platform-independent. We have
testedit onUnix (Solaris)andWindows (NT and98). It doesnotcurrentlyrunonMacintoshcomputers
becausethere is not yet a versionof JDK1.2 for this platform. There is always a tradeoff between
generalityandspecialismin softwaredesignaselsewherein life. Specialisedfacilitiesin annotationtools
(e.g. automaticannotation)will alwaysrequirewriting specialisedsoftware. However, we think that it
is worthwhile building a commonframework that supportsfile I/O, databasehandling,querysupport
andflexible displayfacilities into which this softwarecanbeslotted,ratherthanbuilding specifictools,
althoughthesealsohave their place. No onetool cando everything,so the MATE workbenchallows
the reuseof other software, either by using XML as a data interchangeformat, or by calling other
Java moduleswhich accessthe internal representationand the MATE displaystructureusingdefined
interfaces.

3.3Inter nal representation

At the heartof the workbenchis a databasewhich containsa representationof the XML files which
have beenloadedinto theworkbench.Theabstractdatamodelthatwe useis a directedgraph.andany
directedgraphcanbe representedin the model. Eachnodein this graphhasa type name(e.g. word,
phrase, or otherarbitrarily chosenname),a setof stringvaluedattributes(extensionto typedattributes
would bepossible)andanorderedlist of child nodes(correspondingto outgoingedgesfrom thenode).
Edgesin themodelareunlabelled.A nodemayhave severaldifferentparentnodes,but eachnodehas
(atmost)onedistinguishedparentnodewhich is usedto decomposethegraphinto adisjointsetof trees.
Thesemanticsor interpretationof thedatamodelis flexible andmayvarydependingontherequirements
of theannotationschemesused.A common,but not necessary, interpretationof a nodeandtheparent-
child relationis thatanoderepresentsasegmentof speechandits childrenrepresentafinersub-division
of thesamesegmentof speech,wheretheorderof thechildrencorrespondsto thetemporalorder. Links
to speechor otherdatafiles arestoredasattributesof thesenodes(for exampleastime offsets). But,
for example,thereis no reasonwhy onecould not have a nodeof type or whosechildrenrepresented
alternative descriptionsof thesamesegmentof speech.

The representationof this datamodelin XML is fairly straightforward. As eachXML file is readinto
the database,eachXML elementand pieceof text is representedas a new node,whosetype is the
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Figure2: A partialschemafor theMATE internalrepresentation

nameof theXML element(or “#PCDATA” for text). Attributesarecopiedover (takingdefault values
from theDTD if required).Theparent-childrelationis thatderived from textual inclusionin theXML
files, andthedistinguishedparentof a nodeis thenodeof the textually enclosingXML element.This
givesusa forestof trees.As a final stageof loading,hyperlinksbetweenthesetreesareconstructedas
additional(non-distinguished)parent-childlinks. This gives the ability to representarbitrarydirected
graphsin XML. Outputtingthecontentsof theinternalrepresentationbackto asetof XML filesconsists
of writing afile for eachrootnode(thosewith nodistinguishedparents)andwriting eachdescendantout
recursively asXML, replacingnon-distinguishedchildrenby hyperlinks.Normally thesehyperlinkhref
attributescanbe addedto existing elementsbut in somecases,new dummyelementsmustbecreated.
This doesnot changethecontentsof the internalrepresentationoncethesefiles arereadbackin, asthe
loadingsoftwarecanrecogniseandignorethedummyelements.

The internalrepresentationis implementedasa databaseof triples of
�
nodeidentifier, propertyname,

propertyvalue	 . Propertiesgeneralisetheattributesof anXML elementandmostarestringvalued,but
somehave valueswhicharelists of othernodesin theinternalrepresentation,for examplethe*children
and*parentproperties.As anextensionto thestandardXML documentmodel[Wood,1998], DTDsare
alsorepresentedasobjectsin the database.The typesof nodesandtheir interrelationshipsareshown
in figure2. This representationof thedatabasemakesit easyfor thequerylanguage(section4) to ask
generalquestionsabouttheannotations.

Most usesof this datamodel for describingcorporaso far have resultedin graphswhich areacyclic,
but we arenot yet surewhetherwe want to enforcethis restriction. Our datamodel is similar to that
proposedby theLore project[Goldman,1999], althoughwe useXPOINTERattributesratherthanIDs
for hyperlinking,sincethatallowsusto link acrossfileswithoutassumingasingleID namespaceacross
all files. In addition we amalgamateelementslinked to by hrefs and textual children into the same
parent-childrelation. A setof XML files is a valid MATE annotationif eachfile is anXML document
which is valid with respectto its DTD. Wedonotcurrentlycheckany restrictionsoncrosslinks between
thefiles representedby hyperlinks,sofor examplethereis currentlyno wayto ensurethatall hyperlinks
from utteranceannotationsareto word annotations.It would berelatively easyto addthis further level
of checkingto the workbench,to make surethat the children of eachnodeare locally well-formed
afterhyperlinking.Onecouldcurrentlywrite astylesheetthatusesthequerylanguageto find wordsthat
violatethisconstraint(i.e. anutterancethatcontainsanonword)andto displaythemin anerrorwindow.

An importantpoint in theworkbenchdesignis that it is reflexive, i.e. all informationaboutthesystem



(1): ($p pros) $p refersto
�
pros � elements

(2): ($s sent) $s refersto
�
sent � elements

(3): ($w word); $w refersto
�
word � elements

(4): ($s.type 
 "ans") &&
�
sent � type attributevalueis ”ans” AND

(5): ($s.who 
 "Mary") &&
�
sent � who attributevalueis ”Mary” AND

(6): ($s ][ $w) &&
�
sent � precedes

�
word� AND

(7): ($w.pos 
 "adv" ) &&
�
word � pos valueis ”adv” AND

(8): ($w.who 
 "Peter") &&
�
word � who valueis ”Peter” AND

(9): ($w @ $p) &&
�
pros � elementoccursduringthe

�
word � AND

(10): ($p.type 
 "H*")
�
pros � type valueis ”H*”

Figure3: An exampleQ4M query.

is kept in a similar format in theinternalrepresentation.For example,bothstylesheets(which describe
theappearanceof theuserinterface)andresultsof queriesarestoredin thesameformat. This hasthe
advantagethat,for example,wecouldusetheworkbenchto provide astylesheeteditor.

More importantly, sincethe internalrepresentationstructureis isomorphicto the structureof an XML
file, query resultscanbe outputas XML files, and canbe displayedto the userin a numberof for-
matsaccordingto thestylesheetused.In particular, sincequeryresultscontainpointersto theelements
that satisfythe query, we have the option of eitherdisplayingresultsseparatelyfrom the corpusor of
highlightingelementsin context in thecorpus.

4. The MATE Query LanguageQ4M

XML is now beingusedfor purposesanddomainspreviously coveredby relationaldatabases.Because
XML is stronglyhierarchicalandits structureis flexible (e.g.optionalor repeatedelements),codingit in
a relationaldatabasecanbea relatively expensive operation.Thishasled to a largenumberof proposed
XML query languages[Marchiori, 1998]. Similar work wasalsodonein the databasecommunityon
developingquerylanguagesfor datamodelswhich weremoreflexible thanrelationalmodels,suchas
thework on ‘semi-structured’databasesby theLore project[Goldman,1999]. We nonethelesschoseto
developour own querylanguageandprocessor(Q4M). Thereasonswerethat; (1) whenwe startedour
work, therewasnoXML querymoduleavailablein Java; (2) thereis still nostandardin thisarea;(3) we
neededthequeryprocessorto interactwell with our internaldatabase;and(4) we neededan extended
datamodelthatwasanarbitrarygraphandnot justa treestructure.

A querylanguageappropriatefor thedatamodelrequiresthe following properties(see[Murata,1998]
for generalconsiderationsof querylanguagesin theXML world). Firstly, XML constructslike element,
attribute andattribute valuemustbeaccessibleto thequerylanguage.Secondly, we needto beableto
accesselementseitherdirectly, via someconstraint,or indirectly by following theparent-childlinks in
thedatabase.In addition,theorderof childrenin thedatamodelis linguistically significant,sowe need
to queryon this order. This is not alwayssupported,asin early versionsof the ‘semi-structured’data
model.Thirdly, we alsowantto beableto returntuplesof elements,i.e. combinationsof elementswith
specificproperties,pairsof elementswith comparableproperties,elementsin ahierarchicalrelationand
soon. This featuregoesbeyond someotherXML querylanguages(suchastheonedefinedin XSLT)
whicharerestrictedto returninglistsof elements.Oneexamplewouldbeaquerysuchasthefollowing.

Find all adverbsspokenbyPeterwhich includean ”H*” accent,andfollow directlyafter ananswerbyMary.

Figure3 shows the equivalent queryexpressionin Q4M syntax. The Q4M expressionhasa variable
definitionpart(1-3)andaqueryconstraintpart(4-10).Variousmathematicaloperators,stringoperators,
wildcards,andgroupoperatorsareavailablefor atomicexpressions.

Expressionscanbecombinedby logicaloperators(in thisexample&&); logicalOR( ��� ) andnegation(!)
arealsoallowed. Combinationsof simpleexpressionscanbe groupedtogetherinto complex brackets.



Figure4: List of definedQ4M operators

Thequeryin figure3 alsodemonstratestheuseof time relationsavailablein Q4M, e.g. ’@’ (temporal
inclusion)and’][’ (temporalcontact)(seealso[Mengel,1999a], [Heid, 1999]). Thetemporalrelations
areshorthandfor morecomplex operatorsontheattributesof anelement,andrely onaparticularcoding
of the connectionbetweenannotationandspeech,for example“$a ][ $b” is the sameas“($a.end==
$b.start)”. Figure4 is anoverview of theoperatorsavailablein Q4M.

Theresultof aqueryis a list of tuplesof nodesin theinternalrepresentationthatmatchthequery. In the
examplegivenabove, thesewould betuplesof ($p,$s,and$w) elements.Theoutputof Q4M is stored
asa new structurewithin the internalrepresentationwhereit canbeaccessedfor displayto theuseror
be usedfor subsequentmanipulationwithin theworkbench.Within theMATE workbench,thereis an
interactive queryformulationtool thatassiststheuserwhenproducingqueries,asdescribedin section
6. Furtherdetailsof theMATE querylanguageincludinga grammarandimplementationdetailscanbe
foundin [Mengel,1999a].

5. MATE Stylesheetsand Display

In orderto supportflexible displayandeditingof corpusfiles,werequireaflexible mappingbetweenthe
logical structureof thedataandthedisplaystructure.For example,we might want to highlight certain
elementswhich satisfysomequeryor only displaya summaryof thedocument,or omit certainpartsof
thestructure.This flexibility helpsin theexplorationof thecorpusandenablesknowledgeableusersto
write specificannotationeditorsfor particularannotationtasks.

To provide thisflexibility, firstly weassume(asis fairly standardin userinterfacedesign)thatthevisual
appearanceof a displayeddocumentcanbedecomposedinto displayobjects(section5.4which form a
hierarchicalstructure,for exampleXHTML or Java displayobjects.This displaystructurecanthenbe
describedasanXML document.

Formulatedthis way the transformationbetweenlogical anddisplaystructuresis a mappingfrom a di-
rectedgraphto atree.A suitablemethodof describingsuchmappingsis to useaprogramminglanguage
basedon ‘structuralrecursion’.

5.1StylesheetLanguage

We have defineda declarative functionaltree-transformationlanguagefor mappinga logical document
structureinto a differentdocumentstructure.The emerging standardin this areais XSLT, but sinceit
wasnot fully definedwhenthe workbenchwasdesigned,andlackssomefunctionalitiesnecessaryto
us,we decidedto implementaslightly differentandsimplertransformationlanguage,MATE Stylesheet
Language(MSL), for our needs.MSL usesthe MATE query languagedefinedabove (section4), but
is otherwisesimilar to XSLT. Transformationspecificationswritten in XSLT or MSL areoften called
stylesheets.Eachstylesheetconsistsof oneor moretemplates;eachtemplatecontainsa queryagainst
which elementsin the input document(s)arematchedanda setof instructionsto follow if a matchis



<sentence>
<det>The</det>
<noun>cat</noun>
<verb>sat</verb>
<pos>on</pos>
<det>the</det>
<noun>mat</noun>

</sentence>

<msl:stylesheet>
<msl:template match="($a sentence)"> %% $

<VerticalList>
<msl:apply-templates/>

</VerticalList>
</msl:template>

<msl:template match="($a noun)"> %% $
<TextBox colour="Red">
<msl:apply-templates/>

</TextBox>
</msl:template>

<msl:template match="($a *)"> %% $
<TextBox colour="Black">
<msl:apply-templates/>

</TextBox>
</msl:template>

</msl:stylesheet>

Figure5: An exampleXML file andassociatedstylesheet

found. Theseinstructionswill often include one to recursively processthe children of the matching
node,hence‘structural’ recursion.

Figure5 showsanexampleXML file, andanexamplestylesheetwhichproducesMATE displayobjects.
It usesthreetemplatesto createdisplayobjectswhich will causenounsto be displayedin red, while
otherwordswill bedisplayedin black. Eachelementin theXML file will becomparedin turn against
thequeriesin thetemplatesuntil a matchis found,andthenthebodyof thetemplatewill beprocessed.
Theinstruction � msl:apply-templates/ � will causethechildrenof theelementto beprocessed
in their turn,andwhenthetext childrenof anelementareprocessed,they areprintedout.

5.2StylesheetProcessor

Whenthestylesheetprocessoris run,adocumentor setof linkeddocumentsin theinternalrepresentation
is processedalongwith a stylesheetwritten in MSL, describedin section5.1. Normally, theStylesheet
Processoroutputsa displaystructureasdescribedabove, which is thenprocessedby the Display Pro-
cessorto show somethingto theuser. It canalsoberun in analternative mode,in which casethe input
documentcanbetransformedinto anarbitraryoutputdocumentstructurein theinternalrepresentation,
thusproviding for transformationsof thecorpusannotations.

5.3Display objects

We have defineda setof Java classesfor different typesof MATE displayobjectswhich arebasedon
the Java Swing userinterfaceclasses.At present,only a limited numberof displayobject typeshave
beenimplementedin the workbench,basicallylists, tables,menus,soundplaying, waveform display,
and text. So, for example,it is not currentlypossibleto displaystructureas a parsetree. However,
theworkbenchis setup sothat it is possibleto write new Java classesof displayobjectsto provide the
desiredfunctionality. A new classmustsupporta definedinterface,which is similar to the interface
requiredfor Java userinterfaceobjects.We arecurrentlyin discussionwith othergroupsto extendthe
rangeof displayobjecttypesthatwe support.

In addition,we have definedanXML DTD which describestheformatof alloweddisplayobjectstruc-
turesto provide documentationandto allow validationof stylesheets.

5.4Display Actions
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Figure6: Linking displayobjectsandcorpuselements

In orderto allow theuserto interactwith displayscreatedwith MATE displayobjects,we have added
certainactionpropertiesto eachobject.Thesedefine,for example,whatwill happenif a userclicks on
anobjectin thedisplay. Whenoneof thesedisplayactionsoccurs,codein oneof theattributesof the
displayobjectdefineswhatis to happen.Thecodeis written in aLisp-like syntaxwhichallows any Java
methodto be called. The basicideais that the codecanmanipulatethe internalrepresentationand/or
the display objects,thus useractionson the display structurecanmodify the internal representation.
We provide a ‘redisplay’ method,which rerunsthestylesheeton themodifiedpartof thedatabaseand
redisplaystheoutput.Wearenotentirelyhappy with thisactionsyntax,sinceit is probablytoocomplex
for the averagestylesheetdesigner. However it haslet us experimentwith editing actions. In future
work we will look at defining a set of commonediting paradigms,so that stylesheetwriters will be
ableto usethesewithout having to know aboutthecodethatdoesthemodificationsof thedatabase.In
order to defineediting interfaceswe needthe ability to give the userlists of allowed elementnames,
attribute namesandallowed attribute values.This informationis definedin theDTD of theannotation
schema.It is thusnecessaryto beableto refer to this informationin stylesheets,for exampleto create
a menuof allowableattributes.We have donethis by addingnew commandsto thestylesheetlanguage
whichprovideiterationoverelementandattributedefinitionsin theDTD. With thedevelopmentof XML
Schemas[Thompson,1999] to replaceDTDs, thismaybecomepossiblein XSLT in thefuture.

Becausewe want actionson the userdisplay to have effects on the underlyingcorpus(i.e. we want
to supportediting), we needto keepbackpointersfrom the displayobjectsto the partsof the corpus
which they refer to. Sinceeachdisplayobjectwascreatedby the instantiationof sometemplatein the
stylesheet,whichmatchedagainstanelementin theinputdocument,this conceptof backpointercanbe
definedin aconsistentway (asshown in figure6).

6 Using the MATE Workbench

In this section,weprovide abrief descriptionof theMATE workbenchfrom auserperspective. In order
to usetheworkbenchon a corpus,you needa projectdirectorywhich containsthefiles relatingto this
corpus.Theworkbenchcomeswith severaldemodirectories,which eachcontainsomeXML files and
DTDs,stylesheets,aMATE projectfile, whichcontainsa list of all thefileswhichbelongto thisproject,
andsomerun files, which specifya stylesheetto be appliedto someXML files to createa particular
display.

Whentheworkbenchis started,a File choosermenuappears(figure7), andtheusercanselectaproject
which canthenbe run to displaya particularinterface. In this example,the userhaschosenthe com-
probs.mpMATE projectfile in the left-handwindow, which hascauseda list of thefiles referencedby
the projectfile to appearin the right-handwindow: onestylesheet,four XML files anda run file. An
interfaceconsistsof oneor morewindows, which cancontaina speechplayer, or a numberof panesof
text. Someexampleinterfacesaredescribedin thenext section.

Queryingfunctionscanbecalledin two ways:1) Theprojectonwhich thequeryis to beperformedcan



Figure7: MATE file menuchooser

bechosenfrom amenuin thestartupwindow, withoutcreatingadisplay;2) If adisplayhasalreadybeen
created,the projectqueriedwill be the oneusedin creatingthe display. Both of thesemethodsbring
up a QueryWindow which interactively guidestheuserthroughtheprocessof composinga query. The
resultsof thequeryaredisplayedin a list, andif a displayis alreadypresent,clicking on anelementin
thelist takesyou to thepositionof thatelementin themaindisplay.

Conversiontoolscanbecalledfrom thestartupwindow; we currentlyhave two available.Oneconverts
from EntropicsXlabel format to a simpleXML format, creatingan elementfor eachlabel (by default
called“word”) with startandendtime attributesandcontentfrom the label. Theothertool performsa
conversionfrom the BAS Partitur format into an XML format – this particularformat is oneof many
possibleXML representations.

6.1Examples

In this sectionwe presentexamplesof theMATE workbenchin action. In figure8, we seethedisplay
which is createdby clicking on the RUN button in figure 7. This display shows a human-machine
dialogueannotatedusingtheMATE CommunicationProblemsannotationscheme[Mengel,1999b]. In
the top left pane,the first two columnscontaina transcriptionof the dialogue,segmentedinto user
(U) andsystem(S) utterances.The third columncontainsa list of thecommunicationproblemswhich
occurredduringeachutterance,andthefourtha list of notesassociatedwith eachutterance.Thebottom
left panecontainsthefull text of theall thenotespertainingto thedialogue,andthebottomright panea
full descriptionof eachcommunicationproblem.Thetopright paneshows a list of all thepossibletypes
of communicationproblemaccordingto thisannotationscheme.

Figure9showsthedisplaycreatedby runningastylesheetonasetof HCRCMapTaskfiles. Theleft pane
consistsof a list of possibledialoguemovetypesfrom theMapTaskannotationscheme[Carletta,1996].
Theright paneshows thetranscriptof thedialogue,alreadydividedinto moves.ThePLAY buttonabove
eachsectionof text allows theuserto heartherecordingof thefollowing dialoguemove. This example
interfaceallows theuserto labeleachdialoguemove with theappropriatemove typefrom thelist in the
left-handpane,by clicking on the move to be annotated,andthenon the move type. This causesthe
chosenlabelto appearafterthespeaker name(giveror follower) in theright-handpane.In thisexample,
the first two moveson the screenhave alreadybeenannotated,but the remainderhave not. Both the



Figure8: A MATE interfacefor displayingcommunicationproblemsmarkup

Figure9: A MATE interfacefor annotatingandplayingMapTaskdialoguemoves



examplesdescribedabove usecoloursin orderto make theinterfaceclearerfor theuser.

Eachof theseinterfacesis just oneexampleof how onemight chooseto displaythe data. By writing
anotherstylesheet,it is possibleto createadifferentdisplaywhichsuitstheneedsof adifferentuser.

7 Evaluation and Discussion

7.1Evaluation

TheMATE workbenchis currentlyundergoingevaluationby membersof theMATE projectandits panel
of advisors.Thereis not yeta full-scaleevaluationof how well thesoftwareworksona largeannotation
project,which is obviously essentialto fully demonstratethe validity of our approach.However, we
have developeda numberof differentannotationschemesandstylesheetsfor theseschemes(which are
availablewith theworkbench).

Fromour evaluationon theseschemesandtheHCRCMap Taskcorpuswe cansaythat theworkbench
providesa flexible andpowerful way of displayingcomplex annotations.We have found that writing
stylesheetswasan easyway to tailor displaysto focusattentionon particularaspectsof thedata. The
querylanguageallows oneto extract partsof thecorpusbasedon complex criteria,andis alsovital to
thepower of thestylesheettransformations.Theactionlanguageprovidesus with theability to create
andmodify annotations,althoughfurtherwork is neededto makewriting stylesheetsthatcontainactions
easierto write. Morework is neededondocumentingtheinterfaceto thedatabaseto allow othercodeto
accessit, asarefurtherextensionsto therangeof displaytypessupported.

7.2Discussion

We believe that the MATE project hasdevelopeda prototypeannotationtool which demonstratesa
feasibleapproachto makingspecialisededitorseasierto developandto use.Thisclaimwill betestedin
futurework at Edinburgh wherewe will usetheworkbenchto annotatea corpusof telephonedialogues.
Thesystemis basedondevelopingstandardsin theXML community. Thereareanumberof ideaswhich
underliethestructureof theMATE workbench,whichwe believe areimportant.

1) For flexibility of displayandtheeasydefinitionof editorstailoredto a particularannotationtask,one
shoulduseahigh level transformationlanguageto provide a flexible link betweenlogical structuresand
displaystructures.

2) Thesystemdesignshouldbe reflexive – definitionsof userinterfaces,queryresults,andcorpusde-
scriptionsshouldall bein thesameformatandexpressiblein thesamedatamodel.

3) In orderto handlethecomplexity of linguisticannotationsanda reflexivesystemdesignoneneedsto
extendthedatamodelaway from treestowardsgeneralgraphs.Thequeryandtransformationlanguages
usedshouldreflectthis datamodel.

4) Thedisplayprocessorshouldbeextendible,so that it becomeseasyto addnew displayoptions,for
exampleto addtree/graphdisplayingcapabilities.

7.3Futur edir ections

However therearea numberof aspectsof the prototypesystemwhich it would be usefulto readdress
if we were to re-implementthe workbench. Firstly, now that the XSLT languageis becomingstable,
it would be sensibleto addressthe issueof usingthe standardXSLT transformationlanguageinstead
of our cut-down versionof it. This would involve (a) usingtheXPATH querylanguagein stylesheets,
(b) addressinghow handlehyperlinkingin stylesheets,and(c) usingXMLSchemato enableaccessto
DTD-typeinformationin stylesheets.An alternative (morespeculative) approachwould beto keepthe
MATE querylanguageandextendstylesheettemplatesto work with tuple-returningqueries.Secondly,
to addresstheissueof efficiency andallow theworkbenchto beusedwith muchlargerfiles. This could
involve reimplementingthe workbenchto usean external database.We have chosenan architecture



whereentirefilesareloadedinto memoryandprocessedasagroup.Thealternative wouldbeto provide
astreaminginterfacewherelargerfileswerereadandprocessedasectionata time (wherethedefinition
of a sectionwouldbedefinedby a queryon theXML structureof thefile).

Thirdly, extendthe displayobjectsso asto be ableto useany Java (Swing) userinterfacecomponent
in stylesheetsandin displays. This would involve writing a schema(DTD or otherwise)for the Java
classes,which would be a useful exercisein its own right. Finally, the transformationlanguageand
thedatamodelneedto beextendedto encompassdynamicinterfacesandtheupdatingof thedocument
structure.Thesearenecessaryto supporttheeditingof corpusannotations.Thetwo directionsfor future
work aremakingthelanguagefor definingeditingactionseasierto use,andallowing displaystructures
to becreateddynamically, i.e. popupmenus.

7.4Availability

TheMATE workbenchis currentlyundergoingevaluationby membersof theMATE advisorypanel.If
youwish to obtainacopy of thesoftwarefor evaluation,pleaselook at thewebsite
http://mate.nis.sdu.dk for detailsof how to accessthesoftware.Thesourcecodewill bemade
availableunderaGNU-stylelicenselaterthis year.
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