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Abstract

This paperdescribeghe designandimplementatiorof the MATE workbencha programwhich providessupport
for flexible displayandeditingof XML annotationsandcomplex queryingof a setof linkedfiles. Theworkbench
wasdesignedo supporthe annotatiorof XML codedlinguistic corporabut it couldbe usedto annotateany kind
of data,asit is not dependenbn ary particularannotationscheme.Ratherthanbeinga generalpurposeXML-
awareeditorit is asystenfor writing specialiseckditorstailoredto a particularannotatiortask. A particulareditor
is definedusinga transformationlanguagewith suitabledisplayformatsandallowable editing operations.The
workbenchis written in Java, which meanghatit is platform-independentThis paperoutlinesthe designof the
workbenchsoftwareandcomparest with otherannotatiorprograms.

1. Intr oduction

The annotationor markupof files with linguistic or othercomplec information usually requireseither
humancodingor humancorrectionof automaticcoding. This annotationcanbe a time consumingand
tediousprocessyetit is a necessargnefor the creationor analysisof corporaandthe provision of data
necessaryor training automaticannotationprograms,suchas parsers speechrecogniserspr named
entity recognisers.In orderto supportthe creationand use of suchannotationsspecialisedediting,
retrieval anddisplayprogramsarerequired. However, the creationof theseprogramscanin itself bea
complex processln the MATE workbenchwe have attemptedo provide a parametrisetiool which can
be specialisedo provide thesefunctionson ary annotatiorschemecapableof beingexpressedn XML
[Bray, 1998.

An annotationtool which is specialisedor the annotationtaskat hand,i.e. onewhich only shawvs the
informationrelevantto the task,andonly allows thoseediting actionswhich contritute to thetask(and
optimiseghehumanactionsrequired) s vastlypreferabldo agenerapurposesditor However, thisnor
mally requireswriting individual editorsfor eachtask.In the MATE workbenchthe corpusdesigneican
write rule basedstylesheetgbasedn the XSLT transformatiodanguaggClark, 1999) which describe
how the corpusis presentedo the annotatorandwhatediting actionsareallowed. The Workbenchpro-
videsanumberof pre-definedtylesheetfor usewith particularnnotationschemeslevelopedwithin the
MATE project,but its majorstrengthlies in thefactthatthe stylesheelanguagas suficiently high-level
for writing stylesheetso be significantlyeasierthanwriting aneditorfrom scratch.

Themajorfeaturesof the MATE workbenchare:

¢ An internal database using arbitrary XML as an interchangeformat, extendedto cover mul-
tiple hierarchiesand arbitrary directedgraphsusing hyperlinks [DeRose 1999 or ID/IDREF
[Goldfarb,199Q pointersbetweenelements. This extensionfrom treesto graphsis requiredto
allow XML to represeniorecomple data.

¢ A querylanguagewhich is tailoredto this internalrepresentationThis languagereturnstuples
insteadof singleelementgasin the XSLT querylanguage)Thearchitectureallows usto addnew
structureto the databas®y evaluatinga query



¢ A transformatiorfanguageandprocessothatgoesbeyond XSLT in somerespects.

¢ A displayandeditingenginefor displayingto the userandenablingeditingactions.

2. Review

The ideaof using SGML(XML) asa annotationstandardfor NLP goesbackto the work of the Text

Encodinglnitiative (TEI) [Sperbeg-McQueen1994. Usinga databas@&sa centralresourceor natu-
ral languageprocessingvas developedby the Gateproject[Cunningham1997. Datamodelsrelated
to XML and associatedjuery languagesvere developedby a numberof groupsincluding the Lore

project[Abiteboul, 1997 and SGMLQL [Le Maitre,1996. Theideaof documentiransformatiorus-

ing structurallyrecursve rulescomesfrom the work of the DSSSLstandardand XSLT working group.

Therehave beenanumberof toolsdevelopedfor thesupportof linguistic annotationfor example, Tran-

scriber Annotag,NB, EMU, Alembic (seebelon). Whatthe MATE projectis attemptingto do is to

bring thesestrandsof work togetherto provide a genericannotatiortool, which supportsion-hierarchic
markup(particularlynecessaryor speectdueto overlappingannotatiorschemesmultiple overlapping
speakrs). Stylesheetransformationanguagesave so far largely beenusedto producestatic docu-
mentsbut in this projectwe extendthis to createactive editabledisplays(seealsothe Amayawebeditor

[Vatton,1999 for asimilarapproach)An extensve list of tools,with links, canbefoundattheLinguis-

tic DataConsortiums Linguistic Annotationwebsite[Bird, 2000. We will give anovervien of someof

thesetools.

There are a numberof systemswhich focus on higher level annotation. The Alembic workbench
[Day, 1999 is designedo facilitatethe constructiorof training corporafor informationextraction. Dif-
ferentannotatiorschemeganbe usedwith the workbench put only oneannotationcanbe displayedat
atime, andthereis afixed annotatiorervironmentandview of annotationslt usesa Tipstercompliant
format[Grisham,1996, and canalsooutputannotationsn an SGML format. It doesnot provide fa-
cilities for listeningto or manipulatingspeectsignals.The Lacito Archivagetool [Michailovsky, 1999
displaysrecordingsandannotationsnadeby Lacito memberover thelastthirty years.Theannotations
arestoredas XML, andXSL stylesheetsreusedto provide multiple views of the samedata. Displays
aremadeusingJava appletsandcanbe shovn on ary standardvebbrowvser

Therearesystemavhichaimto bring togetherexisting tools. GATE [Cunningham 1997 supportsnod-
uleswrittenin any programminganguage.lt usesthe Tipsterarchitecturanternally but alsosupports
SGML inputandoutput. It is now possibleto do manualannotationsaswell, with a singlefixedinter
face. GATE alsocontainsa tool for comparingannotations for exampleone donemanuallyandone
automaticallyonthe sametext. EUDICO [Brugman,1999 is platformindependentyrittenin Java, and
is usableover theinternetwith ary standardorowser It allows the userto synchroniseext presentation
with the playbackof MPEGvideo. It is designedothatnew toolsandcorporacaneasilybeadded.lt is
currentlyavailableonly in “read-only” version(i.e. no annotations possible).A successfupilot study
wascarriedoutto investigatehe possibility of amegerof EUDICO with component$rom GATE.

Thereareseveraltoolswhich provide speeclsignalmanipulatiorcapabilitiefar moresophisticatedhan
thosecurrentlyavailablein the MATE workbench,(e.g. Emu[Cassidy200q , Praat[Boersma200q
andTranscribe[Barras,200Q). We ervisagethatfor somepurposesresearchermight wish to do the
initial transcriptionfrom the speechsignalusing anothertool, andthenusethe MATE workbenchfor
subsequentevels of annotationandfor creatingdisplaysusingtheseannotations.Exceptin the case
of Transcriberthis would necessitaté¢ransformingthe annotationsnto someform of XML. A tool for
corverting EntropicXlabel formatto XML is providedwith the MATE workbenchsee(section6).

Alembic andLacito both provide similar functionality to somepartsof MATE, but tailoredto the needs
of their particularprojects. Alembic provides automaticannotationoptionsfar beyond the scopeof
MATE. Lacito takesthe mostsimilar approachito MATE of all thetools studied,but it is restrictedto
oneparticulardomain;we would hopethatin futureif aprojecthasneedof suchatool, they couldmore



easily build it by writing MATE stylesheetshan by building an entiretool from scratch. GATE and
EUDICO aimto bring togetherexisting toolsand male it easierto usethemin a commonframework.

The MATE workbenchalsointendsto facilitate the display of outputof automaticanalysistools - it

would be useful to investigatepossibilitiesof integrating the MATE workbenchwith one or both of

thesetools. Theworkbenchhasmuchin commonwith otherXML editorsandbrowserscurrentlybeing
developed,suchasthe AmayaHTML browser/editor We go beyondthe scopeof Amayaby supporting
arbitrary annotationschemesatherthanjust HTML andby usinga more powerful mappingbetween
documen@anddisplaystructures.

3. SystemAr chitecture
3.1XML asdata format

XML hasproved to be a widely usedand effective format for annotatingtext and speechcorpora
[Sperbeg-McQueen,1994 [Ide, 1999. Its flexible hierarchicalstructurematcheswell with mary ar

easof linguistic theory The MATE workbenchusesXML asits input/outputformat,andusesa similar
internaldatamodel. However, the strictly hierarchicnatureof XML is at oddswith certainaspectsof

linguistic (particularlyspeechgata.ln multi-spealer dialoguesspeechmayoverlap,anddifferentanno-
tationhierarchiexodedon a corpusmay overlap,for exampleprosodyandsyntax.Oneway to indicate
this non-hierarchicastructurein XML is by the useof standof annotationisard,199§. Linking be-
tweenelementds doneby meanof adistinguishedref attribute of elementswhich usesa subsebf the
XPOINTER proposal[DeRose 1999 to pointto arbitraryelementsn the sameor differentfiles. Such
attributesare often called hyperlinks. This extendeddatamodelallows usto represenbverlappingor
crossingannotationsFor example thefollowing nonwell-formed XML would represena casewherea
contrastve markingis on the subjectandverbandcrosses <vp> constituent.

<np><contrastve> < det>the</det><n>cat</n></np>
<vp><v>sak/v></contrastve> <pp><pos>on</pos>
<det>the</det><n>mat</n></pp></vp>

This examplecouldberepresenteth well-formed XML asbelov

<np><detid="x1">the</det><n id="x2" >cat</n></np>
<vp><V id="x3">sak /v><pp><posid="x4" >on</pos>
<detid="x5" >the</det><n id="x6" >mat</n></pp> </vp>
<contrastie href="id(x1)..id(x3)"/>

Therepresentationf this in the MATE databasdseesection3.3) is shavn in figure 1. Note thatthis
couldall bein onefile or separatdiles for the two hierarchies.Standof annotation(wherehyperlinks
referto elementsn adifferentfile) is notessentialbut it providesa way of factoringannotationsandis
very usefulif multiple versionsof anannotatioriayerarerequired,for exampleto compareannotations
by differentcoders.

3.2 Software Ar chitecture

The MATE workbenchis designedo work on annotatiorcorporacodedin XML. It is notrestrictedo a
particularannotatiorschemegdescribedn XML by a DocumentType Definition (DTD).

Thearchitectureof the MATE workbenchconsistsf the following majorcomponents:
¢ An internaldatabasevhich is anin-memoryrepresentatiomf a setof hyperlinked XML docu-

ments(section3.3). Therearefunctionsfor loadingandoutputtingXML files into andout of the
database;

e A querylanguageand processowhich are usedto selectpartsof this databasdor subsequent
displayor processindsectiord);



Figurel: Internalrepresentationf examplewith crossingannotations

¢ A stylesheetanguageandprocessovhich respecirely defineandimplementa languageor de-
scribing structuraltransformation®n the database The outputof a transformatiorappliedto a
documentcan eitherbe anotherdocumentin the databaser a setof display objects. Theseare
usedto definehow the databasevill be presentedo the user(section5);

¢ A displayprocessowhichis responsibléor handlingthedisplayandeditingactions(section5.4).
This takesthe displayobjectoutputof a stylesheetransformatiorandshavsit to theuser;

¢ A userinterfacewhich handledile manipulatiorandtool invocation(section5).

The workbenchis written entirely in Java 1.2, which meansthatit is platform-independentWe have
testedt on Unix (SolarisyandWindows (NT and98). It doesnot currentlyrun on Macintoshcomputers
becausehereis not yet a versionof JDK1.2 for this platform. Thereis always a tradeof between
generalityandspecialisnin softwaredesignaselsavherein life. Specialisedacilitiesin annotatiortools
(e.g. automaticannotation)will alwaysrequirewriting specialisedoftware. However, we think thatit
is worthwhile building a commonframeawork that supportsfile 1/0, databasdandling,query support
andflexible displayfacilities into which this software canbe slotted,ratherthanbuilding specifictools,
althoughthesealsohave their place. No onetool cando everything, so the MATE workbenchallows
the reuseof other software, either by using XML as a datainterchangeformat, or by calling other
Java moduleswhich accesghe internal representatiomnd the MATE display structureusing defined
interfaces.

3.3Inter nal representation

At the heartof the workbenchis a databasevhich containsa representatiomf the XML files which
have beenloadedinto the workbench.The abstractdatamodelthatwe useis a directedgraph.andary
directedgraphcanbe representedh the model. Eachnodein this graphhasa type name(e.g. word,
phrase or otherarbitrarily chosemame),a setof string valuedattributes(extensionto typedattributes
would be possible)andan orderediist of child nodes(correspondingo outgoingedgesrom the node).
Edgesin the modelareunlabelled.A nodemay have several differentparent nodes but eachnodehas
(atmost)onedistinguishedgarentnodewhichis usedto decomposéhe graphinto adisjoint setof trees.
Thesemantic®r interpretatiorof the datamodelis flexible andmayvary dependingontherequirements
of theannotationrschemesised.A common,but not necessaryinterpretatiorof a nodeandthe parent-
child relationis thatanoderepresenta segmentof speectandits childrenrepresenafiner sub-dvision
of the sameseggmentof speechwherethe orderof the childrencorrespond$o thetemporalorder Links
to speechor otherdatafiles are storedasattributesof thesenodes(for exampleastime offsets). But,
for example,thereis no reasonwhy one could not have a nodeof type or whosechildrenrepresented
alternatve descriptionf the sameseggmentof speech.

Therepresentationf this datamodelin XML is fairly straightforvard. As eachXML file is readinto
the databaseeach XML elementand piece of text is representeds a new node,whosetype is the



DOCUMENTJ “DTD

*entity
*element
*root *document
ELEMENTDEF ENTITYDEF
[ELEM ENT *elementType
*attribute

*parent *children [ATTRIBUTEDEF]
*anyparent

ELEMENT

Figure2: A partialschemédor the MATE internalrepresentation

nameof the XML element(or “#PCDATA” for text). Attributesarecopiedover (taking default values
from the DTD if required). The parent-childrelationis thatderived from textual inclusionin the XML
files, andthe distinguishedparentof a nodeis the nodeof the textually enclosingKXML element. This
givesusaforestof trees.As afinal stageof loading, hyperlinksbetweerthesetreesare constructedas
additional (non-distinguishedparent-childlinks. This givesthe ability to represenarbitrary directed
graphsn XML. Outputtingthe contentsf theinternalrepresentatiobackto a setof XML files consists
of writing afile for eachroot node(thosewith no distinguishegarentsiandwriting eachdescendarntut
recursvely asXML, replacingnon-distinguisheahildrenby hyperlinks.Normally thesehyperlink href
attributescanbe addedto existing elementshut in somecasesnenv dummyelementsnustbe created.
This doesnot changethe contentsof the internalrepresentatiomncethesefiles arereadbackin, asthe
loadingsoftwarecanrecogniseandignorethedummyelements.

The internal representatiois implementedas a databasef triples of {nodeidentifier property name
propertyvalue}. Propertiegeneralisehe attributesof an XML elementandmostarestringvalued,but
somehave valueswhich arelists of othernodesin theinternalrepresentatiorfpr examplethe*children
and*parentproperties As anextensionto thestandardXML documentmodel[Woo0d,1999, DTDsare
alsorepresente@dsobjectsin the database.The typesof nodesandtheir interrelationshipsre shavn
in figure 2. This representationf the databasenakesit easyfor the querylanguaggsection4) to ask
generalguestionsaboutthe annotations.

Most usesof this datamodelfor describingcorporaso far have resultedin graphswhich are agyclic,
but we arenot yet surewhetherwe wantto enforcethis restriction. Our datamodelis similar to that
proposedy the Lore project[Goldman,1999, althoughwe useXPOINTER attributesratherthanlDs
for hyperlinking,sincethatallows usto link acrosdileswithoutassumingasinglelD namespaceacross
all files. In addition we amalgamateslementdinked to by hrefs and textual childreninto the same
parent-childrelation. A setof XML filesis avalid MATE annotationf eachfile is an XML document
whichis valid with respecto its DTD. We do not currentlycheckary restrictionson crosslinks between
thefiles representetly hyperlinks,sofor examplethereis currentlyno way to ensurehatall hyperlinks
from utteranceannotationsareto word annotationslt would be relatively easyto addthis furtherlevel
of checkingto the workbench,to malke surethat the children of eachnode are locally well-formed
afterhyperlinking. Onecouldcurrentlywrite a stylesheethatuseshe querylanguageo find wordsthat
violatethis constrain{i.e. anutterancehatcontainsanonword) andto displaythemin anerrorwindow.

An importantpointin the workbenchdesignis thatit is reflexive, i.e. all informationaboutthe system



1):  ($p pros) $p refersto <pr os> elements

(2):  ($s sent) $s refersto <sent > elements

(3):  ($w word); $wrefersto <wor d> elements

(4): ($s.type ~ "ans") && <sent >t ype attributevalueis "ans” AND

(5): ($s.who ~ "Mary") && <sent > who attributevalueis "Mary” AND

6): ($s ][ $w && <sent > precedes<word> AND

): ($w. pos ~ "adv" ) && <wor d> pos valueis "adv” AND

(8): ($w. who ~ "Peter") & & <word>who valueis"Peter” AND

9): ($w @%p) && <pr os> elementccursduringthe <wor d> AND
(10): ($p.type ~ "H") <pr os>t ype valueis "H*"

Figure3: An exampleQ4M query

is keptin a similar formatin the internalrepresentationfFor example,both stylesheetgwhich describe
the appearancef the userinterface)andresultsof queriesarestoredin the sameformat. This hasthe
adwantagethat, for example,we couldusetheworkbenchto provide a stylesheegditor

More importantly sincethe internalrepresentatiostructureis isomorphicto the structureof an XML
file, query resultscan be outputas XML files, and can be displayedto the userin a numberof for-
matsaccordingto the stylesheetised.In particular sincequeryresultscontainpointersto the elements
that satisfythe query we have the option of eitherdisplayingresultsseparatelyfrom the corpusor of
highlightingelementsn contet in thecorpus.

4. The MATE Query LanguageQ4M

XML is now beingusedfor purposesanddomainspreviously coveredby relationaldatabasesBecause
XML is stronglyhierarchicalndits structurds flexible (e.g. optionalor repeatealements)codingit in
arelationaldatabaseanbearelatively expensve operation.This hasled to alarge numberof proposed
XML querylanguagegMarchiori, 1998. Similar work wasalsodonein the database&ommunityon
developingquerylanguagegor datamodelswhich were moreflexible thanrelationalmodels,suchas
thework on ‘semi-structureddatabaseby the Lore project[Goldman,1999. We nonethelesshoseto
develop our own querylanguageandprocessofQ4M). Thereasonserethat; (1) whenwe startedour
work, therewasno XML querymoduleavailablein Java; (2) thereis still no standardn thisarea;(3) we
neededhe queryprocessoto interactwell with our internaldatabaseand (4) we neededan extended
datamodelthatwasanarbitrarygraphandnotjustatreestructure.

A querylanguageappropriatdor the datamodelrequiresthe following propertiegsee[Murata, 1999
for generakonsiderationsf querylanguagesn the XML world). Firstly, XML constructdike element,
attribute andattribute value mustbe accessibldo the querylanguage.Secondly we needto be ableto
accesslementsitherdirectly, via someconstraint,or indirectly by following the parent-childinks in
thedatabaseln addition,the orderof childrenin the datamodelis linguistically significant,sowe need
to queryon this order This is not always supportedasin early versionsof the ‘semi-structureddata
model. Thirdly, we alsowantto be ableto returntuplesof elementsi.e. combinationf elementswith
specificpropertiespairsof elementavith comparableropertiesglementsn a hierarchicarelationand
soon. This featuregoesbeyond someother XML querylanguagegsuchasthe onedefinedin XSLT)
which arerestrictedo returninglists of elementsOneexamplewould be a querysuchasthefollowing.

Find all adverbsspolenby Peterwhich includean”H*” accentandfollow directly after an answerby Mary.

Figure 3 shavs the equivalent query expressionin Q4M syntax. The Q4M expressionhasa variable
definitionpart(1-3) andaqueryconstrainpart(4-10). Variousmathematicabperatorsstringoperators,
wildcards,andgroupoperatorsaareavailablefor atomicexpressions.

Expressionsanbecombinedy logical operatorgin this example&&); logical OR(||) andnegation(! )
arealsoallowed. Combinationsof simple expressionsanbe groupedtogetherinto complex braclets.



Description Example Operators Explanation
Comparison of elements by the
values of their attributes

1o a string ($a.pos~"N") ~ I~ equals, does notequal
to a nuimerical value ($astart<0.2) < <= >>= === less, more, equal, notequal
relative to other values
as a string ($a.pos~S$bpos) ~!I~ equals, does not equal
asanumerical value  ($a.end>$b.end) < <= > >= == I= [ess, more, equal, notequal
position relative to other elements
in a hierarchy (32" $b) nm is (nth) ancestor of (mth) child
in a sequence ($a << $b) n<<m is (mth) left neighbor (rel. to nth ancestor)
related to time ($a[[ $b) %IMNODIN@ (timerelations)
membership of a set of
clements ($a{$b) {! is member, nomember, join set
attribute values ($a.pos{$b.pos) { Y { is member, nomember, join set

Figure4: List of definedQ4M operators

Thequeryin figure 3 alsodemonstratethe useof time relationsavailablein Q4M, e.g.’@’ (temporal
inclusion)and’][ (temporalcontact)(seealso[Mengel, 19994, [Heid, 1999). Thetemporalrelations
areshorthandor morecomplex operatoron theattributesof anelementandrely ona particularcoding
of the connectionbetweenannotationand speechfor example“$a ][ $b” is the sameas“($a.end==
$hstart)”. Figure4 is anoverview of the operatorsavailablein Q4M.

Theresultof aqueryis alist of tuplesof nodesn theinternalrepresentatiothatmatchthequery In the
examplegivenabove, thesewould be tuplesof ($p, $s,and$w) elements.The outputof Q4M is stored
asa new structurewithin theinternalrepresentationvhereit canbe accessedor displayto the useror
be usedfor subsequentanipulationwithin the workbench.Within the MATE workbench thereis an
interactve queryformulationtool that assistghe userwhenproducingqueries,asdescribedn section
6. Furtherdetailsof the MATE querylanguagencluding agrammarandimplementatiordetailscanbe
foundin [Mengel,19994.

5. MATE Stylesheetsand Display

In orderto supportflexible displayandeditingof corpusfiles, we requireaflexible mappingbetweerthe
logical structureof the dataandthe displaystructure.For example,we might wantto highlight certain
elementswvhich satisfysomequeryor only displaya summaryof the documentpr omit certainpartsof
the structure.This flexibility helpsin the explorationof the corpusandenableknowledgeableusersto
write specificannotatioreditorsfor particularannotatiortasks.

To provide this flexibility, firstly we assumdasis fairly standardn userinterfacedesign)thatthevisual
appearancef a displayeddocumentanbe decomposeihto displayobjects(section5.4 which form a
hierarchicalstructure for exampleXHTML or Java displayobjects. This displaystructurecanthenbe
describechsan XML document.

Formulatedthis way the transformatiorbetweenogical anddisplaystructuress a mappingfrom a di-
rectedgraphto atree. A suitablemethodof describingsuchmappingss to useaprogrammindanguage
basedon ‘structuralrecursion’.

5.1 StylesheetLanguage

We have defineda declaratie functionaltree-transformatiofanguageor mappinga logical document
structureinto a differentdocumentstructure. The emeging standardn this areais XSLT, but sinceit
wasnot fully definedwhenthe workbenchwas designed andlacks somefunctionalitiesnecessaryo
us,we decidedto implementa slightly differentandsimplertransformatiorfanguageMATE Stylesheet
LanguaggMSL), for our needs.MSL usesthe MATE querylanguagedefinedabove (section4), but
is otherwisesimilar to XSLT. Transformationspecificationswritten in XSLT or MSL are often called
stylesheetsEachstylesheetonsistsof one or moretemplatesgachtemplatecontainsa queryagainst
which elementdn the input document(sare matchedanda setof instructionsto follow if a matchis



<sent ence> <msl : styl esheet >

<det >The</ det > <msl :tenpl ate match="($a sentence)"> % $
<noun>cat </ noun> <Verti cal Li st >
<ver b>sat </ ver b> <nsl : appl y- t enpl at es/ >
<pos>on</ pos> </ Vertical Li st>
<det >t he</ det > </ msl :tenpl at e>
<noun>nat </ noun>
</ sent ence> <nmsl :tenpl ate match="($a noun)"> % $

<Text Box col our =" Red" >
<msl : appl y-t enpl at es/ >
</ Text Box>
</ msl :tenpl at e>

<msl :tenplate match="(%a *)"> %6 $
<Text Box col our ="Bl ack">
<msl : appl y-tenpl at es/ >
</ Text Box>
</ msl :tenpl at e>
</ nsl : styl esheet >

Figure5: An exampleXML file andassociatedtylesheet

found. Theseinstructionswill often include oneto recursvely processthe children of the matching
node,hence'structural’ recursion.

Figure5 shavs anexampleXML file, andanexamplestylesheetvhich producesMATE displayobjects.
It usesthreetemplatesto createdisplay objectswhich will causenounsto be displayedin red, while
otherwordswill bedisplayedin black. Eachelementin the XML file will be comparedn turn against
the queriesin thetemplatesuntil a matchis found,andthenthe body of thetemplatewill be processed.
Theinstruction<nsl : appl y-t enpl at es/ > will causehechildrenof theelemento beprocessed
in theirturn, andwhenthetext childrenof anelementareprocessedhey areprintedout.

5.2 StylesheetProcessor

Whenthestylesheeprocessois run,adocumenvr setof linkeddocumentsn theinternalrepresentation
is processedlongwith a stylesheetvrittenin MSL, describedn section5.1. Normally, the Stylesheet
Processoputputsa display structureas describedabore, which is thenprocessedby the Display Pro-
cessotto shav somethingo the user It canalsoberunin analternatve mode,in which casethe input
documentanbe transformednto anarbitraryoutputdocumenttructurein the internalrepresentation,
thusproviding for transformation®f the corpusannotations.

5.3 Display objects

We have defineda setof Java classedor differenttypesof MATE display objectswhich are basedon
the Java Swing userinterfaceclasses.At presentonly a limited numberof display objecttypeshave
beenimplementedn the workbench,basicallylists, tables,menus,soundplaying, waveform display
andtext. So, for example,it is not currently possibleto display structureas a parsetree. However,
theworkbenchis setup sothatit is possibleto write new Java classef displayobjectsto provide the
desiredfunctionality A new classmustsupporta definedinterface,which is similar to the interface
requiredfor Java userinterfaceobjects. We arecurrentlyin discussiorwith othergroupsto extendthe
rangeof displayobjecttypesthatwe support.

In addition,we have definedan XML DTD which describeghe formatof allowed displayobjectstruc-
turesto provide documentatiorandto allow validationof stylesheets.

5.4 Display Actions
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Figure6: Linking displayobjectsandcorpuselements

In orderto allow the userto interactwith displayscreatedwith MATE display objects,we have added
certainactionpropertiego eachobject. Thesedefine,for example,whatwill happenf a userclicks on
anobjectin thedisplay Whenoneof thesedisplayactionsoccurs,codein one of the attributesof the
displayobjectdefineswhatis to happen.Thecodeis writtenin a Lisp-like syntaxwhich allows ary Java
methodto be called. The basicideais thatthe codecan manipulatethe internal representatiomnd/or
the display objects,thus useractionson the display structurecan modify the internal representation.
We provide a ‘redisplay’ method,which rerunsthe stylesheebn the modified part of the databasend
redisplayghe output.We arenot entirely happy with this actionsyntax,sinceit is probablytoo comple
for the averagestylesheetlesigner However it haslet us experimentwith editing actions. In future
work we will look at defining a setof commonediting paradigms so that stylesheetwriters will be
ableto usethesewithout having to know aboutthe codethatdoesthe modificationsof the databaseln
orderto defineediting interfaceswe needthe ability to give the userlists of allowed elementnames,
attribute namesandallowed attribute values. This informationis definedin the DTD of the annotation
schemallt is thusnecessaryo be ableto referto this informationin stylesheetsfor exampleto create
amenuof allowableattributes. We have donethis by addingnev commanddo the stylesheetanguage
which provide iterationover elementndattribute definitionsin theDTD. With thedevelopmeniof XML
Schema$Thompson, 1999 to replaceDTDs, this maybecomepossiblein XSLT in thefuture.

Becausewve want actionson the userdisplay to have effects on the underlyingcorpus(i.e. we want
to supportediting), we needto keepback pointersfrom the display objectsto the partsof the corpus
which they referto. Sinceeachdisplayobjectwascreatedoy the instantiationof sometemplatein the
stylesheetwhich matchedagainstanelementn theinputdocumentthis conceptof backpointercanbe
definedin a consistentvay (asshawvn in figure6).

6 Usingthe MATE Workbench

In this section,we provide a brief descriptionof the MATE workbenchfrom auserperspectie. In order
to usethe workbenchon a corpus,you needa projectdirectorywhich containsthefiles relatingto this
corpus. Theworkbenchcomeswith several demodirectories,which eachcontainsomeXML files and
DTDs, stylesheetsa MATE projectfile, which containsalist of all thefiles which belongto this project,
and somerun files, which specify a stylesheeto be appliedto someXML files to createa particular
display

Whentheworkbenchis started a File choosemenuappeargfigure 7), andthe usercanselecta project
which canthenberun to displaya particularinterface. In this example,the userhaschosenthe com-
probs.mpMATE projectfile in theleft-handwindow, which hascaused list of thefiles referencedy
the projectfile to appeaiin the right-handwindow: onestylesheetfour XML files andarun file. An
interfaceconsistof oneor morewindows, which cancontaina speeciplayer or a numberof panesof
text. Someexampleinterfacesaredescribedn thenext section.

Queryingfunctionscanbecalledin two ways: 1) The projecton which thequeryis to be performedcan
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Figure7: MATE file menuchooser

bechoserfrom amenuin thestartupwindow, withoutcreatinga display;2) If adisplayhasalreadybeen
createdthe projectqueriedwill bethe oneusedin creatingthe display Both of thesemethodsbring
up a QueryWindow which interactvely guidesthe userthroughthe processof composinga query The
resultsof the queryaredisplayedin alist, andif adisplayis alreadypresentgclicking on anelementn
thelist takesyou to the positionof thatelemenin the maindisplay

Corversiontools canbe calledfrom the startupwindow; we currentlyhave two available. Onecorverts
from EntropicsXlabel formatto a simple XML format, creatingan elementfor eachlabel (by default
called“word”) with startandendtime attributesandcontentfrom the label. The othertool performsa
corversionfrom the BAS Partitur formatinto an XML format— this particularformatis one of mary
possibleXML representations.

6.1Examples

In this sectionwe presentexamplesof the MATE workbenchin action. In figure 8, we seethe display
which is createdby clicking on the RUN button in figure 7. This display shavs a human-machine
dialogueannotatedisingthe MATE CommunicatiorProblemsannotatiorschemgMengel,199914. In
the top left pane,the first two columnscontaina transcriptionof the dialogue,sggmentedinto user
(U) andsystem(S) utterancesThe third columncontainsa list of the communicatiorproblemswhich
occurredduringeachutteranceandthefourth alist of notesassociateavith eachutteranceThe bottom
left panecontaingthefull text of theall the notespertainingto the dialogue andthe bottomright panea
full descriptionof eachcommunicatiorproblem.Thetop right paneshavs alist of all thepossibletypes
of communicatiorproblemaccordingo this annotatiorscheme.

Figure9 shavsthedisplaycreatedy runningastylesheebnasetof HCRCMap Taskfiles. Theleft pane
consistof alist of possibledialoguemove typesfrom the Map TaskannotatiorschemdCarletta,19949.

Theright paneshaws thetranscriptof thedialogue alreadydividedinto moves. The PLAY buttonabove
eachsectionof text allows the userto heartherecordingof the following dialoguemove. This example
interfaceallows the userto labeleachdialoguemove with the appropriatamove typefrom thelist in the
left-handpane,by clicking on the move to be annotatedandthenon the move type. This causeghe
choserlabelto appeaiafterthespeakr name(giver or follower) in theright-handpane.In this example,
the first two moveson the screenhave alreadybeenannotatedput the remainderhave not. Both the
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examplesdescribedabore usecoloursin orderto make theinterfaceclearerfor theuser

Eachof theseinterfacesis just one exampleof how one might chooseto displaythe data. By writing
anotherstylesheetit is possibleto createa differentdisplaywhich suitsthe need<of a differentuser

7 Evaluation and Discussion
7.1 Evaluation

The MATE workbenchs currentlyundegoingevaluationby memberof theMATE projectandits panel
of advisors.Thereis notyetafull-scaleevaluationof how well the softwareworkson alarge annotation
project, which is obviously essentiato fully demonstratehe validity of our approach.However, we

have developeda numberof differentannotatiorschemesndstylesheet$or theseschemegwhich are
availablewith theworkbench).

From our evaluationon theseschemesandthe HCRC Map Taskcorpuswe cansaythatthe workbench
provides a flexible and powerful way of displayingcomplex annotations.We have found that writing
stylesheetsvasan easyway to tailor displaysto focusattentionon particularaspectf the data. The
guerylanguageallows oneto extract partsof the corpusbasedon comple criteria, andis alsovital to
the power of the stylesheetransformations.The actionlanguageprovidesus with the ability to create
andmodify annotationsalthoughfurtherwork is neededo make writing stylesheetthatcontainactions
easierto write. More work is neededn documentingheinterfaceto the databaséo allow othercodeto
accesst, asarefurtherextensiongo therangeof displaytypessupported.

7.2 Discussion

We believe that the MATE project has developeda prototypeannotationtool which demonstrates

feasibleapproacho makingspecialisedditorseasierto developandto use.This claimwill betestedn

futurework at Edinlburgh wherewe will usetheworkbencho annotatea corpusof telephonalialogues.
Thesystems basedn developingstandarde the XML community Thereareanumberof ideaswhich

underliethe structureof the MATE workbenchwhich we believe areimportant.

1) For flexibility of displayandthe easydefinitionof editorstailoredto a particularannotatiortask,one
shouldusea high level transformatiodanguageo provide aflexible link betweenogical structuresand
displaystructures.

2) The systemdesignshouldbe reflexive — definitionsof userinterfaces,queryresults,andcorpusde-
scriptionsshouldall bein the sameformatandexpressiblan the samedatamodel.

3) In orderto handlethe compleity of linguistic annotationsinda reflexive systemdesignoneneedo
extendthe datamodelaway from treestowardsgeneralgraphs.Thequeryandtransformatioanguages
usedshouldreflectthis datamodel.

4) Thedisplayprocessoshouldbe extendible,sothatit becomesasyto addnew displayoptions,for
exampleto addtree/graphdisplayingcapabilities.

7.3 Futur e dir ections

However thereare a numberof aspectf the prototypesystemwhich it would be usefulto readdress
if we wereto re-implementthe workbench. Firstly, now thatthe XSLT languages becomingstable,
it would be sensibleto addresghe issueof usingthe standardXSLT transformationanguagenstead
of our cut-davn versionof it. This would involve (a) usingthe XPATH querylanguagdn stylesheets,
(b) addressindhow handlehyperlinkingin stylesheetsand(c) using XMLSchemato enableaccesgo
DTD-typeinformationin stylesheetsAn alternatve (morespeculatie) approachwould beto keepthe
MATE querylanguageandextendstylesheetemplatedo work with tuple-returningjueries.Secondly
to addresgheissueof efficiengy andallow the workbenchto be usedwith muchlargerfiles. This could
involve reimplementingthe workbenchto usean external database.We have chosenan architecture



whereentirefiles areloadedinto memoryandprocesse@dsa group. The alternatve would beto provide
astreamingnterfacewherelargerfiles werereadandprocessea sectionat atime (wherethe definition
of a sectionwould bedefinedby a queryonthe XML structureof thefile).

Thirdly, extendthe display objectsso asto be ableto useary Java (Swing) userinterface component
in stylesheetandin displays. This would involve writing a schemaDTD or otherwise)for the Java
classeswhich would be a useful exercisein its own right. Finally, the transformationanguageand
the datamodelneedto be extendedto encompassgynamicinterfacesandthe updatingof the document
structure.Thesearenecessaryo supportheeditingof corpusannotationsThetwo directionsfor future
work aremakingthe languagdor definingediting actionseasierto use,andallowing displaystructures
to be createddynamicallyi.e. popupmenus.

7.4 Availability

The MATE workbenchis currentlyundegoing evaluationby membersof the MATE advisorypanel. If
youwish to obtaina copy of the softwarefor evaluation,pleasdook atthewebsite

http:// mate. ni s. sdu. dk for detailsof how to accesshe software. Thesourcecodewill bemade
availableundera GNU-stylelicenselaterthis year
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