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Abstract
The MATE workbenchis a tool which aimsto simplify the tasksof annotating,displayingandqueryingspeechor text corpora. It is
designedto helphumanscreatelanguageresources,andto make it easierfor differentgroupsto useoneanother’s data,by providing one
tool which canbeusedwith many differentannotationschemes.Any annotationschemewhich canbeconvertedto XML canbeused
with theworkbench,anddisplayformatsoptimisedfor particularannotationtasksarecreatedusinga transformationlanguagesimilar to
XSLT. Theworkbenchis writtenentirelyin Java,whichmeansthatit is platform-independent.

1. Intr oduction

The MATE workbenchprovidesa generalframework
for definingspecialisedannotationeditors,andmakesthe
writing of aneditor tool for a particularannotationscheme
and particularannotationtask relatively easy. This gen-
erality is provided by allowing the useof any annotation
schemacodedin XML (Bray et al., 1998; Goldfarb and
Prescod,1998)andby allowing thecorpusdesignerto write
rulebasedtransformationsusinga languageverysimilar to
ExtensibleStylesheetLanguageTransformations(XSLT)
(Clark, 1999)which describehow the corpusis presented
to theannotatorandwhateditingactionsareavailable.The
workbenchprovides a numberof pre-definedstylesheets
for usewith particularannotationschemes,but its major
strengthis that it is possibleto write new stylesheetsfor
existing or new schemes.Thereare many existing tools
whichoffer supportfor annotation,queryingand/ordisplay
of speechcorpora,andanextensivelist of these,with links,
canbefoundat theLinguistic DataConsortium’sLinguis-
tic Annotationwebsite(Bird andLiberman,2000). These
tools have beencreatedfor many differentandsometimes
veryspecificpurposes,andtheMATE workbenchdoesnot
aim to replacethem all, but to offer a way of creating
specificinterfacesmoreeasily in future, and to provide a
framework whichmakesit possibleto work with many dif-
ferentannotationschemeswhich arewritten in a common
format.

The MATE workbench draws on several existing
strandsof work to provide a genericannotationtool which
supportsnon-hierarchicalmarkup (particularly necessary
for speechdueto overlappingannotationschemesandmul-
tiple overlappingspeakers). The ideaof usingXML asa
annotationstandardfor natural languageprocessinggoes
backto the work of the Text EncodingInitiative (Ide and
Véronis, 1995), and the idea of using a databaseas a
central resourcefor natural languageprocessingwas de-

velopedby the GATE project (Cunninghamet al., 1996).
Data models related to XML and associatedquery lan-
guagesweredevelopedbyanumberof groupsincludingthe
Loreproject(Goldmanetal.,1999)andSgmlQL(LeMaitre
etal.,1996),andtheideaof documenttransformationusing
structurallyrecursiverulescomesoriginally from thework
of the DSSSL(Adler, 1997)standardandXSLT working
group. Stylesheettransformationlanguageshave so far
largely beenusedto producestaticdocuments,but in this
project we extend this to createactive editabledisplays.
The Amayaweb editor (Vattonet al., 1999) takesa simi-
lar approach.

2. Workbench Ar chitecture
TheMATE workbenchconsistsof thefollowing major

components,illustratedin figure1:

� an internal database(seesection3.) which is an in-
memoryrepresentationof a setof hyperlinkedXML
documents.Therearefunctionsfor loadingandout-
puttingXML files into andoutof thedatabase;

� aquerylanguageandprocessor(seesection4.) which
areusedto selectpartsof this databasefor subsequent
displayor processing;

� a stylesheetlanguageand processor(see section
5.1.) which respectively defineandimplementa lan-
guagefor describingstructuraltransformationson the
database.The output of a transformationappliedto
a documentcan either be anotherdocumentin the
databaseor a setof displayobjects.Theseareusedto
definehow thedatabasewill bepresentedto theuser;

� adisplayprocessor(seesection5.2.)which is respon-
siblefor handlingthedisplayandeditingactions.This
takesthedisplayobjectoutputof astylesheettransfor-
mationandshows it to theuser;



� auserinterface(seesection6.) whichhandlesfile ma-
nipulationandtool invocation.
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Figure1: TheMATE workbencharchitecture

3. XML and the MATE Inter nal
Representation

3.1. Inter nal Database

When XML files are loadedinto the workbench,the
dataarestoredin an internaldatabase.The abstractdata
model that we use is a directedgraph, and any directed
graphcanbe representedin the model. Eachnodein this
graphhasa typename(e.g.word,phrase,or otherarbitrar-
ily chosenname),a setof string-valuedattributesandan
list of child nodes(correspondingto outgoingedgesfrom
thenode).Edgesin themodelareunlabelled.A nodemay
have several differentparentnodes,but eachnodehas(at
most)onedistinguishedparentnodewhich canbeusedto
treatthegraphasanedge-disjointsetof trees.Thisview of
thegraphis usefulfor algorithmswhichrequireatreestruc-
ture, for examplewriting the internalrepresentationout to
a setof files, applying the stylesheetprocessor, or asking
questionsaboutthelinearorderof two elements.

The internal representationis implemented as a
databaseof triplesof

�
nodeidentifier, propertyname, prop-

erty value� . Propertiesgeneralisetheattributesof anXML
elementandmostarestring valued,but somehave values
which are lists of other nodesin the internal representa-
tion, for examplethe*childrenand*parentproperties.As
anextensionto thestandardXML documentmodel(Wood
et al., 2000),DocumentType Definitions(DTDs) arealso
representedasobjectsin the database.Someof the types
of nodesandtheir interrelationshipsareshown in figure2.

This representationof the databasemakes it easyfor the
querylanguage(section4.) to askgeneralquestionsabout
theannotations.
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Figure2: A partialschemafor theMATE internalrepresen-
tation

3.2. Overlapping Hierar chies
Thestrictly hierarchicalnatureof XML is at oddswith

certainaspectsof linguistic (particularly speech)data; in
multi-speaker dialogues,speechmay overlap, and differ-
entannotationhierarchiescodedon a corpusmayoverlap,
for exampleprosodyandsyntax. Oneway to indicatethis
non-hierarchicalstructurein XML is by theuseof standoff
annotation(Isardetal.,1998).Linking betweenelementsis
doneby meansof adistinguishedhrefattributeof elements,
which usesa subsetof the XPointerandXLink proposals
(DeRoseet al., 1999;DeRoseet al., 2000)to point to arbi-
traryelementsin thesameor differentfiles. Suchattributes
areoften calledhyperlinks. This extendeddatamodelal-
lows us to representoverlappingor crossingannotations.
We keepeachlevel of annotation,andeachdata-stream(in
thecaseof multi-speaker conversationsfor instance)sepa-
rate,andlink eachfurtherlevel of annotationto a common
base-level. This baselevel would normallybethesmallest
unit on which all the otherannotationsdepend.This may
oftenbetheword level, but couldalsobephonemesin the
caseof speech,higherlevel unitssuchassentencesor para-
graphsor indeedanything elseasappropriate.TheMATE
workbenchwill thereforedealappropriatelywith any data
whicharemarkedup in this way.

4. Queries
XML is now beingusedfor purposesanddomainspre-

viously coveredby relationaldatabases.BecauseXML is
stronglyhierarchicalandits structureis flexible (e.g. it is
possibleto have optionalor repeatedelements),coding it
in a relationaldatabasecanbea relatively expensive oper-
ation. This hasled to a large numberof proposedXML
querylanguages(Marchiori, 1998).Similar work hasbeen
donein the databasecommunityon developingquerylan-
guagesfor datamodelswhich are more flexible than re-
lational models,suchas the work on semistructureddata
(Abiteboulet al., 2000). We nonethelesschoseto develop
our own querylanguageandprocessor(Q4M) because1)
whenwe startedour work, therewasno XML querymod-
uleavailablein Java;2) thereis still nostandardin thisarea;



(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 attribute

valueis ”ans” AND
(5): ($s.who � "Mary") && 	 sent 
 who attribute

valueis ”Mary” AND
(6): ($s ][ $w) && 	 sent 
 precedes	 word 
 AND
(7): ($w.pos � "adv" ) && 	 word 
 pos attribute

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

valueis ”Peter”AND
(9): ($w @ $p) && 	 pros 
 elementoccurs

duringthe 	 word 
 AND
(10): ($p.type � "H*") 	 pros 
 type valueis “H*”

Figure3: An exampleQ4M query.

3) we neededthequeryprocessorto interactwell with our
internaldatabase;and4) weneededanextendeddatamodel
thatwasanarbitrarygraphandnot just a treestructure.

A query languageappropriatefor the datamodel re-
quiresthe following properties. Firstly, XML constructs
like element,attributeandattributevaluemustbeaccessi-
ble to thequerylanguage.Secondly, we needto beableto
accesselementseitherdirectly, via someconstraint,or indi-
rectlyby following theparent-childlinks in thedatabase.In
addition,theorderof childrenin thedatamodelis linguis-
tically significant,sowe needto queryon this order. This
is not possiblewith all querylanguages,for exampleearly
versionsof thesemistructureddatamodel.Thirdly, wealso
wantto beableto returntuplesof elements,thatiscombina-
tionsof elementswith specificproperties,pairsof elements
with comparableproperties,elementsin ahierarchicalrela-
tion andsoon. This featuregoesbeyondsomeotherXML
querylanguages(suchasthe onedefinedin XSLT) which
arerestrictedto returninglists of elements.Oneexample
wouldbea querysuchasthefollowing:

Find all adverbsspoken by Peter which include an
“H*” accent,and follow directly after an answerby
Mary.

Figure3 showstheequivalentqueryexpressionin Q4M
syntax.TheQ4M expressionhasa variabledefinitionpart
(1-3) and a query constraintpart (4-10). Variousmathe-
maticaloperators,string operators,wild cards,andgroup
operatorsareavailablefor atomicexpressions.

Expressionscanbe combinedby logical operators(in
this example&&); logical OR ( �� ) and negation (! ) are
alsoallowed andcombinationsof simpleexpressionscan
begroupedtogetherwith parentheses.Thequeryin figure
3 also demonstratesthe useof time relationsavailable in
Q4M,e.g.’@’ (temporalinclusion)and’][’ (temporalcon-
tact). See(Mengel,1999a;Heid andMengel,1999)for an
overview of theoperatorsavailablein Q4M.

The resultof a queryis a list of tuplesof nodesin the
internalrepresentationthat matchthe query. In the exam-
ple givenabove, thesewould betuplesof ($p, $s,and$w)
elements.Theoutputof Q4M is storedasa new structure
within the internalrepresentationwhereit canbeaccessed
for displayto theuseror beusedfor subsequentmanipula-
tion within theworkbench.

5. Stylesheetsand Display
5.1. MATE StylesheetLanguageand Processor

We have defined a declarative, functional, tree-
transformationlanguagefor mappinga logical document
structureinto a differentdocumentstructure. The emerg-
ing standardin this areais XSLT (Clark, 1999),but since
it wasnot fully definedwhentheworkbenchwasdesigned,
andlackssomefunctionalitiesnecessaryto us,we decided
to implementa slightly differentandsimpler transforma-
tion language,MATE StylesheetLanguage(MSL), which
usestheMATE querylanguage,but is otherwiseverysimi-
lar to XSLT. Transformationspecificationswrittenin XSLT
or MSL are called stylesheets. Each stylesheetconsists
of one or more templates,and eachtemplatecontainsa
queryagainstwhich elementsin theinput document(s)are
matchedand a set of instructionsto follow if a matchis
found. Theseinstructionswill often includeoneto recur-
sively processthe childrenof the matchingnode. A frag-
mentof a stylesheetis shown in figure7.

In orderto supportflexible displayandediting of cor-
pusfiles,werequireaflexible mappingbetweenthelogical
structureof thedataandthedisplaystructure.For example,
we might want to highlight certainelementswhich satisfy
somequeryor only display a summaryof the document,
or omit certainpartsof thestructure.This flexibility helps
in theexplorationof thecorpusandenablesusersto write
specificeditorsfor particularannotationtasks.To provide
thisflexibility , firstly we assumethatthevisualappearance
of a displayeddocumentcanbe decomposedinto display
objectswhich form a hierarchicalstructure,for example
XHTML or Java displayobjects,andthis displaystructure
canthenbe describedasan XML document.Formulated
this way, the transformationbetweenlogical and display
structuresis a mappingfrom a directedgraphto a tree.

Whenthestylesheetprocessoris run,adocumentor set
of linked documentsin the internal representationis pro-
cessedalongwith a stylesheetwritten in MSL. Normally,
the stylesheetprocessoroutputsa displaystructureasde-
scribedabove,which is thenprocessedby thedisplaypro-
cessorto show somethingto theuser. It canalsoberun in
analternative mode,in which casetheinput documentcan
betransformedinto anarbitraryoutputdocumentstructure
in the internal representation,thusproviding for transfor-
mationsof the corpusannotations.The projecthasdevel-
opedannotationschemesfor fivesetsof linguisticphenom-
ena(Klein et al., 1998;Mengel,1999b),andexamplesof
markupusing theseschemeswill be distributed with the
workbench,alongwith stylesheetsfor their annotationand
display. Usersof theworkbenchareby nomeanslimited to
theseschemes,however.

5.2. Display Objects

We havedefinedasetof Javaclassesfor differenttypes
of MATE display objects which are basedon the Java
Swing user interface classes. TheseMATE display ob-
jectsareusedfor creatingdisplaysfor codingcorporaor
for showing queryresults.Eachdisplayobjecthasa setof
properties,which canbe set,eitherdirectly in a Java pro-
gram,or by runningtheStylesheetProcessor(with aMATE
stylesheetandoneor moreXML files asinput). Themain



componentsusedfor building a displayarepanes(usedto
divide thedisplayinto two or moresections),vertical lists,
horizontallists, and text boxes(seefigure 6 below for an
exampledisplay).

5.3. Display Actions

In orderto allow theuserto interactwith displaysbuilt
from MATE displayobjects,we have addedcertainaction
propertiesto eachobject. Thesespecify, for example,the
behaviour which will occurif a userclicks on anobjectin
thedisplay, andwhenoneof thesedisplayactionsoccurs,
codein oneof the attributesof the displayobjectdefines
what is to happen.For example,if an XML file is associ-
atedwith aspeechfile (throughtheuseof startandendtime
attributeson word elements)thenanactioncanbewritten
which causesthe relevant sectionof speechto be played
whena word is clicked on. The codeis written in a Lisp-
likesyntaxwhichallowsany Javamethodto becalled.The
basicideais that thecodecanmanipulatethe internalrep-
resentationand/orthedisplayobjects,andthususeractions
on the displaystructurecanmodify the internal represen-
tation. We provide a “redisplay” method,which rerunsthe
stylesheeton the modifiedpart of the databaseandredis-
playstheoutput.We arenot yet entirelysatisfiedwith this
actionsyntax,andin futurework wewill look atdefininga
setof commoneditingparadigms,sothatstylesheetwriters
will beableto usethesewithout having to know aboutthe
codethatdoesthemodificationsof thedatabase.

6. User Interface

Figure4: File ChooserMenu

Whenthe workbenchis started,a file chooserwindow
(figure4) appears,andtheusercanselectaproject,causing
a list of the files referencedby the project file to appear
in the right-handwindow. The projectcanthenbe run to
displayaparticularinterfacewhichconsistsof oneor more
windows,eachcontraininga speechplayer, or a numberof
panesof text. An exampleinterfaceis shown in figure6.

6.1. Tools

Varioustools canbe calledfrom the file chooserwin-
dow menus.Thequeryingfunctionsof theworkbenchcan
becalledin two ways:1) Theprojectonwhich thequeryis
to beperformedcanbechosenfrom a menuin thestartup
window, without creatinga displayand2) if a displayhas

alreadybeencreated,the files which make up the project
usedto createit will be queried. Both of thesemethods
bring up a query window which interactively guidesthe
userthroughtheprocessof composingaquery. Theresults
of thequeryareshown asa list, andif a displayis already
present,clicking on an elementin the list repositionsthe
maindisplayon thatelement.

We currentlyhave two availablefile formatconversion
tools. One converts from EntropicsXlabel format (En-
tropic,1996)to a simpleXML format,creatinganelement
for eachlabel(by default called“word”) with startandend
time attributesandcontentfrom the label. The othercon-
vertsfrom BAS Partitur format(Schielet al., 1998)into an
XML format.

6.1.1. Audio Player

Figure5: Audio PlayerWindow

An audioplayerwindow (figure5) canbestartedin two
ways:1) from themaintoolsmenu,in which casetheuser
is promptedfor a filename,or 2) by the selectionof an
audio file in the right-handside of the file choosemenu.
This tool providesa scalablewaveform display andstan-
dardplaybackfunctions. Whena segmentof speechhas
beenselected,it is alsopossibleto usea very simpletran-
scriptionfunction, which producesan XML elementwith
id, startandendtimes,anda label, andthis canbe saved
to a file. We do not envisagethatuserswill wantto usethe
MATE workbenchfor large-scaletranscriptionexercisesas
thereareexisting toolswell suitedto this purpose.

6.1.2. Coding Module Editor
If the userentersthe workbenchto carry out an anno-

tation task, she/hefirst selectsa coding module. A cod-
ing moduleprescribeswhatconstitutesa coding,including
therepresentationof markupandtherelationsto othercod-
ings.Userscanproducenew codingmodulesor view apre-
existing codingmodulealongwith its correspondingcod-
ing files using the MATE CodingModule Editor (CME),
an intuitive userinterfaceintegratedinto theMATE work-
bench.



Within the MATE workbench,the codingmoduleand
codingfiles arerepresentedin XML providing aneasyand
preciseparsingof themoduleandits correspondingcoding
files. However, usingtheCME to composea codingmod-
ulewill only requireaminimalknowledgeof XML; thetool
itself automaticallygeneratestheXML DTD from theele-
mentstructuredefinedby theuser. Themarkupdeclaration
sectionof the codingmoduleis representedasa tree,and
theuseraddselements,attributes,entitiesandcommentsto
thetreeto constructthemarkupdeclaration.For eachnode
thename,type,etc. is specified.Thetreecanbeparsedto
createa codingmoduletext document.Themarkupdecla-
rationnodeandits sub-nodescontaininformationthatcan
beusedto createaDTD whichisusedinternallyin theMate
workbench.

6.2. Example Display

Figure6: MorphosyntaxDisplay

Figure 6 shows a display of morphosyntacticannota-
tion. The display is built of threepanes,eachof which
consistsof a vertical list madeup of horizontallists which
in turn aremadeup of text boxes. Figure7 shows a frag-
mentof thestylesheetusedto createthedisplay;this tem-
platematchesall word elementswhich arethelastchild of
a chunkelement,andcreatesthe top level of boxesin the
example.Furthertemplatesmatchwordsin othercontexts,
to build up thewholepicture.

7. Evaluation
At thetime of writing, theMATE workbenchis under-

goingevaluationby membersof theMATE projectandits
panelof advisors.Thereis notyeta full-scaleevaluationof
how well thesoftwareworkson a largeannotationproject,
which is essentialto fully demonstratethe validity of our
approach.However, wehavedevelopedanumberof differ-
ent annotationschemesandstylesheetsfor theseschemes
andtheseareavailablewith theworkbench.

Information on how to obtain a copy of the MATE
workbenchcanbefoundat http://mate.nis.sdu.dk
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<msl:template match="($w word)($ch ch);($ch 2ˆm $w)">
<MVerticalList Alignment="Left"

FrameVisible="True" FrameColor="Magenta">
<msl:apply-templates

select="($ch ch);($ch 2ˆ $this)"/>
<MHorizontalList Alignment="Left">

<msl:for-each
select="($w word)($ch ch)($mw mw);($ch 2ˆm $this)
and ($ch 2ˆn $w) and ($mw 1ˆm $w)">

<MVerticalList Alignment="Left"
FrameVisible="True" FrameColor="Blue">

<MHorizontalList Alignment="Left">
<msl:for-each

select="($w word)($mw mw);($mw 1ˆm $this)
and ($mw 1ˆ $w)" cache="no">

<MTextEditor FontSize="12">
<msl:apply-templates/>
<msl:text> </msl:text>

</MTextEditor>
</msl:for-each>

</MHorizontalList>
<MHorizontalList Alignment="Left">

<msl:apply-templates
select="($mw mw);($mw 1ˆm $this)" cache="no"/>

</MHorizontalList>
</MVerticalList>

</msl:for-each>
</MHorizontalList>

</MVerticalList>
</msl:template>

Figure7: Fragmentof anMSL stylesheet
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