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Abstract
The MATE workbenchis a tool which aimsto simplify the tasksof annotatingdisplayingand queryingspeector text corpora. It is
designedo helphumansreatdanguageesourcesandto malke it easieifor differentgroupsto useoneanothers data,by providing one
tool which canbe usedwith mary differentannotationschemesAny annotationschemewhich canbe corvertedto XML canbe used
with theworkbenchanddisplayformatsoptimisedfor particularannotatiortasksarecreatedusingatransformatioanguagesimilar to
XSLT. Theworkbenchis written entirelyin Jasa, which meanghatit is platform-independent.

1. Intr oduction

The MATE workbenchprovides a generalframavork
for defining specialisecannotationeditors,and makesthe
writing of aneditortool for a particularannotatiorscheme
and particular annotationtask relatively easy This gen-
erality is provided by allowing the use of ary annotation
schemacodedin XML (Bray et al., 1998; Goldfarb and
Prescod1998)andby allowing thecorpusdesigneto write
rule basedransformationsisingalanguagevery similarto
ExtensibleStylesheet_anguageTransformationgXSLT)
(Clark, 1999)which describehow the corpusis presented
to theannotatomndwhateditingactionsareavailable. The
workbenchprovides a numberof pre-definedstylesheets
for usewith particularannotationschemesput its major
strengthis thatit is possibleto write new stylesheetdor
existing or new schemes. Thereare mary existing tools
whichoffer supportfor annotationqueryingand/ordisplay
of speectcorporaandanextensielist of thesewith links,
canbefoundat the Linguistic DataConsortiums Linguis-
tic Annotationwebsite (Bird andLiberman,2000). These
tools have beencreatedfor mary differentand sometimes
very specificpurposesandthe MATE workbenchdoesnot
aim to replacethem all, but to offer a way of creating
specificinterfacesmore easilyin future, andto provide a
framewvork which makesit possibleto work with mary dif-
ferentannotationschemesvhich arewritten in a common
format.

The MATE workbench dravs on several existing
strandsof work to provide a genericannotatiortool which
supportsnon-hierarchicalmarkup (particularly necessary
for speectdueto overlappingannotatiorschemesndmul-
tiple overlappingspealers). Theideaof using XML asa
annotationstandardfor naturallanguageprocessinggoes
backto the work of the Text Encodinglnitiative (Ide and
Véronis, 1995), and the idea of using a databaseas a
centralresourcefor naturallanguageprocessingvas de-

velopedby the GATE project(Cunninghamet al., 1996).
Data modelsrelatedto XML and associatedjuery lan-
guagesveredevelopedby anumberof groupsincludingthe
Loreproject(Goldmanetal., 1999)andSgmIQL(LeMaitre
etal., 1996),andtheideaof documentransformatiorusing
structurallyrecursve rulescomesoriginally from the work
of the DSSSL (Adler, 1997) standardand XSLT working
group. Stylesheettransformationlanguageshave so far
largely beenusedto producestaticdocumentshut in this
project we extend this to createactive editabledisplays.
The Amayaweb editor (Vattonet al., 1999) takesa simi-
lar approach.

2. Workbench Ar chitecture

The MATE workbenchconsistsof the following major
componentsilustratedin figure 1:

e aninternal databasgseesection3.) which is anin-
memoryrepresentatiorf a setof hyperlinked XML
documents.Thereare functionsfor loadingandout-
putting XML filesinto andout of the database;

e aquerylanguageandprocessofseesectiond.) which
areusedto selectpartsof this databaséor subsequent
displayor processing;

¢ a stylesheetlanguage and processor(see section
5.1.) which respectiely defineandimplementa lan-
guagefor describingstructuraltransformationsn the
database.The outputof a transformationappliedto
a documentcan either be anotherdocumentin the
databaser a setof displayobjects.Theseareusedto
definehow thedatabasevill bepresentedo theuser;

o adisplayprocessofseesection5.2.)whichis respon-
siblefor handlingthedisplayandeditingactions.This
takesthedisplayobjectoutputof a stylesheetransfor
mationandshawsit to theuser;



e auserinterface(seesection6.) which handledile ma-
nipulationandtool invocation.
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Figurel: The MATE workbencharchitecture

3. XML andthe MATE Internal
Representation

3.1. Internal Database

When XML files are loadedinto the workbench,the
dataare storedin aninternal database.The abstractdata
model that we useis a directedgraph, and ary directed
graphcanbe representeih the model. Eachnodein this
graphhasatypename(e.g.word, phrasepr otherarbitrar
ily chosenname),a setof string-valuedattributesandan
list of child nodes(correspondindo outgoingedgesfrom
thenode).Edgesin themodelareunlabelled.A nodemay
have several differentparentnodes,but eachnodehas(at
most)onedistinguishedbarentnodewhich canbe usedto
treatthegraphasanedge-disjoinsetof trees.This view of
thegraphis usefulfor algorithmswhichrequireatreestruc-
ture, for examplewriting the internalrepresentatioout to
a setof files, applyingthe stylesheeprocessaror asking
questionsboutthelinearorderof two elements.

The internal representationis implemented as a
databasef triplesof {nodeidentifier propertyname prop-
erty value}. Propertiegeneralisgheattributesof an XML
elementand mostare string valued,but somehave values
which are lists of other nodesin the internal representa-
tion, for examplethe*childrenand*parentproperties.As
anextensionto the standardXML documenimodel(Wood
etal., 2000), DocumentType Definitions (DTDs) arealso
representeds objectsin the database Someof the types
of nodesandtheirinterrelationshipsreshown in figure 2.

This representatiorof the databasenakesit easyfor the
querylanguage(section4.) to askgeneralquestionsabout
theannotations.
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Figure2: A partialschemdor theMATE internalrepresen-
tation

3.2. Overlapping Hierar chies

The strictly hierarchicalnatureof XML is at oddswith
certainaspectsf linguistic (particularly speech)data; in
multi-spealer dialogues,speechmay overlap, and differ-
entannotatiorhierarchiecodedon a corpusmay overlap,
for exampleprosodyandsyntax. Oneway to indicatethis
non-hierarchicastructurein XML is by theuseof standof
annotatior(Isardetal.,1998).Linking betweerelementss
doneby meanof adistinguishedrefattribute of elements,
which usesa subsetof the XPointerand XLink proposals
(DeRoseetal., 1999;DeRoseetal., 2000)to pointto arbi-
trary elementsn the sameor differentfiles. Suchattributes
are often called hyperlinks. This extendeddatamodelal-
lows us to represenbverlappingor crossingannotations.
We keepeachlevel of annotationandeachdata-streanin
the caseof multi-spealer corversationdor instance)epa-
rate,andlink eachfurtherlevel of annotatiorto acommon
base-lgel. This baselevel would normally be the smallest
unit on which all the otherannotationglepend. This may
oftenbe theword level, but could alsobe phonemesn the
caseof speechhigherlevel unitssuchassentencesr para-
graphsor indeedanything elseasappropriate.The MATE
workbenchwill thereforedealappropriatelywith ary data
whicharemarkedup in this way.

4. Queries

XML is now beingusedfor purposesanddomainspre-
viously coveredby relationaldatabasesBecauseXML is
strongly hierarchicalandits structureis flexible (e.qg. it is
possibleto have optional or repeatecelements) codingit
in arelationaldatabaseanbe a relatively expensve oper
ation. This hasled to a large numberof proposedXML
querylanguagegMarchiori, 1998). Similar work hasbeen
donein the databaseommunityon developingquerylan-
guagesfor datamodelswhich are more flexible than re-
lational models,suchasthe work on semistructurediata
(Abiteboul et al., 2000). We nonethelesshoseto develop
our own querylanguageand processofQ4M) becausel)
whenwe startedour work, therewasno XML querymod-
uleavailablein Java; 2) thereis still nostandardn thisarea;



(1) (3p pros)
2): ($s sent)
?): ($w word);

$p refersto <pros > elements
$s refersto <sent > elements
$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

<pros > elementccurs
duringthe <word > AND
<pros > type valueis “H*"

9): Bw @%p) &&

(20): ($p.type ~ "HE

Figure3: An exampleQ4M query

3) we neededhe queryprocessoto interactwell with our
internaldatabaseand4) we needednextendeddatamodel
thatwasanarbitrarygraphandnotjustatreestructure.

A query languageappropriatefor the datamodel re-
quiresthe following properties. Firstly, XML constructs
like element attribute and attribute value mustbe accessi-
ble to the querylanguage Secondlywe needto be ableto
accesglement®itherdirectly, via someconstraintpr indi-
rectly by following the parent-childinks in thedatabaseln
addition,the orderof childrenin the datamodelis linguis-
tically significant,sowe needto queryon this order This
is not possiblewith all querylanguagesfor exampleearly
versionsof thesemistructuredlatamodel. Thirdly, we also
wantto beableto returntuplesof elementsthatis combina-
tionsof elementswith specificpropertiespairsof elements
with comparablgropertieselementsn ahierarchicarela-
tion andsoon. This featuregoesbeyond someotherXML
querylanguagegsuchasthe onedefinedin XSLT) which
arerestrictedto returninglists of elements.One example
would bea querysuchasthefollowing:

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

Figure3 shavstheequivalentqueryexpressiorin Q4M
syntax. The Q4M expressiorhasa variabledefinition part
(1-3) and a query constraintpart (4-10). Variousmathe-
matical operators string operatorswild cards,and group
operatorsaareavailablefor atomicexpressions.

Expressionsan be combinedby logical operatorg(in
this example &&); logical OR (||) and negation (! ) are
alsoallowed and combinationsof simple expressionsan
be groupedtogethemwith parenthesesThe queryin figure
3 also demonstratethe useof time relationsavailablein
Q4M,e.g.’@’ (temporalinclusion)and’][' (temporalcon-
tact). See(Mengel,1999a;Heid andMengel,1999)for an
overview of theoperatorsvailablein Q4M.

Theresultof a queryis a list of tuplesof nodesin the
internalrepresentatiothat matchthe query In the exam-
ple givenabove, thesewould be tuplesof ($p, $s,and$w)
elements.The outputof Q4M is storedasa new structure
within theinternalrepresentatiowhereit canbeaccessed
for displayto the useror be usedfor subsequenanipula-
tion within theworkbench.

5. Stylesheetsand Display
5.1. MATE Stylesheet_anguageand Processor

We have defined a declaratve, functional, tree-
transformationanguagefor mappinga logical document
structureinto a differentdocumentstructure. The emeg-
ing standardn this areais XSLT (Clark, 1999), but since
it wasnotfully definedwhentheworkbenchwasdesigned,
andlackssomefunctionalitiesnecessaryo us,we decided
to implementa slightly differentand simpler transforma-
tion language MATE Stylesheet anguaggMSL), which
usesthe MATE querylanguagebut is otherwisevery simi-
larto XSLT. Transformatiorspecificationsvrittenin XSLT
or MSL are called stylesheets. Each stylesheetconsists
of one or more templates,and eachtemplatecontainsa
gueryagainstwhich elementsn theinput document(spare
matchedand a setof instructionsto follow if a matchis
found. Theseinstructionswill oftenincludeoneto recur
sively procesghe childrenof the matchingnode. A frag-
mentof a stylesheets shown in figure 7.

In orderto supportflexible displayand editing of cor-
pusfiles, we requireaflexible mappingbetweerthelogical
structureof thedataandthedisplaystructure For example,
we might wantto highlight certainelementswhich satisfy
somequery or only display a summaryof the document,
or omit certainpartsof the structure.This flexibility helps
in the explorationof the corpusandenablesusersto write
specificeditorsfor particularannotationtasks. To provide
thisflexibility , firstly we assumehatthevisualappearance
of a displayeddocumentcan be decomposedhto display
objectswhich form a hierarchicalstructure,for example
XHTML or Java displayobjects,andthis displaystructure
canthenbe describedasan XML document. Formulated
this way, the transformationbetweenlogical and display
structuress a mappingfrom a directedgraphto atree.

Whenthe stylesheeprocessois run,adocumenor set
of linked documentsn the internal representatioiis pro-
cessedhlongwith a stylesheetwvritten in MSL. Normally,
the stylesheeprocessooutputsa display structureas de-
scribedabove, which is thenprocessedby the displaypro-
cessorto shav somethingto theuser It canalsoberunin
analternatve mode,in which casetheinput documentan
betransformednto anarbitraryoutputdocumenstructure
in the internal representationthus providing for transfor
mationsof the corpusannotations.The projecthasdevel-
opedannotatiorschemesor five setsof linguistic phenom-
ena(Klein etal., 1998; Mengel, 1999b),and examplesof
markup using theseschemeswill be distributed with the
workbenchalongwith stylesheet$or their annotatiorand
display Usersof theworkbenchareby no meandimited to
theseschemeshowever.

5.2. Display Objects

We have defineda setof Java classedgor differenttypes
of MATE display objects which are basedon the Java
Swing user interface classes. TheseMATE display ob-
jects are usedfor creatingdisplaysfor coding corporaor
for shawing queryresults.Eachdisplayobjecthasa setof
propertieswhich canbe set, eitherdirectly in a Java pro-
gram,or by runningthe StylesheeProcessofwith aMATE
stylesheeaindoneor more XML files asinput). The main



componentsisedfor building a displayare panegusedto
divide the displayinto two or moresections)yerticallists,
horizontallists, and text boxes (seefigure 6 belov for an
exampledisplay).

5.3. Display Actions

In orderto allow the userto interactwith displaysbuilt
from MATE displayobjects,we have addedcertainaction
propertiesto eachobject. Thesespecify for example,the
behaiour whichwill occurif a userclicks on anobjectin
the display andwhenoneof thesedisplayactionsoccurs,
codein one of the attributesof the display objectdefines
whatis to happen.For example,if an XML file is associ-
atedwith aspeecHile (throughtheuseof startandendtime
attributeson word elementsthenan actioncanbe written
which causeghe relevant sectionof speechto be played
whenaword is clicked on. The codeis written in a Lisp-
like syntaxwhich allows any Jastamethodto becalled. The
basicideais thatthe codecanmanipulatetheinternalrep-
resentatiorand/orthedisplayobjects andthususeractions
on the display structurecan modify the internalrepresen-
tation. We provide a “redisplay” method,which rerunsthe
stylesheebn the modified part of the databasendredis-
playsthe output. We arenot yet entirely satisfiedwith this
actionsyntax,andin futurework we will look atdefininga
setof commoneditingparadigmssothatstylesheetriters
will be ableto usethesewithout having to know aboutthe
codethatdoesthe modificationsof thedatabase.

6. UserInterface
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Figure4: File ChooseMenu

Whenthe workbenchis started,a file choosemwindow
(figure4) appearsandthe usercanselectaproject,causing
a list of the files referencedby the projectfile to appear
in the right-handwindow. The projectcanthenberun to
displaya particularinterfacewhich consistf oneor more
windows, eachcontraininga speectplayer, or anumberof
panesf text. An exampleinterfaceis shavn in figure6.

6.1. Tools

Varioustools canbe calledfrom the file chooserwin-
dow menus.The queryingfunctionsof the workbenchcan
becalledin two ways: 1) The projecton whichthequeryis
to be performedcanbe choserfrom a menuin the startup
window, without creatinga displayand?) 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 interactvely guidesthe
userthroughthe procesof composingaquery Theresults
of the queryareshawn asalist, andif adisplayis already
presentclicking on an elementin the list repositionsthe
maindisplayonthatelement.

We currentlyhave two availablefile format conversion
tools. One corverts from Entropics Xlabel format (En-
tropic, 1996)to a simple XML format,creatinganelement
for eachlabel (by default called“word”) with startandend
time attributesand contentfrom the label. The othercon-
vertsfrom BAS Partitur format(Schieletal., 1998)into an
XML format.

6.1.1. Audio Player
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Figure5: Audio PlayerwWindow

An audioplayerwindow (figure5) canbestartedn two
ways: 1) from the maintools menu,in which casethe user
is promptedfor a filename,or 2) by the selectionof an
audiofile in the right-handside of the file choosemenu.
This tool providesa scalablewaveform display and stan-
dard playbackfunctions. Whena segmentof speechhas
beenselectedit is alsopossibleto usea very simpletran-
scriptionfunction, which producesan XML elementwith
id, startandendtimes,anda label, andthis canbe saved
to afile. We do notervisagethatuserswill wantto usethe
MATE workbenchfor large-scaldranscriptionexercisesas
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 moduleprescribesvhatconstitutesa coding,including
therepresentatioof markupandtherelationsto othercod-
ings. Userscanproducenew codingmodulesor view apre-
existing coding modulealongwith its correspondingod-
ing files usingthe MATE Coding Module Editor (CME),
anintuitive userinterfaceintegratedinto the MATE work-
bench.



Within the MATE workbench,the coding moduleand
codingfiles arerepresenteth XML providing aneasyand
preciseparsingof themoduleandits correspondingoding
files. However, usingthe CME to composea codingmod-
ulewill only requireaminimalknowledgeof XML,; thetool
itself automaticallygenerateshe XML DTD from theele-
mentstructuredefinedby theuser Themarkupdeclaration
sectionof the codingmoduleis representedsa tree,and
theuseraddselementsattributes,entitiesandcommentgo
thetreeto constructhe markupdeclaration For eachnode
thename,type, etc. is specified. The treecanbe parsedo
createa codingmoduletext document.The markupdecla-
ration nodeandits sub-nodegontaininformationthatcan
beusedo createaDTD whichis usednternallyin theMate
workbench.

6.2. Example Display

airgnt

u unload a the people

s pardon me?

U unload the people

s fine

AT Article v [PV [N

AV Adverk use [the

AP Adpoesition e /AT M

C Conjunction s o

1L Numeral Glvight

| Interjection % DI

U Unassigned u GOV v N PaRT]

R Residual L where [are [the pecple Jfleft

£ filler E2 R Y TS v
= s [V H I PART]

i i Jdon’t Junderstand [lyour [reference [to [the [people [[left

i PDlV v |PD |AP AT |n |v

u oV v v |
where fare [the [people

I

|
delta

I
helicopter |to

]
et
il

i F F
ithe [people Iﬂfom south delta |to
v

ST M AP N

|
ADl Adjective

ADY Adverb
SUBORD Subordinate
il Noun

T AT N
s JADV RV P P
there[are |z [aroups Jlof fpeople [at [delta

b v fule 2l il
v oV [V n |
[where [are [all [the [people

T N
d P

| Infinitive
PART  Past Participle
Di

ADJ_PA Adiectival participle
AT

axd v IPD
s |ADV PV

i Al

COORD Coordinator

Figure6: MorphosyntaxDisplay

Figure 6 shaws a display of morphosyntacti@nnota-
tion. The displayis built of three panes,eachof which
consistof a verticallist madeup of horizontallists which
in turn aremadeup of text boxes. Figure 7 shows a frag-
mentof the stylesheetisedto createthe display; this tem-
platematchesll word elementswvhich arethelastchild of
a chunkelement,andcreateghe top level of boxesin the
example.Furthertemplatesnatchwordsin othercontexts,
to build up thewholepicture.

7. Evaluation

At the time of writing, the MATE workbenchis under
going evaluationby membersof the MATE projectandits
panelof advisors.Thereis notyetafull-scaleevaluationof
how well the softwareworks on a large annotatiorproject,
which is essentiato fully demonstratehe validity of our
approachHowever, we have developeda numberof differ-
entannotationschemesand stylesheetdor 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
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<MHorizontalList
<msl:apply-templates
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</msl:template>
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Figure7: Fragmenbf anMSL stylesheet
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