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Abstract

We presenta light-weight tool for thean-
notationof linguisticdataonmultiple lev-
els. It is basedon thesimpli�cation of an-
notationsto setsof markableshaving at-
tributesand standingin certainrelations
to eachother. We describethe main fea-
turesof thetool, emphasizingits simplic-
ity, customizabilityandversatility.

1 Intr oduction

In recentyears,the developmentanduseof anno-
tation tools has beena recurrenttopic in corpus-
basedcomputationallinguistics. Currently, special-
izedtoolsfor theannotationof awide rangeof phe-
nomenaon differentlevels of linguistic description
are available. In the more recentof thesetools,
principles of designand implementationare real-
ized which over the yearshave emerged as quasi-
standards:

� XML asdatastorageformat,

� �le-le vel separationof basedata(i.e. the data
to be annotated)from the annotation,use of
stand-off annotation(Ide and Priest-Dorman,
1996),

� implementationin Java for thesakeof platform
independence.

Mostof theavailabletoolshandlewell thephenom-
enaon the linguistic level they areintendedfor, be
it coreference,dialogueacts,or discoursestructure,

to namejust a few. The annotationsthey yield do
exist independentlyof eachotherandcannoteasily
be combinedor appliedto the samelanguagedata.
This,however, would behighly desirablebecauseit
would allow for simultaneousbrowsing and anno-
tatingon severallinguistic levels. In addition,anno-
tation taskscouldbe distributedto several research
groupswith differentexpertise,with onegroupspe-
cializing in e.g. dialogueact tagging, anotherin
coreferenceannotation,andsoon. After completion
of the individual annotationtasks,the annotations
could be combinedinto onemulti-level annotation
thatasinglegroupcouldnothave produced.

The MMAX 1 tool presentedin this paperis in-
tendedas a light-weight and highly customizable
implementationof multi-level annotationof (poten-
tially multi-modal) corpora. It is basedon the as-
sumptionthat any annotationcan be simpli�ed to
setsof so-calledmarkablescarryingattributesand
standingin certainrelationsto eachother. Conse-
quently, all a tool hasto supplyis ef�cient low-level
supportfor the creationandmaintenanceof mark-
ablesondifferentlevels.

The remainderof this paperis structuredasfol-
lows: In Section2 we describein more detail the
basicconceptsunderlyingour approach.Section3
describeshow annotation(or coding) schemescan
be de�ned by the userand how they are enforced
by the tool during the annotationprocess.Section
4 dealswith how our approachextendsnaturallyto
covermultiple linguistic levelssimultaneously. Sec-
tion 5 gives a detaileddescriptionof both the tool

1MultiModal Annotationin XML. Thecurrentreleasever-
sionof thetool canbedownloadedathttp://www.eml.org/nlp.



itself andits DiscourseAPI which offershigh-level
Java accessto annotatedcorporain MMAX format.
In Section6 we brie�y discusssomerelatedwork.

2 Concepts

Linguistic annotationis the processand result of
(manually)addingnew informationto existing lan-
guagedata. This existing datacanconsistof writ-
tentexts (e.g.a newspapercorpus),but alsoof spo-
ken language(which mayevenbemulti-modal,i.e.
containe.g. pointing gestures). Before it can be
annotated,this data must be converted into some
machine-readableformat. In addition, somerudi-
mentarystructurehasto be imposedon it. What is
important for both of thesepreprocessingstepsis
that they shouldnot alter the original data in any
way. In particular, they should not introducear-
bitrary decisionsor implicit assumptions.Instead,
a format should be createdthat is as simple and
theory-neutralaspossible.In our approach,written
text is simply modelledas a sequenceof sentence
elements,eachof which spansa numberof word
elements.For spoken language(or dialogues),se-
quencesof turn elementsare used,eachof which
spanssequencesof word elements2. Sincethe tok-
enizationinto wordsandthesegmentationinto sen-
tencesor turnscanbe performedon a mereformal
(i.e. surface-based)level, we believe theseelements
to be suf�ciently objective to serve asthe structure
for what we call annotationbasedata. This is in
contrastto e.g. utterancesegmentation,which has
beenshown to requirea considerableamountof in-
terpretationfrom humansubjects.Therefore,we do
not supportutteranceelementson the level of the
annotationbasedata,but regardutterancesegmen-
tationasonepossiblelevel of annotation.

As for theXML implementationof theannotation
basedata,we simply modelsentenceandturn ele-
mentsas XML elementswith the respective name
andwith two obligatoryattributes:TheID attribute
assignsauniquelabelto eachelement,andthespan
attribute containsa (condensed)list of IDs of those
basedataelementsthatthesentenceor turncontains.

<sentence id="sentence_1"
span="word_1..word_8"/>

2For multi-modal dialogue,turns can containgestureele-
mentsin additionto word elements.

The � turn � elementmay have an additional
speaker andnumberattribute.
<turn id="turn_1" span="word_1..word_7"

speaker="A" number="1"/>

Eachwordelementin thebasedatais modelledas
a � word � XML elementwith anID attributeasthe
only obligatoryone. The word itself is represented
asa text child of the � word � element.If theorig-
inal languagedatawasspoken language,this is the
transcriptionof theoriginally spoken word. In this
case,the � word � elementmay also have an ad-
ditional starttimeandendtimeattribute relatingthe
word to a time line.
<word id="word_1" starttime="0.000"

endtime="0.7567">
This

</word>

All elementscomprisinga MMAX documentare
storedin a sentencesor turns �le anda words �le
(andan additionalgestures�le for multimodaldia-
logue). These�les de�ne the annotationbasedata
andarenot supposedto be modi�able throughthe
annotationtool.

2.1 Markables

Markablesarethe solecarriersof annotationinfor-
mation. Theconceptof markableis de�ned in for-
mal termsonly, i.e. without any implicit semantics.
A markableis simply an abstractentity which ag-
gregatesan arbitrarysetof elementsfrom the base
data. It doesso by meansof a list of IDs of word
elements(and/orgestureelements),whichareinter-
pretedaspointersto therespective elements.Obvi-
ously, thequestionwhichsequencesof elementsare
to be representedasmarkablesdependson the lin-
guistic level or phenomenononeis interestedin: In
thecaseof coreferenceannotation,markableswould
identify referring expressionsin the basedata,be-
causeit is on this level that informationhasto be
added.If thetaskis dialogueacttagging,markables
wouldbeusedto representutterances.

Markablesaremodelledas � markable � XML
elementswhich are similar to � sentence � and

� turn � elementsin thatthey consist(in theirmost
basicform) mainly of an ID and a spanattribute.
The latterattribute, however, canbe morecomplex
sinceit canreferencediscontinuous(or fragmented)
sequencesof basedataelements.



<markable id="markable_1"
span="word_1..word_5,word_7" ... />

Theplaceholderdotsin theexampleaboveareto in-
dicatethat a markablecanindeedhave many more
attributes. Thesearedescribedin sections2.2 and
2.3. Markablespertaining to the samelinguistic
level arestoredtogetherin a markablesXML �le.
In its header, this �le containsa referenceto anan-
notationschemeXML �le (cf. Section3).

2.2 Attrib utes

In orderto really addinformationto the basedata,
it is not suf�cient for a markableto identify theset
of elementsit aggregates. It also hasto associate
someattributeswith them. In our approach,mark-
ablescanhavearbitrarilymany attributesin theform
of name-valuepairs. At this time, two typesof at-
tributesaresupported:Nominalattributescantake
oneof a closedsetof values,freetext attributescan
take any string (or numerical)value. The attribute
names,typesandpossiblevaluesto be de�ned de-
pendon thenatureof themarkablesfor which they
are intended: In dialogueact tagging, markables
representutterances,thus a nominal attribute dia-
logue act with possiblevalues like initiation, re-
sponse, andpreparation etc.wouldberelevant.

On theXML level, attributesareexpressedin the
standardname="value" formaton markableele-
mentsin themarkables�le. Note,however, thatboth
the type of the attributesand their possiblevalues
(for nominalattributes)cannotbe determinedfrom
themarkables�le alone,but only with referenceto
theannotationscheme(cf. Section3) linkedto it.

2.3 Relations

While markablesand their attributesare suf�cient
to add information to independentsequencesof
base data elements, they cannot relate these to
each other for the expressionof structural infor-
mation. Therefore,our approachis complemented
by a meansto express relations betweenmark-
ables.Currently, attributesof typemember-relation
and pointer-relation are supported. Attributes of
type member-relation expressundirectedrelations
betweenarbitrary many markables. This relation
can be interpretedas set-membership,i.e. mark-
ableshaving the samevaluein an attribute of type

member-relation constitutean unorderedset. At-
tributesof type pointer-relation, on theotherhand,
express directed relations betweensingle source
markablesandarbitrarilymany targetmarkables.As
the namesuggests,this relationcan be interpreted
asthe sourcemarkablepointing to its target mark-
able(s).It is importantto notethatmember-relation
and pointer-relation are not attributes themselves.
Rather, they aretypesof attributes(likenominaland
freetext) which canberealizedby attributesof arbi-
trarynames.Thatmeansthatfor onemarkable,sev-
eraldifferentattributesof typemember- andpointer-
relation can be de�ned within the sameannota-
tion scheme.Theattribute typesimply de�nes how
theseattributes are interpreted. Like the concept
of markableitself, relationsare also de�ned only
formally, i.e. without any semanticinterpretation.
Likemarkables,relationscanbeassociatedwith any
kind of semanticinterpretation,dependingon the
annotationtask at hand: For coreferenceannota-
tion, it would be naturalto usea member-relation
attribute coref classto modelclassesof coreferring
expressions.In addition,a (binary)pointer-relation
attribute antecedentcould be employed to anno-
tate the direct antecedentof a coreferringexpres-
sion. As anotherexample,if the taskis annotating
the predicate-argumentstructureof verbs,(binary)
pointer-relationattributeslike subject, direct object
andindirect objectcouldbeusedto link averbto its
arguments.

On the XML level, relationsare expressedlike
normalattributes,with theonly differencethattheir
valuesare(lists of) markableelementIDs (pointer-
relation) or strings of the form setx (member-
relation).

<markable id="markable_2"
span="word_14..16"
coref_class="set_4"
antecedent="markable_1" ... />

3 Annotation Schemes

Even on the samelinguistic level, not every at-
tribute or relation is applicableall the time or to
every kind of markable.In coreferenceannotation,
e.g.,a markablethat hasbeenexplicitly annotated
as discourse-initialshouldnot be allowed to have
an antecedentattribute. Along the samelines, in
predicate-argumentstructureannotation,aso-called



weather-verb like ”r ain” shouldnot be allowed to
have a pointer to its subject. Restrictingthe avail-
ability of attributesto only thosethatmake sensein
aparticularsituationis animportantmeansto ensure
annotationqualityandconsistency.

Dependenciesof this kind can bestbe captured
by formulatingconstraints on which attributescan
occurtogetheror which aremutually exclusive. In
our approach,constraintsof various typescan be
modelledin the annotationscheme. Generally, an-
notation (or coding) schemesare of central im-
portanceto any annotationtask. They describe
which phenomenaareto be annotatedusingwhich
set of attributes. Within the MMAX tool, annota-
tion schemedevelopmenthasbeenof specialim-
portance,becausethe expressivenessand the de-
gree of customizabilityof the annotationscheme
stronglydeterminehow versatileandgenerallyap-
plicable the tool is. The mechanismfor de�n-
ing and handlingannotationschemesdescribedin
what follows hasbeendevelopedin collaboration
with the Brazilian-FrenchprojectCOMMOn-REFs
(Unisinos,SãoLepoldo-RS,Brazil; LORIA/INRIA,
Nancy, France)(Salmon-AltandVieira,2002).

An annotationschemede�nesall attributes(nom-
inal, freetext, member-relationandpointer-relation)
valid for a linguistic level. It speci�espossibleval-
uesfor nominal attributes,and it identi�es default
attribute values. Attributes can be either branch-
ing or non-branching: If an attribute is branching,
its current value in�uences which other attributes
are available. In a branchingnominalattribute, at
leastone of the possiblevaluesis associatedwith
a referenceto oneor morefollowing attributes. In
a branchingfreetext, member-relation or pointer-
relation attribute, on the other hand, at most two
referencesto following attributesare possible,de-
pendingon whetherthe attribute doesor doesnot
have a value. Considerthe following example(see
Figure1 for an illustration): In recentwork dealing
with pronounresolutionin spoken dialogue(Strube
and Müller, 2003), different types of expressions
(nounphrases,verb phrases,whole utterancesand
dis�uencies)hadto beannotated.They weredistin-
guishedby settingfor eachexpressiontheappropri-
atevaluein a nominalattribute calledExpressions-
Type. Sincenounphraseshave differentattributes
thane.g.verbphrases,theattributeExpressionsType

wasabranchingonebecauseeachof its possibleval-
uesreferenceda partially3 differentsetof following
attributes:For nounphrases,thewholerangeof lin-
guistic featureslike case,grammaticalrole, seman-
tic role, etc. is relevant,while e.g.verbphrasesand
utterances(for our purposes)neededonly bedistin-
guishedaccordingto their type (attributesVP Type
resp.Utt. Type). For unclassi�edexpressions(none)
and dis�uencies,on the other hand,no further at-
tributeswerede�ned at all.

Comment

Exp. Type
none

vp uttnp
disfluency

Member Member Member

Pointer

Case

Gram. Role

Sem. Role

Pointer Pointer

VP Type Utt. Type

Figure1: AnnotationSchemeDiagram(Fragment)

Attributes that are referencedby branchingat-
tributes(e.g.Member, Pointer, Case, VP Type) are
dependentin that they areonly valid andaccessible
if thecorrespondingvalueis selectedon thebranch-
ing attribute (i.e. ExpressionsType). Thus,theavail-
ability of attributescan effectively be constrained.
Sinceanattributethatis dependentonsomeotherat-
tributecanitself bebranching,arbitrarily many lev-
elsof dependency arepossible.

An annotationschemeof theabove form canalso
bedescribedasanannotationtree, whereeachnode
in the tree consistsof a numberof non-branching
and(optionally) onebranchingattribute. If a node
doeshave a branchingattribute, the dependentat-
tributesit referencescanbe seenaschild nodes.If
a nodedoesnot have a branchingattribute, it corre-
spondsto a leaf in theannotationtree.

3TheMemberandPointer attributeappliesto nounphrases,
verbphrasesandutterances.



4 Levels

In Section2, thelinguistic levelsof coreference,di-
alogueactsand predicate-argumentstructurewere
usedfor illustrative purposes.It wasdemonstrated
how thesedifferentlinguisticphenomenacanberep-
resentedby meansof a few simpleconcepts.The
following sectiondealswith how thesameconcepts
lend themselves to the simultaneousrepresentation
of multiple levelsof linguisticdescription.

Among others,the following levels of linguistic
descriptioncouldbeenvisaged:

� morpho-syntax,

� syntax,

� valency/predicate-argumentstructure,

� coreference,

� dialogueacts,

� prosody/intonation,

� . . .

Relatinge.g.theutterancelevel to thecoreference
level couldbedone,for instance,in orderto �nd out
whetherutteranceboundariesin spoken dialogues
canbeusedto narrow down thesearchspacefor an-
tecedentsof discourse-deicticanaphors.Along sim-
ilar lines,theprosodyor intonationlevel couldpro-
vide relevantinformationaswell.

Thoughit would be temptingto merge markable
�les from differentlevels,this would have somese-
riousdisadvantages.First of all, subsequentmodi�-
cationor removal of a level would becumbersome.
Moreover, alternativeversionsof thesamelevel (e.g.
utterancesegmentationsperformedby differentan-
notators)cannoteasilybecomparedwithout having
to duplicatetheotherlevels. For thesereasons,our
approachfavourstheseparationof thedifferentde-
scriptionlevelsto differentmarkables�les.

Sincemarkables(aswe de�ne them)arenot di-
rectly embeddedinto the basedata, but reference
basedataelementsby meansof their spanattribute,
the simultaneousapplicationof several description
levels is straightforward: Given someannotation
basedataset, setsof markablespertainingto dif-
ferentdescriptionlevelscansimply beappliedto it,

i.e. beallowedto accessthebasedataelementsthey
reference,thusaddinglevel by level of annotation.
Sincemarkableson differentlevelsarerelatedonly
indirectlyby virtueof sharedbasedataelements,is-
sueslike overlapor discontinuouselementsdo not
arise. This is madepossiblethroughwhat can be
seenasarigorousimplementationof theprincipleof
stand-off annotation(Ide andPriest-Dorman,1996;
ThompsonandMcKelvie,1997).

5 MMAX

5.1 The Annotation Tool

TheMMAX annotationtool is writtenin Java. XML
and XSL functionality is suppliedby the Apache4

XercesandXalan engines.The Java executableof
the tool itself is very small (ca.300 kb). Installing
thetool (underWindowsorLinux) is donebysimply
extractingadirectorystructureto thelocalharddisk;
no further installationis required.Figure2 shows a
typical annotationsituationwith themostimportant
GUI elementsbeingvisible, i.e. (clockwise,begin-
ning in the upperleft corner): the main annotation
window, the SearchWindow, and the AttributeWin-
dow. In the SearchWindow, a query for 3rd per-
son neuterpersonaland possessive pronounswith
obliquecaseis speci�ed. Attributescanbequeried
by eitherselectingthedesiredvaluefrom alist, or by
specifyinga regular expression.The AttributeWin-
dowshows theannotationschemedescribedin Fig-
ure1.

Up to now, MMAX hasbeenusedfor thecreation
of several annotatedcorpora,e.g. uni-modal text-
only corpora(Salmon-AltandVieira, 2002;Müller
et al., 2002; Strubeand Müller, 2003) and multi-
modalhuman-machinecorpora(Müller andStrube,
2001;RappandStrube,2002).

In order to minimize the tool's systemrequire-
mentsand maximize its performance,we deliber-
atelychoseto usea text-only display(asopposedto
anHTML display).Thisimposesacoupleof restric-
tionswith respectto userinteraction.Wedistinguish
betweenthedisplayof content-bearingvs. merely
layout information:

Content-bearinginformation is conveyed by
markablesandtheir properties.Within MMAX, it

4http://www.apache.org



Figure2: MMAX Screenshot



is visualizedby meansof text foregroundandback-
groundcoloursand graphicalarrows (for relations
betweenmarkables). User actions like selecting,
addingor deletinga markable,addinga relationbe-
tweentwo markables,or modifyingamarkable's at-
tributeschangethecontent-bearinginformationand
thusrequirefrequentdisplayupdates.TheMMAX
display offers hard-coded(and highly optimized)
methodsfor manipulatingtext colourandfor draw-
ing linesbetweenmarkables.Thuswe achieve very
goodperformance(i.e. low responsetime) for these
by farmostfrequenttypesof userinteractions.

Layout information,on the otherhand,contains
formal propertiesof the display only. It includes
mainly line breaksand indentations,but also font
style propertieslike bold, italic, and underlined.
Within MMAX, the XSL style sheetsupplied in
the.MMAX project�le is responsiblefor rendering
the display layout. By modifying this style sheet,
the usercancustomizethe display, e.g. by insert-
ing pseudo-HTMLtagslike � bold � ... � /bold �

or � italic � ... � /ital ic � . During a MMAX
session,changesto the layout can only be made
by explicitly reinvoking the style sheetprocessor,
which, dependingon the dataandstyle sheetcom-
plexity, can take several seconds. In contrastto
content-bearinginformation,however, layout infor-
mationis not expectedto requirefrequentupdates.
Utterancesegmentationis oneexampleof how the
displaylayoutmightchangeasaresultof markables
beingaddedto theannotation,i.e. if theuserwishes
to have line breaksinserteddirectly aftermarkables
respresentingutterances.This,however, canbeper-
formedreasonablywell if theuserdoesnot rebuild
thedisplayaftereachsinglemarkablecreation,but
only aftereach,say, � veor ten.

A MMAX session is started by opening a
.MMAX project �le. This �le containsreferences
to all �les comprisingaMMAX document:

� onesentencesor turnsXML �le,

� awordsXML �le (and/ora gestures�le),

� a list of markablesXML �les,

� anXSL stylesheet�le for renderingthelayout
of theMMAX display,

� an XML �le specifying colour attributes for
renderingtheappearanceof markablesdepend-
ing on their content.

Whena .MMAX project �le is opened,the tool
�rst builds anXML DOM treerepresentationof the
informationsuppliedin the basedata�les. For the
wholesession,thistreeservesastheread-only'scaf-
fold' to which annotations(givenin theform of one
or moremarkables�les) areapplied.Then,depend-
ing on which annotationlevels the user choseto
view, informationaboutmarkablesfrom theselev-
elsis addedto theDOM treeaswell. TheDOM tree
is thensubmittedto theXSL stylesheetfor transfor-
mationinto a singlestring,which is thenconverted
in a Java objectof typeStyledDocument. In thelast
step,markablesin theStyledDocumentarecoloured
accordingto their initial attributes,and the Styled-
Documentis �nally presentedto theuserby assign-
ing it to theMMAX display.

Userscanexplicitly activatemarkableson differ-
entannotationlevels.Only if a level is active,mark-
ablesonthis level aredisplayedandcanbeaccessed
or modi�ed. Userscanselectanactive markableby
left-clicking it. If the click is ambiguous,a popup
menuis displayedcontainingall activemarkablesin
the clicked position. In this menu,markablesare
taggedwith their respective level, so that userscan
easilyselectmarkablesfrom aparticularlevel (with-
outhaving to temporarilydeactivateall otherlevels).

Once a markableis selected,its attributes are
displayedin a separateAttributeWindow. In addi-
tion, if it hasa non-emptyvaluefor somemember-
relationor pointer-relationattribute, thosearevisu-
alizedby meansof arrowsdrawn ontheMMAX dis-
play. The AttributeWindow hasaccessto the anno-
tation schemede�ned for the markableit currently
displays. This enablesthe AttributeWindow to per-
form a consistency checkon eachmarkableby try-
ing to 'reproduce'theannotationprocessthatleadto
this markablehaving this setof attributes.5 It does
soby traversingtheannotationtree,beginningat the
root, and recursively trying to matchthe attributes
of the markableto the attributesde�ned at thecur-
rent annotationtree node. If an attribute could be
matched,it is consumed,and the AttributeWindow

5Thanks to Caroline VaraschinGasperin(Unisinos, São
Lepoldo-RS,Brazil) for providing someinitial ideason this.



is changedso that dependentattributesareaccessi-
ble. If the matchingprocessterminatesbeforeall
attributeshave beenconsumed,an annotationerror
or inconsistency hasbeendetected.Thesameis true
if anunde�nedattributevalueis foundon themark-
able. In bothcases,a warningmessageis displayed
to theuser. Within MMAX, theAttributeWindowis
thecentrallocationwheretheannotationschemeis
enforced.Figure3 givesanideaof theinternalrela-
tions betweendifferentMMAX components.Bold
boxesrepresentGUI elements.
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MMAX tool

Figure3: MMAX Components

Creatinganew markableworksstraightforwardly
by selectinga sequenceof text on the displayand
right-clicking it. If only oneannotationlevel is ac-
tive,apop-upmenuwith only oneoption,i.e. creat-
ing a markableon this level, will apear. Otherwise,
the menuwill containoptionsfor creatinga mark-
ableon any onecurrentlyactive level.

When a newly createdmarkableis selected,it
doesnot have any attributes except for thosede-
�ned on the root nodeof the annotationtree. The
AttributeWindowutilizestheorderof theannotation
treenodesto guidethe userthroughtheannotation
process,allowing only thoseattributes to be dis-
playedthatarevalid in thecurrentannotationsitua-
tion. As anadditionalhelp,eachattribute andeach
valuein theannotationschemecanhaveatextualde-
scriptionassociatedwith it. During annotation,this
descriptionwill be displayedto theuserwhenthey
move themouseover thecorrespondingitem in the
AttributeWindow.

Creationanddeletionof relationsbetweenmark-

ablesis performedin two steps: First, the source
markable is selectedas describedabove. Then
the target markableis selectedby right-clicking it.
Then, anotherpop-up menu appears,the options
of which dependon which relationshave beende-
�ned for the sourceandtarget markable:If oneor
moremember-relationattributesarede�nedfor both
markables,the userwill have the option of adding
the target markableto the set of the sourcemark-
able (if it is alreadya memberof one). If one or
morepointer-relation attributesarede�ned for the
sourcemarkable,theuserwill alsohave the option
of pointingto thetargetmarkable.Deletingrelations
betweenmarkablesworks analogously. After each
modi�cation, thedisplayis refreshedin orderto re-
�ect changesto theselectedmarkable's attributes.

5.2 The DiscourseAPI

The MMAX DiscourseAPI6 is intendedasa plat-
form for theexploitationandreuseof annotateddoc-
umentsin MMAX format. It mapstheelementsof
thebasedataandthemarkablesto Java classesand
de�nes a set of basic operationsto be performed
on them. The entire documentis wrappedin a
Java Discourse object which serves as the single
entry point. The Discourse object itself is created
from the.MMAX project�le by aDiscourseLoader
classwhich parsesthe XML �les andresolves ref-
erencesbetweenelements.The result is a tree-like
structurewhich canbe navigatedby accessingele-
mentson a particularlevel andretrieving their child
elements,which are Java objects themselves and
can thus be usedas entry points to their child el-
ementsas well. Considerthe following example:
getSentenceCount(), whencalledon the Discourse
object, returnsthe numberof sentencesin the cur-
rent document. This numbercan be usedto iter-
ateover all thoseelementsby meansof thegetSen-
tence(position)method,which returnsthe sentence
at positionasa Java Sentenceobject. Calling get-
WordCount()on this object returnsthe numberof
word elementsthe currentsentencecontains. get-
Word(position)returnsthewordatpositionasaJava
Word object. Theseobjectscontain,amongother
things,agetMarkables()methodwhichreturnsa list

6This sectionis basedon (Müller andStrube,2002)where
anearlierversionof theMMAX DiscourseAPI is describedin
moredetail.



of all markables(asJava Markableobjects)a word
is partof. Alternatively, getMarkables(level) returns
only thosemarkableson a particularlevel. On the
level of Markable objects,the API containsa set
of basicmethodsfor e.g. retrieving attribute val-
ues.It alsosupportsprocedureslikedeterminingthe
formalrelationbetweenmarkables(identity, embed-
ding,overlap,andthelike).

6 RelatedWork

Thework describedin this paperis relevant for two
distinct yet relatedtopics: Representationmodels
for linguistic data and developmentof annotation
toolsproper.

6.1 Linguistic RepresentationModels

The AnnotationGraph model (Bird andLiberman,
2001)is a currentrepresentationmodelfor linguis-
tic data. Within this model,annotationsare repre-
sentedaslabelledarcsconnectingnodeson a com-
montimeline. Eacharcis associatedwith a particu-
lar type(like a phone,word,dialogueact,etc.),and
a set of attribute-value pairs. While they aresim-
ilar to MMAX markablesin this respect,Annota-
tion Graphsaremuchmorepowerful sincethey can
modelany phenomenonwhichcanbemappedto se-
quentiallyalignedelementswith a temporalexten-
sion. On the otherhand,the dependenceon time-
aligneddatamight make it moredif�cult to model
corporawithout time stamps,like e.g. written text
corpora. In principle, however, our approachand
the AnnotationGraphmodel serve ratherdifferent
purposes:the former hasbeenprimarily designed
astheinternalrepresentationformatfor theMMAX
tool, andturnedout to be usefulasan independent
representationmodelaswell, while theambitionof
thelatterhasbeento createageneralpurposemodel
for theuni�cation of diverseannotationsystemfor-
mats.Dueto their similarity, however, bothmodels
arecompatiblewith eachother, andconversionfrom
oneinto theothershouldbepossible.

6.2 Annotation Tools

The NITE7 (Bernsenet al., 2002) initiative is a
projectin whichaworkbenchfor multi-level, cross-
level andcross-modalityannotationof languagedata

7http://nite.nis.sdu.dk

is developed. It is comparableto our tool only in
that it explicitly addressesthesimultaneousannota-
tion on different levels. It is, however, muchmore
ambitiousthanMMAX, bothwith respectto its in-
tendedscopeof functionalityandthefeaturesit of-
fers for displaycustomization.For instance,NITE
offers plug-ins for speechsignal visualizationand
even videoannotation(Soriaet al., 2002): The lat-
terallowstheuser/annotatorto insertinformationdi-
rectlyinto thevideodata.In contrastto that,MMAX
only supportsread-onlyaccessfor playbackof au-
dio (andpossiblyvideo) �les associatedwith indi-
vidual sentencesor turnsin thebasedata. NITE is
evenmoreadvancedwith respectto thedisplayca-
pabilities.Usershaveat theirdisposalnotonly plain
text elements,but morepowerful deviceslike tables,
list, buttonsandthelike,whichcanbeusedto create
highly functional displaysby meansof XSL style
sheets.The downside,however, appearsto be that
evenminor changesto theelementsdisplayedmake
it necessaryto reinvoke the style sheetprocessor,
which may becometime-critical for long or more
complex documents.The NITE workbench,which
still appearsto be in a demoor prototypestage,is
implementedin C++ andrunsonly on theWindows
platform. This decisionmight bemotivatedby per-
formancerequirementsresultingfrom the features
mentionedabove.

Apart from NITE, a numberof smallerandmore
specializedtoolsfor theannotationof individual lin-
guisticphenomenaexist,many of whicharepublicly
available. TheLinguistic Annotationwebsite8 con-
tainspointersto a largenumberof those.

7 Conclusions

This paperpresentedthe MMAX annotationtool
which is basedon the following major considera-
tions.Onthetheoreticalside,thereis thesimpli�ca-
tion of annotationsto asetof simpleconceptsbased
on thenotion of markable. Markablesareversatile
in the sensethat almostany kind of annotationcan
be expressedthroughthem. In addition,arbitrarily
many markablescanrefer to the samesequenceof
datawithout interferingwith eachother, evenif they
areoverlappingor discontinuous.Thismakesit pos-
sibleto usethemfor annotationof variouslevelsof

8http://www.ldc.upenn.edu/annotation



linguisticdescriptionsimultaneously. Anothertheo-
retical issuein thedesignof MMAX is its ability to
expressandenforcehighly customizableannotation
schemes.On the practicalside,a main designfea-
ture is thedeliberaterestrictionof thedisplaycapa-
bilities. This, taken togetherwith the rathersimple
markableconcept,madeit possibleto implementa
displaywhich is quickly updatableandthuseasily
andconvenientlyusable,even if morethanonean-
notationlevel (i.e. markables�le) is displayedat the
sametime. Thetool is implementedin Java, which
hasthe additionaladvantageof being platform in-
dependentandeasilyextensible.We believe thatall
this takentogetheroutweighsthedisadvantagesof a
slightly 'impoverished'display.
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