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Abstract
TheAnnotationGraphToolkit is a collectionof softwaresupportingthedevelopmentof annotationtoolsbasedon theannotationgraph
model. The toolkit includesapplicationprogramminginterfacesfor manipulatingannotationgraphdataandfor importing datafrom
otherformats.Thereareinterfacesfor thescriptinglanguagesTcl andPython,adatabaseinterface,specializedgraphicaluserinterfaces
for a variety of annotationtasks,andseveral sampleapplications.This paperdescribesall the toolkit componentsfor the bene�t of
would-beapplicationdevelopers.

1. Intr oduction
Linguistic databasesare widely usedin the scienti�c

studyof languageandin language-technologyresearchand
development. Many softwaretools have beendeveloped
to supportthe creationof annotatedlinguistic databases,
andsomeof themaredocumentedin (Bird andHarrington,
2001). Bird andLibermanhave developeda modelfor ex-
pressingthelogical structureof linguistic annotations,and
have demonstratedthat it canencodea greatvarietyof ex-
isting annotationtypes(Bird andLiberman,2001). An an-
notationgraphis a directedacyclic graphwhereedgesare
labeledwith �elded records,andnodesare(optionally) la-
beledwith timeoffsets.Figure1 showsanannotationgraph
for a fragmentof theTIMIT corpus(Garofoloetal., 1986).
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Figure1: AnnotationGraphfor a fragmentof TIMIT data

Annotationgraphshaveopenedupnew possibilitiesfor
creation,maintenanceandsearch,andleadto new annota-
tion toolswith applicabilityacrossthetext, audioandvideo
modalities.Annotationgraphsarealsopermittingexisting
annotationtools– eachwith largeuser-bases– to bemade
fully interoperable.

The AnnotationGraphToolkit (AGTK) is a collection
of softwaresupportingthedevelopmentof annotationtools
basedon theannotationgraphmodel. AGTK includesap-
plicationprogramminginterfacesfor manipulatingannota-
tion graphdataandfor importingdatafrom otherformats,
a databaseinterface,wrappersfor scriptinglanguages,spe-
cializedgraphicaluserinterfacesfor annotationtasks,and
sampleapplications.

Thispaperis addressedto developersof linguisticanno-
tationtools.Webegin with ahigh-leveloverview of thetool
architecture(x2), beforepresentingthemostimportantfea-
turesof theannotationgraphlibrary (x3), the�le I/O library
(x4), andtheir scriptinglanguageinterfaces(x5). In x6 we
discussour approachto tool creation,involving rapidhigh-
level programmingin scriptinglanguages,interfacedto sta-
bleandoptimizedC++ libraries.Wedescribeourmodelof

inter-componentcommunication,andour approachto GUI
design,in whichwe createmany special-purposetoolsthat
aremaximallyergonomicfor thetaskathand.All software,
interfacede�nitions, con�guration �les anddatasamples
areavailableunderanopensourcelicense.

2. Ar chitecture

Existing annotationtools are basedon a two level
model. The systemwe discussin this paperis basedon
a threelevel model,in which annotationgraphsprovide a
logical level independentof applicationandphysicallevels.
This is the three-level modelof moderndatabasesystems
(Abiteboul et al., 1995) appliedto linguistic databasesin
supportof dataindependence,datareuse,andsoftwarein-
tegration. Theapplicationlevel representsspecial-purpose
tools built on top of the general-purposeinfrastructureat
thelogical level.

The toolkit is comprisedof several components,struc-
turedaccordingto thearchitectureshown in Figure2. This
modelpermitsapplicationsto abstractaway from �le for-
mat issues,anddealwith annotationspurelyat the logical
level, throughthe annotationgraphAPI. Annotationtools
provide graphicaluserinterfacecomponentsboth for sig-
nal visualizationand for annotation,and the communica-
tion betweenthesecomponentsis handledby anextensible
event language.

As with other recentarchitecturesfor languagetech-
nologies,e.g. (Allen et al., 2000), the architecturecon-
sistsof a setof loosely-coupled,heterogenouscomponents
thatcommunicatewith eachotherby exchangingmessages.
This designhasthreebene�ts. First, componentscan be
implementedin the most opportunelanguage,and wrap-
perscaneasilybeaddedto legacy andthird-partycompo-
nents. Second,messagetraf�c canbe loggedto facilitate
errordiagnosisandto permit inter-componentandhuman-
computerinteractionsto be replayedandanalyzed.Third,
messagepassingpermitsthetransportprotocolto besepa-
ratedfrom the communicationcontent. The former is en-
forced by the infrastructure,while the latter is extremely
�e xible.



Figure2: Architecturefor AnnotationSystems

3. The Annotation Graph Library
Theannotationgraphlibrary (libag) is implementedin

C++,1 andprovidesfunctionsfor creating,deleting,modi-
fying andsearchingthefollowingannotationgraphobjects:
AGSet, AG, Annotation, Anchor, Timeline, Signal, Feature
andMetadata. Theseobjectsarerelatedto eachotherac-
cordingto theobjectmodelshown in Figure3. Thevarious
objectswill beexplainedin moredetailaswe describethe
API.

Figure3: TheAG ObjectModel

Theannotationgraphlibrary alsokeepsindexesfor the
Annotation, Anchor, Feature and Metadatatypesso that
searchescanbedoneef�ciently .

The API providesaccessto internalobjects– signals,
anchors,annotations,etc – through the use of identi�er
strings. The typesof annotationgraphidenti�ers include
AGSetId , AGId, andAnnotation Id .

3.1. The structure of annotation graph identi�ers
All identi�ers are representedas strings. The inter-

nal structureof an identi�er can best be understoodin
terms of the object hierarchy in Figure 3. Annotation
graphidenti�ers are fully-quali�ed : given an object iden-
ti�er , all of the ancestorobjectscan be discovered sim-
ply by inspecting the identi�er. For instance,an an-
chor "Timit:A G1:An ch or2 " belongsto the annotation

1Thelibrary hasrecentlybeenportedto Java.

graph"Timit:AG1 " , which in turn belongsto theAGSet
"Timit" .

Internally, the annotationgraph library maps these
string identi�ers to object references.A consequenceof
this design is that annotationgraph objectscan be ref-
erencedfrom scripting languagesusing human-readable
names.The useof fully-quali�ed identi�ers alsoreduces
the risk of collision – the accidentalre-useof the same
identi�er in differentplaces– whichcanhaveunpredictable
consequences.

3.2. Annotation graph API functions

This sectionexplainssometypical API functions. The
completeIDL de�nition of theAG-API is availableonline
[http:// www.l dc .up enn.e du/A G/ ].

3.2.1. AGSetand AG functions
An AGSetis an objectwhich containsa setof annota-

tion graphs.Typically, anAGSetcorrespondsto a corpus,
but it might also correspondto a user-speci�ed selection
from a corpus,or to a selectionspanningseveral different
corpora. The �rst thing to do in working with annotation
graphsis to createanAGSetobjectto hold them.
CreateAGSet. This createsanemptyAGSetwith a speci-
�ed AGSetId,andreturnstheAGSetId:
AGSetId CreateAGS et (AGSetI d agSetId) ;

OnceanAGSetis created,Timelines,Signals,AGs,and
thenAnnotationsandAnchorscanalsobecreated.Certain
functionscanthenbecalledon thesedatatypes,for exam-
ple, to testfor their existenceor to deletethem.An AGSet
canbe deletedby usingDeleteAGS et . Its existencecan
betestedby usingExistsAG Set .
CreateAG. This createsan AG and returnsthe AGId; it
throws anAGExceptionif the id doesnot containa valid
AGSetId,or if thetimelinedoesnotexist:
AGSet CreateAG( Id id);
AGSet CreateAG( Id id, TimelineI d timelineI d);

The parameterid may be either an AGSetId or an
AGId. If it is an AGSetId,an AGId will be assignedto
thenew AG. However, if it is anAGId, the library will try
to usethesuppliedid. If this id is unavailable,it will assign
a new AGId.

The timelineId is the id of the timeline with which the
new AG will beassociated.An AG canbecreatedwithout
beingassociatedto any timeline.

3.2.2. Timeline and Signal functions
A “timeline” is a collection of synchronizedsignals,

suchas separateaudio and video recordingsof the same
event,or amultichannelrecordingof aconferencecall. The
key de�ning propertyof atimelineis thattheoffsetsinto its
signalsareintertranslatable;any offsetsinto any oneof the
associatedsignalscanbemappedto anoffsetinto any of the
others.Whenever multiple signalsor channelsareusedin
an annotationtask,they areassignedto a distinct Signal
object.2 Multiple synchronizedsignalsaregroupedinto a
singleTimeline object.

2 An exceptionto this is thesituationof amultichannelrecord-
ing in whichthedifferenttracksarenotdiscriminatedin theanno-
tationtask;herethey maybetreatedasa singleSignal object.



The functions CreateTi melin e, ExistsTim el ine
andDeleteTime li ne will now beexplained.

CreateTimeline. This createsa new Timelineandreturns
theTimeline Id :

Timeline Id CreateTim el in e(I d id);

Id is AGSetId or TimelineId . In either case,the
AGSetto which the Timeline belongsmust alreadyexist;
otherwiseanexceptionwill bethrown. For example:

/* Create an AGSet with id "Timit" */
AGSetId agSetId = CreateAG Set (" Ti mi t") ;

/* Create a new timeline */
Timeline Id timeline 1 = CreateTi meli ne( agSetId );

/* Create another timeline */
Timeline Id timeline 2 =

CreateTim el in e(" Ti mi t: Timel in e2" );

/* The followin g causes an exceptio n
since AGSet "CallHome" does not exist */
Timeline Id timeline 3 =

CreateTim el in e(" Call Home");

/* The followin g also causes an exceptio n */
Timeline Id timeline 4 =

CreateTim el in e(" Call Home:Ti melin e2") ;

ExistsTimeline. This testsfor theexistenceof thespeci�ed
Timeline, andreturnstrueif it existsandfalseotherwise:

boolean ExistsTim el ine (T im eli neId timeline Id) ;

DeleteTimeline. This deletesthe speci�ed Timeline if it
exists:

void DeleteT ime li ne(Ti meli neI d timelineI d) ;

CreateSignal.This createsa new signalandaddsit to the
timeline.

SignalId CreateSi gnal( Id id, URI uri,
MimeClas s mimeClass, MimeType mimeType,
Encoding encoding , Unit unit, Track track);

Theid argumentmightbeTimelineIdor SignalId.If it
is a TimelineId,thelibrary will generateanew SignalId.If
it is a SignalId,thelibrary will try thegivenid �rst, andif
it' staken,generateanew SignalId.If theid givenis invalid,
it throwsanAGException.

The uri argumentspeci�esa locationwherethe sig-
nal is to be found. Applications may use this informa-
tion to displayandreplaya signal. ThemimeClass and
mimeType argumentstell anapplicationabouttheformat
of thesignal,while theencoding argumentspeci�eshow
samplesare coded(e.g. mu-law). The unit argument
speci�es the samplerate of the signal; annotationappli-
cationsmay usethis informationto set the granularityof
time codingand time alignmentin a user interface. The
track argumentrecordswhichtrackof thesignal�le con-
tains the signal. In this way, we can createtwo or more
distinctSignal objectswhich referencedifferenttracksof
thesamesignal�le.
GetSignals. This returnsSignalId s of the Signalscon-
tainedin thespeci�edTimeline:

SignalId s GetSignal s(T im el ine Id timeline Id );

TheSignalId s areseparatedby spaces.

3.2.3. Annotation Functions
CreateAnnotation.Thiscreatesa new annotation:

Annotati onId CreateAnn ot at ion (I d id,
AnchorId start, AnchorI d end,
Annotation Type annotati onTyp e) ;

The id argumentcanbe an AGId or an AnnotationId.
If it is an AGId, an AnnotationIdwill be assignedto the
new annotation.On theotherhand,if it is anAnnotationId,
the library will try to usethe suppliedid. If this id is un-
available,it will assigna new AnnotationId.Theotherar-
gumentsareasfollows: start is the id of the startanchor;
endis the id of theendanchor;annotationTypeis thetype
of theannotation.

CreateAn not at io n returnsthe AnnotationIdof the
new annotation.
ExistsAnnotation. This returnstrue if the annotationex-
ists:

bool ExistsAn nota ti on( Annotat io nI d annotat ion Id );

DeleteAnnotation.Thisdeletesanannotation:

void DeleteAn nota ti on( Annotat io nI d annotat ion Id );

CopyAnnotation. Thiscopiesanexisting annotation,with
a new identi�er assignedto thenew annotation:

Annotati onId CopyAnnot at io n(A nnot ati onId annotati onI d) ;

SplitAnnotation. Thissplitsanannotationinto two, creat-
inganew annotationwith thesamelabeldataastheoriginal
one;returnsIds of bothannotations.

Annotati onIds SplitAnn ot at ion (A nnota ti onId annotatio nI d) ;
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Figure4: Split anannotation

NSplitAnnotation. This splitsan annotationinto N anno-
tations,creatingN-1 new annotationshaving thesamelabel
dataastheoriginal one;returnsid s of all annotations,in-
cludingtheoriginal one:

Annotati onIds NSplitAn nota tio n(
Annotati onId annotatio nI d, short N);
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Figure5: Nsplit anannotationwith N = 4

3.2.4. AccessingLabel Data
SetFeature. This setsthefeaturesof anannotationaswell
as the featuresof the metadataassociatedwith AGSets,
AGs, TimelinesandSignals.

void SetFeatu re (I d id, FeatureN ame feature Name,
FeatureVa lu e feature Val ue);



The Id can be Annotati onI d, AGSetId , AGId,
Timeline Id or SignalId . This is also true for
other Feature functions, such as ExistsFea tu re ,
DeleteFe atu re , GetFeatu re , etc.
GetAnchorSet.Thisreturnsall theAnchorsin agivenAG.

AnchorId s GetAnchor Set (A GI d agId)

GetAnchorSetByOffset. This returnsall anchorswith its
offset in betweenoffset-epsilonandoffset+epsilon,inclu-
sive. Thedefaultvaluefor epsilonis 0.

AnchorId s GetAnchor Set ByOf fse t( AGId agId,
Offset offset, float epsilon=0 );

GetAnchorSetNearestOffset. This returnsall anchorsat
thenearestoffsetto thegivenoffset:

AnchorId s GetAnchor Set Near est Of fs et (
AGId agId, Offset offset);

3.2.5. AccessingAnnotations
GetIncomingAnnotationSet. This returnsthe incoming
annotationsof thespeci�ed anchor. Theincomingannota-
tionsof anchora aretheannotationswhichendwith anchor
a:

Annotati onId s GetIncom in gAnnota ti onSet (
AnchorId anchorId );

GetOutgoingAnnotationSet. This returnsthe outgoing
annotationsof the speci�ed anchor. The outgoinganno-
tationsof anchora aretheannotationswhichstartwith an-
chora:

Annotati onId s GetOutgo in gAnnota ti onSet (
AnchorId anchorId );

For example,in theannotationgraphshown in Figure6,
theincomingannotationsof anchor2 area,b,c,d,e,andthe
outgoingannotationsof anchor2 aref,g,h.
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Figure6: Incomingandoutgoingannotations

GetAnnotationSetByOffset. This returnsall annotations
thatoverlapaparticularoffset.

Annotati onId s GetAnnot at io nSetB yOff set (
AGId agId, Offset offset);

GetAnnotationSeqByOffset. This returnsall annotations
sortedby startanchoroffsetsas the �rst sortingkey, end
anchoroffsetsasthe second,andAnnotati onI ds asthe
third.

Annotati onId s GetAnnot at io nSeqByOff set (A GI d agId);

Annotati onId s GetAnnot at io nSeqByOff set (
AGId agId, Offset begin);

In this case, GetAnnotationSeqByOffset re-
turns all the annotationswith their start anchor offset
greaterthan or equalto a speci�ed offset, sortedby start
anchoroffsetsasthe�rst sortingkey, endanchoroffsetsas
thesecond,andAnnotation Id s asthethird.

Annotati onIds GetAnnot at io nSeqByOffs et (
AGId agId, Offset begin, Offset end);

In this case, GetAnnotationSeqByOffset re-
turnsreturnsall theannotationswith thestartanchoroffset
in betweenthespeci�edoffsets,sortedby startanchoroff-
setsasthe�rst sortingkey, endanchoroffsetsasthesecond,
andAnnotation Id s asthethird.

3.2.6. XML savefunction
toXML. This returnsa string in the ATLAS Level 0

XML formatof thespeci�edAGSetor AG:

string toXML(Id id);

Theannotationgraphlibrary alsoprovidesfunctionsto
accessa databaseserver, for the persistentstorageof an-
notationswhich may be sharedby multiple annotators,as
describedby Ma et al. (2002).

4. The File I/O Library
The I/O library is alsoimplementedin C++. This sec-

tion describeshow the I/O classesareusedto readnative
format�les into annotationgraphsandwrite themback.

Table 1 summarizesthe formats which are currently
supportedby theI/O library.

Thereis oneabstractclassnamedagfio whichdeclares
the interfacefor the load andstore methods,which are
virtual functions.By inheritingtheagfio classandimple-
mentingthe load andstore methods,eachformatwill be
a classwith load andstore methods.Loadingor storing
is doneby creatinganinstanceof a formatclassandcalling
the load or store methodwith theproperarguments.

As shown in Table1, currentlyonly AIF, LCF andTF
formatscanbestored.

5. Scripting LanguageAccessto the APIs
The toolkit providesinterfacesto the annotationgraph

libraries for the scripting languagesTcl and Python. To
avoid having to manageobjectreferencesacrosstheTcl/C
and Python/C languageinterfacesand in the event lan-
guage,all communicationis via strings.Thesestringshold
object identi�ers, featurenamesand featurevalues. This
sectiondescribeshow to accessthe APIs from Tcl and
Python.

For aTcl programto accessannotationgraphfunctions,
it mustcontaineitherof thefollowing declarations:

package require ag

or

load ag_tcl.s o
source ag.tcl

Thefollowing Tcl statementcreatesanannotation.



Formatname SupportedI/O Targetcorpusor format

AIF input/output ATLAS InterchangeFormat,Level 0 [http://www .l dc. upenn. edu/A G/ doc /x ml /ag .d td ]

BAS input BAS Partitur format [http://ww w.p honetik .u ni - muench en.d e/B as /B asFor matse ng.h tml ]

BU input BostonUniversityRadioSpeechCorpus
LCF input/output LDC CallhomeFormat

SwitchBoard input Switchboard
TF input/output TableFormat

TIMIT input TIMIT Corpus[http://www .l dc .up enn. edu/l ol /d ocs /T IMIT. ht ml ]

TreeBank input/output PennTreebank[http://www .c is. upenn.e du/˜ tr eebank/ home. ht ml ]

xlabel input xlabelformat

Table1: Supported�le formats

AG_Creat eAnnota ti on $agId $a1 $a2 $ann_typ e

Note that thefunctionnamehasthepre�x AG. Newer
versionsof AGTK supporttheTcl namespaceasfollows.

AG::Crea te Annot at io n $agId $a1 $a2 $ann_type

Theargument$agId is anAG identi�er, andtheargu-
ments$a1 and$a2 areAnchor identi�ers. The argument
$ann type is thetypeof theannotation(e.g.“word”).

Similarly, for a Pythonprogram,we needto import the
AG module�rst:

import ag

Thefollowing codefragmentcreatesanAGSet,a time-
line, anAG, two anchorsandanannotation.

agSetId = ag.Create AGSet (' Tes t' )
timeline Id = ag.Create Ti melin e( agSetId )
agId = ag.Creat eAG(agSet Id , timelin eId )
anc1 = ag.Creat eAnc hor (a gI d)
anc2 = ag.Creat eAnc hor (a gI d)
ann1 = ag.Creat eAnnota ti on(ag Id , anc1, anc2, "Word")

Thefollowing fragmentspeci�esfeaturesfor a particu-
lar annotation,andprintstheAIF representationto standard
output.

ag.SetFe at ur e(a nn1, "English" , "cat")
ag.SetFe at ur e(a nn1, "Japanese ", "neko")
print ag.toXML( agId ),

6. Building Annotation Toolswith Tcl/Tk
and Python

Most large-scaleannotationprojects must deal with
multiple toolsandformats.If all requiredtoolsweredevel-
opedby a singleproject,andareusedexactly astheorig-
inal developersintended,thereis usuallyno problemwith
interoperability. However, in 99% of the remainingcases,
format translationandtool interoperabilityis a critical is-
sue.

If annotationtools are createdarounda commonar-
chitectureand a shareddata model, theseissuesdo not
arise. New �le formatsare supportedby writing a con-
verterbetweenthetheformatandthegeneral-purposedata
model. Thesharingof componentsamongdifferentanno-
tationtools is straightforward,andnew applicationscanbe
developedquickly usingexisting components.New func-
tionalitiesaddedto acomponentcanbeusedby all existing
toolswhich includethatcomponent.

Theannotationgraphlibrary andthe�le I/O library pro-
vide themeansto create,manipulate,readandwrite anno-
tationgraphdata.In this section,we explain our approach
to tool creationusingtheselibrariesasthecoreof thetool
architecture.

All of our annotationtools arecreatedusingscripting
languageshaving easy-to-useGUI libraries. This permits
a rapiddevelopmentcycle andeasilycustomizableuserin-
terfaces.Toolsarerelatively smallsincemuchof thework
is doneby AGTK, and this small size and commondata
modelmeanthattool componentsarereadilyrepurposable.
We deliberatelyavoid thetemptationto creategeneralpur-
poseannotationtoolssinceeachannotationtaskis idiosyn-
cratic. Annotatorswork bestwhen they usean interface
which is maximally ergonomicfor the peculiaritiesof the
task,ascomparedwith tools that includemuch irrelevant
functionality and have an interfacethat is balancedfor a
widevarietyof tasks.

This section describesthe steps in creating a new
special-purposetool basedon thegeneral-purposecompo-
nentsprovidedby AGTK. It includesa discussionof inter-
componentcommunication,andof anexampletool.

6.1. Building toolswith Tcl/Tk

The Tk toolkit provides a graphicaluser-interfacefor
Unix, Windows and Macintoshplatforms. Somegraphi-
caluser-interfacecomponents,calledwidgets,areprovided
with theTcl/Tk standarddistribution. For examplethefol-
lowing fragmentof Tcl/Tk codecreatesanddisplaysa text
widget:

set t [text .t]
pack $t

Other GUI components,such as buttons, menubars
and canvases, come standardwith Tk. In addition,
open-sourceGUI componentsand extensionsare devel-
oped and distributed by various developersaround the
world. Providespointersto suchsoftwareareprovidedat
[http://de v. sc rip ti cs. co m].

6.2. Building toolswith Python

Python has becomevery popular as a scripting lan-
guage. Pythonprovides an object-orientedprogramming
framework, andis easyto learn.A GUI packagecalledTk-
inter (Grayson,2000) basedon the Tk toolkit is included
in thestandardPythondistribution. Tkinter providesclass



de�nitions for thestandardwidgetsincludedin Tk. In addi-
tion, it is relatively easyto write a Tkinter classfor a third-
partyTk widgetthatis notdirectlysupportedby Tkinter.

Thefollowing segmentof Pythoncodecreatesanddis-
playsa Tk text widget.

from Tkinter import *
root = Tk()
t = Text(roo t)
t.pack
root.mai nl oop()

6.3. The inter-componentcommunicationmodel

An annotationtool built with the Annotation Graph
Toolkit will consist of several major components,in-
cluding: (i) a main program (script); (ii) an annota-
tion/transcriptioncomponentin which the userwould en-
ter annotationsandtranscriptions,and(iii) a signaldisplay
componentgiving accessto recordeddigital signals,such
as speechwaveforms. Typically, annotation/transcription
componentsandwaveformdisplaycomponentsarereused
by differentspecializedannotationtools. To createa new
annotationtool, thedeveloperwritesa mainprogramusing
the right selectionof widgetsandprovidescallbackfunc-
tionsto handlewidgetevents.

Events are passedaroundamongcomponentsso that
necessarytaskscanbeperformedwithin eachcomponent.
Considerthe following example.Supposethat theuseral-
readyhasanannotationassignedto a speci�c region in the
signal. He/shenow wantsto assignnew startandendoff-
setsfor thesignalto theannotation.Supposethekeyboard
input Control-g, in thewaveformcomponentis assignedto
sucha task. Whentheuserhits Control-g while thereis a
newly highlightedregion in thewaveform,this information
(event) needsto be passedto the main program,andthen
to the annotation/transcription componentandthe annota-
tion graphlibrary. Thispropagationof eventinformationis
illustratedin Figure7.

Main program

Waveform display AG-API Transcription editor

User types Control-G Update Display

SetRegion t1 t2 AG::SetAnchorOffset SetRegion t1 t2

Update
Internal Representation

Figure7: An exampleof inter-componentmessagepassing

TheeventSetRegion is generatedin thewaveformcom-
ponentandpassedto the main programwith the two pa-
rameters,the start time andthe endtime. Then,the main
programsendsSetRegion to thetranscriptioncomponentso
thatthestartandendoffsetscanbeupdatedin thetranscrip-
tion component.Also, the mainprogramusestheannota-
tion graphfunctionSetAnchorOffsetto updatethe internal
representationof theannotationgraphdata.Table2 shows
a list of typical eventspassedaroundin thismanner.

Theseeventsandtheir necessaryargumentsarepassed
asassociative arrays(e.g.,Tcl arraysandPythondictionar-

Eventname Typical parameters
CreateAnnotation starttime,endtime
DeleteAnnotation annotationidenti�er

SetFeature feature,value
SetRegion starttime,endtime
GetRegion starttime,endtime

SetCurrentAnnotation annotationidenti�er
Play starttime,endtime
Stop

Table2: A list of commonevents

ies). Thesearraysarepassedto event handlersde�ned in
therecipients.

6.4. GUI design

A critical aspectof designinga successfulannotation
tool is to makeit highly ergonomicfor theparticularanno-
tation task. Writing a tool in a scripting languagemakes
it easyto experimentandchangevariousaspectsof a user
interface,andfacilitates“power users”who cantweakthe
codeto helpstreamlinetheirwork.

Wherepossible,our tools usesimplekeybindingsthat
work in multiplecontexts,makingit easyfor usersto focus
ontheannotationtaskinsteadof having to huntfor obscure
key combinations.In theMultiT ransannotationtool, a tool
basedon AGTK, the Returnkey is active in multiple con-
texts. If a new region in the waveform display is chosen
(i.e., highlighted),pressingthe Returnkey will createand
inserta new annotationinto thetranscriptiondisplay. If an
existing annotationin the transcriptiondisplay is chosen,
its correspondingregion in thewaveformis highlighted.A
singlemouse-buttonclick in thehighlightedregion will set
apoint. If theReturnkey is pressedthen,it will split thean-
notationandtheregion. Figure8 andFigure9 show before
andaftersplit, respectively.

Figure8: BeforeSplit

Figure9: After Split



If the Returnkey is pressedduring a playback,it will
setananchorpoint. Whentheplaybackof speechis begun,
theusermaypresstheReturnkey to insertananchorin the
currentchannel.WhenReturnis presseda smallblackbar
will appearbelow the waveform (Figure10). This desig-
natesthecurrentstartingpositionof theannotation.When
Returnis presseda secondtime theendanchorfor thean-
notationis insertedandtheannotationis created.

Figure10: SettingAnchorPointduringPlayback

All these different actions have a common theme,
namelyto “create”something.This heavy re-useof a key-
binding requiresa little moreeffort in the codingprocess,
but we have found that it makesthe annotationprocess
fasterandeasier. Usingscriptinglanguages,it is very easy
to experimentwith theuserinterfacein this way.

6.5. Audio and videodisplay using third-party
software: WaveSurfer and QuickTime

WaveSurfer(SjölanderandBeskow, 2000) wasdevel-
opedby K	areSjölanderandJonasBeskow of KTH asatool
for displayingandmanipulatingsound�les. WaveSurfer
usesSnack(Sjölander, 2000) asits signalprocessingmod-
ule. Both packagesare distributedunderan opensource
license. WaveSurferis written in Tcl/Tk and its widget,
called wsurf, can be embeddedin an applicationwritten
in Tcl/Tk. A Python interfacehas also beendeveloped.
ThismakesWaveSurferanexcellentcomponentto usewith
AGTK.

QuickTime Tcl is anothercomponentthat canbe used
with AGTK. QuickTimeTcl requirestheQuickTimeplayer
createdby AppleCorporation.Currently, noUNIX version
of QuickTimeplayeris providedby Apple.

6.6. Embedding a third-party Tk widget in Python

Tkinter providesclassde�nitions only for the original
Tk widgets. However, it is relatively easyto write an ex-
tensionof Tkinter for a third-partyTk widget. For exam-
ple, AGTK includesa Python/Tkinterclassde�nition for
theWsurf widget. TheclassWsurf coverstheWsurf API.
TheclassagWsurf, which is a subclassof Wsurf, provides
methodsspeci�c to the tasksrequiredby the toolswe cre-
ate.

6.7. A Tk table widget

AGTK comes with a table annotation compo-
nent called agTable (or, ag-table as originally called
in the Tcl version). The agTable component is
based on TkTable written by Jeffrey Hobbs, et. al.
[http://so ur ce for ge.ne t/ pro je ct s/t kt abl e/ ].

6.8. Putting it all together: the caseof TableTrans

Now thatwehaveseenthemajorcomponentsof AGTK,
wecanexaminehow to build anannotationtool usingthese
components.As an example,we will examinean annota-
tion tool called TableTrans(Figure 11). TableTrans is a
spreadsheet-styleannotationtool thatusesthecomponents
we have describedin this paper.

Figure11: TableTrans

TableTrans consistsof three major components: (i)
the main script, agTableTrans, (ii) the table component,
agTable, and(iii) the waveform displaycomponent,agW-
surf. Herewe will look at two commonoperations:press-
ing the Returnkey in the tableto inserta new annotation,
andpressingtheControl-d key combinationin thetableto
deletethehighlightedannotation.

The keybindingsfor ReturnandControl-d arealready
de�ned in the agTablecomponent.The operationsabove
passthe events CreateAnnotationand DeleteAnnotation
to the main script, respectively. A callback function
(agTableEvent) is de�ned in themainscript.WhentheRe-
turn key is pressed,the table componentsendsthe event
CreateAnnotationto themainscript.Thecallbackfunction
in themainscriptthenperformsthefollowing tasks:

First, usingthe startandendoffsetsof the currentre-
gion storedin themainscript,it callstheannotationgraph
functionCreateAnchor twice to createthestartanchorand
theendanchor:

a1 = ag.Creat eAnc hor(s el f. _AGName)
ag.SetAn ch orOff se t( a1, self._cu rr ent St ar tP osi ti on)
a2 = ag.Creat eAnc hor(s el f. _AGName)
ag.SetAn ch orOff se t( a2, self._cu rr ent EndPos iti on)

Second,it callstheannotationgraphfunctionCreateAn-
notationusingthestartandendanchors:



id = ag.Crea teA nnot ati on(s elf ._ AGName,
a1, a2, annotatio nTyp e)

This function returnstheannotationidenti�er. Finally,
theprogramreturnsthenew identi�er, alongwith thestart
andendoffsets,to thetablecomponent.Thetablecompo-
nent insertsa new row usingthe annotationidenti�er and
thestartandendoffsets.

Similarly when the Control-d key combination is
pressed,the tablecomponentsendstheevent DeleteAnno-
tation to themainscripttogetherwith theannotationiden-
ti�er of the highlightedrow. The callbackfunction in the
main script performsthe following command,wheredic-
tionaryeventcontainstheeventmessage.

ag.Delet eAnnota ti on(ev ent[ 'An nota ti onI d' ])

Then,the tablecomponentcanremove thehighlighted
row from its table. Figure 12 shows the componentsof
TableTransandtheir relationships.

Figure12: Componentsin TableTrans

7. Conclusion

This paperhasdescribeda new toolkit, AGTK, which
supportsrapid developmentof linguistic annotationsoft-
ware. AGTK is being used for annotation projects
at the Linguistic Data Consortium [www.ldc.u penn.
edu]. The toolkit is available for downloadat [http://
www.sour cef or ge.ne t/ pro je ct s/a gt k/ ]. For news
andupdates,pleasevisit [http://w ww.ld c. upenn.e du/
AG/].

Existingthird-partytools,namelyEmuandTranscriber
(Cassidyand Harrington,2001; Barraset al., 2001), are
beingmigratedto AGTK. They will sharethe sameinter-
naldatamodelandrelationalstoragemodel,while keeping
theirdistinctiveuserinterfacesand�le formats.Oncethese
portshavebeencompleted,wewill haveasharedlibrary of
userinterfacesto complementtheAG and�le I/O libraries.
Wehopethatthesesharedlibrarieswill continueto grow as
membersof the wider communitycontributeI/O andGUI
componentsto AGTK.

In future work, we hopeto develop moreapplications
for annotationin other areas,possibly including: soci-
olinguistics,conversationalanalysis,signandgesture,dis-
courseanddialogue.On thetechnicalside,we hopeto add
interfacesto videowidgetsonall platforms,andto support
dataentryfor extended-Romanandnon-Romanscripts.

Acknowledgements
This materialis baseduponwork supportedby theNa-

tional ScienceFoundationunder Grant Nos. 9978056,
9980009(Talkbank). The authorsare grateful to Claude
Barras,SteveCassidy, Mark Libermanandmany othersfor
discussionson thematerialpresentedhere.

8. References
S.Abiteboul,R. Hull, andV. Vianu. 1995. Foundationsof

Databases. AddisonWesley.
J.Allen, D. Byron,M. Dzikovska,G.Ferguson,L. Galescu,

andA. Stent. 2000. An architecturefor a genericdia-
logueshell. Natural LanguageEngineering, 6:213–228.

C. Barras,E. Geoffrois, Z. Wu, andM. Liberman. 2001.
Transcriber: developmentand useof a tool for assist-
ing speechcorporaproduction.Speech Communication,
33:5–22.

S.Bird andJ.Harrington,editors.2001.Speech Communi-
cation: SpecialIssueon Speech AnnotationandCorpus
Tools, volume33. Elsevier.

S. Bird andM. Liberman. 2001. A formal framework for
linguistic annotation. Speech Communication, 33:23–
60.

S.CassidyandJ.Harrington.2001.Multi-level annotation
of speech:An overview of theemuspeechdatabaseman-
agementsystem.Speech Communication, 33:61–77.

J.S.Garofolo,L. F. Lamel,W. M. Fisher, J.G.Fiscus,D. S.
Pallett, andN. L. Dahlgren. 1986. TheDARPA TIMIT
Acoustic-PhoneticContinuousSpeech CorpusCDROM.
NIST. http://www.ldc.upenn.edu/Catalog/
LDC93S1.html .

J. E. Grayson. 2000. Pythonand Tkinter Programming.
Manning.

X. Ma, H. Lee,S.Bird, andK. Maeda.2002. Modelsand
toolsfor collaborative annotation.In Proceedingsof the
Third InternationalConferenceon LanguageResources
andEvaluation.
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