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Abstract
We presentineasy-to-usgraphicaltool for syntacticcorpusannotation.This tool, Annotate interactswith a part-of-speechaggerand

aparserunningin the background.The parserincrementallysuggestsinglephrasesottom-upbasedon cascaded/arkov models.A
humanannotatoconfirmsor rejectsheparsers suggestionsThis semi-automatiprocessacilitatesaveryrapidandefficientannotation.

1. Intr oduction

During the creationof the NEGRA corpug (Skutetal.,
1997), we developedvery efficient interactive annotation
tools. An easy-to-usgraphicaltool, Annotate,is usedto
manipulatesyntactic structures. Annotateinteractswith
a part-of-speechiaggerand a parserrunningin the back-
ground(Brants,1999;Brants,2000),thusfacilitating rapid
semi-automaticorpusannotation.

Section2 describeshe graphicalannotationtool and
the annotationprocess.In section3, we presenta typical
exampleof the interactive semi-automati@nnotationpro-
cesssupporteddy our annotatiortool andthetagger/parser
runningin the background.The parseris describedn sec-
tion 4. Theinternalprocessesmployedin the parserdur-
ing the annotationof the samplesentencdrom section3
areexemplifiedin section5. Section6, finally, givessome
conclusions.

2. The Annotation Tool

Annotateprovides a comprehensie set of commands
for efficient creationand manipulationof syntacticstruc-
tures. The structuresconsistof treeswith possiblycross-
ing branchesjabeledterminal nodes(part-of-speechiags
andmorphologicalinformation),labelededgeqgrammati-
calfunctions),andlabelednhon-terminahodeqphrasecate-
gories).In addition,so-calledsecondaryinks canbedravn
betweenarbitrary nodes,forming directedgraphs. These
canbeusedfor incorporatingstructuresharinginformation,
e.g.for multiple PP attachmentto represenellipses,or to
resole anaphors.Annotateprovidesimmediategraphical
feedbackon all changesappliedto the syntacticstructure.
Otherfeaturesof Annotateinclude a searchfunction, ba-
sictokenizationcommandgfor splitting or memgingwords,
maoving sentenceboundaries,etc.), postscriptoutput, an
undofunction,andonline helpfor the differentlabelsets.

Annotates mostnotablefeatureis its interfaceto anex-
ternalparser/taggewhich allows for a semi-automatian-
notationprocedure.First, the taggerdetermines part-of-
speechagfor eachword of the currentsentenceBasedon
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thetags’probabilities the taggerdistinguisheseliableand
unreliableassignmentsUnreliableassignmentsre high-
lighted andthe annotatoris promptedfor confirmationor
correction. Secondthe syntacticstructureis built bottom-
up. The parserincrementallysuggestsiew phrasesbased
on the alreadyconstructedpartial syntacticstructureand
the part-of-speechags. If the suggestegbhraseis correct,
theannotatoracceptdt. Otherwise sherejectsit andmay
call the parserfor anew suggestionAlternatively, shemay
decideto inserta new phrasemanually Theinternalstruc-
turesusedby the parserareupdated andit againsuggests
anew phrasebasedon the existing partial structure.ln ad-
dition to phrasehypothesesthe parsersuggestdabelsfor
nodesandedges.Reliableandunreliableassignmentsire
distinguishedandthe annotatoiis promptedfor confirma-
tion or correctionof the unreliableassignments.

3. SampleAnnotation

Below, we preseni typical exampleof theinteractie,
semi-automati@nnotatiorprocesssupportedy our anno-
tationtool, Annotate,andthe tagger/parserunningin the
background.The parseris viewed asa black box through-
out the presentatiorin this section. Theinternalprocesses
of the parserwhenappliedto the samesentenceas below
aredescribedn sectionb.

After startupand selectionof a corpusto be modified,
Annotatedisplaysthecurrentsentencén its mainwindow?.
Sincethe sentencas not yet part-of-speectiagged click-
ing the right mousebutton callsthe externalpart-of-speech
taggerwhich assignghetagsshavn in figure 1.

The assignmenbf thetag VAINF (for “verb,auxiliary,
infinitive”) for werden hasbeenjudgedunreliableby the
parsersotheannotatois promptedor confirmationor cor-
rection. SinceVAINF is indeedthe correctpart-of-speech
tag,theannotatopresse&nter to confirmit. Clickingthe
right mousebutton againnow calls for the externalparser
to suggesh phrasqseefigure 2).

All labelassignmentsor this phrasearereliable,sono
further interactionwith the annotatoris needed. Calling

2TheEnglishtranslationof the samplesentencén the follow-
ing figuresis shavn for demonstratiorpurposenly andis not
partof the normalannotation.
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Figure2: A correctphrasehypothesisuggestetby the parser

the parseragain,it suggests new phrase(501), which is
alsocorrect. The next suggestior{phraseb02; cf. figure 3)
is incorrect, sincethe PP an den AuRengenzenis not a
modifierof the NP Wirtschaftssanktionen

The annotatorthereforerejectsthis phrasehypothesis
with a simple mouseclick. Sincethe parsernow knows
that Wirtschaftssanktionemndthe PP an den Aul3engen-
zendonotform anNP, it will notsuggesthis phraseagain.
Insteadjt comesup with a differenthypothesisnamelyto
groupthetwo PPsanddurchgesetzinto aVP, asshovnin
figure4.

Oneof theedgelabelsis unreliableandneedgo becon-
firmed. After calling the parsetwo moretimes,the syntac-
tic structureis complete(cf. figure 5). Sincethe syntactic
structureis asdesiredanddoesnot needary furthermanip-
ulation,theannotatoswitchego the next sentenceandthe
procesglescribedhboreis repeated.

4. The Parser

Annotateinteractswith a parserrunningin the back-
groundto producesyntacticstructureson-line. It sendsa

partialannotatiorto the parseywhich returnsonenew ele-
ment. Theusercaneitheraccepbr rejectthis new element.
The parseris basedon the part-of-speechiaggerTnT
(Brants, 2000f and CascadedMarkov Models (Brants,
1999). Eachlayer of the syntacticstructureis represented
by a separateMarkov Model, starting with the part-of-
speecHayer. Higherlayersareageneralizatiorof thepart-
of-speechagginglayer. For the purposeof annotationthe
taggerandthe parsetbothrunin interactve mode.
First,asequencef part-of-speeclagsis generaten-
line for a given sentence.In orderto facilitate error de-
tection,the taggergenerateslternative tagstogetherwith
their probabilitiesP(t;) and P(t2), giving rise to a relia-
bility measurelf the distance(their quotient)is large, the
besttagis simply addedto theannotation If their distance
is small,thehumanannotatois asledfor confirmation.We
chooseathresholdd andclassifythebesttagt; :

o Pt e Pt)
reliable,if > @; unreliable if < 4.
P(ty) = P(ts)
3¢f. http://www.coli.uni-sb.de/thorsten/
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8 is choserempirically suchthatthe expectedaccuray of
all reliablecasess above 99%.

For part-of-speechiaggingin the NEGRA corpus,ap-
prox. 85% of the tagsare classifiedasreliable with 8 =
100. Thesehave an accurag of 99.2%. Sucha level of
accurag is usually very hardto achiere even for human
annotatorsTheremainingl5%areclassifiedasunreliable
with an accurag of 83.0%. The humanannotatommainly
needsto concentrateon these15%, which speedsup the
processnormously

Having finishedthe part-of-speeclannotationit is sent
to theparser The parserbuilds a lattice with all phrasehy-
pothesesor layer1 of theresultingstructure With thehelp
of a Markov Model, the bestphrasehypothesids selected
and presentedo the annotator(pleasesee(Brants,1999)
for detailson the selectionprocess). If the useraccepts
the phraseall hypotheseshatarenot compatiblewith this
phraseareremoved from the lattice. If the userrejectsit,
this phrasds removedfrom thelattice. Probabilitiesarere-

calculatedandagainthe besthypothesiss displayedo the
annotator

For agivenannotatiorwith n structuralayers,n+1 lat-
ticesaregeneratedind processedising Cascadedarkov
Models. At eachpoint, the phrasewith the highestproba-
bility is displayed. The suggestiorof the parseris correct
in approx.70% of the casesThis low numberis partly due
to crossingoranchesn thecorpuswhich cannotoehandled
by the parser Neverthelessthe humanannotatomeedsto
take careof lessthanathird of all phrases.

The programguidesthe humanannotatorthroughthe
syntacticstructure.We preferthis incremental pottom-up
approactovertheimmediategeneratiorof completestruc-
turesand subsequengrror correctionby a humanbecause
ourapproachs muchfasterto performandmuchlesserror
prone.

Labelsfor grammaticalfunctions(edgelabels)arein-
sertedusing Markov Models (Brantset al., 1997). Basi-
cally, the sametechniqueasfor part-of-speechiaggingis
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Figure6: Generatiorof part-of-speeclags.
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Figure7: Firsthypothesigblack),alternatves(white), andpreviously confirmedelementggrey).
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employed. Insteadof assigningtagsto words, we assign
grammaticalfunctionsto tagsand nodelabels. The main
differenceis thateachphraseypeis processedvith a sep-
arateMarkov model. As in the caseof part-of-speechag-
ging, a reliability measurds employedin orderto signifi-
cantlyreducethework by concentratingon unreliabletags.
91% of the assignmentsire classifiedasreliable, with an
accurag of 99.6%;the remaining9% areclassifiedasun-
reliablewith anaccuray of 79.2%.

5. SampleAnnotation — Parser Inter nals

We now presentheinternalpartof theparsingprocess,
i.e., hypothesisselectionusing cascadedVlarkov models.
Section3 shavedthe partsthataredisplayecdto the human
annotatorthe latticespresentedn this sectionare usually
invisible.

Hypothesesre organizedin latticeswhich arefiltered
by Markov models. Eachlayer is processedy a differ-
entmodel. Eachelementin the lattice recevesa forward-
backwardprobability(y probability). Thefollowing figures
shaw the negative logarithms(basel0) of theseprobabili-
ties'.

First, part-of-speeckagsaregeneratedby themodelfor
layer 0. The systeminsertsa tag automaticallyif a word
givesriseto only onehypothesior if alternatve tagshave
alow probability. Thesereliable assignmentarebasedon
the distancelog,, P(bes) — log;, P(alternativg > 2. If
thevalueis lessthan2, theassignmenis regardedasunre-
liable andhighlighted.

Figure6 showsreliabletagsin white, alternatvesof re-
liable tags(with verylow probabilities)in grey anddashed,
andunreliabletagsin black. In this case,only the tag for
wemdenis unreliable.

After confirmationof the tag VAINF for werden we
proceedvith thestructuralannotationThemaindifference
betweerayerO0 (for part-of-speeckagging)andhigherlay-
ers(for phrases)s thatat layer 0, all hypothesespanex-
actlyoneword, while athigherlayers hypothesemayspan
severalwords. Whenthe annotatopresseshe mousebut-
ton, all phrasenypotheseaccordingo acontet-freegram-
mar (generatedrom previously annotategsentencesgnter
thelattice. Forward-backvard probabilitiesare calculated.
The phrasewith the highestprobabilityis selectecanddis-
playedto theannotator

Grammaticalfunctions (edge labels) for a suggested
phrasearegeneratedh averysimilarway aspart-of-speech
tags(cf. figure6). A setof Markov modelsassigndabelsto
part-of-speectand non-terminalnodes. Eachphrasetype
(dominatingthe processedagsand nodes)is represented
by a separateMarkov model. Alternativesare generated
internally, andlabelsfor which an alternatve within a pre-
definedthresholdexist aremarked for confirmationby the
humanannotator

Figure7 shavs elementghat were previously selected
or confirmedby the annotatoiin grey. This is the existing

4The probabilitiesare not normalized. Normalizationis not
necessaryor parsingsincewe areinterestedn rankings,notin
absoluteprobabilities.

SThisvalueis empiricallydeterminedindcorrespondso afac-
tor of 100 (seesectiord).

annotationupon which the next phraseis built. Context-
free hypothesesre shovn in white, the bestof theseis
markedblack (the value — log(y) = 11.12 is smallerthan
all others).This PP is presentedo the annotator The PP
is confirmedby the annotator so all hypotheseghat are
not compatiblewith this choiceareremoved (gPPg; s AAsg;
7NPg; 7APy; §S10; 8VP10).

Furthermorenew hypothesesntop of thenew PP are
generateéndenterthelattice (cf. figure 8).

Thehighestlayernow is layer 2, sothe Markov model
for layer2 processethelattice. Fixed elementsareshavn
in grey, new elementsarewhite, andthe bestnew element,
which is displayedto the annotatoris marked black. The
besthypothesisn thiscasds thePP andenAul3engenzen
whichis correctandthereforeconfirmed.

All incompatible hypothesesare removed, nev hy-
potheseenterthelattice. Layer2 is still the highestayer.

The NP suggestedext (cf. figure9) is notcorrect. Af-
terrejection,this NP andall hypothesewvith thesamespan
areremoved (>Sg; 2NPg; 2VPg). Theremaininghypothe-
sesareagainprocessedy the Markov model,asshovn in
figure10.

Thebestphrasenow is the VP thatspangheinputfrom
position 3 to position 10. This hypothesisis correctand
thereforeconfirmed. In the next step,the next VP is built
(cf. figure11).

And finally, the S nodeis suggesteéndconfirmed(cf.
figure 12). This completeghe annotation.

6. Conclusions

The presentedncrementalbottom-up processalways
builds on previously confirmedphrases.This hastwo ad-
vantagedor the annotationprocess. First, the annotator
is guidedthroughthe structureandthereforelooks at each
phraseandsecondtheparsercanimmediatelyexploit cor
rectionsmadeby the annotator

This semi-automaticprocessfacilitates a very rapid
annotation. A trained annotatorneedson average 50
seconds/sentendapprox.1,300tokens/hour)for part-of-
speechplus structuralannotationin the NEGRA corpus.
Thisis thefastesstructuralannotatiorreportedn theliter-
ature.

Thetools arenot restrictedto a particulartagsetor an-
notationschemelt is easyto trainthetaggerandparseron
asmallamountof annotatedlataandto subsequenthapply
themto annotatingaccordingo the new schemelUsingthe
newly annotatedlatafor trainingimprovestheparsersper
formanceandtherebyconstitutes bootstrappin@pproach.
In additionto their usefor creatingthe NEGRA corpus the
toolsareusedfor the annotatiorof the Verbmobilcorpora,
consistingof transcribedGerman(Steggmannet al., 1998),
English,andJapanesdialoguesFurthermoretfrainedver-
sionsfor the PennTreebankMarcuset al., 1993)andthe
Susann&orpus(Sampson1995)exist.

To sumup, our annotatiortools facilitate comfortable,
customizableand fast semi-automatigart-of-speechand
structuralsyntacticannotation.Thetoolsrun underSolaris
andLinux andarefreely availableto universitiesandsimi-
lar institutionsfor researctpurpose%
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Figure9: Third hypothesis.
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Figure12: Sixth andfinal hypothesis.
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