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In thispaper, wediscussthedesignandimplementationof ourfirst ver-
sionof thedatabase‘ANNIS’ (‘ANNotationof InformationStructure’).
For researchbasedon empiricaldata,ANNIS providesa uniform en-
vironmentfor storingthis datatogetherwith its linguistic annotations.
A centraldatabasepromotesstandardizedannotation,which facilitates
interpretationand comparisonof the data.ANNIS is usedthrougha
standardweb browser and offers tier-basedvisualizationof dataand
annotations,aswell assearchfacilities that allow for cross-level and
cross-sententialqueries.Thepapermotivatesthedesignof thesystem,
characterizesits userinterface,andprovidesaninitial technicalevalua-
tion of ANNIS with respectto datasizeandqueryprocessing.

1 Intr oduction

Informationstructure(IS) is an areaof linguistic investigation that hasgiven

rise to a multitudeof terminologiesandtheoriesthat arebecomingmoreand

moredifficult to survey. Thebasicproblemis that IS-relatedphenomenaoften

canbeobservedonly indirectly on thelinguistic surfaceandhenceinvite com-

petinginterpretationsandanalysesthataretailoredto theneedsandtheflavours

of theparticipatingresearchers.Thus,in contrastto syntax,wheredifferentap-

proachescanbe—moreor less—systematicallycompared,with IS it is often

notevenclearwhethertwo theoriescompeteto describethesamephenomenon

or arein factcomplementaryto eachother, characterizinglinguistic regularities

ondifferentlevelsof description.

In 2003, a long-term researchinfrastructure(‘Sonderforschungsbereich’,

henceforth‘SFB’) hasbeenestablishedat PotsdamUniversityandHumboldt-
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University Berlin.1 Its ideais to investigatethe variousfacetsof IS from very

differentperspectivesandto contribute to a broaderandmoregeneralunder-

standingof the phenomenaby bringing the variousresultstogetherandpro-

moting theactive exchangeof researchhypotheses.Participatingprojects(see

Section2) provide empiricaldataanalysesthatwill serve asthe basisfor for-

mulatingtheoriesthataim at advancingthestateof theart andovercomingthe

unpleasantsituationcharacterizedabove.

An important prerequisitefor this long-term and multi-disciplinary ap-

proachis the ability to annotatethe datawith appropriateinformationandto

collectthevarietyof datain asingle,uniformdatabase.2 Giventhepresentsitu-

ation,annotationsetscannotbepresumedto beidentical—differentresearchers

will first startoutwith their own favouriteterminology. Theconvergenceof the

annotationsetsis animportantgoalfor theSFB,andtheideais thatthisprocess

canbeactively promotedby makingtheinterimanalysesof thevariousprojects

accessible,to invite comparisonandpossiblyrevision.Specificworkinggroups

dedicatedto variouslevelsof analysisarein chargeof monitoringthis process.

In this paper, we discussthedesignandimplementationof our first version

of the database‘ANNIS’ (‘ANNotation of InformationStructure’).Section2

providessomemoredetailsaboutthe SFB andsummarizesthe particularre-

quirementsthat this researchscenarioplaceson developingthedatabase.Sec-

tion 3 explainsthearchitecture,userinterface,andqueryfacilitiesof thecurrent

implementation.Then,Section4 illustratestheoperationof ANNIS with anex-

ample.Section5 presentsanevaluationof thecurrentstateof thedatabase.In

Section6, we compareour approachto relatedwork, andSection7 discusses

ourplansfor futureextensions.

1 http://www.ling.uni- potsdam.de/ sfb/
2 For acomparativeevaluationof variousannotationtools,seeDipperet al. (2004).
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2 The SFB

The SFB consistsof 13 individual researchprojectsfrom disciplinessuchas

theoreticallinguistics,psycholinguistics,first andsecondlanguageacquisition,

typology, andhistoricallinguistics.Following theoverarchingobjectiveof pro-

viding a clearerpictureof informationstructure,severalof theprojectsarein-

volved in collectingandanalyzingempiricaldata.Herearesomeexamplesof

suchactivities.

Semanticsand IS Oneprojectexaminestherelationbetweenquantifierscope

andIS. Datais annotatedwith semanticfeaturessuchasquantifierscope,ref-

erentidentifiability, anddefiniteness.Anotherproject investigatesinteractions

betweensemanticfocusevaluation,discourseanaphoricity, andpresupposition.

IS and discoursestructur e Oneprojectis interestedin theeffectsthatrhetor-

ical relationsanddiscoursestructurein generalcanhaveon theprosodicstruc-

tureof spokendiscourse.Thedatato beannotatedwith correspondingfeatures

areradionews broadcasts.

Focusin African languages Two projectsexaminethephenomenonof focus

in differentWesternAfrican languages.Both carryout field studiesfor collect-

ing data,which is laterbeingannotated.

Diachronic change Oneprojectinvestigatestheevolutionof theverb-second

phenomenon,which occurredin certainGermaniclanguagesonly (e.g.,it did

in ModernGerman,but not in ModernEnglish).Basedon manuscriptsof Old

High GermanandOld English,theroleof IS in this evolutionwill bestudied.

Typology of information structur e Oneprojectseeksto developa typology

of the meansfor expressingIS. In closecooperationwith theotherprojects,a
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questionnaire is beingdevelopedthatwill serve asa basisto collect language

datarelevantfor IS from speakersof typologicallydiverselanguages.

2.1 The data

As pointedoutabove,theindividualprojectsapplydifferentmeansin collecting

data,andthey focuson differentaspectsof IS. Hence,both the primary data

(i.e., the languagedatathat is collected)aswell asthesecondarydata(i.e., the

annotationsto theprimarydata)of theseprojectsdiffer in severalrespects.

Primary data The sourcedatacanconsistof recordedspeech,or videosof

spokenmonologuesor dialogues.Furthermore,someprojectswork with written

texts, either in digital form or as original manuscripts.A specialcaseis the

above-mentionedquestionnaire, whoseprimarydataareanswersto questions.

Generally, thedatais takenfrom diverselanguages,many of whichdonotmake

useof theLatin characterset.

Secondarydata Languagesdiffer with respectto the meansthey exploit to

expressIS (e.g.stress,wordorder, particles).Dependingontheobjectivesof the

individual project,thesecondarydatathusrelatesto phoneticor phonological,

morphological,syntactic,or semanticproperties.Theencodingof theseproper-

tiesrequires,e.g.,simpleattribute-valuepairs(e.g.for morphologicalfeatures),

trees(syntax),undirectedrelationsor pointers(co-reference).

Metadatarepresentsanothertypeof secondarydata:informationthatrelates

to a speechor text sampleasa wholeand,e.g.,encodesthedateof recording,

informationaboutthespeakeror author(sex, age,etc.).Othermetadatarefersto

thelanguageof thesample,in theform of typologicalinformation(e.g.ergative

language),genealogicalinformation,or arealdata.
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Finally, the questionnaire also representsa kind of annotation.The ques-

tionnaireconsistsof pairsof stimuli (e.g.questions,pictures,or films thatare

usedto triggerspeech)anddataelicitedby thesestimuli. Thesepairsareorga-

nizedin a hierarchicalmanner, i.e., therearemoregeneralandmorespecific

questions,questionsthatpresupposeotherquestions,etc.

2.2 Requirements

Thegeneralobjectivefor theANNIS effort is to provideacommondatabasefor

thedatacollectedandannotatedby theindividualprojects.Thisdatabasehasto

serve aslong-termdatastorageand,at the sametime, offer convenientaccess

to thedata,throughsearchfacilitiesanda graphicaluserinterfacefor display.

Theresearchscenariocharacterizedaboveplacesdifferenttypesof demandson

this database,whichwebriefly describein this section.

Standard formats In order to promoteconvergenceof the annotationsper-

formedby differentprojectsandresearchers,a commonstandardizedannota-

tion format is of greatimportance.Therefore,SFB-wideworking groupsare

definingan SFB AnnotationStandard with tagsetsandannotationguidelines

for morpho-syntax,prosody, semantics/pragmatics,andinformationstructure.

Moreover, wearedevelopingacommonstandardizedrepresentationformat,

theSFBEncodingStandard. This format representsthedataandtheir annota-

tions in a uniform way andallows for statingconstraintson thecontentof the

annotation.It thusfacilitatesthecomparisonof differenttagsets(Whichtagsare

usedby all projects?Which tag occursin onetype of dataonly? Etc.). More-

over, it allows for consistency checks(only predefinedtagsareallowed) and

completenesschecks(certainannotationlevels are to be annotatedobligato-

rily).3

3 The SFB AnnotationStandarddefinesthe tag setsthat constrainthe ‘content’ of the sec-
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Further, the dataof the SFB will stepby stepbe madeavailableto the re-

searchcommunity. To facilitatedataexchangeandreuse,world-widestandard

formatshaveto besupported:importandexport formatof thedatabasemustbe

basedon XML, which allows for dataexploitation andmanipulationby many

existingprogramsandtools—bothgeneral-purposeandlinguistic tools,suchas

searchtools,annotationtools,converters,anddatabases.Moreover, the import

and export format shouldcomply with standardizedlinguistic XML applica-

tions, i.e. specificationsfor XML-basedrepresentationsof linguistic features

(e.g.TEI4, XCES5).

Flexibility As mentionedabove, primary as well as secondarydataof the

projectsdiffer to a large extent.The databasehasto be sufficiently flexible to

accommodatethedifferentkindsof data.At thesametime,thedatabaseshould

adaptto thespecificneedsof individualprojects.For instance,sometimesintra-

sententialandinter-sentential(discourse)annotationareto becombined.Hence,

thedatabasehasto provide suitablevisualizationof bothintra-sententialanno-

tation(suchassyntactictrees)andinter-sententialannotation(e.g.co-reference

relations).

Querying As studyinginformationstructureinvolvesrelatingdifferenttypes

of information—andhenceannotation—,it is important that queriesto the

databasecaneasilyspanacrossdifferent levels of annotation.Furthermore,it

is importantto beableto restrictthescopeof queries,so thata researchercan

search,for example,only the datacollectedby her/himself,or that assembled

by aparticularproject,or dataof aspecificgenre(suchasspokendialogue).

ondarydata.TheSFBEncodingStandarddeterminesthe formatof the internalrepresenta-
tion of primaryandsecondarydata.

4 http://www.tei- c.org/P4X/
5 http://www.cs.vassar.edu/XCES/
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Modeling of the questionnaire The databaseshouldmodelthe structureof

thequestionnaire.For instance,it shouldallow theuserto navigatefrom general

to specificquestions,to navigatefrom a question-answerpair in languageX to

thecorrespondingpair in languageY (whosedatahasbeenelicitedon thebasis

of thesamequestionnaire).

Operability The databaseshould be easy to operate.It should support

straightforward retrieval of linguistic phenomenaand an intuitive display of

the primaryandsecondarydata,so that linguistswho arenot expertsin using

databasescanprofit from theendeavour.

2.3 Application scenarios

Thedatabasehasto bedesignedin sucha way that it supportstwo ratherdif-

ferentapplicationscenarios.Thefirst, henceforthcalled‘scenarioA’, is thatof

a centralizeddatarepositoryfor theSFBandbeyond.Via theWWW, thedata

is to be madeaccessibleto interestedparties.The second,‘scenarioB’ is the

role as researchvehicle within an individual project: Data that hasjust been

collectedis annotated—maybein a first passratherthan‘final’—and checked

for consistency; first hypothesesareto be tested,which might leadto changes

in theannotation;gapsin theannotationtagsetmight be identified.This kind

of work hasa clearly local, prematurecharacterandshouldnot necessarilybe

executedon the ‘official’ centraldatabase.Instead,thesystemshouldalsorun

on a local PC or laptop,wherethe projectscanpreparetheir datauntil it has

reachedastateallowing for sharingit with others.

3 The Database

The requirementsjust outlined motivated the basicdesigndecisionsfor the

databasesystem.In the following, we first explain its overall architecturein
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somewhat more technicalterms(Section3.1).6 Then,Section3.2 introduces

someterminologyto beusedin thesubsequentdescriptionof theuserinterface

(Section3.3)andthequeryfacility for searchingdata(Section3.4).

3.1 Ar chitecture

ANNIS is awebapplicationthatis accessedwith standardwebbrowsers.Tech-

nically, at theheartof processingarea Javaservlet(which keepsall thedatain

memory),an opennumberof XML files providing the data,plus a numberof

DTDs,configurationfiles,andresources.

In addition to the requirementsfrom the perspective of the linguistics re-

searcher, thereareanumberof technicalfactorsinfluencingthedesign.ANNIS

shouldbe:

widely andeasilyaccessible,

fastwith regardto displayandsearching,

openwith regard to integrationof datafrom heterogeneoussourcesand,

at thesametime,supportiveof ouraim to createastandardformat,

openwith regardto passingdataon to externalapplicationsanduses,

portableacrosstheboundariesof operatingsystems,and

configurablewith regardto interfacelanguageandlook andfeel.

In orderto complywith thesegoals,ANNIS wasdesignedaroundthe fol-

lowing maindecisions.

6 Readerswhoarenot interestedtoomuchin technicaldetailsmightwantto skip this section.
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Web-based Beingawebapplication,ANNIS fulfills thecriterionof universal,

easyaccessibility. Prerequisiteson theclient sidearemodest,as(for themost

part) no specialplug-ins are required.Instead,the implementationusesonly

HTML, CSSandJavaScript.

RAM based ANNIS is adatabase-backedwebapplication.Standardusageof

theterm‘database’is somewhatmisleading,however, sincethereis nogenuine

DBMS beingused.Rather, theapplicationreadsits datafrom filesatstartupand

keepsthemcompletelyin memoryduringa session.This wasmotivatedby the

criterionof speed;in particular, queryexecutionprofitsalot from ANNIS being

memory-based.The ANNIS query languageallows the constructionof com-

plex queries,employing regular expressions,grouping,disjunction,conjunc-

tion, negation,constraintson relationsbetweennodeswithin trees,etc.,which

for an SQL processorwould be expensive to analyseand execute,memory-

consumingin thecaseof complex joins,andthereforerunningratherslow.

A potentialreasonfor usingaDBMS mightbetheeasewith whichdatacan

beadded,changedanddeletedat runtime.However, in ourapplicationscenario

A (with acentralizeddatarepository, cf. Section2.3),thedatawill berelatively

stable(annotatorsmove it from their PC to the main databaseonly whenthe

work is consideredfinished).Still, to keeptrack of changes,ANNIS provides

anincrementalupdatecomponentthatdetectsadded,modifiedandmissingfiles

andupdatesthe datain memoryaccordingly. In applicationscenarioB (with

local installation),wheredatachangeis indeedanissue,thelocal databasecan

beexpectedto bequitesmallsothatspeedproblemsarevery unlikely.

Dynamic importer plugin At present,dataformattedaccordingto sevendif-

ferentXML documenttypedefinitions(inter alia, stemmingfrom theannota-
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tion toolsEXMARaLDA7 andMMAX 8, andthe TIGER9 syntaxannotations)

canbeimportedinto theANNIS system.Sinceformatsareundergoingchanges

andnew formatsareenteringthescene,specialcarewastakento easethepro-

cessof integratingnew importers.Eventhoughweconsiderthedevelopmentof

a commonXML formatasanimportantobjective for theSFB(seeabove), im-

port facilitiesnonethelessplay animportantrole whenANNIS is distributedto

otherinterestedparties.Therefore,ANNIS wasbuilt in sucha way thatadding

or replacingadataimporterrequiresnorecompilationof thesystemasawhole.

It sufficesto addthenew or modifiedJavaclasssideby sideto theotherclasses

makingup the system.It is even possibleto do so in the midst of an ANNIS

session:importerscanbepluggedin at runtime.

Export and conversion ANNIS providesseveralwaysto export data,allow-

ing for inspectingthedatain its XML form andfor externallyusingit in other

applications.In particular, theXML datamaybeshown in thebrowser(option-

ally convertedto anHTML representationof thedata),downloaded,or sentto

an email address,or depositedin a directoryon the ANNIS server, optionally

zip compressed.

Datacanbeexportedin its original format,or beconvertedto theSFBEn-

codingStandardformat, which we aredevelopingasa generalrepresentation

that abstractsover the peculiaritiesof the variousannotationtool formats.At

themoment,though,theSFBstandardformatcanonly beimportedto ANNIS;

theexport modulewill follow.

Pure Java Theuseof pureJava for all server-sidemachineryallows ANNIS

to run on all platformsproviding a Java virtual machineanda Java servleten-

7 http://www.rrz.uni- hamburg.de/e xmara lda/
8 http://www.eml- research.de/engl ish/r esea rch/n lp/d ownlo ad/

index.php
9 http://www.ims.uni- stuttgart.de /proj ekte /TIGE R/
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gine. So far, ANNIS hasbeeninstalledon Windows NT, Windows XP, Mac

OSX andLinux, in eachcaseunderanApacheTomcatwebserver runningin

standalonemode.

Localization and adaptation At present,theuserinterfacecanbeconfigured

to run in Englishor Germanmode.Thelocalizationfor otherlanguageswould

poseno problem.Usersmay adaptthe appearanceof ANNIS in a numberof

ways,e.g.with regardto screensize,tool tips,andthelike.Administratorscan

in additioncontrolcolorsandotherelementsof style.

3.2 Conceptsand notions

In thenext sections,we addressvisualizationandqueryingof datawithin AN-

NIS. To easereferenceto thedataandconceptsof ANNIS, we now introduce

somenotionsand illustrate them by exampleannotations.The example text

is annotatedby partof speech(POS),cognitive status(COGN-ST),topichood

(TOPIC), seeFigure1, andsyntax,seeFigure2. The tagsusedtherewill be

explainedbelow.

Primary data Primarydatais thesourcedata,i.e. thetext (or speech)that is

to beannotatedby linguistic data.Theprimarydatain theexamplein Figure1

is Eier-ProduzentenausderganzenRepublikmachen. . . (‘Egg producersfrom

all over therepublicmake . . . ’).

Secondarydata Secondarydataconsistsof thelinguisticdatathatis attached

to primarydata.For instance,thepart-of-speechannotationin Figure1 repre-

sentssecondarydata.
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TOPIC aboutness-topic
COGN-ST inferrable

POS NN APPR ART ADJA NN VVFIN
Text Eier-Produzenten aus der ganzen Republik machen . . .

Figure1: Exampleannotation,encodingtopichood,cognitivestatus,andpartof
speech

NP

MNR

PP

NK AC NK NK NK

NN APPR ART ADJA NN

Eier-Produzenten aus der ganzen Republik

Figure 2: Exampleannotation,encodingpart of speech,syntacticcategories,
andgrammaticalfunctions(TIGER syntax;functionsaresetin italics)

Annotation level Annotationsaregroupedaccordingto linguistic domains,

which correspondto annotationlevels, e.g. part-of-speechor information-

structuralannotationlevels.

Complex linguisticdomainsmaybebrokeninto smallerlevels.For instance,

information-structuralpropertiescanberepresentedby differentannotationlev-

els,suchascognitivestatusandtopichoodasin Figure1.

Competinganalysesof the samedomainare considereddistinct annota-

tion levels. For instance,therecan be an STTS10 POSannotationlevel (i.e.,

the analysescomply with the STTS annotationguidelines)vs. an SFB POS

10 http://www.ims.uni- stuttgart.de /proj ekte /corp lex/ TagSets/
stts- 1999.ps.gz
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annotationlevel (with analysesaccordingto theSFBAnnotationStandardfor

part-of-speechannotation).

Eachannotationlevel is characterizedby aspecifictagset.

Tagset A tagsetis thesetof attribute-valuepairs(= tags)thatareadmissible

at a specificannotationlevel. For instance,thepart-of-speechannotationlevel

canspecifySTTSasits tagset.STTSmakesuseof only oneattribute, “pos”,

with 51 different values:“NN” markscommonnouns,“APPR” prepositions,

etc.Accordingly, anSTTS-compliantattribute-valuepair is “pos=NN”.

Syntactictagsetsoftenusetwo attributes,“cat”, whichencodesthesyntactic

category, and“func”, encodingthegrammaticalfunction.Admissiblevaluesfor

theattribute“cat” might be“NP”, “PP”, etc.,and“NK” (nounkernel),“MNR”

(modifierof anoun,postnominal(‘right’)), “AC” (adpositionalcasemarker) for

theattribute“func”, cf. Figure2.

Tag An attribute-valuepair is called‘tag’, e.g.“pos=NN”, “cat=NP”.

(Atomic) annotation Theseare the elementaryunits of any annotation.An

atomicannotationconsistsof a tagthat is attachedto a segment,i.e. to a piece

of primarydata(e.g.text) or secondarydata(asequenceof atomicannotations).

(i) An atomic annotationcan consistof an attribute-value pair that is at-

tachedto a pieceof primary data.For instance,the annotation“pos=NN” in

Figure1 is attachedto the tokenEier-Produzenten, the annotation“cognitive-

status=inferrable”is attachedto asequenceof tokens,Eier-Produzentenausder

ganzenRepublik.11 Putdifferently, “pos=NN” is oneof theatomicannotations

11 Technicallyspeaking,part-of-speechannotationsarenot attacheddirectly to primary data
in our implementation.We definecharactersasthe basicunits, i.e., atomicannotationsof
type“char” marksinglecharacters.Next, atomicannotationsof type“tok” referto thebasic
“char” annotations.“pos” annotationsare then attachedto “tok” annotations;“pos” (and
“tok”) annotationsarethereforeatomicannotationsof type(ii) ratherthan(i).
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TOPIC
aboutness-topic

is-domain
Text Eier-Produzenten aus der ganzen Republik machen . . .

Figure 3: Example annotation,encodingthe annotationlevel of topichood
(TOPIC)by two attributesdisplayedon two tiers

of Eier-Produzenten, and“cognitive-status=inferrable”is oneof theatomican-

notationsof Eier-ProduzentenausderganzenRepublik.

(ii) An atomicannotationcanconsistof anattribute-valuepair thatis (recur-

sively) attachedto oneor moreatomicannotations(this is neededfor theencod-

ing of hierarchicalstructuressuchastrees).For instance,theatomicannotation

“func=NK” in Figure 2 is attachedto the atomic annotation“pos=NN”. The

atomicannotation“cat=NP” is attachedto a sequenceof atomicannotations,

“func=NK” and“func=MNR”.

Segment A segmentdefinesasequenceof primaryor secondarydata:apiece

of text (asequenceof charactersor tokens),or asequenceof atomicannotations.

Instantiated annotation level The set of all atomic annotationsbelonging

to an annotationlevel is called ‘instantiatedannotationlevel’. That is, an in-

stantiatedannotationlevel consistsof all attribute-valuepairsthatareactually

usedin theannotation—asopposedto thetagset,whichdefinestherangeof all

attribute-valuepairsthatcouldbeused.

Annotation layer An annotationlayer is the graphicaldisplayof an instan-

tiatedannotationlevel. Oneannotationlayerconsistsof oneor moretiers that

arestackedon topof eachother. For instance,theannotationlevel of topichood

might definetwo attributes:“aboutness-topic”and“is-domain”, which marks

generalinformation-structuraldomains.The segmentsannotatedby theseat-
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tributesalwaysoverlap,sinceany topic expressionmustbe locatedwithin an

information-structuraldomain.Hence,thedisplayof theatomicannotationsis

spreadover two tiers—onedisplayingthe attribute-valuepairsof “aboutness-

topic”, the otherdisplaying“is-domain”—to make the extensionsof the seg-

mentstransparent,cf. Figure3.12

Tier A tier is partof anannotationlayer:oneline, displayingatomicannota-

tions.

Document A documentconsistsof primarydataplusall instantiatedannota-

tion levelsthatreferto this data.In our examplesin Figures1 and2 (whichare

basedon thesametext), thetext andtheinstantiatedannotationlevelsof partof

speech,cognitivestatus,topichood,andsyntaxform adocument.

Corpus A setof documentsis a corpus.Corporacanbedefinedaccordingto

criteriasuchas‘documentswith thesameobjectlanguage’,‘documentsanno-

tatedwith TIGERsyntax’,‘documentsof theSFBprojectX’, etc.

3.3 Visualization

3.3.1 Tier model

Thebasicmetaphorof visualizingtheannotateddatain ANNIS is thatof a tier

set. Thedatawindow thusconsistsof asingleline of primarytext at thebottom,

anda varietyof annotationlayerson top of it. For illustration,Figure5 below

providesa screenshot.Eachannotationlayer canuseits own segmentationof

theprimarytext (with thecharacterbeingtheminimal unit). Browsingthrough

the text for the usermeans‘horizontal scrolling’, for which ANNIS supplies

12 Insteadof distributing the information over multiple tiers, other visual meanscan be ex-
ploited,e.g.bubblesemerging onmouse-over;seeSection4.1.
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functionsto movethetext (andits annotations)forwardor backward,character-

wise, or in jumpswith adjustablelengths.This displaymodelargely mirrors

thatof tier-basedannotationtoolssuchasEXMARaLDA13 or Praat14, andusers

who areexperiencedwith suchtoolsshouldgetusedto ANNIS quitequickly.

In additionto the annotationwindow, thecompletesourcetext is displayedat

the top of the page,with the portion currentlyshown in the main annotation

window beingunderlined,sothatthecurrentpositionin thecompletedocument

is alwaystransparent.

3.3.2 The roleof tr ees

Optingfor a tier-basedmodeto structureanddisplaythedataentailsthat trees

arenot theprimaryvehiclefor conveying information.Treescanof coursebe

shown in tiers,but this is not themostnaturalway to presentthem(cf. Figure7

and the discussionin Section4.3.2).The decisionto centerthe dataaround

a tier-model rather than a tree model followed from the primary purposeof

theproject:Investigatinginformationstructureby seekingcorrelationsbetween

quitedifferentkindsof annotationsis easierwhentheannotationandits visu-

alizationmakesaslittle a commitmenton structureasnecessary—andtiersare

themostversatileschemein this respect.

However, ANNIS offers the possibility to associateimageswith database

entries,in whichcaseahyperlink is givenaspartof thedata.Pre-storedimages

of treestructurescanbe accessedthis way, for instanceusingSVG-files that

canbeexportedfrom TIGERSearch15 anddisplayedin thewebbrowserby the

AdobeSVG interpreter. In the samefashion,soundfiles canbe addedto the

data.
13 http://www.rrz.uni- hamburg.de/e xmara lda/
14 http://www.praat.org/
15 http://www.ims.uni- stuttgart.de /proj ekte /TIGE R/TI GERSearch /



ANNIS: A LinguisticDatabasefor ExploringInformationStructure 261

3.3.3 Displaying multiple layers

The most interestingdatafor the purposesof the SFB is dataannotatedwith

differenttypesof information.For example,thePCC10annotations,whichwill

beexplainedin Section4, usesix annotationlevels.Wheninspectingthedata,

noteachlayerwill beof relevancefor eachpurpose.Thus,layerscanbeclicked

away individually so that theuserscanfocustheir attentionon the typeof in-

formationthatis currentlyof interest.

Whenthelabelsof atomicannotationsshown in annotationlayershaveto be

shortened(to fit thesizeof theunit), thefull versionof thelabelautomatically

appearson mouse-over. Similarly, whenviewing the tagset,extendedexplana-

tionscanbeshown onmouse-over. Theseandsomeotherfeaturescanhowever

beconfiguredby theuser(whetherthey appearonmouse-overor onclick, what

is thewindow size,etc.).

3.4 Querying

Similar to visualization,queryingin ANNIS is both flexible andadaptableto

specificneeds.It offers a rich set of searchoperatorsthat can be appliedto

differenttypesof data:(i) primarydata(text), (ii) secondarydata(annotations),

and(iii) corpora(collectionsof annotatedtexts).

Text searchesrefer to the surfacestring (or the transcriptionof speech);

for instance,onecansearchfor specificwords(e.g.erst ‘only’). Annotations

canbe searchedfor attributes(e.g. “topic”) or attribute-valuepairs,including

relationsandpointers.Queriesfor corporausuallyoccurin combinationwith

text or annotationqueries.They allow theuserto narrow down thesearchspace

by specifyingan individual documentor a setof documents.For instance,the

querycanberestrictedto documentsof aspecificSFBproject.
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3.4.1 Search expressions

Wildcards, regular expressions Basic searches relate to one word

(e.g. erst ‘only’) 16 or to one atomic annotation (e.g. cognitive-

status=inferrable ). Thesesearchexpressionscan make use of wild-

cards,i.e. specialcharactersthatmatchany characterin thestringcomparison.

For instance,pos=N* matchesboth expressionsmarked as“pos=NN” (com-

monnouns)andthosemarkedas“pos=NE” (propernouns).Text queriesmay

even useregular expressions:sag(en?|st|t) matchessurfaceforms like

sageor sagst.

Cross-level queries Often, queriesrefer to atomic annotationson different

levels, e.g. in a searchfor an expressionthat is both annotatedasthe subject

and as being inferrable.Suchrestrictionscan be freely combinedby means

of the Boolean expression“&”: function=subject & cognitive-

status=inferrable . In ANNIS, theserestrictionsareevaluatedwith re-

spectto thetext that is annotatedby therespective attributes.Thequeryexam-

ple is theninterpretedasfollows: any pieceof text markedasasubjectsatisfies

the restrictionof the first conjunct,andany pieceof text marked asbeingin-

ferrablesatisfiesthesecondpart.Combiningbothconditionsmeansin ANNIS:

looking for text fragments(within the text pieces)that satisfyboth conjuncts

simultaneously. That is, thetext piecessatisfyingthefirst andsecondconjunct

mustoverlapandtheoverlappingpartqualifiesasamatch.17

For instance,an annotationmight mark an NP asthe subject;supposethe

NP containsan attributive adjective that is marked by contrastive focus,asil-

lustratedin Figure4. In this annotation,the adjective fulfills both constraints

16 In this section,expressionsin typewriter denoteactualqueryexpressionsthat canbe
typedinto ANNIS. Someof theexamplesareslightly simplified,though.

17 Technicallyspeaking,theannotationsthatsatisfytheconjunctsarepartof theactualmatch
aswell.
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NP
func=

subject

D ADJ N
focus=

contrastive

Figure4: Focus-markedadjective within asubjectNP

(being(part of) a subjectandbeingmarked by contrastive focus)and,hence,

countsasamatchto thequery.

A strongerrestriction requiresthat text piecessatisfying the conjuncts

beidentical:function=subject = focus=contrastive . Here,the

completesubjectNPwould have to bemarkedby contrastive focus.

Complex conditions The above examples illustrate the combination of

restrictions by means of “&” to form complex queries. Other types of

complex conditionsare conditionsconnectedby logical “ ” (‘or’), negated

conditions, and conditions on precedencerelations between expressions

(e.g. an expression marked as inactive which precedesan expression

marked as active: cognitive-status=inactiv e .* cognitive-

status=active ).

Queriesfor annotationsin the form of a tree(e.g.syntax)canin addition

referto dominancerelations,nodearity (numberof children),andleft andright

corners.For instance,cat=NP >* cat=PP searchesfor NPsthatdominate

PPs.

Queriesacrosscorpora As explainedabove, queriesareevaluatedby refer-

enceto the text. This meansthatall annotationsof onetext canbe referenced

simultaneously, even if the annotationscomefrom different projectsand are
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physicallypartof differentcorpora(assumingthatthesametext hasbeenanno-

tatedin differentcorpora).

However, queriesmay be restricted to documentsbelonging to a spe-

cific corpus,by conditionson thedocumentnames:pcc10*::cognitive-

status=inferrable searchesfor expressionsmarkedasinferrablein any

of thedocumentsbelongingto thecorpusPCC10(seeSection4), i.e.pcc10.co-

reference, pcc10.is.aboutness-topic, etc.

3.4.2 Result display

Queryresultsaredeliveredasa list of hits,eachshowing thenameof thedocu-

mentcontainingthematch,theexactlocationof thematchandthetext involved

in thematch.Documentsonthis list canbeselectedandarethendisplayedwith

thematchingdata(text and/orannotations)highlighted.Thesizeof thecontext

to bedisplayedalongwith thematchcanbeconfiguredby theuser.

3.4.3 History, hit memory, and export

For every user, a history of the queriess/heissuedis kept acrossANNIS ses-

sions.In addition,usersmay save selectedhits in their personalhit memory,

allowing searchresultsto berevisitedata latertime.

Matchingdocumentscanbe exported.However, the export format of the

currentversionof ANNIS doesnot recordthe labelsspecifyingthosepartsof

thedatathatactuallymatchedthequery.

4 Example: ANNIS in Action

In this section,we illustratethe operationof ANNIS with the exampleof the

PotsdamCommentaryCorpus(Stede,2004),a setof newspapercommentaries

thatarebeingannotatedonsix differentlevels.In particular, wereferto PCC10,
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a subsetof ten commentaries,for which this annotationhasbeencompleted.

PCC10is annotatedon thefollowing levels:

(i) co-referenceandbridgingphenomena,annotatedaccordingto theguide-

linesproposedby Gross(2003),

(ii) information structure with aboutnesstopics, information focus (or

‘rheme’)andcognitivestatus(Götze,2003),

(iii) partof speech,18

(iv) rhetoricalrelationsaccordingto RST(MannandThompson,1988),

(v) connectives(StedeandHeintze,2004),and

(vi) syntacticstructureaccordingto theTIGERtreebankformat(Brantsetal.,

2002).

4.1 Data exploration

Figure5 shows the ANNIS userinterface.The menubaron the left is perma-

nently visible andprovidesquick accessto the most importantfunctionalities

of ANNIS, with a searchwindow allowing for formulatingcorpusqueriesand

navigatingin thequeryhistory. Theworkspaceontheright is the‘dynamic’ part

of ANNIS andis usedfor the variousnavigation andvisualizationtasks—for

instancefor theinspectionof theannotationof adocumentin PCC10.

Our annotationview consistsof threecomponents,a navigationbar anda

discourseview at thetop,andadetailedannotationview at thecenter.

Thedetailedannotationview containsa referenceline with thetextual rep-

resentationof the primary dataat the bottom and the annotationsorganized

18 The part-of-speechannotationhasbeenperformedby the TnT taggerusing the German
model,seehttp://www.coli.uni- sb.de/˜tho rsten /tnt /
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Figure5: ANNIS userinterface

accordingto theannotationlevelsabove it. In our example,annotationsof the

levelspcc10.is.aboutness-topic, pcc10.is.cognitive-status, pcc10.part-of-speech

and pcc10.rst-relations can simultaneouslybe explored; other, less relevant

levels(pcc10.co-reference, pcc10.is.information-focus, andpcc10.syntax-tiger)

areclickedaway by meansof thetrianglebuttonsateachannotationlayer.

Annotationsarebestinspectedby moving the mouseover the annotation

at theannotationtier: this causeshighlightingtheprimarydataassociatedto it
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at thereferenceline. In Figure5, themouseis positionedover the“aboutness-

topic” in theuppercenter, causingEier-Produzentenausder ganzenRepublik

to be marked. If the mousepausesfor sometime over an annotation,a bub-

ble with more detailedinformation shows up, in our casedisplaying its tag

(“topic=aboutness-topic”)andthenumbersrepresentingthespanof associated

tokens(“42..46”).

Thediscourseview at thetophelpsusersto integratethedataof thedetailed

annotationview into thelargerdiscoursecontext. Thedatacurrentlyfocusedon

is underlined.By clicking on a token in the discourseview, the usercanshift

theannotationview sothatthis tokenappearsin thecenter.

By meansof thearrow buttonsin thenavigationbar, wecanmovebackand

forth in thedata.Wemayalsobrowsethroughthedocumentsin thedatabaseby

thetriangulararrows (to theright of thearrow buttons).

4.2 Querying

The searchwindow in the menubar in Figure5 containsa multi-level query:

cat=NP & rel type=part-whole & topic=aboutness-topic .

This expressionsearchesfor a nominalphrase(“NP”), whosereferentstands

in a “part-whole” relation to a previously introduceddiscourseentity and

constitutesan “aboutnesstopic”. After clicking the “Go”-button, ANNIS

processesthequeryanddeliversa list of thequeryresults.Figure6 shows one

of theresultsof thequery. In this representation,all of thematchingannotation

expressionsin thequeryaremarkedby underlining,i.e. “part-whole”, “about-

nesstopic” and“NP”. Again, only annotationlevelsspecifiedin thequeryare

openedup. An additionalbutton in the navigation bar allows the userto save

theresultfor laterinspection.
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Figure6: Queryresult
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4.3 Visualization of complexdata structur es

Figure6 givesus the opportunityto considerthe visualizationof two further

datatypes,pointerrelationsandtreestructures.

4.3.1 Pointers

Immediatelyabove the annotationtier with the underlinedannotation“part-

whole”, a pointer annotationis shown: “- � markable:17”. This specifiesa

pointer relation to the annotationof a tag “markable:17” at the very left of

thepcc10.co-referenceannotationlevel in Figure6.19 Thus,thereferentof Die

Betriebeim Osten(‘The factoriesin theeast’)standsin a “part-whole” relation

to thereferentof theexpressionmarkedby “markable:17”: Eier-Produzenten

aus der ganzenRepublik(‘Egg producersfrom all over the republic’) in the

precedingsentence.

Due to the limited size of the datasegmentthat can be inspectedin the

annotationview, thecurrentvisualizationis of limited use,aboveall for pointer

relationscrossinglarger spansof discourse.We thereforeplan to extend the

functionality of the discourseview with an improved visualizationof pointer

relations.

4.3.2 Treestructur es

In Figure7, thetier-basedrepresentationof treesin ANNIS canbecomparedto

conventionaltreerepresentation.Theupperpart reproducesa small portionof

thesyntacticannotationof Figure6,andthelowerpartshowsthecorresponding

tree.
19 The segmentthat is annotatedby the tag “markable:17” only displaysthe number“17”

in the annotationlevel of pcc10.co-reference. This segmentspansthe text fragmentEier-
Produzentenausder ganzenRepublik.
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NP

MNR

PP

NK AC NK NK NK

NN APPR ART ADJA NN

Eier-Produzenten aus der ganzen Republik

Figure7: Syntacticannotationrepresentedby ANNIS tiersvs.a tree

Startingfrom thetopmosttier, tiersrepresentingtreenodes(syntacticcate-

gories)andthoserepresentingtreeedges(grammaticalfunctions)alternate.The

node“NP” directlydominatesthepre-terminalof Eier-Produzentenvia anedge

“NK” (for nounkernelmodifier)andthenodeof cat“PP” (prepositionalphrase)

via anedge“MNR” (for postnominalmodifier).“PP” in turndirectlydominates

thepre-terminalsof ausderganzenRepublikvia edgelabels“AC” (adpositional

casemarker)and“NK”, respectively.

5 Evaluation

We testedthe prototype in the two applicationscenariospresentedin Sec-

tion 2.3. In scenarioA, ANNIS offers its servicesvia the internet,runningon

a webserver with a PentiumIV 2,4 GHz CPUand3 GB memory. In scenario

B, the applicationis run in standalonemodeon a singlecomputer, typical for
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linguistswishing to work independently, for instanceduring field studies.We

usedamobilecomputerwith ratherlow hardwarecapabilities(PentiumIII 650

MHz CPU,256MB RAM) for this scenario.

During the evaluation, we focusedon two very generalaspects:(i) the

amountof data that can simultaneouslybe loadedinto ANNIS and (ii) the

queryingcapabilities.

5.1 Data

Due to the RAM-basedapproach,the amountof datathat canbe loadedinto

ANNIS dependson the memorycapacitiesof the hostingmachine.While the

wholeTIGER Corpus(Brantsetal., 2002)with morethan40.000syntactically

annotatednewspapersentencescanbeloadedontothewebserver (scenarioA),

the1.4GB of RAM requiredfor this go beyondthecapacitiesof thehardware

in scenarioB.

We thereforedesignedtwo datasets—L(arge) andS(mall)—for this eval-

uation.Both containthe PotsdamCommentaryCorpusof 173 RST-annotated

newspapercommentariesandtherichly annotatedsubsetPCC10.Thesetsdiffer

with respectto thenumberof TIGER sentencesthey include:theformercom-

prisesthe whole TIGER Corpus,the latter a subsetof 1.000sentences.Thus,

dataset L containsapproximately42.200sentences,and dataset S contains

3.200sentences.20

With datasetS, the upperlimit of the amountof datafed into ANNIS is

reachedfor thelaptop.Onthewebserver, datasetL occupies1.4GB of RAM—

evenhere,thelimits of thehardwarebecomerelevant.

20 This resultsin the following numberof Java annotationobjectsin ANNIS: for L(arge):
3.369.930objects,for S(mall):146.505objects.



272 Dipper, Götze,Stede& Wegst

5.2 Querying

In additionto flexible queryfacilities(cf. Section3.4),ANNIS aimsat provid-

ing afastsearch.Besidekeepingthedatato besearchedcompletelyin memory,

ANNIS includesrunningsearchingandresultdeliveryin parallelthreads:when-

ever adocumentis finishedwith, resultsfoundin it areimmediatelysentto the

client—theusercanexploretheresultswhile moreresultsarestill searchedfor.

We thereforemeasuredboth the time until the emergenceof a first resultand

thetime neededfor providing thecompletelist of results.

Data sets SincedatasetL cannotbe loadedonto the laptop,it wasqueried

on thewebserver only. DatasetSwastestedbothon theserver andthelaptop,

enablingstatementsabouttheperformancebehaviour dependingon thecorpus

size.

Example queriesand evaluation method A smallsetof queriesof different

complexity wasdesigned:QueryQ1 queriesanaphoricexpressionsassimple

attribute-valuepairs;Q2 searchesfor expressionsmarked as“anaphoric”and

“subject”, searchingacrossdifferentannotationlevels.Finally, Q3 exemplifies

a queryon hierarchicalstructures:it queriessentenceswith a subjectnominal

phrasethatdirectlydominatesaprepositionalphrase.21

Thequerieswereposedin standardwebbrowsersandthe time neededfor

presentingafirst resultandthecompletelist of matcheswastaken.Thuswedid

not measurethe performanceof the searchenginealone,but the performance

of ANNIS asawhole,includingtheconstructionof anHTML representationof

thehit list.
21 Thequerieshave thefollowing form:

Q1: rel type=anaphoric
Q2: rel type=anaphoric & rel=SB & #1 = #2
Q3: cat=S & cat=NP & cat=PP & #1>SB#2 & #2 � #3
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Scenario Query First match CompletedSearch Hits
(in sec.) (in sec.)

A Q1 0.5 0.5 70
(web- Q2 0.5 0.5 5

server) Q3 2 2 130

B Q1 4 17 70
(mobile Q2 18 18 5

computer) Q3 20 91 130

Figure8: Queryperformancewith datasetS(mall)

Scenario Query First match CompletedSearch Hits
(in sec.) (in sec.)

A Q1 5 8 70
(web- Q2 8 8 5

server) Q3 2 34 4985

Figure9: Queryperformancewith datasetL(arge)

Resultsand discussion The resultsfor queryingdatasetS andL (given in

Figures8 and9, respectively) show thattheoverall performanceof theANNIS

prototypehasstill to beimproved,particularlywith respectto researchscenario

B, themobilecomputer. Here,morecomplex queriessuchasQ3 requireunac-

ceptableprocessingtimes.

However, thestrategy of an incrementalpresentationof queryresultspays

off: with both datasetsthe first matchfor Q1 andQ3 is given ratherquickly,

evenif thecompletesearchis time-consuming.22

The resultsalsoillustratethe expectedfact that performanceof ANNIS is

dependent(i) on the sizeof the corpusand(ii) the hardwarecapabilities.On

the web server, queriesQ1 and Q2 needconsiderablymore processingtime

with thedatasetL thanwith setS. Figure8 illustratesthedifferencebetween

22 Resultsare currently presenteddocument-wise.Sinceall hits of Q2 are part of the same
document,thevalues‘First match’and‘Completedsearch’do notdiffer.
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bothresearchscenarios(with differenthardwareconditions)regardingthequery

performance:eventheprocessingtime for thesimplequeryQ1 differsconsid-

erably.

Of course,thesefirst resultsof a rathershallow testingcannotsubstitute

for anin-depthstudyof thequeryingcapabilitiesof theANNIS searchengine,

which is plannedto beundertakenin thenearfuture.

6 RelatedWork

Currentcorpusexploration and query tools do not fulfill all of the needsof

the SFB, aspresentedin Section2. In this section,we discussa selectionof

tools,concentratingon(i) web-basedinterfacesand(ii) querytoolsfor complex,

richly annotateddata,andshow how they relateto ANNIS.

6.1 Web-basedinterfaces

Web-basedinterfacesprovide thequickestandeasiestaccessto largeamounts

of languagedataandareinvaluabletools for linguistic researchbasedon cor-

pora.Simplesearchfacilities allow for queryingthe data,which usuallycon-

sistsof tokenizedtext, rarelyaccompaniedby further levelsof annotationsuch

aspart-of-speechor lemma.Searchresultsareusuallypresentedasplain text

or askey word in context, KWIC. PrototypicalexamplesareCOSMASII23 and

the online web demosof Digitales Wörterbuch der deutschenSprache24 and

BNC25.

A tool that is similar to ANNIS by providing accessto very heterogeneous

dataandannotationsis the interfaceof TUSNELDA (‘Tübingencollectionof

23 IDS Mannheim,http://www.ids- mannheim.de/cosm as2/
24 Berlin-Brandenburgische Akademie der Wissenschaften,http://www.dwds.de/

pages/pages_woebu/dwds_woebu_re ch.h tm
25 British NationalCorpus,http://sara.natcorp.ox.ac.uk/l ooku p.htm l
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reusable,empirical,linguisticdatastructures’)26. Besidesearchingfor puretext,

TUSNELDA allows the userto specify complex queriesin the standardized

query languageXML QUERY (XQUERY)27, which is appliedto the XML-

basedannotations.The resultsof a queryareshown astext (for text searches)

or asXML representations(for querieson annotations).Display of the XML

encodingsuffices in many cases,sinceTUSNELDA annotationsrarely cover

morethanoneannotationlevel—in contrastto our researchscenario.

Using XML QUERY has several advantages:Being a standardizedlan-

guage,it is alreadyfamiliar to at leastsomeusers;the format is supportedby

othertools;andit is a very powerful language.Of course,usingXML QUERY

requiresknowledgeof theXML encodingof theannotation.

6.2 Query tools for complexdata

In recentyears,a numberof toolsthatallow for queryingandvisualizingmore

complex annotationshave beendeveloped.Theseinclude tools for querying

treesor graphsandsearchtoolsfor corporawith multi-level annotation.

Trees/graphs Examplesof tree and graph query tools are VIQTORYA

(SteinerandKallmeyer, 2002),TIGERSearch28, andNetgraph29. Thesetools

enablethe userto queryhierarchicalstructuresandcomplex relations.More-

over, they include graphicalinterfacesto improve operability by non-experts

andcasualusers.Theseinterfacesallow theuserto composea queryby mouse

clicksandsimplemenuchoices.For instance,attribute-valuespecificationscan

beselectedfrom a menuwhich lists all admissibleattribute-valuepairs.Query

resultsarevisualizedastreesor graphs.

26 http://www.sfb441.uni- tuebinge n.de/ tusn elda- onlin e.ht ml
27 http://www.w3.org/XML/Query
28 http://www.ims.uni- stuttgart.d e/pro jekt e/TIG ER/TIGERSearc h/
29 http://quest.ms.mff.cuni.cz/n etgra ph/
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However, thesetoolsfocusonsentence-basedannotationsof syntacticstruc-

tures.That is, inter-sententialqueriescannotbe posed,andconflicting hierar-

chies(suchasdiverging segmentationof primary databy differentannotation

levels)arenotaccountedfor.

Multi-le vel annotation A tool thatwasdevelopedfor multi-level annotation

is NXTSearch30. It is ahighly flexible tool in thatit canbeappliedbothto time-

alignedandhierarchicalcorpora(Heid et al., 2004).Furthermore,it allows for

cross-level queriesandaccountsfor intersectinghierarchicalannotations.

NXTSearchthusoffersmany of thefunctionalitiesthatANNIS aimsto sup-

ply. Neverthelessit doesneitherprovidethemeansfor visualizingandquerying

theannotationin auser-friendly way, nor is it accessiblevia theinternet.

ANNIS aimsat combiningthe advantagesof the presentedsystems.As a

web-basedinterface,it provideseasyandquick accessto linguisticdatavia the

internet.Futuredevelopmentof ANNIS will profit from experiencesin theuser-

friendly designof toolssuchasTIGERSearch,eventuallyarriving ata tool that

canbeeasilyusedby non-experts.Similarly, ANNIS will build uponandcon-

tinuework onmulti-level andcross-level queryingof toolssuchasNXTSearch.

7 Summary and Futur eDir ections

We have characterizedthe application scenariofor the ANNIS linguistic

database,explainedtheensuingdesigndecisions,anddescribedthepresentstate

of the implementation.This first versionis now readyfor usewithin the SFB

andwill be further developedin accordancewith users’experiences.Specifi-

cally, we planto undertake usabilitystudiesregardingboth thequeryfacilities

and the visualizationschemeusedin the presentimplementation.We expect

thatthesetwo topicsarethecentralonesfor furtherimproving thesystem.

30 http://www.ims.uni- stuttgart.de /proj ekte /nite /man ual/
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For querying,an option to consideris providing two differentwaysof ac-

cessingdata:a formal querylanguagethatallows experiencedusersto quickly

constructtheexpressionthey areinterestedin, andamoreuser-friendly onefor

inexperiencedusers,whichmightoffergraphicaloptions(likein TIGERSearch)

andinteractive helpfacilities.Thetwo usergroupshave very differentrequire-

ments,sothatproviding tailoredaccesslanguagesseemsappropriate.

As for visualization,a betterway of displayingtreesshouldbe integrated.

Similarly, provisionshave to bemadeto displaydiscourse-relatedannotations

more effectively. Co-referenceinformation, for instance,could be shown by

colouringtheco-referringexpressionsin thediscourseview (asin theMMAX

annotationtool).

Within the SFB, variousworking groupsare developingstandardizedtag

setsandannotationguidelines(asdiscussedin Section2.2).Stepby step,these

will be integratedinto ANNIS, with the annotationguidelinesmadeavailable

sothatuserscaninterpretannotationsthatarenot their own.

At leastin thefirst roundof dataannotation,it might becomenecessaryto

modify the SFB questionnaireor annotationguidelinesandadaptthemto un-

foreseendata.ANNIS shouldthusprovide a suitableway of handlingdatathat

is annotatedaccordingto differentversionsof thequestionnaireor guidelines.

Also, somefurtherkindsof datahave to beintegratedinto thedatabase:

Thequestionnairementionedin Section2.2shouldbemappedto ANNIS

sothatanswerscanbe looked for in thecontext of their questions;also,

thehierarchicalstructureof thequestionnaireshouldbepreserved.

Speechdataat themomentis ‘integrated’only by a hyperlink to a sound

file, whichmight not besufficient in thelong term.

Whendatain many languagesis addedto ANNIS, it becomesrelevantto

addtypologicalinformation,whichcouldthenbeusedin thequeries.
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On the technicalside,an importantstepwill be addinga databaseto the

systemfor applicationscenarioA (with a centralizeddatarepository),to en-

surethatANNIS bereadyto hold largeramountsof datathanis possiblein the

presentRAM-basedversion.Furthermore,metadatahasto be systematically

integratedinto thedatastructures,possiblywith ramificationsfor thequerylan-

guage(e.g.,provide the ability to searchdatathat originatedbeforea specific

date).Onceagain,existingstandardssuchasTEI, IMDI 31, OLAC32 will inform

thedesigndecisions.
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