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Abstract
Annotationof linguistic dataincreasinglyfocuseson information beyond the (morpho-)syntactidevel. Moreover, annotateddataof
less-studiedanguagess growing in importance.To maximally profit from this data,straightforvard anduserfriendly accessasto be
provided. In this paper we describea linguistic databas¢hatis accessestia aweb browvserandoffersflexible visualizationof multiply
annotatedlata.Datais internally representely a genericXML-basedformat.

1. Intr oduction

In recentyears,interestin linguistic datathatis anno-
tatedbeyond the (morpho-)syntactidevel hasincreased.
For instance,text corporaare annotatedwith semantic
and pragmaticinformation, such as predicate-agument
structureandword sensdanformation (PropBank(Kings-
bury andPalmer, 2002),FrameNe{Johnsoretal., 2003),
SALSA (Erk et al., 2003)), discourseand information
structure (Penn DiscourseTreeBank (Miltsakaki et al.,
2004), RST DiscourseTreebank(Carlsonet al., 2003),
PotsdanCommentaryCorpus(Stede2004),MULI (Bau-
mannet al., 2004)) and dialoguestructure(Switchboard
SWBD-DAMSL (Jurafsky etal., 1997))1

In mary cases,linguistic information is added to
already-annotatedorpora,asis the case,e.g., with the
PennTreebankwhosesyntacticannotatiorhasbeensup-
plementedby discourse(RST and PennDiscourseTree-
Bank)andsemantidnformation(PropBank).Suchmulti-
level annotatiorallows for researcton comple< phenom-
enawhich operateon several linguistic levels simultane-
ously.

Moreover, annotatediataof less-studiedanguagess
gainingimportanceandresearchergy to basetheirwork
ondataof typologically diverselanguages.

As aresult,we arefacedwith a considerablemount
of rathersmallcorporaof mary differentlanguagesThey
are usually annotatedmanually (or semi-automatically),
are createdfor differentpurposesand, accordingly vary
with regardto their annotation.

Such corporaare valuableresourcesand may sene
otherusersand applicationsas well if the datais repre-
sentedin a standardizedormat andif documentatiorof
theannotatiorschemeandguideliness provided,thusal-
lowing for informedinterpretatiorof the annotation.

In addition, in order to manually inspectand inter-
pretthe data(asopposedo with automaticapplications),
straightforward and userfriendly accesss a prerequisite.

YIn this paper we focus on text corpora,leaving asidethe
largefield of multi-modalcorporawhich raisespecificproblems
of their own.

This involvestransparenvisualizationof the text andits
annotatioraswell asanintuitive searcHacility.

In this paper we presenta linguistic database¢hatad-
dressesheserequirementslt canhostmultiply annotated
data, is accessedia a web browser, and offers flexible
visualization. Datais internally representedby a generic
XML-basedformat.

Thedatabas@NNISis beingdevelopedin the Collab-
orative ResearchCenterSFB 632 on Information Struc-
ture? In the context of this researchcenter data of
variouslanguagesds collectedand annotatedat the lev-
els of phonology morphology syntax, semantics,and
pragmatics—leels that contribute in waysyet to be de-
terminedto the informationstructuralpartitioningof dis-
courseandutterances.

Thepapelis organizedasfollows. Wefirstdescribehe
needfor easydataaccessy differentusers(sec.2.). We
thenpresentheinternalrepresentatioformatandvisual-
izationtechnique®f our databasésec.3.) andcomparet
to relatedwork (sec.4.). A conclusionanddirectionsfor
future developmenfollow in sec.5.

2. Motivation

Threefactorsemege from the scenariosketchedout
above thatwe considerespeciallyimportant:

Data heterogeneity resultsfrom a numberof sources:
First, primary dataitself is heterogeneoudliffering with
respecto size(e.g.,singlesentencess. journal articles),
modality (monologuevs. dialogue,text vs. speech)and
language. Second,rich annotationsoften require data
structuresof various types (attribute-value pairs, trees,
pointers,etc.). And finally, datais often annotatedby
meanof different,task-specifi@nnotatiortools (e.g.,by
toolsfor syntax,discoursepr co-referencennotation).
Data reuse To maximizeprofit from availablecorpora,

datamustbereusablegvenfor purposesvhich arediffer-
entfrom theoriginal ones.To thisend,it mustbepossible

2http:/iwww.sfh632.uni- potsdam.de/
For more information about ANNIS, see http://www.
sfb632.uni-  potsdam.de/annis/ and (Dipper et al.,
2004).



text.xml:

...</header>

<body>F"urchtet Die einstige

FuRball-Weltmacht

nicht !
1:0 fur die Ukrst”urzte der 1,62 Meter groRBe Gennadi

Subow die deutsche

zittert vor einem Winzling Mit seinem Tor zum
Nationalelf...</body>

tok.xml:

<markList  type="token" xml:base="text.xml">

<p id="t1"~. xlink:href="#xpointer(string-range(//body,”,0,8)) "> <! Furchtet -->

< id=" t2 '\ xlink:href="#xpointer(string-range(//body,”,9,4)) "> <l-  euch -->

< id="t>--" xlink:href="#xpointer(string-range(//body,”,14,5) )'/> <l nicht -->

<mark id="t4" xlink:href="#xpointer(string-range(//body,”,20,1) Y o<l- >

<mark id\:"ts" xlink:href="#xpointer(string-range(//body,”,22,3) )'/> <!- Die -->

Figurel: Sourcetext (text.xml) and<mark> tagsspecifyingtokens(tok.xml)

inf_status.xml:

<featList type="inf  _status" me:baﬁe:"tok.xml'B

<I euch: brand-new --> ,/\*\\

<feat  xlink:href="#xpointer(id( [t2‘/)" value="type _istat.xml#type2"/>

<l-- Die einstige FuRball-Weltmacht: -~ unused -->

<feat  xlink:href="#xpointer(id('t5’)/range-to(id('t7’)))

" value="type _istat.xml# ‘/>

type.istat.xml:

<typeList type="inf

_status">

<type id="type4"

referent
is new to the hearer."/>
is known to the hearer."/>

<type id="typel" name=" urse-new" descr="The
<type id="typ ame="brand-new"  descr="The referent
<type id=" ‘ name="unused" descr="The referent
</type>

name="discourse-old" descr="The

referent

is new in the discourse.">

is old in the discourse.">

Figure2: Annotationof informationstatus:anchoringo tokenmarkableginf_status.xml)
anddefinitionin atype hierarchy(type_istat.xml)

to focuson specificannotationge.g.,by filtering outirrel-
evantones)or to presenthemin differentways,tailored
to specifictasks.

Data accessibility Accessibility of the corpusdatafor
the end user—i.e., linguists interestedin the data—isa
major aim of a variety of visualizationand query tools.
However, currenttools eitherdo not provide functionality
thatis sufficiently flexible to copewith the heterogeneous
dataandvarying purposesas describedabove 2 Or else,
they addressiserswith at leastbasicprogrammingskills
in languagesuchasJava or XML/XSLT, who thenhave
to adaptpre-&istingprogramsr stylesheetto theirneeds
or, in caseof highly userspecificrequirementsstartfrom
scratch Dataaccesswith useradaptabléunctionalityis
thusrestrictedto expertusers,which we believe to be an
unsatisfyingstateof theart.

3. A GenericApproach

Our approachto representingheterogeneousatais
basedon a genericXML format, which senesasa kind
of interlingua. Outputsof differenttools are mappedto
this standardizedabstractXML format. Customizable

3Examplesof suchtools are EXMARaLDA, TIGERSearch,
or RSTTool.
“TheNITE XML Toolkit is aninstanceof suchatool.

stylesheetgead the XML representationgnd generate
differentviews of thedata.

3.1. XML RepresentationFormat

In our approach,datais internally representedy a
genericXML format,similarto theGenericMappingTool
(GMT) proposedyy (Ide andRomary 2001). In contrast
to initiatives suchas XCES® or MATE (Dybkjeer et al.,
1998), our format doesnot proposeactualtagssuchas
<s> (for “sentence”or <dys> (“dysfluencies”).It rather
providesgenericXML elementdike<mark> (markable),
<feat> (feature)and<struct> (structure)whichin-
dicatewhich datatype the annotationconformsto. These
tagsallow usto represenall kindsof linguisticannotation
in a uniform way. The representationstandardizedhis
way then sene asthe input to the visualizationmodule
(seenext section).

We assumethat primary datais storedin a file that
optionally specifiesa headerfollowed by atag <body> ,
which containsthe sourcetext. Annotationsarestoredin
separatdiles (stand-of), which allows for overlappinghi-
erarchieandcompetingalternatie annotationsWe dis-
tinguishthreedifferenttypesof annotations:

(i) Markables <mark> tags specify text positionsor
spanof text (or spanof othermarkables}hatcanbean-

Shttp://www.cs.vassar.edu/XCES/



const.xml:

<structList type="const">
<struct  id=" <l-- Die einstige FuBball-Weltmacht ->
<rel id="r4" xlink:href="tok.xml#t5" type="undir"/> <l--  Die -->
<rel id="r5" \ xlink:href="tok.xml#t6" type="undir"/> <! einstige -->
<rel id="r6" xlink:href="tok.xml#t7" type="undir"/> <! FuRball-Weltmacht -->
</struct>
syntax.xml:
<featList xml:base="const.xml">
<feat xlink:href=" @ type="cat" value="type  _cat.xml#type5"/> <l-- Die einstige FuRball-Weltmacht: NP -->
<feat xlink:href="#r4" type="func" value="type _func.xml#type8"/> <l--  Die: NK -->
<feat xlink:href="#r5" type="func" value="type _func.xml#type8"/> <l--  einstige: NK -->
<feat xlink:href="#r6" type="func" value="type  _func.xml#type8"/> <l--  FuBball-Weltmacht: NK -->

Figure3: Syntacticannotation:anchoringto constituenmarkablegconst.xml)

andannotatiorby <feat>

notatedby linguistic information. For instance <mark>
tags might indicate tokens by specifying rangesof the
sourcetext, cf. fig. 1.

(i) Features <feat> tags specify information anno-
tated to markables,which are referredto by xlink at-
tributes. The type of information (e.g., “information sta-
tus”) is encodedy anattribute “type”.

We adoptthe idea of (Carlettaet al., 2003) by as-
sumingthatadmissibldeaturevalues(suchas“discourse-
new”, markinginformationnew in thediscoursepr “NP”,
nounphrase)may be comple typesandareorganizedn
atypehierarchy For instance;'unused”and“brand-nev”
canbesubtype®f themoregeneratype“discourse-ne/”.
<feat> tagspointto sometypein the hierarchy(which
is storedseparately)thus specifyingthe value of the an-
notatedproperty cf. fig. 2.5

This approachsupportsunderspecifiednnotationby
referringto lessspecificsupertypes.Moreover, it allows
us to neglect the distinction betweenattributesandtheir
values—adistinction which is not always clearcut. For
instance sometagsetmight comprisean attribute “infor -
mationstructure” with values“topic” and “focus”. In
other tagsets,however, “topic” might be usedas an at-
tribute, with valuessuchas“aboutness-topicor “frame-
settingtopic”.

(iif) Structures <struct> tags are specialtypes of
markables.Similarto <mark> tags,they specifyobjects
thatthencansene asanchorsfor annotations.Whereas
<mark> tagsdefinesimpletypesof anchors(flat spans
of text or markables)a<struct> tagrepresents.com-
plex anchorinvolving relationsbetweenarbitrarily mary

SFor easeof readability we simplify the presentatiorof the
type hierarchy—typéhierarchieddo not necessarilyjorm atree,
hencewe actuallyrepresenthemby <struct> elementssee
belov. The stand-of architectureallows the userto experiment
with differenthierarchies.

Type hierarchieshave to be definedby the useror they may
bederivedfrom annotatiorschemeshatincorporatehierarchies,
cf. the schemesisedby the annotatiortool MMAX. In caseno
hierarchyis defined the featuresareorganizedn aflat list.

tags(syntax.xml)

markables(including <struct>  elements). Relations
(<rel> ) canbeundirectedr directed(= pointers).

Syntaxtreesare encodedby <struct>  tags,each
of which specifiesa local subtree. For instance,the
<struct> elementin fig. 3 definesa subtreeconsist-
ing of amothernode(<struct  id="c2"> ) andthree
daughters(= the markablesreferencedby the xlink at-
tributes). Furtherpropertiesof the subtree Jike category
of the mothernode,“cat”, or functionsof the daughters,
“func”, areencodedstand-of by <feat> tags,cf. fig. 3.

<struct> elementsmay also be usedto represent
multiple analysesf ambiguousinput. Competinganal-
yseswould be storedin separatdiles and an additional
layerwould marktheseanalysessalternatvesby means
of <struct> element$

3.2. Visualization

Our implementationis a Java servlet application,
which is accessedia a web browser Its input consists
of datain ourgenericXML formatplusaformatfile spec-
ifying the appearancef the annotation. Its outputis an
HTML page,displayingthe primary dataandits annota-
tion.

Visualization modes The systemsupportsthe concur
rentvisualizationof differenttypesof annotationln fig. 4,
datafrom a newspapetext—whoseannotationsverecre-
atedusingthreedifferentannotatiortools’—is visualized

The examplesin fig. 3 and 4 follow the annotation
scheme®f STTS(Schilleretal., 1999)andthe TIGER project
(http://www.ims.uni- stuttgart.de/projekte/

TIGER/).

8Suchextensive useof xlinks might be consideregroblem-
atic for performanceln our contet, howvever, the XML format
mainly senesdatavisualization.Thatis, processingf the XML
dataconcernsonly partsof a corpus(e.g., one nevspaperar
ticle out of a collection of articles)ratherthan entire corpora.
Hence,corpussize doesnot directly influencethe performance
of thevisualizationmodule.In contrastfor dataretrieval, datais
translatednto Java objectsandsearchedy a Java-implemented
gueryengine.

%Information structurewas annotatedwith EXMARaLDA,
co-referencavith MMAX, and(morpho-)syntaxvith Annotate.
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Figure4: The ANNIS userinterface:useradaptve visualization

in threedifferentmodes. At the top, the discourse view
givesan overview on the discourse.Immediatelybelov
this representationthe table view enableseasy access
to annotationsconsistingof simple attribute-value pairs,
characterizingvarious dimensionsof information struc-
ture. The tree view at the bottom shaws the syntactical
structureof thesentencehatis currentlyactive 1° In addi-
tion to thesemodes the systemprovidesa dial ogue view
(not shawn in the figure) and integratesa searchfacil-
ity andvariousexport functions(for a descriptionof the
searchandexport functions,see(Dipperetal., 2004)).

The annotationviews work independentlyfrom each
otherandcanbe clicked away, if wished.In our example,
theannotatiorview of theannotatiorievel “Co-reference”
is suppressethatway. Theindividual views aresynchro-
nized,i.e., clicking onto a certainmarkablein oneof the
displayscauseghe otherdisplaysto switchto therespec-
tive markable.

Customizing the display The appearancef the table
view can be customizedvia a format file: the usercan
specifyfeaturesuchasthecoloringandorderingof anno-
tationtiers. Irrelevantannotationganbe similarly filtered
out. For instancea userwho is interestedn referringex-
pressionsmight want to focus on “discourse-ne” NPs.
In thiscase,'discourse-old"annotationsvould not bedis-
played.Moreover,theemepgenceof annotationglisplayed

10The table view hasbeencreatedby a modified version of
EXMARaLDA stylesheetsiwhereaghetreeview hasbeengen-
eratedby meansof TIGERSearchwhich providesan SVG ex-
port of datarepresenteth the TIGER XML format.

on oneor moretiers, in the form of bubbles,etc.,canbe

determinedby theuser Thisis illustratedby fig. 5, which

specifieghe appearancef onetier, labeled“Information

Status”. This tier displaysinformation that is specified
in thefile inf_status.xml: Thetier sgmentscorrespondo

the markableghatthe feat elementsn inf_status.xml are
anchoredo. They arelabeledaccordingto the attribute
value, e.g.,by “unused”. In addition, on mouseover, a
bubbleemepges,displayingthe descriptionof the respec-
tive value,asspecifiedin type_istat.xml (“The referentis

known to the hearer”).

<tier label="Information Status"
xml:base="inf _status.xml">
<feat value="id(feat/@value)/@name"
display="label"/>
<feat value="id(feat/@value)/@descr"
display="bubble"/>
<[tier>

Figure5: Specifyingthedisplayof atier

4. Relatedwork

Our genericXML formatis inspiredby the Generic
Mapping Tool proposedby (Ide and Romary 2001) in
defining abstractXML elementsand attributesthat can
representdifferent annotationtypes. Our format, how-
ever, is morerestrictive in thatit strictly separatepurely
structural from contentinformation. In GMT, for in-
stance,categorial information like “NP” may be speci-
fied asattributesof <struct> elementswhereasn our
format, this information must be encodedstand-of by
<feat> elements.Similarly, our formatdoesnot allow



for recursvely-embeddeélementdo encodehierarchical
structures.Instead,jt makesuseof xlink attributesto de-
finetreesandgraphs.

Anotherprojectcloselyrelatedto oursis NITE (Car
lettaetal., 2003;Carlettaet al., 2002). Commonfeatures
include supportof multi-level annotationflexible visual-
ization by stylesheetsand useof XML/XSLT and Java.
However, therearealsoimportantdifferencebetweerour
projects:

Flexible input NITE allows for variouskinds of input

formats, including inline and stand-of representations.

Theuserhasto modify the stylesheetshattriggerthedis-
play accordingto (i) theformatof theinput data,and (i)
thetargeteddisplayformat.

In contrast,we requirethe input to conformto our
genericXML format. We arethusableto provide general
andmulti-purposestylesheetshatcancopewith any kind
of data(representeth our format). Of coursetheburden
now lies with the mappingto this format, andpeoplenot
skilled in XML/XSLT will needsupport? However, we
think thatafacility for flexible, customizablevisualization
mustrely on afixedinput: otherwise nitemodificationof
visualizationdo requiresubsequenadjustmentfor mary
differentinput formats.

Validation In NITE, theusermustlist theelementsand
attributesusedin the annotationand must specify their
datatypes. In return, NITE validatesthe input datawith
respectto the specification. In our approach yalidation
mustbe performedprior to import into the system. This
reflectsthefactthatour internalstandardizedormatdoes
not sene annotationbut visualizationonly and, hence,
neednot be sensitve to specificDTDs or XML schemas.

Annotation In NITE, datacanbeeditedandannotations
canbemodified. Our databaséin its currentversion)spe-
cializeson datavisualization(andretrieval) anddoesnot
allow for dataediting. Thatis, to modify data,the user
hasto exportthedata,performthe modificationshy exter-
naltools(e.g.,EXMARaLDA), andreimportthe modified
datainto thedatabase.

5. Conclusionand Future Work

In our userscenariogcriteriasuchasdataheterogene-
ity anddataaccessibilityareof particularimportance—an
aspectvhichis notcapturedy mostof thecurrentlyavail-
abledatabases.

We usea genericXML format as an interlingua: it
senesboth asthetargetformatfor import scripts,andas
the sourceformat for renderingdifferentannotationdis-
playsin the userinterface. The fact that we represent
complex multi-level annotationsin a uniform way dis-
tinguishesour approachfrom relatedinitiatives (suchas
TASX or NITE).

Futurework includesdevelopinga suitablevisualiza-
tion of inter-sententialannotationlike co-reference.We
alsowantto simplify customizatiorof the displayby of-
fering an input maskfor specifyingthe display features

M\We provideimportersfor datain thefollowing formats:EX-
MARaLDA, TIGER XML, MMAX, RSTTool.

(similar to the format-tabledialoguein EXMARaLDA)
andto extendit to othermodesof visualization.Theinput
will thenbe processedby parametrize KSLT-stylesheets,
which facilitatesreusein otherapplications—incontrast
to the proprietaryJava-basedapproachwe are using cur-
rently.
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