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ABSTRACT.We present a general framework for integrating annotatifsom different tools and

tagsets. When annotating corpora at multiple linguisticels, annotators may use different
expert tools for different phenomena or types of annotatiimese tools employ different data
models and accompanying approaches to visualization, beg produce different output for-
mats. For the purposes of uniformly processing these ositpue developed a pivot format,
called PAULA, along with converters to and from tool formaBsfferent annotations are not

only integrated at the level of data format, but are also gron the level of conceptual rep-
resentation. For this purpose, we introduce OLIA, an orgglof linguistic annotations that

mediates between alternative tagsets that cover the saase of linguistic phenomena. All
components are integrated in the linguistic informatioatsyn ANNIS: Annotation tool output
is converted to the pivot format PAULA and read into a datgbabere the data can be visu-
alized, queried and evaluated across multiple layers. Foss-tagset querying and statistical
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evaluation, ANNIS uses the ontology of linguistic annotei Finally, ANNIS is also tied to a
machine learning component for semiautomatic annotation.

RESUMEDans ce papier, nous présontons une plateforme généralemégrer des annotations
originaire de nombreux outils différents et employant deseenbles d’étiquettes divers. Quand
un corpus fait I'objet d’'une annotation multi-niveaux, Eemotateurs peuvent profiter d'utilizer
plusieurs outils experts différents, chacun adapté auxipim&nes ou types d’annotation envi-
sagés. Ces outils employent différents modéles de donagemfpagné par de différents mé-
thodes de visualisation), et produisent des formats déesgigtincts. Pour permettre de proces-
ser ces sorties d'une maniére uniforme, nous avons dévédappformat pivot, appelé PAULA,
et des convertisseurs formats des et aux formats origiregsoditils. Les annotations ne sont
pas integrées seulement au niveau de format, mais aussveawnde la représentation concep-
tionelle. Pour cela, nous introduisons OLIA, une ontolodés annotations linguistiques, qui
met en relation les ensembles d’étiquettes distincts néarzmecouvrants le méme phénoméne
linguistique. Touts ces composants sont part du systemioditation ANNIS: les données en
format de sortie des outils d’annotation sont convertie$armat pivot PAULA et lues dans une
base de données ou on peut les visualizer, rechercher @i travers les multiples niveaux.
Pour I'exploitation a travers les ensembles d'étiquettéieents, ANNIS est lié a I'ontologie
susmentionnée. En outre, la plateforme comprend un compegport dans un environnement
d’'apprentissage automatique pour soutenir I'annotatiems-automatique.

KEYWORDS:Multi-level annotation; Corpus creation and maintenandenguistic database;
Ontology-based querying

MOTS-CLES Annotation multi-niveaux; Création and maintenabilitéabepus; Base de données
linguistique; Recherche basée sur des ontologies
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1. Introduction

A growing line of linguistic research today is dedicated he investigation of
less-resourced, less-studied languages (Asian, Africative American languages)
and specific varieties of major languages deviating fronttemi standard language
(for example, dialectal and historical varieties or smalhges). This paper proposes
a fully-implemented architecture for creating and exjgjtsuch small, deeply an-
notated corpora. Much of the annotation for such corporadée done manually
because corpora are often too small to train automatic t@olthe annotation task
is simply too difficult to be automated. Since, obviously,rmal linguistic annota-
tion is labour-intensive and expensive, it is of utmost imaioce to provide software
environments that ensure the efficiency of the overall psce

Nowadays, a variety of annotation tools are freely avadabhich support differ-
ent styles of annotation for different purposes, such asrlagsed transcription or la-
belling of words/phrases, coreference links, syntax treediscourse trees. Combin-
ing different annotations of the same data leads to sodtatielti-level annotation’,
which has received surging interest in recent years. Swttitactures were originally
developed for multi-modal corpora which integrate spokarglage, written repre-
sentations of it, annotation, and perhaps visual matefiialq etc.). Wittenburg (to
appear) provides an overview over the history and formatioh multi-modal cor-
pora. In recent years, multi-layer architectures are mockraore used also for text
corpora with many (possibly conflicting) annotation layeee, e.g., the variety of
annotations produced divall Street Journatlata, starting with the Penn TreeBank
(Marcuset al,, 1993) and turned into a multi-level framework by Pusteiyvst al.
(2005). In this paper we focus on such examples.

When multiple annotations are integrated into a singletsiega, inter-relationships
between the annotations can be explored, both qualitatisl issuing database
queries that combine levels) and quantitatively (by rugrstatistical analyses or ma-
chine learning algorithms). We are convinced that thesénaust can significantly
improve linguistic research: For instance, the researchreformulate queries to find
specific examples or counterexamples for a research hygisthereal” data, involv-
ing distinct levels of analysis, or perform statistical lgsas to gather evidence for
the distribution of particular feature patterns in corpdrarther, using multi-layer ar-
chitectures, it becomes possible to represent and compdtiple, even conflicting,
annotations of the same linguistic level for the same datagkample, competing
syntax annotations.

However, when such multi-layer corpora are to be createtl existing task-
specific annotation tools, a new problem arises: Output &snof the annotation
tools can differ considerably, and annotations need toigeed in order to be useful
for purposes such as those mentioned above. To solve thasems, we have devel-
oped a software framework involving (i) a generic standeffresentation format, (ii)
conversion scripts from tool output to the generic formii), dlignment of multiple
annotations, and (iv) a database that allows for visuadinatetrieval, and statistical
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analyses of the data. Our work is embedded in a large andteng-collaborative
research center” on information structbig University of Potsdam and Humboldt-
University Berlin. Thus, our framework has been primarigvdloped to account for
the specific resources and goals of that center. The artimigeand methodologies,
however, are applicable to numerous other scenarios imgtlifferent research ques-
tions and other types of annotations.

Having such a software infrastructure at hand, a natural ist¢o also integrate
corpora that are already well-established and have pravbe beneficial to linguis-
tics research. This makes sense both for the manual quesgemario and for the
statistical analysis scenario. But, of course, this poseth&r problem: Given a set
of existing corpora, particular levels of linguistic ddption, such as morphosyntax,
are very often annotated according to different annota@emes or tag sets. Thus,
in addition to theechnicalintegration of different XML formats, another tasks arises
i.e., theconceptuaintegration of multiple annotation schemes arises. Défféanno-
tation schemes rely on independent, often theory-speciitgeptualizations of tags
and categories and often different theoretical motivatibnresponse, our approach
offers to ensure interoperability also with respect to tats dy linking annotations
to ontological representations. In particular, the agian of ontologies allows to
specify complex relationships between annotations areteate concepts, whereas a
traditional mapping approach is only capable to expressa-arfapping.

The paper is organized as follows: Section 2 provides mockdraund informa-
tion, introduces related work on technical integration andceptual integration of
heterogeneous annotations, and outlines the generateutthte of our system. Sec-
tion 3 introduces PAULA, the standoff XML format that tecbaily mediates between
different annotation formats. Section 4 describes OLiApatology of linguistic an-
notations that conceptually mediates between differens&ds. Then, Section 5 de-
scribes ANNIS, our linguistic database, its implementatend the associated query
languages. Section 6 gives an example for the utility of &ation mining” across
different levels of annotation, and Section 7 summarizesrhin contributions of the
paper and points to areas for future research.

2. A Flexible Framework for Integrating Annotations

Nowadays the need for standardized annotation schemespresentation for-
mats is widely recognized. Language resources must bedselimented and anno-
tations be easy to interpret if they are to be beneficial fersisther than the corpus
developers themselves. Standardization of technicaéseptation formats concerns
both thephysicaland logical data structures (see, e.g., Schmidt (2005), dtal.
(2003)). Moreover, we also consider thenceptualntegration of annotations, which
has been subject to several standardization initiativegchet al, 1996; Atwell et
al., 1994; Erjavec, 2004; Idet al., 2003).

1. http://www.sfb632.uni-potsdam.de/
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2.1. Representation Formats

The logical data structure refers to ttiata modelsised to represent the linguistic
phenomena and their properties. We can distinguish thréer types of data struc-
tures: (i) “annotation graphs”: labeled directed acycliaghs (LDAGs) whose nodes
refer to a time line; annotation graphs are typically usednfiodeling time-aligned
information (Birdet al., 2001); (ii) structural annotations: LDAGs whose nodesref
to other nodes; usually used for syntactic and other tkeednnotations; (iii) feature
structures, used, e.g., for syntactic analyses in framesvsuich as HPSG and LFG,
but rarely used in the context of corpus annotation.

The division between the paradigms of time-aligned aniwtajraphs and hier-
archical structures has weakened in recent years. Fombestahe data model of
annotation graphs has been generalized, resulting in théA&Tformat (Laprunet
al., 2002), which supports both annotation graphs and hiei@cstructures. Simi-
larly, the NITE Object Model (Carlettet al., 2003b), the DDD ODAG model (Dipper
et al, 2004, Faulsticlet al, 2005), and the general-purpose Linguistic Annotation
Framework (LAF, Ideet al. (2003)) serve both camps.

The physical data structure, on the other hand, refers ttettterior” representa-
tion of the data. The de-facto standard for representingeanbanging data is XML,
which is furthermore well-suited for permanent storagde@®fa standoff-architecture
is used, which stores primary data and its annotations ap&mom each other (as
proposed, e.g., in the TEI (Sperberg-McQueg¢ral, 1994) and MATE guidelines
(Dybkjeeret al,, 1998)). For the serialization of structural annotati@satural way to
represent trees is by using XML embedding structures. uicstiral annotations con-
tain non-tree-like structures (e.g. crossing brancheslisrontinuous constituents),
extra means likelink attributes have to be employed (Kémgal,, 2000). Such rep-
resentational means are harder to interpret than the Istfaigiard representation via
XML embedding and more difficult to incorporate into stardiquerying mechanisms
(TriR3l et al,, 2007).

Besides these two types of data structures there is a thgdadrich is usually
completely hidden from the user: the implementation maddel,the data format that
is used for internal processing. For this format, there asemtially three options:
(i) proprietary, tool-specific formats, (i) XML, (iii) rétional databases. Concentrat-
ing on non-proprietary solutions, one advantage of using-fidth as the exchange
and implementation format is that it allows for a seamlegsrfibnagement. Yet, this
comes at the price of severe difficulties in formulating dgegespanning several files.
For example, XQuery does not easily handle queries to stefdmats, where anno-
tations and primary texts are stored in different XML filesueg@ying such structures
with XQuery does either require the use of XPointers or theeafsembedded func-
tions, both of which are not properly optimized by currentd&@y implementations.
This puts the burden of writing fast queries back to the dgwe and away from the
database system. In the relational model, however, the liraglef non-hierarchical
annotations and performant queries to these is relativeiple, though the underly-
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ing model is more complex. As efficient processing of nomike structures is one
of the primary goals of our implementation, we thus accostptiur implementation
with a relational database rather than an XML database. gJsilational databases
offers the additional advantages of a well-establishedrelogy (in terms of scala-
bility, robustness, tool-support etc.), but it requires itistallation and maintenance of
an extra software infrastructure.

2.2. Conceptual Integration

Conceptual integration is necessary when dealing with iplaltannotation
schemes, when either different terms are used for the sasm@ptenon, or the phe-
nomenon is conceptualized in different ways. One possttllgtien for the integra-
tion of different annotation schemes is the standardinatibtag sets, i.e. the di-
rect mapping between a particular annotation and a metatageference tag set.
Such meta tags are then either based on one particular si@rethannotation scheme
(Leechet al, 1996; Erjavec, 2004), an interlingua mediating betwegsdts (Atwell
et al, 1994), or on a set of reference categories @dal.,, 2003).

For the specification of reference concepts and in order $tradi from concrete
annotations, Farragt al. (2003) and de Ceat al. (2004) developed ontology-based
accounts for the modelling of linguistic terminology reden to annotation purposes.

In our approach, this ontology-based account is extendehat not only reference
terminology is specified within the ontology, but also thigimral annotation schemes
and the linking between schemes and reference conceptsmesented by means of
an ontology. In particular, this allows for detailed spegifions of the linking between
annotations and the underlying reference concepts, andalghe robust, and lossless
integration of heterogeneous annotations.

This represents an important methodological advantagestaaedardization ac-
counts, such as Leedt al. (1996), as annotations and reference concepts need not
be defined in a 1:1 (or &) relation; rather, complex relationships can be expressed
As compared to other ontology-based architectures, likeeseet al. (2004), Farraet
al. (2003), our mapping between annotations and referencesptsis represented in
the ontology itself, rather than hidden in opaque transédiom scripts, and thus, it is
transparent, flexible and modifiable. Users can explore ditdhee mapping between
annotations using standard OWL browsers and editors, eotgdé?

By integrating this ontology with our linguistic informati system, we gain the
possibility of searching across large amounts of heteregeasly annotated data by
means of just a single instruction formulated in the quengleage of the database.

2. http://protege.stanford.edu
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2.3. System Architecture

Turning now to projects that actually deal with data anrestatt multiple layers,
one can indentify different types of approaches: some ptoejdefine task-specific
(albeit flexible) formats or extend existing ones (Baumanhml., 2004; Erket al,
2004) and build specialized tools for these formats. Laoygiterm projects like
NITE (Carlettaet al, 2005; Carlettaet al, 2003a) or ATLAS (Lapruret al,, 2002)
develop entire toolkits for multi-level annotation in gealei.e., libraries for data and
annotation managements, which can be used by various kfrffdasiomers”. These
toolkits are, in general, not “ready to use” but require@iartdata preprocessing” by
the user (e.g., by specifying stylesheets).

Operating at the level of physical data, Wit al. (2005) merge multiple XML
annotations of the same primary data into one XML formatyilegthe original an-
notations intact as far as possible. For the representafistructurally-conflicting
markup, elements are broken up and transformed into milestoln contrast, Idet
al. (2007) propose one common pivot standard format, “GrAF'ichiall annotations
have to be mapped onto. The format makes use of generic XMherienames such
asnode andedge and encodes feature-value annotations by generic XMLlbates
name andvalue (€.g.name="cat" value="NP").

In our approach, we pursue a strategy similar todtal. (2007). Our representa-
tion format “PAULA’ can be mapped onto the GrAF format. Alsiee function of the
ontology applied for the conceptual integration of diffgrannotations can be com-
pared to the Data Category Registry (DCR) described bytde. (2004), although it
is based on a more expressive formalism, i.e., the OLIA ogiek.

On this basis, PAULA and OLIA establish a neutral level ofresgntation for
different types of annotations, which then allows the inaégd processing of het-
erogeneous resources in the linguistic information systERNIS” (see Section 5).
ANNIS supports querying and visualizing the data and itstisdeNel annotation, and
includes ontology-based query evaluation which allowsskarching data annotated
with different tagsets. Furthermore, we developed a sdrased implementation of
ANNIS to ensure high speed query execution even for venelaggpora. See Fig-
ure 1 for a sketch of the overall system architecture. Thisgirated, “ready-to-use”
architecture distinguishes our approach from the eantipr@aches mentioned above.

Throughout the paper, we keep referring to a particular tatiom example, so
that the reader can relate the different aspects of themyst@ne another. To this
end, we are using two structurally comparable example seagsfrom German data
collections: the TIGER corpus (Brargsal,, 2004) and the QUIS corpus (Gotekal.,
2005). (1) below shows an example from the QUIS corpus witisgihg annotation
(second line) according to the LISA guidelines (Dippe¢mal, 2007) and a word-by-
word translation. Example (2) is taken from from the TIGERmts; we here provide
morphological annotation (second line) according to TIGERIelines (Alberet al,,
2003) and a translation.
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Sources and Resources Visualization and Retrieval
of Linguistic Annotation:

e Integrated Representation
frt.irt ANNIS: @y
== a3 A Linguistic Databas

(]

Annotation Mining

Exmaralda, MMAX,
RST Tool, annotate

PAULA @ATTRI
(XML-based standoff id STR

. ATTRI
interchange format) @|ength

@ATTRI|. = pe—

infstat le,acc,new -
Corpora @DATA ... WEKA

Figure 1. Our system architecture for managing heterogeneous Istguannotations

(1) und ihr Mann hat einen
and POSS.3.SG.F-M.SG.NOMhusband.M[SG.NOM] have:3SG IDEF-M.SG.ACC.
and her husband has a
Obstsalat zubereitet
fruit-salad.M[SG.ACC] prepare:PTCP.PRF
fruit salad prepared

‘(...) and her husband prepared a fruit salad’

(2) Sein Tod hatte damals eine grolRe
Nom.Sg.Masc Nom.Sg.Masc 3.Sg.Past.Ind Acc.Sg.Fem Pos.Acc.Sg.Fem
his death had at this time a great
Protestwelle  ausgeldst.

Acc.Sg.Fem Psp

wave of protest caused
‘His death caused a great wave of protest at the time.’
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(QUIS) S-MAIN [cs]

* [function]
\\ [role]
THEME _
NP \%

/ NP [cs]
_ T o \
COOR PRONPOS NCOM VAUX DET NCOM VTR [pos]

(1) und ihr Mann hat einen Obstsalat zubereitet word]
and her husband has a fruit salad prepared
2) Sein Tod hatte damals  eine groBe Protestwelle ausgelst [word]
his death had  atthis time a great wave of protest caused
PPOSAT NN VAFIN ADV ART ADJA NN VVPP pos]
\\/

NP [cat]

[edge]

' [cat]

(TIGER corpus) SB \J/ ledge]

S [cat]

|
|

Figure 2. Analysis of structurally comparable example sentencesrdary to differ-
ent annotation schemes

The syntactic analyses, according to the respective atimotschemes used in
these corpora, are presented in Figure 2. Both examplesoanpazable in that—
with the exception of the conjunction in (1) and the adjextwnd adverb in (2)—both
examples involve the same sequence of parts of speech atadtystructure. Table 1
specifies the tags used for the comparable phrases in (12aadd Figure 2.

3. PAULA: A Generic Standoff Format for Integrating Annotat ions

Our representation format PAUI3Aa German acronym for ‘Potsdam interchange
format for linguistic annotation’) focuses on the integpatof different annotation
structures. We assume that corpus developers apply sgediannotation tools
which are tailored to the specific annotation tasks. Foraimst,annotate(Brants
et al, 2000) is frequently used for syntactic annotatioRalinka (Orasan, 2003) or

3. http://www.sfb632.uni-potsdam.de/~d1l/paula/doc/
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LISA TIGER

PRONPOS [pos], POSS [gloss] PPOSAT [pos] (attributive) possessive pronoun
NCOM [pos] NN [pos] common noun

SG [gloss] Sg [morphl] singular

NOM [gloss] Nom [morph] nominative

NP [cs] NP [cat] noun phrase

S-MAIN [cs] S [cat] finite clause

n.a NK [edgel noun component

SUBJ [function] SB [edgel subject

cf. Figure 2, (1), (2)

Table 1. Comparing LISA and TIGER annotations

MMAX2 (Mdller et al, 2006) for discourse-level annotations such as co-referen
the RSTTool(O’'Donnell, 2000) for discourse structure annotatid@XMARaLDA
(Schmidt, 2004) is applied for dialogue transcription aadious layer-based anno-
tations. For these tools (and for generic inline-XML antiotas), we provide scripts
that map the respective tool output to our representatiomdb The scripts are pub-
licly available via the Internet: users can upload theiadatd annotations, and the
data is converted automatically to PAULA. The user can Ib@dR?AULA data into the
information system ANNIS or further export it to WEKA (seecHen 6).

The mappings from the tool outputs to our format are definett soat they only
transfer the annotations from one format into another withioterpretingthem or
adding any kinds of information.

3.1. PAULA: Logical Structure

The conceptional structure of the PAULA format is represdtity the PAULA Ob-
ject Model (POM). The PAULA Object Model operates on a label@ected acyclic
graph. Similar to the NITE Object Model (Carlettal,, 2003b, NOM) and the GrAF
data model (Ideet al, 2007), nodes correspond to annotated structures, edfjes de
relationships between independent nodes. Both nodes gred ade labeled, and gen-
erally, labels define the specifics of the annotation. Nodés ito other nodes, or
point to a stretch of primary data. In these aspects, the P& glizes over annota-
tion graphs and hierarchical annotations and thus repieaageneric formalism.

Besides labels that define concrete annotation values, @afiped set of labels
also serves to indicate thgpeof an edge or a node. For a specific set of pre-defined
edge labels, the POM defines the semantics of the relatioreesgd by the corre-
sponding edge. As such, tdeminanceelation is characterized as a transitive, non-
reflexive, antisymmetric relation. Furthermore, a domgwrelation requires that the
primary data covered by the dominated node is covered by dh@rghting node as
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well. Thus, on the basis afominancerelations, tree structures (e.g., syntax trees)
can be represented. Another pre-defined edge typdasence a non-reflexive, anti-
symmetric relation. Reference relations may occur witfed&nt annotation-specific
labels. Reference relations with the same label, e.g. tamdp link’, or ‘depen-
dency_link’ are also transitive. On the basigefferencerelations, dependency trees,
coreference relations and alignment in multilingual cogpzan be expressed.

The POM differs from related proposals, e.g. GrAF, in therddin of explicit
semantics for certain edge types. The specifications of ¢tmeirtance relation are
comparable to the NITE Object Model, but while NOM takes arsgier focus on
hierarchical annotation, POM also formulates the semaofipointing relations.

On the basis of this general object model, annotation-fipelcita models are then
defined with reference to the POM.

3.2. PAULA: Physical Structure

The elements of the PAULA representation format along whieh ¢orresponding
POM entities are shown in Table 2. The third column gives tireesponding labels
for our relational database model, which will be introdu@edection 5.2, see in
particular Figure 7.

PAULA element| POM entity RelDB entity

tok(en) terminal node text_elem

mark(able) non-terminal node (containing struct_elem
referencedo nodes)

struct(ure) non-terminal node (containing struct_elem
dominance relationto nodes)

rel(ation) within struct: dominance struct_elem
otherwisereferenceelation

feat(ure) annotation label anno_attribute

multiFeat(ure) | bundles of annotation labels | anno_elem

Table 2. PAULA: elements of physical and logical structure

As a first example of the PAULA format, consider the originahatation of the
phraseihr Mann ‘her husband’ from example (1), annotated with the tBXIMAR-
aLDA. Figure 3 shows selected annotation levels, as displaydigbgnnotation tool.
EXMARaLDAs XML representation format implements annaatgraphs, i.e., the
primary data and all annotations refer to a common timetimerked by timeline items
(t1i), whose IDs serve as anchors for the annotations. Annotasice calleévents,
they are anchored to the timeline \daart/end attributes. Theier element spec-
ifies the type of annotation (e.gos), theevent tags contain the actual annotation
values (e.gPRONPOS for possessive pronoun). The following fragment displdnes t
primary dataihr Mann (‘her husband’) and their POS annotations.
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2:1_30 |31 |32 s !35 G |37 iss isg |40 iﬂ |2 e |44
words . fund i [Ilann [hat  |einen | Obstsalat |zubersitet
irans land her nshand prepaved 4 fruit salad
phones Unt |6 man hat :al ‘n@n cipst !za: lattsw :b@ Ral [t@t
gloss land  [POSS 35G.F-M 3G HOM |hushand M[3G HOM] | have 3 3G | IDEF-M 53 4CC | fruit-salad M[3G. ACC | prepare PTCE FRE
pos iCOOR PRONPOL HCOM VAUE LET HCOM |VTR
esl HP NP v
function SUET oo
infostat ano R
VROOT
S
el g
VP
o] [EA] [fo]
NP
Sein Taod hatte darmals aine grofe Protestwelle ausgeldst
sein Ted haben damals ein grof Protestwelle ausldsen
PROSAT (1] YWAFIN ARV ART ADA [l VYRR 5,
Morn.5g Mase Mo, Sg.Mase 3.5g.Pastind Ace.Sg.Ferm Pos.AceSg Fem Acc5g.Femn Pop

Figure 3. Examples (1) and (2), annotated in EXMARaLDA and TIGER getbely

<tli id="T18"/>
<tli id="T19"/>
<tli id="T44"/>

<tier id="TIE1" category="words">

<event start="T18" end="T19">ihr</event>
<event start="T19" end="T44">Mann</event>
</tier>
<tier id="TIE13" category="pos">

<event start="T18" end="T19">PRONP0S</event>
<event start="T19" end="T44">NCOM</event>

</tier>
The corresponding representation of our pivot format PAUirésents the primary

data in abody element, stored, e.g., in a file called ‘exmaralda.85DEWxel’. In a
separate file, ‘exmaralda.85DEU.tok.xngrkables are defined, i.e. segments that
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receive annotations. In the POM, these correspond to nadhae igraph. A first layer
of markables points to text regions in theody element, by means ®Pointer
expressions (see the markables with Hd&_20/21 below). These markables corre-
spond to terminal nodes in the POM and can be thought of assekan information
which is encoded by the attributgpe="tok" of the enclosingmarkList>tag. An-
other layer of markables is added on top of the token markgbée the ‘pos-segment’
markables with ID$os_15/16); they point to the tokens by meansxdfink:href
attributes. The actual POS annotations “PRONPOS” and “NC@i encoded by
feat elements (“features”), which are anchored to the secoret lafymarkables. As
in the case of markables, the type of annotation (‘pos’) isodied by thetype at-
tribute of the enclosing tag; the attributalue represents the annotated value (e.g.
‘PRONPOS).

File exmaralda.85DEU.text.xml
<body>... ihr Mann ...</body>

File exmaralda.85DEU.tok.xml

<markList type="tok" xml:base="exmaralda.85DEU.text.xml">

<mark id="tok_20" xlink:href="#xpointer (string-range(//body,’’,97,3))"/>
<!-- ihr -->

<mark id="tok_21" xlink:href="#xpointer(string-range(//body,”’,101,4))"/>
<!-- Mann -->

</markList>

File exmaralda.85DEU.posSeg.xml

<markList type="posSeg" xml:base="exmaralda.85DEU.tok.xml">
<mark id="pos_15" xlink:href="#tok_20"/>

<mark id="pos_16" xlink:href="#tok_21"/>

</markList>

File exmaralda.85DEU.posSeg_pos.xml

<featList type="pos" xml:base="exmaralda.85DEU.posSeg.xml">
<feat xlink:href="#pos_15" value="PRONPOS"/>

<feat xlink:href="#pos_16" value="NCOM"/>

</featList>

For the encoding of hierarchical structures, includingelad edges, PAULA pro-
vides specific elementstruct andrel. Like markables, atruct element rep-
resents a node in the POM, but in this case a node which is tlemtpaode of a
dominanceelation. The dominance relation is expressed byr#iieelement. An an-
notation example with hierarchical syntax annotation sahin Figure 3. A PAULA
struct elementwith its daughters corresponds to a local TIGERsabte. a mother
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node and its immediate children. For instance, the subtegrthted by the first NP

in Figure 3,sein Tod ‘his death’, is represented bysaruct element that, viael
elements, embeds the daughter tokens withd&ls 26/27 (these are stored in a sep-
arate file called “tiger.ex.tok.xml”). The NP subtree ifssldominated by another
struct element, with IDconst_14. feat elements encode the categorial status of
these subtrees, “NP” and “S” respectively, and their graticabfunctions: e.g., the
rel element with IDrel_39, which connects the subtree of S with the subtree of the
NP, is marked as “SB” relation by thieat element pointing tétrel_39.

File tiger. TIG49796.const.xml

<struct id="const_11">
<rel id="rel_30" type="edge" xlink:href="tiger.ex.tok.xml#tok_26"/>
<!-- Sein -->
<rel id="rel_31" type="edge" xlink:href="tiger.ex.tok.xml#tok_27"/>
<!-- Tod -->
</struct>
<struct id="const_14">
<rel id="rel_38" type="edge" xlink:href="tiger.TIG49796.tok.xml#tok_28"/>
<!-- hatte -->
<rel id="rel_39" type="edge" xlink:href="#const_11"/>
<rel id="rel_40" type="edge" xlink:href="#const_13"/>
</struct>

File tiger.TIG49796.const_cat.xml

<feat xlink:href="#const_11" value="NP'"/>
<feat xlink:href="#const_14" value="S"/>

File tiger.TIG49796.const_func.xml

<feat xlink:href="#rel_30" value="NK"/><!-- Sein -->
<feat xlink:href="#rel_31" value="NK"/><!-- Tod -->
<feat xlink:href="#rel_39" value="SB"/>

As mentioned at the beginning of Section 3, we assume thiatrelift annotation
tools are applied, which are tailored to different annotatasks. In our framework,
a text that has been annotated by different tools, at maltglels, can be searched
acrossthe different annotation layers. This is achieved by firsppiag the tool-
specific formats to separate ‘packages’ of PAULA files. N#hw,annotations need to
be synchronizedi.e., the primary data and the token layers from the indialgpack-
ages have to be merged: from all PAULA packages, each camggiimdividual files
with primary data and token markables of their own, only oteevfith primary data
and token markables is retained; XPointer links from theepgfackages are updated
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accordingly. Finally, to guarantee that all IDs are unigugnespaces are added to
the attributes; for instance, IBonst_11 from the TIGER syntax example above is
renamed taiger:const_11. We refer to the overall process as ‘PAULA-merge’.

4. An Ontology of Linguistic Annotations

So far, we have described aspects of the technical integrati multi-layered
annotations from different sources and their represematHowever, the integra-
tion of data from different sources (and partially from ditfnt languages) not only
involves the integration of technical formats but also tbeceptual integration. It
is well-known that tag identifiers can differ widely and quitften involve idiosyn-
cratic abbreviations. As an example, consider the grea¢tyaof tags assigned to
her as a possessive determiner in different tag sets for Enghiith show a high
degree of variation with varying transparency of the tag @amosenPP$ (Brown,
Greeneet al. (1981)),TB (London-Lund Corpus, Eeg-Olofsson (199P3p$ (Penn,
Santorini (1990))pD (POW, Souter (1989)PRON (poss,sing) (ICE, Greenbaum
(1992)),APPGE (Susanne, Sampson (1995)).

Individual tag sets, even if designed for one particulaglaage, may differ heavily
in their choice of tag names, the tag definitions, or theiel®f analysis. A typical,
but often neglected problem is the definitions of tags in seofform or function. As
such, POS tag sets developed in technical contexts oftegrate surface ambiguities
in tag definitions in order to enhance the performance ofraatic POS taggers. On
the other hand, tag sets designed for manual annotatiorentmate on the “proper”
differentiation of different functions. To give an examptlee German verhaben(‘to
have’) serves as an auxiliary verb, but can also be usedamigial lexical meaning:
‘to own’. In the LISA scheme, both grammatical functions preperly distinguished,
andhabernis assigned the tagAUX if used as an auxiliary, batLEX if used in its lexical
meaning. As opposed to this, in the STTS tag set (Schatlat, 1999) incorporatedin
the TIGER guidelined)abernis to be assigned the tAgFIN, VAINF, etc. regardless
of its current use in the clause.

In order to overcome these difficulties, we employ the OLiAadogies (Chiarcos,
2006; Chiarcos, to appear), a structured set of modulad@mtdhat is capable of
both the conceptual integration of different annotatidmesues by specifying a termi-
nological reference, and the lossless representationcofaad similarly complicated
conceptualizations: For the STTS ta&F IN, thus, an appropriate ontological descrip-
tion would beVAFIN € LexicalVerb U AuxiliaryVerb, indicating thatvAFIN
applies to either auxiliaries or lexical verbs. Moreovercatological representation
allows to specify the properties that constitute a giveenaice concept and to re-

4. Here, we concentrate on morphosyntactic annotationsewans of brevity. However, we
also developed ontologies for syntax, coreference andnrdtion structure. In fact, for higher
levels of annotation, the problem is even more pervasivig} g&ready occurs with most funda-
mental types of annotation such as part of speech.
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fer to these properties directly rather than to a referenceept which only loosely
corresponds to a given concept in an annotation scheme.

In our account, a clear, and transparent linking betweeereate terminology
and the terms used in individual annotation schemes is imgxeed by means of
conceptual subsumptio{® between different modules of an integrating structured
ontology. It involves two primary modules, a setasfnotation modeal (each of which
is a representation of one annotation scheme), and the @ifékence modelwhich
represents a generalization over different annotationatsodnd thus, a common ter-
minological reference.

A given annotation model is constructed solely on the bdsisailable annotation
documentation, mostly guidelines if available, and anteat@&xamples. Hence, it is
a formalization of the annotation documentation, exhaastiith respect to the avail-
able documentation, but without any additional intergietain terms of generally
assumed linguistic categories, etc. The partial ontokigepresentation of thpos
andgloss annotations of the possessive prondur(‘her’) from example (1) in terms
of the LISA annotation model is given in Figuré4n the same way, annotations of
the STTS tagset are represented in a separate annotatiah. mod

While an annotation model is specific to one particular lawgg) community, or
purpose, the reference model is a general terminologisauree, and consequently
based on a broad range of resources, including specific atimotmodels, gram-
matical references, textbooks, but also existing ternoigichl references such as the
EAGLES recommendations for morphosyntax (Leetlal, 1996), and the GOLD
ontology (Farraet al, 2003). In case of divergent conceptualizations, e.g. lhe c
sification of attributive possessive pronouns as eithen®uwos or Determiners, the
EAGLES taxonomy was taken as an orientation.

Annotation models and the reference model represent sathimed ontologies
on their own. The conceptual integration of annotation nedethen performed by
means of a declarativimking between both the reference model and a specific annota-
tion model. In the linking, every concept (class) of the aation model is assigned a
superclass from the reference model—including complersigsses composed with
the set operatots, N, or\.

For the annotation model fragment in Figure 4, the corredmaonlinking of
concepts and the properkasNumber with their respective counterparts in the ref-
erence model is illustrated in Figure 5. Following the limdi the concise anno-

5. More appropriate thad, etc. would be the operatofs, etc. However, for the sake of

convenience, we stick to commonly well-understood setatpes.
6. Note that the ontology accounts for both inherent and naggically expressed

properties.  With respect to gender, the propehysGender has two sub-properties
hasInherentGender and hasGrammaticalGender with different values forihr, i.e.
hasInherentGender (Feminine) and hasGrammaticalGender (Masculine). Similarly,
the thirdGloss feature in Figure 4 is subject to propetigsInherentPerson rather than
hasGrammaticalPerson.
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Grammatical Annotation
Feature

N

Number

el ‘ Gloss POStag
Pronoun

Number Person
[
@ Possessive

Pronoun

contains (@gloss , “8GY) contains(Bgloss,»3%)
pronpos

equal (@pos, "PRONPOS™)

gloss=P0SS.3.SG.F-M. SG. NOM pos=PRONPOS

Figure 4. Fragment of the LISA Annotation Model

tation of the possessive pronouns in the examples (1) anih (Bjgure 3 can be
rephrased in terms of the reference model. Thus, an ontabdescription such as
PossessivePronoun naturally expands (by means @fande) into a disjunction of
several specific annotations according to different artimotanodels, e.g. subsuming
both tags for possessive pronouns used in the examplesh@eagPRONPOS in (1)
and the tagPOSAT in (2).

Beyond the form of a particular tag in a given tag set, evedjvidual in the
ontology that represents an annotation value is also assignpropertyhasTier,
which identifies the annotation layer on which the corresiioghannotation is used,
herepos. Thus,PossessivePronoun translates into conditions as described by (3).

3) equal (@pos, ‘PRONPOS”) V (LISA)
equal (@pos, ‘“PPOSAT’) V equal(@pos, ‘“PP0SS’) (STTS)

Using these explicit references to a particular annotdtgar, it is also possible
to retrieve annotation values from different annotatigreta in combination (cf. Fig-
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Reference Model

(E-EAGLES)
Grammatical
Eesiung WordClass
Nurmber Fersan o . 5
Foature Foature cterminer ronoun
Possessive Possessive
Singular ThirdPerson D
ctermingr Pronoun
Annotation Model

acc. to (Dipper et al., 2007) |
Grammatical AvinmiEtian
Feature
Mumber
Feature ‘ Gloss ‘ PQOStag
Kurnber Person
—-W Possessive
Pronoun
B

somtais{fglezs, “SETEontains (Gglers, “50] @
pos FRONFPOS
gloss POSS.3.56.F-M SG.NOM equal(ipss, "EROMPOS™]

Figure 5. Fragment of the Reference Model and its linking with the LA®#otation
Model.

ure 5). Hence, the querjossessivePronoun and hasNumber (Singular) re-
quires the combination of information from multiple anrtaia layers, i.e., from both
[pos] and [morph], cf. (4):

(equal(@pos, ‘‘PRONPOS’’) A contains(@gloss, “SG’))V (LISA)
4) ((equal (@pos, “PPOSAT”’) V equal(@pos, ‘“PP0SS’?)) A (STTS,
contains(@morph, ‘“.Sg.””)) TIGER)

Using this approach, the user can formulate an ontologieattiption without
having to be aware of the different ways this informationepresented in the anno-
tation schemes. And in fact, for different corpora, differstrategies for the splitting
of annotation layers are used, e.g. representing morphaldgformation as an inde-
pendent layer (as in the TIGER scheme), or combining it witbrimation on lexical
semantics (as in the LISA scheme), or merging it with parsjpéech annotation (as,
for grammatical number, in Sampson (1995)). This abstracsgective on the in-
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formation conveyed in the annotation motivates the aptinaof the ontology for
concept-based corpus querying, cf. Section 5.3.

The main advantage of this structured account is its avgidire plain 1n-
mapping between categories from different annotation reglseand ‘standard’ cat-
egories, as it is required in classical standardizatiom@gaghes, such as that of Leech
et al. (1996). Also, the notion of Data Categories, advocated iy T&€37 SC4, is a
step toward solving the issue, but suffers from similarfations. In our approach, re-
lations of high complexity, N, \) can be specified and the necesdatgrpretation
of categories in the annotation scheme is represented in@itig transparent, and
modifiable way.

This tripartite structure of annotation models, referenmael, and the linking
between them can be augmented by the optional linking ofdfe¥ence model with
additionalexternal reference modeise., ontological formalizations of community- or
language-specific terminological systems. Currently, vewige a linking with three
external reference models, the General Ontology of Lirtgui3escription (GOLD,
Farraret al. (2003)), developed in the context of language documemtatiee On-
toTag ontologies (de Ceet al, 2004) developed in the context of Semantic Web
applications, and an OWL representation of the Data CayeBeqistry. Thus, an-
notations are not only tied to the OLIA Reference Model, Habdo other existing
terminological resources.

We claim that this modular approach is more flexible, as tvedl the users to
specify their own linkings, annotation models, and extereference models, and to
modify these using established OWL editors. In contempyaanotation practice, the
“technological counterpart” to this approach is the stdhparadigm (see Section 3).

5. Querying Multiply Annotated Corpora

Having discussed both technical and conceptual issuegafrdagration, we now
turn to the task of accessing integrated, multi-level compdrhis includes, besides
the identificationof language resources by means of meta data (addressediay ini
tives such as OLACor IMDI® and the respective tools), the tasksqoleryingand
visualizingthe data.

The overall goal of our linguistic information system ANNIB to provide easy
access to heterogeneous multi-level annotations by prayglitable means both for
querying and visualisation. By supplying import facilgifor the PAULA pivot format
described in Section 3, we support the idea of distributewtation with specialized
ready- and easy-to-use tools. Differéypppesof annotation (markables, trees/graphs,
links) are distinguished in the data model, and can be \isetlccordingly. In ex-
isting frameworks, such as the NITE XML Toolkit (NXT, Catiget al. (2003a)) or

7. http://www.language-archives.org/
8. http://www.mpi.nl/IMDI
9. http://www.sfb632.uni-potsdam.de/annis/
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GATE (Cunninghanet al, 2002), integrating new corpora may necessitate adapta-
tions to the visualisation filter (in NXT: stylesheets). Aepent, our usage scenarios

include the development and analysis of historical corpooastruction of a typo-
logical database with data from 16 different languages Z&ét al., 2005), and the

creation of a text corpus with rich discourse-related aatnarts (Stede, 2004).

“) ANNIS - SFB 632 - Mozilla Firefox

e

<

exmaralda.82DEU-CO1FIT-00X9100.anno ¥
Data Was ist passiert ? Mein Auto ist liegengeblieben .
Was ist passiert ? Mein Auto ist liegengeblieben . 20..28

Data / Tagsets / Formats

exmaralda.82DEU-GO3FCT-00X9100.anno ¥

Wer hat den Topf zerbrochen , du oder dein Bruder ? Mein Bruder . Mein Bruder hatden To [...]
Wer hat den Topf zerbrochen , du oder dein Bruder 7 Mein Bruder . Mein Bruder hat den Topf zerbroch 41..51
(csl=np & pos=PRONPOS &  [a] « hat den Topf zerbrochen , du oder dein Bruder ? Mein Bruder . Mein Bruder hat den Topf zerbrochen . 55..65

gloss=".56.* & #1_i_#2 « zerbrochen , du oder dein Bruder ? Mein Bruder . Mein Bruder hat den Topf zerbrochen . 69..79

&#2 _=_#3)

(cat=np & pos= ”POS” exmaralda.85DEU-B02TDT-00X9100.anno
& morph=*SG* & #4 _i_ #5

& #5 = #6) = Was ist mit diesem Gericht ? Dieses Gericht wurde von meiner GroRmutter gekocht .
= st mit diesem Gericht ? Dieses Gericht wurde von meiner Gromutter gekacht . 56..72

Search / Hit memory
++ Go

User exmaralda.85DEU-E01TPT-00X9100.anno ¥

Login /Logout Die Joneses wissen , wie man leckeres Essen zubereitet . Die Frau hat Lammcurry gekocht [...]
Settings ubereitet . Die Frau hat Lammeurry gekocht, und ihr Mann hat einen Obstsalat zubereitet . 97..104

Application administration exmaralda.85DEU-E02TPT-00X9100.anno ¥

Data Management Diese Gerichte sind beide kdstlich . Dieses Gericht wurde von meiner Grofbmutter gekocht [...]

Settings / Administration sind beide kstlich . Dieses Gericht wurde von meiner Grofmutter gekocht , und jenes Gericht wurde von Mary zuber 65..81

System info / Log file tiger tiger_4.anno %

Help 68 Verwaltungsgebdude kamen allein 1991 hinzu - neuer Rekord . Etwa 700 000 Quadratmeter B
Info " erstraie am beriihmten Michel , méchte der Spiegel sein neues Domizil errichten . Einen Steinwurf weiter westiich , am 1948..1965
Tutorial « elegenen Stadt Arak , wo einst Ayatollah Khomeiny sein Theologiestudium angetreten hatte . Der Anlaf fiir den Volkszorn wa
Glossary 5508.5528

. « n lokalen Machthabem , der Lage Herr zu werden . Seinen Hohepunkt erreichte der Aufstand der Mostazafin eine Woche
Query Help / Quick 62426257
Reference - ¢ Einldsung seiner Versprechen zu vertagen , ohne seine Glaubwiirdigkeit ganziich einzublifen . Mit dem Tod des Ayatollah w
About ANNIS / Contact 10145..10165

tiger.tiger_40.anno¥
‘Wenn die Bundesregierung aber solche Plane habe , solle sie sich vor éffentlichen Au3erung [...]
rt. In Berg-Karabach setzten die Aserbaidschaner Ihre Offensive gegen die Armenier fort . Die Vorbereftungskonferenz der KSZE
ber d 4921.4953
+ischen Prasidenten Mobutu Sese Seko vorgeworfen , den demokratischen Prozafl in seinem Land zu sabotieren . Mobutu sei fest
1, 6510..5549

Datel Bearbeiten Ansicht Gehe L Extras Hilfe
@-op- g0 @ [ http://1ocalhost:8080/index.htm _'j Geo G

SMers, Uy, A
. " srpes & % Query result 1o -
. > 2 Q?if

‘5%0 Ee@ ANNIS *, 5 Your search for (cs1=np & pos=PRONPOS & gloss=*.SG.* & #1 _i_#2 & #2 _=_#3) | (cat=np &

o Tazast pos=PPOSAT & morph="SG* & #4 _i_#5 & #5 _= #6) produced 869 hits in 116 Dokumenten.

-

[ Fertig

Figure 6. ANNIS screenshot, displaying a query (small window in tfteenu) and

the corresponding results listed in the main window

ANNIS is a web application that is available both as a stamtaversion on a local
computer (e.g., for fieldwork with a laptop) and as a senaseld version. In both
cases, it is accessible with standard web browsers, seeeFéguts query language

ANNIS-QL builds upon widely used query languages employeHGERSearcH or

CQP, allowing for relatively straightforward query formulati by users. While the
standalone version of ANNIS operates on the data in main mgrii@ server version

employs a database backend for querying and visualization.

In the following sections, we focus on the facilities for ggiag multi-level cor-
porain ANNIS. First, we illustrate the usage of our quenyglaage with the standalone

10. http://wuw.ims.uni-stuttgart.de/projekte/TIGER/TIGERSearch
11. http://www.ims.uni-stuttgart.de/projekte/CorpusWorkbench
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version of ANNIS. Then, turning to the server version, weatibg our approach to
importing PAULA files into a relational database and exewy#\NNIS-QL queries
on the data. Finally, we will show examples of concept-bageztying, which relies
on the ontology described in Section 4.

5.1. ANNIS and its Query Language ANNIS-QL

Similar to existing query languages, ANNIS-QL offers queperators both for
hierarchical and sequential relations. Additionally, ibyides operators both for hi-
erarchical and sequential relations. The latter are ofqaatr relevance for querying
multi-level annotations, since sequential (or temponafipimation often constitutes
the only relationship between annotations of differentdation levels. The following
is a simple query searching for nominal phrases beginnitiy avpossessive singular
pronoun??

(5) cs=np & pos=PRONPOS & gloss=+SG* & #1 _1_ #2 & #2 _=_ #3

This query matcheghr Mann from Example (1). The feature names, pos
andgloss match PAULA nodesqtruct ormark) that have the corresponding label
(feat). A corresponding query can also be formulated for the atiost according
to the TIGER annotation as shown in Example (6). In this walNAS-QL offers
queries across different corpora.

(6) cat=NP & pos=PPOSAT & morph=*Sg* & #1 _1_ #2 & #2 _=_ #3

Moreover, the query language allows accessing differembtations of the same
corpus, so that, for instance, competing analyses indigatisagreements between
annotatorsgnni andann?2) can be found, as in Example (7) with respect to the ‘given-
ness’ of an item:

(7) anni::givenness=new & ann2::givenness=giv & #1 _=_ #2

The negation operator’!” allows us to formulate queries tmeck for completeness of
annotations. This is illustrated by Example (8), which dtse@cross layers) whether
all referring expressions are annotated for the feagivenness

(8) aboutness=ref & !givenness=* & #1 _=_ #2

12. The queries in ANNIS-QL specify constraints over the aatiohs (e.g.cs=np or
givenness=new), optionally about their annotation semf1: :, as in (7)), and their relations
(' _1_" requires left alignment of both arguments=_’ states that both arguments refer to the
same primary data).

Every atom in an ANNIS-QL query, e.gat=np, introduces a variable of the forgn, with n
being its number in the sequence of atoms. The examplestadsothat wildcards can be used.
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Figure 7. Query Execution Architecture and Implementation Model NAS server.

5.2. ANNIS server — A Relational Database Backend

ANNIS-QL was designed as a concise and simple query langtiagetly usable
by linguists. Its current implementation is based on a safénarchitecture which
assumes that the corpus to be searched (i.e., a set of PAURS) il loaded entirely
into the main memory of the computer before any query evialngdkes place. During
the loading of the corpus, the ANNIS-QL processor builds taofenain memory
data structures which are later traversed for query exatutiThis is designed for
research scenarios where users want to work efficiently imitividual, relatively
small corpora, which can also be stored on a laptop. For elaitmg aforementioned
TIGER corpus consisting of 900,000 tokens can be handledisnatay, and queries
are processed very fast.

However, as soon as a corpus grows in size, traversing itegnfor answering
a query becomes inefficient. We therefore developed a seicoplémentation of
ANNIS-QL which we call ‘ANNIS server’, and which currentlg iin a prototypi-
cal stage. It builds on top of a relational database (we otir@ise PostGreSQE,
a mature and open source relational database managemtrmsy€orpora in the
PAULA format are loaded into a relational database that é@mmnts a slight variant
of the DDD ODAG model (ordered directed acyclic graphs) desd in (Dipperet
al., 2004) and (Faulstickt al., 2005). The schema is shown in Figure 7. The map-
ping to the corresponding elements of PAULA and POM was givemable 2 in
Section 3.2.

This schema implements a meta-model based approach tothgesbf structured
linguistic annotations. Its fundamental elementssirectural elementén short: el-

13. http://wuw.postgresql.org
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ements) which are associated to intervals of a text countémkenst* Eachelement
has a type which is represented as an attritel@nentsnay dominate otheglements
where the order in which the children of an element appeaxasi fiThis information

is encoded in theanktable, which uses a method of indexing a tree structure in a re
lational database described in Georgiatial. (2007). The set of structured elements
annotated in a text must be cycle-free, but may contain pieltioot nodes. Using
this model, we can represent various types of linguistigcstires, including simple,
token-associated annotation such as word lemmata or ffapgeech, and structured,
potentially non-consecutive annotations such as phrasdti;token entities, chunks,
or syntax treeselementsnay also be annotated witheta annotatiomegarding their
source, author, date of creation, etc. Such meta annosatEm be grouped together
into annotation setswhich allows to represent, for instance, different andediing
part-of-speech annotations for the very same text. Finedkts may be grouped to-
gether into corpora. Thus, a query may specifically be dackonly to a fraction of
all texts in the database. This meta-model also providesyehigh level of flexibility
and extensibility. Adding new types of annotation or newilatites to annotations
does not require any changes in the relational schema, byfrothe set of values
that are allowed in certain positions.

We presented a language, DDDQuery, for querying linguiéita stored in the
ODAG model in (Faulstictet al., 2006). DDDQuery is a language that extends XPath
by various new operators to handle DAGs (because XPath dsuthandle tree struc-
tures), and to enable typical linguistic query predicales &re not present in XPath.
However, DDDQuery is a rather complex and verbose languzaged not suited for
(and was never meant for) being used by end users, i.e.,iditsgulnstead, its de-
sign was focused on enabling a fast translation of querteseifficient SQL programs
which can be executed in relational databases.

We use DDDQuery as an intermediate language between ANNISuQ the
database backend. This architecture, which is shown inr€iguhas the advantage
that we did not have to develop a low-level translation of ASML into SQL but
only one from ANNIS-QL into DDDQuery. This was considerabisnpler since both
languages target linguistic data and therefore share meedigates. However, the
double translation comes at a certain price, i.e., time f@eglanslating queries. But
we found this price to be very small compared to the time ie$atio evaluate complex
gueries.

We give two examples of this two-step translation. Firshider a query search-
ing for all occurrences of the tokesein (‘his’) as a possessive pronoun in the
TIGER/STTS annotation scheme. This query is expressed iNISMJL in the fol-
lowing form:

(9) pos=PPOSAT & ‘“‘sein’ & #1 _=_ #2

14. These elements correspond to nodes in the PAULA object hnanlgs t ruct, mark Or tok
elements in the PAULA format.
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This query is automatically translated into the followin@DQuery:
(10) ANNO[@pos = ’PPOSAT’]/STRUCT/element-span::"sein"

The query may be read from left to right. It first searches ficateuctured elements
with part-of-speech annotation “PPOSAT". From all suchanses, it traverses the
annotation graph stored in the ODAG model. All elements #ratnot dominated
by astruct element associated to a tokseeinare discarded, while all others are
returned.

As a second example, consider a more elaborate query seguicmiall occur-
rences of the tokeseinas part of the subject of a sentence. In ANNIS-QL, this is
conveniently expressed as

(11) rel=sb & "sein" & #1 _i_ #2

The corresponding DDDQuery describes precisely how matohthe query can
be found in the ODAG model:

(12) whole-text::"sein"/overlapping::STRUCT#(t1)$tl &
ANNO#(a2) [@rel = ’sb’]/STRUCT#(t2)$t2 &
$t1/overlapping: :$t2

The query first identifies all occurrences séin anywhere in the corpus. The
variablet1 is bound to all structures overlapping any such occurremiceghe next
clause, variablé2 is bound to all structures that are annotated as subjgetsKinally,
the third clause combines the results of the previous twasels by filtering only those
bindings oft1 which are overlapped by bindings ¢.

In the second step, DDDQueries are translated into SQL emi@rhich are exe-
cuted by the database backend. Thus, memory managementiiethdy the server,
as is optimization of the SQL queries. Note that such queniesather long; for in-
stance, the SQL query for the first example has seven joirsitenSQL query for
the second example has 14. Despite this complexity, ourrexpmes show that these
queries are optimized very well by the relational engineb ae answered very fast.
However, we have not yet performed sufficient testing oryémige corporato prove
the scalability of this approach.

5.3. Concept-based Corpus Querying

Examples (5) and (6) in Section 5.1 show that due to the gemnepiresentation
of PAULA, quasi-identical ANNIS-QL queries can be appliedariginally-different
input formats (LISA and TIGER, respectively). The paradlel of both queries is
illustrated in (13), a merged version of both queries.
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cs PRONPOS
(13) { cat } = NP & pos = { PPOSAT } ¢

gloss | _ ¥SO L yow1 1 w0 g w2 = #3
morph *Sgk

The conceptual integration of the different annotatioreseés now allows us not
only to generalize over different structures annotatedhéndriginal format, but also
to formulate a single search query for both tasks, since thelagy described in
Section 4 not only provides information about tag nanes tag property) and layer
identifiers hasTier property), but also links concrete annotations with thenefice
terminology specified in the Reference Model.

For cases where users are searching across different ecop@re not sure of
the tags for a certain annotation concept (see Section 4)revede for more abstract
queries. A query preprocessor retrieves all tag descriptioat correspond to an onto-
logical description and translates them into a disjunatibspecific annotation values.
If multiple annotation schemes are considered, such aigéscrmay be expanded
into a disjunction of tags from different tagsets and/arstie

Ontology-sensitive sub-queries are composed accorditigetéollowing context-
free grammal:

ONTOQUERY = CUE in {ONTOEXP}
ONTOEXP := ONTOCONCEPT|
(ONTOEXP ONTOOP ONTOEXP) |
ONTOPROPERTY(ONTOFEATURE)
ONTOOP ‘= and | or | without

In this way, multiple queries for part-of-speech tags froiffiedent annotation
schemes can be replaced by a single ontology-sensitivaisampery. Query (13)
for NPs containing possessive pronouns can thus be abtaéwa in (14).

(14) cat in {NounPhrase} & pos in {PossessivePronoun} & morph in
{hasNumber (Singular)} & #1 _1_ #2 & #2 _=_ #3

The CUE expressiongat, pos andmorph are then replaced by the values of the
hasTier property, the QTOEXP expressions by the correspondingsTag values.
Thus, (13) translates into a regular ANNIS-QL query in whitifierent alternative
tags and layer identifiers are represented by means of andigjua that also covers
the sub-queries (5) and (6).

As opposed to working with complex regular expressions tritology-driven
tag expansion allows the user to generalize over the spéaifit of annotations and

15. ONTOCONCEPT, ONTOPROPERTYand ONTOFEATURE correspond to word classes, prop-
erties and grammatical features specified in the referercemMONTOQUERYS can be embed-
ded in arbitrary code that remains untouched during quepprmsion.
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tag names, requiring only a conceptualization of the se@sk rather than detailed
information about the principles of tag name formation.

6. Annotation Mining

In the previous sections, we explained different aspecistefjrating and query-
ing linguistic corpora. This section will now give an exam@howing how these
resources can be used to make the annotation process moieneffi

With corporaannotated on multiple layers, we expect to pirfin using machine-
learning methods in two ways: (i) detecting interdependEnbetween layers, and
(i) semi-automating the annotation process. For thespgaas, we built a compo-
nent that maps our pivot format PAULA (see Section 3) to theitite Relation File
Format (ARFF) used in WEKA (Witteret al, 2005), an open source data mining
software.

In a preprocessing step, the data is enriched by adding topgait of-speech tag its
corresponding direct superclass(es) from the ontologéatence model (Section 4).
For the export, it is necessary for the user to choose theegltary unit (e.g., token,
noun phrase (NP), or sentence; in the following, we assuns).N®r each instance
1, one data set will be formed. Then, the user can assign thaation levels to three
different categories: (i) feature/value padsectly annotatedo i (i.e., annotations
making use of the same markables as the basic unit), (ii)tations extending to a
part of i (e.g., part-of-speech tags within in an NP), and (iii) aations whose ex-
tension mayncludethe extension of (e.g., the focus of a sentence containing the NP
i).16 Features of categories (ii) and (iii) are represented in@#otation (Ramshaw
et al, 1995), where B stands for ‘at the beginning’, | for ‘in’ andf@ ‘outside the
phrase’. In the case of phrases, we also compute the lengttbfinstance (measured
in tokens).

When using WEKA, one typically trains a classifier of someetypuch as sup-
port vector machine or decision tree. Some preliminaryltedor a classification of
NPs with respect to their information stat(isre presented in Table 3, and part of
a sample decision tree is given in Figur®.8 The training data originate from the
Potsdam Commentary Corpus (Stede, 2004). From the selaxftieatures and their
prominence in the decision tree, we find that lexical chomerfoun vs. full nomi-
nal phrase)—represented by part-of-speech tags in a deedravay—is indeed an
indicator for recognizing information status.

16. The current implementation works on spans (extensionahpbtations. It works for anno-
tations in the form of feature/value pairs and labeled edgéss, sets, etc. are not covered.
17. According to the LISA scheme, a referential NP is eitger(en) (previously mentioned
in the context),acc(essible) (inferable from the utterance situation or frdra tontext via
bridging), or elseew.

18. Abbreviations used in Figure 8: (non)ref = (non)referaintton = contains; in = included
in; onto.pos = POS superclass (from the ontology); tigerceonstituent category (TIGER
scheme); AP = adjective phrase; S = sentence.
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classifier correctly classified
name strategy absolute| percent
ZeroR predict most frequent value ('new’ 1335 | 38.63%
OneR prediction depends on phrase length 1797 | 52.00%
J48 (C4.5)| decision tree (see Figure 8) 2217 | 64.15%
size of training set 3456 NPs
All experiments evaluated using 10-fold cross validation.

Table 3. Classification results for information status of NPs.

length < 3

| con_onto_pos_PersonalPronoun = B

| | con_tiger.pos_NN = B: giv

| | con_tiger.pos_NN = I: acc

| | con_tiger.pos_NN =0 ...
con_onto_pos_PersonalPronoun = I

|
| | length < 2: giv

| | length > 2: new

| con_onto_pos_PersonalPronoun = 0
| | con_onto_pos_PossessivePronoun = B
| | | con_tiger.pos_NN = I: acc

Figure 8. Sample decision tree (excerpt) for information status o NP

Finally, the results of the classification are re-importethie pivot format and can
then be presented to human annotators for correction.

7. Summary and Discussion

We gave an overview of our implemented software environni@nproducing
multi-layer annotated corpora: a pivot format serving asefilingua” between anno-
tation tools, an ontology-based approach for mapping betwagsets, and an infor-
mation system that integrates the various annotationsaléowis for querying the data
(either by posing simple queries or by using the ontologyl) fan statistical analyses.

Our approach is related to other recent approaches aimintgigrate annotations
from different source formats, in particular to NITE and LABoth operate on the
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basis of standoff XML pivot formats, as does our format. Hegrethe NITE Object

Model operates on the basis of multi-rooted trees, whengagdaia model (POM) also
specifies the semantics of pointing relations. Consequenmit underlying data base
implementation is based on a relational database ratheathXML database. GRaF,
on the other hand, the pivot format of LAF, basically opesaipon general graph
structures, and is therefore not specifically optimizedtfear processing of linguis-
tic annotations. In this sense, our approach is more spégificguistic annotations,
though still representing a highly generic level of dedtwipupon which any annota-
tion of textual data can be represented.

Our approach also integrates the OLIA ontologies as a teraical reference
that specifies the semantics of different annotations vetipect to the OLIA Refer-
ence Model, to GOLD, or to the Data Category Registry (DCR} th developed as
a component of the Linguistic Annotation Framework. Howeas compared to the
direct mapping between the DCR and concrete annotatiomsyraological linking
allows for greater expressivity, including the set opematg N, and\, which may be
used to constitute complex reference concepts. As compauatier approaches that
involve the direct transformation of annotations in ordentap onto reference con-
cepts (de Ceat al,, 2004; Farraet al,, 2003), the formalization of the linking as RDF
descriptions allows the application of standard OWL editand is thus more trans-
parent, modifiable, and more scalable than implementatpmtific scheme transfor-
mation rules.

Our framework offers linguists to use the most suitable (XbHsed) annotation
tools for their specific purposes, and allows for combinhlmgdifferent, possibly quite
heterogeneous annotations into the same database. Intorcaver different appli-
cation scenarios, we have developed two versions of the ANhbrmation system:
One is a standalone version where all data resides in mairomyeleading to very ef-
ficient query execution. For larger corpora, we have alsti Aigerver-based version
on top of a standard relational database. The ATLAS, NITH, lafF projects, in
principle following similar goals, do currently not invaha database implementation.
Instead, these approaches focus on the development aidibfar corpus processing
(e.g., Carlettaet al. (2005)).

Our conversion tools (to and from the pivot format) and theNASI system are
freely available for research purposes—see the URLs givé&motnotes 3 and 9. In
future work, we plan to improve especially the visualizat@apabilities of ANNIS,
which at present are restricted to a straightforward layemted presentation of an-
notations.

Finally, we wish to draw attention to the methodologicaliess of multi-layer ar-
chitectures. As we pointed out, in general they provide nessjbilities for an in-
depth analysis of linguistic data by allowing multiple ipéd@dent annotation layers.
This will certainly have interesting implications for thealitative and quantitative
analysis of linguistic data, but at the same time it requibesough research on the
particular evaluation possibilities. Technically, it ss#ly possible to search across an-
notation layers. But conceptually, annotation layers &enmot independent of each
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other (information structure, for instance, is dependerteartain syntactic configura-
tions) and therefore simple statistical analyses mighaivetys be possible. One way
of exploring these interdependencies is to use multi-dsieral techniques (see, e.qg,
Moisl (to appear)). And a special use of multi-layer arattitiees is the annotation of
conflicting analyses for the same linguistic level of aniglysuch as different part-of-
speech tagsets or different syntactic annotations). THide especially interesting
for ‘non-standard’ language (such as historical langudigdects, or learner language)
where annotation standards are strongly contested or hotgfedeveloped. To men-
tion just one example, Lideling (2008) shows how strongtiniidual analyses can
influence the empirical basis for theory building: Diffetémerpretations of the same
learner data lead to error rates that differ by 100%. Thusirgortant aspect of
the metadata in multi-level corpora should be the proveaafthe annotations and
the possibilities of dependencies, which need to be takersiccount when drawing
conclusions from the data.
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