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Abstract This paper describes the application of OWL and RDF to address the in-
teroperability of linguistic corpora and linguistic annotations within such corpora.
Interoperability of linguistic corpora involves two aspects: Structural interoperabil-
ity (annotations of different origin are represented using the same formalism) and
conceptual interoperability (annotations of different origin are linked to a common
vocabulary).
Building on an infrastructure developed to represent, to store, to query and to visu-
alize multi-layer corpora with any kind of text-oriented annotation (Chiarcos et al,
2008), this paper proposes to address both aspects by means of OWL/RDF-based
formalisms. Key advantages of this approach include the existence of a rich tech-
nological ecosystem developed around RDF and OWL, the conceptual similarity
of generic data models for linguistic annotations and RDF (both based on labeled
directed graphs), and the application of OWL/DL reasoners that can be applied to
validate the consistency of linguistic corpora and their annotations and to infer ad-
ditional information that is relevant, for example, for their appropriate visualization.
Additionally, representing corpora in OWL and RDF allows to interlink resources
freely, e.g., different annotation layers of a multi-layer corpus, translated texts in
parallel corpora, or linguistic corpora and lexical-semantic resources. Modeled in
this way, corpora can be fully integrated in a Linked Open Data (sub-)cloud of lin-
guistic resources, along with lexical-semantic resources and knowledge bases of
information about languages and linguistic terminology.
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1 Motivation and Background

In recent years, the interoperability of linguistic resources has become a major topic
in the fields of computational linguistics and Natural Language Processing (Ide and
Pustejovsky, 2010): Within the last 30 years, the maturation of language technology
and the increasing importance of corpora in linguistic research produced a grow-
ing number of linguistic corpora with increasingly diverse annotations. While the
earliest annotations focused mostly on part-of-speech and syntax annotation, later
NLP research included also on semantic, anaphoric and discourse annotations, and
with the rise of statistic MT, a large number of parallel corpora became available.
In parallel, specialized technologies were developed to represent these annotations,
to perform the annotation task, to query and to visualize them. Yet, the tools and
representation formalisms applied were often specific to a particular type of anno-
tation, and they offered limited possibilities to combine information from different
annotation layers applied to the same piece of text. Such multi-layer corpora be-
came increasingly popular,1 and, more importantly, they represent a valuable source
to study interdependencies between different types of annotation. For example, the
development of a semantic parser usually takes a syntactic analysis as its input, and
higher levels of linguistic analysis, e.g., coreference resolution or discourse struc-
ture, may take both types of information into consideration. Such studies, however,
require that all types of annotation applied to a particular document are integrated
into a common representation that provides lossless and comfortable access to the
linguistic information conveyed in the annotation without requiring too laborious
conversion steps in advance.

This has been one motivation for research on interoperability between differ-
ent types of annotation. Another motivation was that different NLP tools for the
same linguistic phenomenon, say, syntactic parsers, produce different output for-
mats, and that comparative evaluations as well as ensemble combination architec-
tures require a interoperable representation of the respective analyses (Pareja-Lora
and Aguado de Cea, 2010; Chiarcos, 2010b). And with the development of complex
NLP pipeline systems, people became interested in interchangeable pipeline mod-
ules, where one module can be replaced by another, equivalent module, for example,
if domain-specific parsers are to be used if texts from their particular domain are to
be analyzed. This would be possible, however, only if these modules make use of
the same input and output representations, and if they refer to a common vocabulary
of linguistic categories (Buyko et al, 2008).

In this paper, I focus on interoperability of linguistic corpora. This is closely
related to interoperability in NLP pipelines (cf. Hellmann et al, this vol.), but differs
in two crucial aspects: (1) In an NLP pipelines, annotations can be created on-the-
fly, and do not necessarily have to be preserved throughout the entire pipeline. It
is therefore not necessary to formally distinguish different layers of annotation, to

1 For example, parts of the Penn Treebank (Marcus et al, 1993), originally annotated for parts-of-
speech and syntax, were later annotated with nominal semantics, semantic roles, time and event
semantics, discourse structure and anaphoric coreference (Pustejovsky et al, 2005).
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represent the macrostructure of linguistic corpora and metadata. (2) NLP pipelines
are usually created for one particular task or a set of tasks. The number of possible
annotation layers is thus limited by plausibility considerations.2 For linguistic cor-
pora, however, the number and the types of annotations applied to a particular text
are in principle unlimited, because researchers may have an interest to preserve and
to integrate all available legacy annotations created throughout the entire lifetime
of a particular corpus. In that sense, corpus interoperability is a more general and
harder problem than NLP interoperability.

At the moment, state-of-the-art approaches on structural interoperability of
linguistic corpora build on standoff-XML (Carletta et al, 2005; Ide and Suderman,
2007; Bouda and Cysouw, this vol.) and relational data bases (Chiarcos et al, 2008;
Eckart et al, this vol.). The underlying data models are, however, graph-based, and
Sect. 2 pursues the idea that RDF and RDF data bases can be applied for the task to
represent all possible annotations of a corpus in an interoperable way, to integrate
their information without any restrictions (as imposed, for example, by conflict-
ing hierarchies or overlapping segments in an XML-based format), and to provide
means to store and to query this information regardless of the annotation layer from
which it originates. Using OWL/DL defined data types as the basis of this RDF
representation allows to specify and to verify formal constraints on the correct rep-
resentation of linguistic corpora in RDF. POWLA, the approach presented here,
formalizes data models for generic linguistic data structures for linguistic corpora
as OWL/DL concepts and definitions (POWLA TBox) and represents the data as
OWL/DL individuals in RDF (POWLA ABox).

The heterogeneity of linguistic annotations has long been recognized as a key
problem limiting the reusability of NLP tools and linguistic data collections, and
it is generally agreed that repositories of linguistic annotation terminology repre-
sent a key element in the establishment of conceptual interoperability. With a
terminological reference repository, it is possible to overcome the heterogeneity of
annotation schemes: Reference definitions provide an interlingua that allows map-
ping linguistic annotations from annotation scheme A to annotations in accordance
with scheme B. Several repositories of linguistic annotation terminology have been
developed by the NLP/computational linguistics community (Leech and Wilson,
1996; Aguado de Cea et al, 2004; Pareja-Lora, this vol.) as well as in the field of
language documentation/typology (Bickel and Nichols, 2002; Saulwick et al, 2005),
and their continuous application is expected to enhance the consistency of linguistic
metadata and annotations. The General Ontology of Linguistic Description (Farrar
and Langendoen, 2003, GOLD) and the ISO TC37/SC4 Data Category Registry
(Kemps-Snijders et al, 2009; Windhouwer and Wright, this vol., ISOcat) address
both communities.

At the moment, however, a problems for the practical application of these ter-
minology repositories persists with the fact that different communities develop and
maintain terminology repositories – e.g., GOLD and ISOcat – independently, and
these repositories are not always compatible with respect to the definitions they pro-

2 In the general case, for example, one would expect that there is only a single syntactic analysis
performed, but not several parses whose input is integrated.
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vide,3 with respect to the technologies employed,4 or with respect to the underlying
philosophy.5 Researchers are aware of the problem and actively addressing it, e.g.,
by providing ISOcat in OWL (like GOLD, cf. Windhouwer and Wright, this vol.)
or by integrating GOLD categories as a separate profile in ISOcat (Kemps-Snijders,
2010). Section 3 describes the Ontologies of Linguistic Annotation (OLiA ontolo-
gies) that introduce an intermediate level of representation between ISOcat, GOLD
and other repositories of linguistic reference terminology in order to facilitate the
development of applications and resources that take benefit of a well-defined termi-
nological backbone even before the GOLD and ISOcat repositories have converged
into a uniform and generally accepted reference terminology.

A novel element in this approach is that conceptual interoperability and structural
interoperability are addressed with the same formalism (OWL/RDF). In earlier ap-
proaches, e.g., Chiarcos et al (2008), these were treated independently, and concep-
tual interoperability was established through a software-mediated mapping between
annotations and ontologies. This paper describes a fully declarative approach.

Moreover, by using RDF as representation format, both resources described here,
POWLA corpora and OLiA ontologies, can be integrated with resources already
available as Linked Data, e.g., meta data repositories such as Glottolog/Langdoc
(Nordhoff, this vol.), general-purpose knowledge bases like the DBpedia (Hellmann
et al, this vol.) or full-fledged lexical-semantic resources such as the Wikipedia and
WordNet (McCrae et al, this vol.).

2 Addressing Structural Interoperability

POWLA is an OWL/DL-based formalism to represent linguistic corpora in an inter-
operable way. As compared to earlier approaches in this direction (Burchardt et al,
2008; Hellmann et al, 2010), POWLA is not tied to a specific selection of annotation
layers, or a specific annotation scheme. Instead, it is designed to support any kind
of text-oriented annotation.

3 As one example, the original GOLD Numeral was a Determiner (Numeral v Quantifier v Deter-
miner, http://linguistics-ontology.org/gold/2009/Numeral), whereas a ISOcat Numeral (DC-1334)
is defined on the basis of its semantic function, without any references to syntactic categories. Thus,
two in two of them may be a ISOcat Numeral but not a GOLD Numeral. Following a suggestion of
the author, the current GOLD version (http://linguistics-ontology.org/gold/Numeral) adopted the
ISOcat modeling, but as GOLD and ISOcat implement community processes on different com-
munities, the establishment of parallel definitions takes a considerable time, if it is possible at all.

4 GOLD is based on OWL/RDF, a formalization in OWL/DL is possible, it thereby supports the
full power of description logics (i.e. a decidable fragment of first-order predicate logic). ISOcat,
however, is designed as a semistructured list of concepts, with only optional elements of hierarchi-
cal organization.
5 GOLD aims to provide a holistic and unified representation of linguistic reference concepts.
ISOcat is an extensible collection of annotation categories.
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The idea underlying POWLA is to represent linguistic annotations by means of
RDF, to employ OWL/DL to define data types and consistency constraints for these
RDF data, and to adopt these data types and constraints from an existing repre-
sentation formalism applied for the loss-less representation of arbitrary kinds of
text-oriented linguistic annotation within a generic exchange format. POWLA is
designed as an OWL/DL implementation of the PAULA data model (Dipper, 2005;
Chiarcos et al, 2008, 2011) developed at the Collaborative Research Center (SFB)
632 “Information Structure” at the University of Potsdam, Germany. At the moment,
the standard linearization of PAULA is an XML standoff format that originates from
early drafts of the Linguistic Annotation Framework (Ide and Romary, 2004), and it
is thus closely related to the later ISO TC37/SC4 format GrAF (Ide and Suderman,
2007). With POWLA as an OWL/DL linearization of the PAULA data model, all
annotations currently covered by PAULA (presumably every kind of text-oriented
linguistic annotation) can be represented as part of the Linguistic Linked Open Data
cloud.

2.1 PAULA Data Types

PAULA implements the insight that any kind of linguistic annotation can be repre-
sented by means of directed (acyclic) graphs (Bird and Liberman, 2001; Ide and
Suderman, 2007), i.e. the basic triple structure underlying RDF: Aside from the pri-
mary data (text), linguistic annotations consist of three principal components, i.e.
segments (spans of text, e.g. a phrase, modeled as nodes), relations between seg-
ments (e.g. dominance relation between two phrases, modeled as edges) and anno-
tations that describe different types of segments or relations (modeled as labels).

Fig. 1 Constituent syntax: Example from the NEGRA corpus (Skut et al, 1998), visualization
based on TIGERSearch (Lezius, 2002).

PAULA data types relevant for linguistic annotations are the following (see Fig.
2 for the German phrase für viele junge Komponisten ‘for many young composers’
as an illustration, for the original syntax visualization see Fig. 1):
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Fig. 2 Constituent syntax: Fragment from Fig. 1 with PAULA data structures.

node (structural units of annotation)
token character spans in the primary data
markable span of tokens (data structure of flat, layer-based annota-

tions defined with respect to, e.g. a timeline)
struct hierarchical data structure forming DAGs (e.g. trees) by

establishing parent-child relations between a struct (pa-
rent) and tokens, markables or other structs.

edge (relational unit of annotation, connecting nodes)
dominance relation directed edge between a struct and its children, coverage

inheritance (see below)
pointing relation general directed edge, no coverage inheritance

label (attached to nodes or edges)
features linguistic annotations

A unique feature of PAULA is the differentiation of two types of edges with respect
to their relationship to the primary data. For hierarchical structures, e.g. phrase struc-
ture trees, a notion of coverage inheritance is necessary (the text covered by a child
node is always covered by the parent node). In PAULA, such edges are referred to as
dominance relations. For other kinds of relational annotation, no constraints on the
coverage of the elements connected needs to be postulated (e.g. anaphoric relations,
alignment in parallel corpora, dependency analyses), and source and target of a re-
lation may or may not overlap at all. In PAULA, edges without coverage inheritance
are referred to as pointing relations. This distinction does not constrain the generic
character of PAULA (a general directed graph would just use pointing relations),
but it captures a fundamental distinction of linguistic data types. As such, it was
essential for the development of convenient means of visualization and querying of
PAULA data: For example, the appropriate visualization (hierarchical or relational)
within a corpus management system can be chosen on the basis of the data structures
alone, and it does not require any external specifications (Chiarcos et al, 2008).
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Additionally, PAULA includes specifications for the organization of annotations,
which is, however, skipped here for reasons of space.

2.2 The POWLA Ontology (POWLA TBox)

The POWLA ontology represents a straight-forward implementation of the PAULA
data types in OWL/DL. Document, Relation; Node and Layer are defined as
subclasses of POWLAElement. Here, we concentrate on Node and Relation,
Document and Layer are more important for corpus organization.

A POWLAElement is anything that can carry a label (property hasLabel). For
Node and Relation, hasLabel contains string values of linguistic annotation
(subproperty hasAnnotation). The property hasAnnotation are, however,
not to be used directly, but rather, subproperties are to be created for every annota-
tion phenomenon, e.g. has pos for part-of-speech annotation.

A Node is a POWLAElement that covers a stretch of primary data. It can carry
hasChild properties (and the inverse hasParent) that express coverage inher-
itance. A Relation is another POWLAElement that is used for every edge that
carries an annotation. The properties hasSource and hasTarget (resp. the in-
verse isSourceOf and isTargetOf) assign a Relation source and target
node. Dominance relations are relations whose source and target are connected by
hasChild, pointing relations are relations where source and target are not con-
nected by hasChild. It is thus not necessary to distinguish pointing relations and
dominance relations as separate concepts in the POWLA ontology.

Two basic subclasses of Node are distinguished: A Terminal is a Node that
does not have a hasChild property. It corresponds to a “token” in PAULA. A
Nonterminal is a Node that has at least one hasChild property. The differ-
entiation between PAULA struct and markable can be inferred and is therefore not
explicitly represented in the ontology: A struct is Nonterminal that has another
Nonterminal as its child, or that is connected to at least one of its children by
means of a (dominance) Relation, any other Nonterminal corresponds to a
PAULA markable.

The concept Root was introduced for organizational reasons. It corresponds to
a Nonterminal that does not have a parent, i.e. the top-level node within an
annotation layer (and may be either a Terminal or a Nonterminal).

Both Terminals and Nonterminals are characterized by a string value
(property hasString), and a particular position (properties hasStart and hasEnd)
with respect to the primary data. Terminals are further connected with each other
by means of nextTerminal properties. This is, however, a preliminary solution.
Forthcoming versions of POWLA may address Nonterminals by means of pre-
and post-order as defined by Trißl and Leser (2007), and Terminals may be linked
to strings in accordance to the NLP Interchange Format NIF (cf. Hellmann et al, this
vol.).
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2.3 Modelling Linguistic Annotations in POWLA (POWLA ABox)

The POWLA ontology defines data types that can now be used to represent linguistic
annotations. Figure 3 shows the Nonterminal created for the phrase für viele
junge Komponisten ‘for many young composers’, the Terminal for Komponisten
‘composers’, and the Relation between them.

<powla:Nonterminal rdf:about="s1_503">
<powla:hasLayer rdf:resource="syntax"/>
<powla:has_cat>PP</powla:has_cat>
<powla:hasChild rdf:resource="s1_18"/>
...

</powla:Nonterminal>

<powla:Relation rdf:about="s1_503_to_s1_18">
<powla:hasLayer rdf:resource="syntax"/>
<powla:has_func>NK</powla:has_func>
<powla:hasSource rdf:resource="s1_503"/>
<powla:hasTarget rdf:resource="s1_18"/>

</powla:Relation>

<powla:Terminal rdf:about="s1_18">
<powla:hasLayer rdf:resource="syntax"/>
<powla:hasString>Komponisten</powla:hasString>
<powla:has_pos>NN</powla:has_pos>
<powla:nextTerminal rdf:resource="s1_19"/>
<powla:startPosition>103</powla:startPosition>
<powla:endPosition>113</powla:endPosition>

</powla:Terminal>

Fig. 3 Constituent syntax: A Nonterminal, a Terminal, and the Relation between them
in POWLA, fragment of Fig. 2.

The Nodes are taken from the German sentence analyzed in Fig. 1. The Node
IDs preserve the original identifiers used in the NEGRA corpus (Skut et al, 1998),
with s1 18 corresponding to the 18th word, and s1 503 corresponding to the
phrase with ID 503 in sentence 1.6 The Relation ID is derived from the IDs of the
source and the target node. The properties has pos, has cat and has func are
subproperties of hasAnnotation that have been created to reflect the pos, cat
and func labels of nodes and edges in Fig. 1. Relation s1 503 to s1 18 is
marked as a dominance relation by the accompanying hasChild relation between
its source and target.

It should be noted that the RDF representation given in Fig. 3 is by no means
complete. Inverse properties, for example, are missing, e.g., the hasParent rela-

6 The data was not directly converted from the NEGRA format, but through TIGER XML. These
naming conventions, as well as those of the attribute names (func instead of edge, pos instead
of tag) originate from the converter integrated in the TIGERRegistry (Lezius, 2002).
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tion between s1 18 and s1 503. Using a reasoner, however, the missing RDF
triples can be inferred from the information provided explicitly. This inference
mechanism can be also be applied to infer v (rdfs:subClassOf) relationships
(e.g., that s1 18 is not only a Terminal, but also a Node), and the transitive clo-
sure of relations (if the corresponding transitivity axioms are added). Further, func-
tional differentiations can be inferred, e.g., the difference between PAULA mark-
ables and structs. This is not relevant for processing, but for visualization only, and
therefore explicitly represented in PAULA XML. In POWLA, it can be inferred
whether a Layer requires a spreadsheet-like visualization (‘grid view’, applicable
to PAULA markable layers, i.e., a POWLA Layer with no recursive structures and
no labeled dominance relations), or as a directed acyclic graph (e.g., a tree, applica-
ble to PAULA struct layers, i.e., a POWLA Layer with recursion or labeled dom-
inance relations). Moreover, a reasoner would also allow us to verify whether the
necessary cardinality constraints are respected, e.g., every Relation has exactly
one hasSource and one hasTarget relation etc.

Although illustrated here for syntax annotations only, other annotation layers
represented in PAULA XML can be equally easily transformed to POWLA. Us-
ing existing converters that generate PAULA XML, e.g., Salt’N’Pepper (Zipser
and Romary, 2010), a broad variety of input formats from various tools are sup-
ported, including TIGER XML (König and Lezius, 2000, constituent and depen-
dency syntax), MMAX2 (Müller and Strube, 2006, coreference annotation), EX-
MARaLDA (Schmidt, 2004, transcriptions and layer-based annotation), RSTTool
(O’Donnell, 2000, discourse structure annotation), and Toolbox (Busemann and
Busemann, 2008, typological glosses).7

Like PAULA XML, POWLA represents these different kinds of annotations in an
interoperable way, but here on the basis of OWL and RDF. One important difference
between PAULA XML and POWLA is that POWLA data can be directly fed into
an RDF triple store, whereas current data base solutions for PAULA involve rela-
tional data bases and the transformation into a proprietary table format (Zeldes et al,
2009). Another important difference is that all IDs used in the POWLA representa-
tion are URIs, with an XML base name as specified in the file they are contained
in. Accordingly, these URIs can be referred to from external resources, e.g., from
scientific papers (as stable references to corpus examples) or from lexical-semantic
resource (as examples to illustrate a specific semantic role). And of course, POWLA
corpora can be augmented with references to other resources available as Linked
Data, e.g., terminology repositories as described in the following section, or meta
data repositories as, for example, described by Nordhoff (this vol.).

7 Through existing converters that produce these formats, numerous additional formats are sup-
ported, e.g., Penn Treebank syntax annotations (Marcus et al, 1994, through TIGER XML), Praat
(Boersma, 2002, through EXMARaLDA), ELAN (Hellwig et al, 2008, through EXMARaLDA),
etc. Additionally, PAULA XML wrappers for a number of NLP tools exist, which cover part-of-
speech tagging, parsing, anaphor resolution, connective classification and discourse parsing, as
applied, for example, in the text summarization pipeline described by Stede et al (2006).
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3 Addressing Conceptual Interoperability

The Ontologies of Linguistic Annotation (OLiA) are a repository of annotation ter-
minology for various linguistic phenomena on a great band-width of languages. In
combination with RDF-based formats like POWLA (Sect. 2) and NIF (Hellmann
et al, this vol.), the OLiA ontologies allow to represent linguistic annotations and
their meaning within the Linguistic Linked Open Data cloud in an interoperable
way.

3.1 Towards Conceptual Interoperability of Linguistic Annotations

The OLiA ontologies introduce an intermediate level of representation between
ISOcat, GOLD and other repositories of linguistic reference terminology and are
interconnected with these resources, and they provide not only a means to formalize
reference categories, but also annotation schemes, and the way that these are linked
with reference categories.

3.2 A Modular Architecture of OWL/DL Ontologies

The Ontologies of Linguistic Annotations – briefly, OLiA ontologies (Chiarcos,
2008) – represent a modular architecture of OWL/DL ontologies that formalize sev-
eral intermediate steps of the mapping between annotations, a ‘Reference Model’
and existing terminology repositories (‘External Reference Models’).

The OLiA ontologies were developed as part of an infrastructure for the sustain-
able maintenance of linguistic resources (Schmidt et al, 2006), and their primary
fields of application include the formalization of annotation schemes and concept-
based querying over heterogeneously annotated corpora (Rehm et al, 2007; Chiarcos
et al, 2008).

In the OLiA architecture, four different types of ontologies are distinguished:

• The OLIA REFERENCE MODEL specifies the common terminology that differ-
ent annotation schemes can refer to. It is derived from existing repositories of
annotation terminology and extended in accordance with the annotation schemes
that it was applied to.

• Multiple OLIA ANNOTATION MODELs formalize annotation schemes and tagsets.
Annotation Models are based on the original documentation of an annotation
scheme, they provide an interpretation-independent representation.

• For every Annotation Model, a LINKING MODEL defines rdfs:subClassOf
(v) relationships between concepts/properties in the respective Annotation Model
and the Reference Model. Linking Models are interpretations of Annotation
Model concepts and properties in terms of the Reference Model.
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• Existing terminology repositories can be integrated as EXTERNAL REFERENCE
MODELs, if they are represented in OWL/DL. Then, Linking Models specify v
relationships between Reference Model concepts and External Reference Model
concepts.

The OLiA Reference Model specifies classes for linguistic categories (e.g. olia:Determiner)
and grammatical features (e.g. olia:Accusative), as well as properties that
define relations between these (e.g. olia:hasCase). Far from being yet another
annotation terminology ontology, the OLiA Reference Model does not introduce its
own view on the linguistic world, but rather, it is a derivative of the EAGLES recom-
mendations(Leech and Wilson, 1996), MULTEXT/East (Erjavec, 2004), and GOLD
(Farrar and Langendoen, 2003) that was introduced as a technical means to allow to
interpret linguistic annotations with respect to these terminological repositories and
extended with respect to the annotation schemes linked with it. These extensions
are also further communicated to the communities behind GOLD and ISOcat. The
Reference Model specifies for example that olia:PrepositionalPhrase v
olia:NounHeadedPhrase.8

Annotation Models differ conceptually from the Reference Model in that they
include not only concepts and properties, but also individuals: Individuals repre-
sent concrete tags, while classes represent abstract concepts similar to those of
the Reference Model. As an example, consider the tag PP from the syntax an-
notation the NEGRA corpus Skut et al (1997) and the corresponding individual
tiger:prepositionalPhrase in the Annotation Model http://purl.org/olia/tiger-
syntax.owl:9

tiger:prepositionalPhrase system:hasTag ‘PP’
tiger:prepositionalPhrase a tiger:PrepositionalPhrase

Linking Models then import an Annotation Model and the Reference Model and
specify relations between their concepts: tiger:PrepositionalPhrase v
olia:PrepositionalPhrase. The Linking with External Reference Models
like ISOcat is analogous: olia:PrepositionalPhrasevisocat:DC-2257.
In consequence, it is true that tiger:prepositionalPhrase rdf:type isocat:DC-2257

8 olia:NounHeadedPhrase was introduced as a generalization over prepositional phrase and
noun phrase to account for the constituent representation of certain dependency parsers where
this differentiation is not made. However, there is little agreement whether the noun or the prepo-
sition is the head of a prepositional phrase, but this debate is independent of the modeling of
the OLiA Reference Model: The linking with external reference models has to specify that the
olia:NounHeadedPhrase corresponds to a single, well-defined category in an independently
developed community-maintained terminology repository, or that it does not (then, a disjunction
would be necessary).
9 Because the annotation scheme of the NEGRA corpus is closely related with the annotation
scheme of the TIGER corpus (Brants et al, 2004), both are represented together in the Annotation
Model developed for TIGER-style syntax.
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Within an application, the German phrase für viele junge Komponisten consid-
ered above can then be circumscribed by means of the concepts it is associated
with:10

olia:PrepositionalPhrase and
powla:hasChild some (olia:CommonNoun and

olia:hasGender some olia:Masculine and
olia:hasNumber some olia:Plural) and

...

This description is concept-based and thus independent from any particular
tagset, and applied to another Annotation Model, a query for olia:PrepositionalPhrase
would retrieve another set of individuals that represent the same meaning with dif-
ferent annotations, e.g., the phrase von den geschäftlichen Revisoren ‘by the busi-
ness auditors’ from the TüBa-D/Z corpus (document 1, sentence 19)11 – even though
it carries the label PX and not PP like in the NEGRA/TIGER annotation scheme.12

3.3 Current Status of the OLiA Ontologies

The OLiA ontologies are available from http://purl.org/olia. At the moment, they
have not been officially released, they will be released under a Creative Commons
Attribution license in mid-2012.

The OLiA ontologies cover different grammatical phenomena, including inflec-
tional morphology, word classes, phrase and edge labels of different syntax an-
notations, as well as discourse annotations (coreference, discourse relations, dis-
course structure and information structure). Annotations for lexical semantics are
only covered by the OLiA ontologies to the extent that they are encoded in syntac-
tic and morphosyntactic annotation schemes (e.g. as grammatical roles). For lexical
semantic annotations in general, a number of reference resources are already avail-
able as Linked Data, including RDF versions of WordNet,13 FrameNet,14 and the
Wikipedia.15

The OLiA Reference Model comprises 14 MorphologicalCategorys (mor-
phemes), 263 MorphosyntacticCategorys (word classes/part-of-speech tags),
83 SyntacticCategorys (phrase labels), and 326 different values for 16 MorphosyntacticFeatures,
4 MorphologicalFeatures, 4 SyntacticFeatures and 4 SemanticFeatures.

10 The linking between corpus data and the OLiA ontologies can be accomplished, for example, by
copying all properties of an OLiA Annotation Model individual to the POWLA individuals with
the corresponding annotations, as specified by the hasTag property.
11 http://www.sfs.uni-tuebingen.de/tuebadz.shtml
12 See http://purl.org/olia/tueba.owl#PX and http://purl.org/olia/tueba-link.rdf.
13 http://thedatahub.org/dataset/w3c-wordnet, also see McCrae et al (this vol.).
14 http://www.loa.istc.cnr.it/codeps/owl/ofntb.owl, cf. Nuzzolese et al (2011).
15 http://dbpedia.org, cf. Hellmann et al (this vol.).
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As for morphological, morphosyntactic and syntactic annotations, the OLiA on-
tologies include 32 Annotation Models for about 70 different languages, includ-
ing several multi-lingual annotation schemes, e.g. the EAGLES recommendations
(Chiarcos, 2008) for 11 Western European languages, and Multext-East (Chiar-
cos and Erjavec, 2011) for 15 (mostly) Eastern European languages. As for non-
(Indo-)European languages, the OLiA ontologies include morphosyntactic annota-
tion schemes for languages of the Indian subcontinent, for Arabic, Basque, Chinese,
Estonian, Finnish, Hausa, Hungarian and Turkish. Other languages, including lan-
guages of Africa, the Americas, the Pacific and Australia are covered by Annotation
Models developed for glosses as produced in typology and language documentation.
The OLiA ontologies also cover historical language stages, including Old High Ger-
man, Old Norse and Old/Classical Tibetan.

As mentioned above, application of modular OWL/DL ontologies allows to link
annotations with terminological repositories: Annotation schemes and reference ter-
minology are formalized as OWL/DL ontologies, and the linking is specified by
rdfs:subClassOf descriptions. This mechanism has also been applied to link
the OLiA Reference Model with existing terminology repositories, including GOLD
(Chiarcos, 2008), the OntoTag ontologies (Buyko et al, 2008, cf. Pareja-Lora, this
vol.) and ISOcat (Chiarcos, 2010a, cf. Windhouwer and Wright, this vol.). Thereby,
the OLiA Reference Model provides a stable intermediate representation between
existing terminology repositories and ontological models of annotation schemes.
This allows any concept that can be expressed in terms of the OLiA Reference
Model also to be interpreted in the context of ISOcat, GOLD or the OntoTag ontolo-
gies. Using the OLiA Reference Model, it is thus possible to develop applications
that are interoperable in terms of GOLD and ISOcat even though both are still under
development and both differ in their conceptualizations (see footnote 3).

Example applications of the OLiA ontologies include the specification of gram-
matical features in lexical resources (McCrae et al, 2011, this vol.), the development
of tagset independent NLP architectures (Chiarcos, 2010b; Hellmann et al, this vol.),
and tagset independent corpus queries, e.g. the combination of OLiA reference con-
cepts with SPARQL queries on POWLA data, as shown in the following section.

4 A Use-Case for Corpus Interoperability: Developing
Resource-Independent Corpus Queries

A number of different applications of OWL/RDF-encoded corpora are possible.
From the perspective of corpus linguistics and NLP, it is essential that the data struc-
ture provides exhaustive access to the information conveyed in the corpus. This
can be shown, for example, by implementing a corpus querying engine. A pilot
experiment has been performed where a multi-layer corpus, the syntax-annotated
German NEGRA corpus (Skut et al, 1998) with the coreference annotations by
Schiehlen (2004) was converted to POWLA. The RDF data was loaded in an RDF
database, OpenLink Virtuoso, and could thus be queried with SPARQL. To illustrate
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that SPARQL queries can retrieve all relevant information from POWLA data, the
operators of the ANNIS query language (AQL) were reimplemented as SPARQL
macros, the query language used in the corpus querying system ANNIS (Chiarcos
et al, 2008). With ANNIS, a query engine for PAULA data is available, and was
successfully applied in a number of linguistic and philological projects, so, it can
be assumed that AQL represents the minimal power necessary to explore any kind
of linguistic corpora. The portability of PAULA to the Semantic Web could thus
be shown with the reconstruction of all AQL operators as SPARQL macros.16 Al-
though detailed results of this evaluation are described elsewhere, we can state here
that multi-layer corpora in POWLA can be queried with SPARQL macros in basi-
cally the same way as with AQL.

SPARQL actually provides us with an even more powerful means of querying:
For example, AQL does not support queries for the absence of a particular anno-
tation (e.g. an NP not dominating a pronoun), which can be easily expressed in
SPARQL:

PREFIX negra: <http://purl.org/powla/negra-sample.owl#>.
PREFIX powla: <http://purl.org/powla/powla.owl#>.
SELECT DISTINCT ?np
WHERE {

?np a powla:Nonterminal.
?np negra:has_cat "NP".
OPTIONAL { ?np powla:hasChild ?pronoun.

?pronoun negra:has_pos "PPER" }
FILTER !bound(?pronoun)

}

POWLA can thus be used to create linguistic information systems. An additional
advantage of the OWL/RDF formalization is that it represents a standardized to
represent heterogeneous data collections: With RDF, a standardized representation
formalism for different corpora is available, and with data types being defined in
OWL/DL, the validity of corpora can be automatically checked (according to the
consistency constraints posited by the POWLA ontology). POWLA represents a
possible solution to the structural interoperability challenge for linguistic corpora
(Ide and Pustejovsky, 2010). Unlike other formalisms developed in this direction
(e.g., PAULA, or GrAF Ide and Suderman, 2007), it does not involve a special-
purpose XML standoff format, but it builds on established standards with broad
technical support and an active and comparably large community. Standard formats
specifically designed for linguistic annotations as developed in the context of ISO
TC37/SC4 (e.g. GrAF Ide and Suderman, 2007 and TIGER2 Romary et al, 2011),
are, however, still under development.

In comparison of this approach with current initiatives within the linguistics/NLP
community, e.g. ISO TC37/SC4, which focus on complex standoff XML formats
specifically designed for linguistic data, this approach offers three crucial advan-
tages:

16 Details for this conversion, a sample data and SPARQL macros for querying this data can be
found under http://purl.org/powla.
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1. The increasing number of RDF data bases provides us with convenient means for
the management of linguistic data collections.

2. Augmenting an RDF representation of linguistic corpora with formally spec-
ified consistency conditions, i.e., an OWL/DL specification of data types and
constraints, existing reasoners can be applied to check the consistency of this
representation.

3. Resources can be freely interconnected with each other and with lexical-semantic
resources available from the Linked Open Data cloud.

Additionally, an RDF representation of linguistic corpora allows for their inte-
gration with other RDF resources. The linking of POWLA corpora with OLiA on-
tologies as described before, for example, allows reformulating the SPARQL query
for NPs not dominating a pronoun, such that the reformulated query can also be
applied to corpora with other annotation schemes and is thus, interoperable:

WHERE {
?np a olia:NounPhrase.
OPTIONAL { ?np powla:hasChild ?pronoun.

?pronoun a olia:PersonalPronoun }
FILTER !bound(?pronoun)

}

Representing metadata and annotations of a corpus by means of references to
resources in the LOD cloud, it becomes possible to define metadata filters for lin-
guistic corpora and queries for linguistic annotations that are independent of the
string representation of this information in the corpora. Resources represented in
this way are thus not only structurally, but also conceptually interoperable.

If published as Linked Data, corpora represented in RDF can further be linked
with lexical-semantic resources already available as Linked Data, e.g., a general
knowledge base like DBpedia (Hellmann et al, this vol.), or linguistic resources
like WordNet or Wiktionary (McCrae et al, this vol.). Semantic annotations, e.g.,
those of PropBank (Kingsbury and Palmer, 2002), can therefore be implemented as
a linking between corpora and semantic resources, without the need to duplicate or
to synchronize resources obtained from different providers.

Another important type of resources available as Linked Data includes reposito-
ries of metadata and terminology. Lexvo,17 for example, provides identifiers for
languages based on ISO 639; Glottolog (Nordhoff, this vol.) provides an even more
fine-grained taxonomy of languoids.

A unique feature of the approach described here is that OWL and RDF provide
a solution for both aspects of corpus interoperability – and even interoperability be-
tween corpora and lexical-semantic resources – within the same formalism. One
concrete advantage of such a holistic approach is that novel corpus information sys-
tems can be developed that achieve interoperability by simpler means, e.g., using a
single data base for both corpus data and annotation mapping, whereas traditional
systems that combine XML- or SQL-based corpus representations with linguistic

17 http://lexvo.org
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ontologies (e.g., Rehm et al, 2007; Chiarcos et al, 2008) require a more complex
system architecture and thus, greater implementation efforts.18
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