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Using OWL ontologies in discourse parsing
— Extended abstract —

Maja Birenfinger, Mirco Hilbert, Henning Lobin, Harald Liingen

1 Introduction

In the project SEMDOK funded by the German Research Foundation DFG, a
discourse parser for a complex type, i.e. scientific articles, is being developed.
Discourse parsing (henceforth DP) according to Rhetorical Structure Theory
(RST) ([1], [2]) deals with automatically assigning a text a tree structure in
which discourse segments and rhetorical relations such as CONCESSION between
them are marked. For identifying the combinable segments, declarative rules are
employed, which describe linguistic and structural cues and constraints about
possible combinations by referring to different XML annotation layers of the
input text, and external knowledge bases such as a discourse marker lexicon, a
lexical-semantic ontology (later to be combined with a domain ontology), and an
ontology of rhetorical relations. In our text-technological environment, the obvi-
ous choice of formalism to represent such ontologies is OWL ({3]). In this paper,
we describe two OWL ontologies and how they are consulted from the discourse
parser to solve certain tasks within DP. The first ontology is a taxononomy of
rhetorical relations which was developed in the project. The second one is an
OWL version of GermaNNet, the model of which we designed together with our
project partners.

2 Taxonomy of rhetorical relations

Already in the original conception of Rhetorical Structure Theory by Mann and
Thompson [1], rhetorical relations were grouped into classes. On a top level,
there were the two groups of multinuclear vs. mononuclear relations accord-
ing to the structural criterion of nuclearity. The mononuclear relations were
further subdivided into presentational vs. subject-matter relations cf. [1]. Lower-
level subgroups such as Evidence-and-Justify were introduced as well. Hovy and
Maier [4] suggested a merger of existing hierarchies of discourse relations into
one comprehensive hierarchy consisting of 65 relation categories, 43 of which
were relations at the base level. Their prediction was that application-specific
extensions to this merged relation set would always consist in the refinement of
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a relation category that was already in the hierarchy, i.e. the number of higher-
level relation types would always stay the same. One purpose of developing a
hierarchy of discourse relations is thus to point out similarities of different re-
lation sets by showing how they can be mapped on each other or even merged,
ultimately supporting the view that a universal set of relation types exists.
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Fig. 1. Part of the RRSET ontology {screenshot of class browser in Protégé 3.1.1)

In the present project, we produced corpus annotations using the original
RST relation set proposed in {1}, and by an examination of these annotations



and an inspection of alternative relation sets proposed in the literature (notably
[5] and [4]), we designed a relation hierarchy suitable for annotating the rhetorical
structure of scientific journal articles in our explorative reading scenario {6]. It
consists of 70 relation types, 44 of which are basic categories in the hierarchy.

Though it seems natural to model rhetorical relations as OWL properties
(<owl:ObjectProperty>) as we proposed in the earlier publication [7], we finally
refrained from doing so, because we also wanted to view the properties as classes
to declare disjointness between certain rhetorical relation types and to encode
properties of rhetorical relations that would be inherited by their subrelations.
Within OWL DL, properties can be arranged in a hierarchy but cannot be de-
clared classes at the same time ([3]).! Thus we modelled the rhetorical relations
as OWL classes, which is not so devious if one considers that it is sometimes
recommended to introduce a “relation class” for the encoding of an n-ary rela-
tion in OWL, cf. [8]. Subrelation-hood is then marked by the <rdfs:subclass0f >
construct. The use of <rdfs:subclass0f> also enabled us to include further fea-
tures in the formalisation of our hierarchy: We introduced heavily underspecified
relation classes such as MONONUCLEARRELATION, and we cross-classified all re-
lations along the two dimensions nuclearity and metafunction, giving rise to
multiple inheritance. For example, SUPPORT is both the subclass of INTERPER-
SONALRELATION as well as of MONONUCLEARRELATION. We introduced further
sub- or superrelations, when it was expedient according to our corpus analyses
and with respect to our scenario, cf. [6]. The resulting hierarchy is shown in Fig.
1. This “RRSET ontology” is used to combine competing hypothesis during the
parsing process as described in Sect. 4.

3 Using a GermalNet-based Ontology for the automatic
assignment of ELABORATION

One of the most prominent RST relations in our corpus is ELABORATION - it
is the second most frequent relation at all. Unlike other RST relations, ELABO-
RATION is seldom signalled by syntactic or lexical discourse markers. To tackle
its automatic identification and annotation, we examined instances of ELABO-
RATION in our corpus and reviewed the treatment of ELABORATION in previous
approaches to discourse analysis (e.g. [5], [4]). This led us to distinguish the dif-
ferent subtypes of ELABORATION relations which can be seen in the taxonomy
of rhetorical relations in Fig. 1.

The subtaxonomy of ELABORATION relations organises the subcases that
can trigger different types of rhetorical links between text modules of scientific
articles in our explorative reading scenario. Each subrelation has its own defini-
tion and is associated with a different set of discourse markers and linguistic or
structural cues that signal it. ELABORATION-DEFINITION, for example, can be
determined by cues from the logical document structure (e.g. <doc:glosslist>),

! Since most OWL reasoners and inference tools apply to the sublanguage OWL DL,
we encode our ontologies within OWL DL.



ELABORATION-EXAMPLE is often signalled by the lexical discourse markers"z.B.",

"Beispiel", or “beispielsweise”), whereas the subtypes of ELABORATION-SPECIFICATION

are induced by syntactic and punctuational discourse markers (e.g. a non-sentential
phrase within parentheses).

For the most frequent subtypes of ELABORATION, an OWL version of the
lexical-semantic net GermaNet ([9]) shall be consulted: ELABORATION-DERIVATION
is established by the presence of conceptual relations like hyperonymy/ hy-
ponymy, holonymy or meronymy between the central discourse entities (themes)
of two discourse segments, and lexical relations like synonymy or pertonymy in-
dicate ELABORATION-CONTINUATION, or ELABORATION-RESTATEMENT. Figs. 2
and 3 show how holonymy (Deutschland — Siddeutschland, Norddeutschland) in-
duces ELABORATION-DERIVATION, and pertonymy (Automatisierung — automa-
tisiert) ELABORATION-DRIFT.

The discourse parser must be able to perform a lookup in the OWL ver-
sion of GermaNet.? To establish a Prolog interface between the OWL version
of GermaNet and the discourse parser, we convert the OWL code into a Prolog
fact base using the Thea ([11]) OWL Library for Prolog, which in turn uses
the SWI-Prolog’s Semantic Web library®. We have implemented Prolog predi-
cates such as transitive_isHyponymOf _LU(LU;, LU, Degree), so that, using the
findall/3-construction, queries for the sets of direct /transitive hyponyms /hyper-
onyms can be straightforwardly formulated in Prolog. Corresponding predicates
for the remaining lexical-semantic relations allow for further queries. The im-
plemented series of predicates considers the levels of synsets, of lexical units,
of the GermaNet orthographic representations, and of the <lemma> tag of the
morphological and syntactic tagger that we employ in our parser.
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Fig.2. Holonymy as a cue for Fig.3. Pertonymy as a cue for
ELABORATION-DERIVATION ELABORATION-DRIFT

2 A complete conversion of GermaNet into OWL DL is still pending, so far a sample
of GermaNet consisting of 37 synsets and 63 lexical units has been converted [10].
% http://www.swi-prolog.org/
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4 Generalised utilisation of OWL ontologies in the GAP

We consider the process of DP as an iterative application of a more general parser
architecture which accepts different annotation layers as input data and produces
a new annotation layer as its output, see Fig. 4. In each of the consecutive
instantiations of the so-called Generalised Annotation Parser (GAP), a different
set of resources is employed to conrol it.
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Fig. 4. Generalised Annotation Parser GAP

The core of the GAP is a shift-reduce parser, implemented in Prolog. It gets
the primary textual data and their n XML annotation layers as its input, which
are first converted to a Prolog fact base. The behaviour of the parser is con-
trolled by a set of application-dependent reduce rules formulated in XML. The
conditions of their application are expressed as declarative constraints between
the n+1 annotation layers. The conditions for several subcases of ELABORATION
relations expressed in Sect. 3, for example, are formulated as XML reduce rules.

The XML reduce rules set is converted to Prolog rules by the GAP, so that
they can directly be used by the shift-reduce parser. The constraints that are
part of the reduce rules make use of access predicates which express connec-
tions between different annotation layers. The set of access predicates can be
divided into application-independent ones, such as identity(layer;:element,,
layer; :element,) or text-inclusion(textvalue, layer;:element,), and application-
dependent ones which can refer to the schema information of annotation layers.

In many parsing applications it can happen that more than one reduce rule
is applicable in a reduce step. Such situations depend on the one hand on the
reduce rule set and on the other hand on the structure of the input annotation
layers. They lead to competing hypotheses about the combination of segments
and therefore to a set of possible output annotation hierarchies.



A set of competing but in some way matching hypotheses can be combined
by combination rules. In the GAP, such combination rules are derived from
the OWL subclassOf property that holds between classes of an application-
dependent OWL DL ontology.

In the case of DP, whenever two or more competing hypotheses about relation
instances have been emitted in the parsing process, the parser consults the RRSet
ontology (Sect. 2) and checks whether the n relation names of the competing
hypotheses have one or more lowest common superclasses within a certain range,
for example within the so-called reduced relation set. For each lowest common
superclass found, the hypotheses are merged into one, and the superclass is
taken as the relation label of the new hypothesis, representing an underspecified
relation instance. Like the OWL ontology of GermaNet, the RRSet ontology is
converted to Prolog and consulted by the parser using Thea ([11]). The final
paper will contain the description of an example of competing hypotheses and
how it is processed in the GAP.
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