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OWL ontologies as a resource for d iscourse parsing

1 In troduction

In the project Se m D o k  (Generic document structures in linearly organised texts) funded by 
the German Research Foundation DFG, a discourse parser for a complex type (scientific 
articles by example), is being developed. Discourse parsing (henceforth DP) according to 
the Rhetorical Structure Theory (RST) (Mann and Taboada, 2005; Marcu, 2000) deals with 
automatically assigning a text a tree structure in which discourse segments and rhetorical 
relations between them are marked, such as C o n c e s s io n . 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 lexico-semantic ontology (later to be combined with a domain ontology), and 
an ontology of rhetorical relations. In our text-technological environment, the obvious 
choice of formalism to represent such ontologies is OWL (Smith et al., 2004). 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 
GermaNet, the model of which we designed together with our project partners.

2 Taxonom ies of rhetorical re lations

Already in the original conception of Rhetorical Structure Theory by Mann and Thomp-
son (1988), (see also Mann and Taboada, 2005), rhetorical relations were grouped into 
classes. On a top level, there were the two groups of multinuclear vs. mononuclear rela-
tions according to the structural criterion of nuclearity. The mononuclear relations were 
further subdivided into presentational vs. subject-matter relations (cf. Mann and Taboada, 
2005). Lower-level subgroups such as Evidence-and-justify were introduced as well. The 
complete hierarchy is shown in Figure 1.

Hovy and Maier (1995) 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 a 
relation category that was already in the hierarchy, i.e. the number of higher-level

Originally published in: LDV-Forum - GLDV-Journal for Computational 
Linguistics and Language Technology vol. 23 (2008) no. 1, pp. 17-26.

leonhardt
Textfeld
Publikationsserver des Instituts für Deutsche SpracheURN: http://nbn-resolving.de/urn:nbn:de:bsz:mh39-76105



relation types would always stay the same. One purpose of developing a hierarchy of 
discourse relations is thus to point out similarities of different relation 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. This hierarchy can be seen in Figure 2

In the present project, we produced corpus annotations using the original RST relation 
set proposed in Mann and Taboada (2005), and by an examination of these annotations 
and an inspection of alternative relation sets proposed in the literature (notably Carlson 
and Marcu (2001) and Flovy and Maier (1995)), we designed a relation hierarchy suitable 
for annotating the rhetorical structure of scientific journal articles in our explorative 
reading scenario (Lüngen et al., 2006). 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 : 0bjectProperty>) 
as we proposed in an earlier publication (Goecke et al., 2005), we finally refrained
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F igure  2: Hierarchy of discourse relations according to Hovy and Maier (1995)

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 declared classes at the same 
time (Smith et ah, 2004).1 Thus we modelled the rhetorical relations as OWL classes, 
which is not so devious if one considers that it is sometimes recommended as good 
practice to introduce a "relation class" for the encoding of an n-ary relation in OWL 
(cf. Noy et al., 2006). Subrelation-hood is then marked by the <rdfs:subclassOf> 
construct. The use of <rdfs:subclassOf> also enabled us to include further features

1 Since most OWL reasoners and inference tools apply to the sublanguage OWL DL, we encode our ontologies 
within OWL DL.
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in the formalisation of our hierarchy: We introduced heavily underspecified relation 
classes such as M o n o n u c l e a r R e l a t io n , and we cross-classified all relations along the 
two dimensions nuclearity and metafunction, giving rise to multiple inheritance. For 
example, Su ppo r t  is both a subclass of In t e r pe r s o n a l R e l a t io n  as well as of M o n o n u -
c l e a r R e l a t io n . (For reasons of decipherability, the links from M o n o n u c l e a r R e l a t io n  
and M u l t in u c l e a r Re l a t io n  are not shown in Figure 3, though.) We introduced further 
sub- or superrelations, when it was expedient according to our corpus analyses and 
with respect to our scenario (cf. Lüngen et al., 2006). The resulting hierarchy is shown 
in Figure 3. This "R R S e t  ontology" is used to combine competing hypothesis during 
the parsing process as described in Sect. 4.

3  Using a G erm aN et-based  O nto logy for the  au tom atic  ass ig nm ent o f E l a b o r a t io n

One of the most prominent RST relations in our corpus is E l a b o r a t i o n  - it is the 
second most frequent relation of all. Unlike other RST relations, E l a b o r a t io n  is seldom 
signalled by syntactic or lexical discourse markers. To tackle its automatic identification 
and annotation, we examined instances of E l a b o r a t io n  in our corpus and reviewed the 
treatment of E l a b o r a t i o n  in previous approaches to discourse analysis (e.g. Carlson 
and Marcu, 2001; Hovy and Maier, 1995; Knott et al., 2001). This led us to distinguish 
the different subtypes of E l a b o r a t io n  relations which can be seen in the taxonomy of 
rhetorical relations in Figure 4.

The subtaxonomy of E l a b o r a t io n  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 definition and is associated 
with a different set of discourse markers and linguistic or structural cues that signal 
it. E l a b o r a t i o n -d e f i n i t i o n , for example, can be determined by cues from the logical 
document structure (e.g. <doc:glosslist>), E l a b o r a t i o n -e x a m p l e  is often signalled 
by the lexical discourse markers "z.B.", "Beispiel", or "beispielsweise"), whereas the 
subtypes of E l a b o r a t i o n - s p e c i f i c a t i o n  are induced by syntactic and punctuational 
discourse markers (e.g. a non-sentential phrase within parentheses).

However, the majority of E l a b o r a t io n  subtypes is not indicated by discourse mark-
ers or structural cues, but may be established by the presence of lexical-semantic rela-
tions between the central discourse entities of two discourse segments. E l a b o r a t i o n - 
d e r iv a t io n  is signalled by conceptual relations like hyperonymy/ hyponymy, holonymy 
or meronymy, and lexical relations like synonymy or pertainymy indicate E l a b o r a t io n - 
c o n t in u a t io n , or E l a b o r a t i o n -r e s t a t e m e n t . Figures 5 and 6 show how holonymy 
(Deutschland -  Süddeutschland, Norddeutschland) induces E l a b o r a t io n -d e r iv a t io n , and 
pertainymy (Automatisierung -  automatisiert) E l a b o r a t io n -d r i f t .

For the automatic identification of these subtypes there are two options: 1. Lexical- 
semantic relations may be identified in the discourse parser by performing a lookup
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in an OWL version of the lexico-semantic net GermaNet (Kunze et al., 2007). In this 
approach, GermaNet is directly consulted from the parser. 2. Lexical-semantic relations 
may be calculated in auxiliary components and be made available to the parser in the 
form of additional annotation layers of the input text. As auxiliary components, we 
envisage a lexical chainer and/or an anaphora resolution component as developed in 
out partner projects HyTex (Holler et al., 2004), and Sekimo (Goecke et a l, this volume). 
As the coverage of our corpus by GermaNet 5.0 seems not high enough for a direct 
approach -  30.74% of all noun tokens and 59.17% of all noun types in our corpus are 
not contained in GermaNet -  we will first focus on the second option.
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4 G enera lised  u tilisation  o f O W L o n to log ies  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 Figure 7. In each of the consecutive instantiations of 
the so-called Generalised Annotation Parser (GAP), a different set of resources is employed 
to control it.

The core of the GAP is a bottom-up passive chart parser, implemented in Prolog. It 
takes 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 controlled by a 
set of application-dependent reduce rules formulated in XML, which, for the most part, 
are derived from a discourse marker lexicon. The conditions of their application are 
expressed as declarative constraints between the n +  1 annotation layers. The conditions 
for several subcases of E l a b o r a t i o n  relations expressed in Sect. 3, for example, are 
formulated as reduce rules. The reduce rules set is converted to Prolog, so that they can 
directly be used by the chart parser. The constraints that are part of the reduce rules make
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Figure 7: Generalised Annotation Parser GAP

use of access predicates which express connections between different annotation layers. 
The set of access predicates can be divided into application-independent ones, such 
as identity(lflj/er,' -.elements, layerj-.elementy) or text-inclusion(f extvalue, layeri:elementx) , 
and application-dependent ones which can refer to the schema information of annotation 
layers.

As in most 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, specifically, 
when there are ambiguous discourse markers, such as the German conjunction aber, 
which, similar to English "but" can signal C o n c e s s io n  or C o n s t r a s t -m u l t i  (cf. Figures 
8 and 92). If such an ambiguity cannot be resolved e.g. because no further, supporting 
discourse markers are present, it leads to competing hypotheses about the combination 
of segments and therefore to a set of possible output annotation hierarchies (two in case 
of the example). This has two types of negative consequences:

1. In a bottom-up parsing approach, which is mostly taken in DP, the number of 
alternatives that have to be pursued increases, thus reducing parsing efficiency in 
terms of time and memory.

2Text segments in Figures 5, 8, and 9 are from Baßler and Spiekermann (2001); text segments in Figure 6 are 
from Bärenfänger and Beyer (2001).
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2. When parsing results are evaluated against reference annotations of discourse 
structures, the non-matching hypothesis will count as an ordinary recall error, 
although C o n s t r a s t - m u l t i  and C o n c e s s i o n  are semantically quite similar.
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Figure 8: a b e r s igna lling  C o n c e s s io n  Figure 9: a b e r s igna lling  C o n t r a s t - m u l t i

Besides introducing local ambiguity packing (Tomita, 1987), the first situation can 
be remedied by replacing the two hypotheses by one hypothesis with the label of 
the lowest common superordinate relation according to the RRSet  hierarchy, which 
is C o n t r a s t  in the the example. Such a combination rule can be derived from the 
OWL subclassOf property that holds between classes of an application-dependent OWL 
DL ontology. 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 check whether the n relation names of the competing hypotheses have one or 
more lowest common superclasses within a certain range, e.g. within a 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.

In the second situation, in order to differentiate between hard-core recall errors and 
those caused by semantically similar relations that have been recognised at the same 
time, an additional evaluation can be conducted where relation labels in the parsing 
results as well as in the reference annotations are first replaced by labels from a reduced 
relation set, as e.g. done in Soricut and Marcu (2003). Such a replacement can also be 
effected by a look-up in the RRSet  ontology.

Like the OWL ontology of GermaNet, the RRSet ontology is converted to Prolog 
and consulted by the parser using the Thea OWL Library for Prolog (Vassiliadis, 2006), 
which in turn uses the SWI-Prolog's Semantic Web library3

3h t t p : / /w w w . swi-prolog. org/
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5 C onclusion

In this article, we sketched the SemDok RRSet relation taxonomy for rhetorical relations 
in scientific journal articles which was designed based on corpus investigations and 
previously proposed hierarchies of discourse relations. We described how it was coded in 
the Web Ontology Language OWL, and how the OWL-based ontology will be consulted 
as a knowledge base by a discourse parser. As a second example of the utilisation 
of ontologies in discourse parsing, methods to identify subtypes of the E l a b o r a t io n  
relation using an OWL version of the lexico-semantic net GermaNet were described.

In the GAP, local ambiguity packing is currently employed rather than looking up 
the RRSet  ontology during parsing. However, the RRSet  will be used in the evaluation 
of parsing results as described, and is also used to generate a relations file for manual 
annotations of discourse structures using O'Donnells RSTTool (O'Donnell, 2000). As 
for the identification of E l a b o r a t i o n  relations, a comprehensive approach analysing 
annotations of anaphora and lexical chains is pursued.
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