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Abstract

This paper describes the development of a rela-
tional discourse parsing architecture for text doc-
uments of a complex text type, namely scientific
articles. To achieve this goal, several different
linguistic knowledge sources and auxiliary ana-
lyses on different linguistic levels are necessary.

Introduction

Automatic discourse analysis is an open research field
where various different approaches exist. Often, these
approaches deal with uncomplex, less structured texts
such as newspaper articles deriving their discourse struc-
ture as an application of a relational discourse theory.
Here, the analysis of discourse connectives like conjunc-
tions and adverbs in addition to morphological and syn-
tactic features of the input texts are used as bases for the
relational discourse parsing.

When analysing documents of more complex text
types, additional sources of knowledge are needed to de-
tect the relational discourse structure of the texts. In
our ongoing research project we are developing a dis-
course parser using the logical document structure, the
genre-specific text type structure and the thematic struc-
ture as abstract discourse markers in addition to the tra-
ditional discourse connectives and morpho-syntactic fea-
tures. The input of our parser are scientific articles as a
complex text type. Therefore, we built a corpus of 183
scientific articles from two different disciplines (psychol-
ogy and linguistics), two different languages (English
and German) and two different subgenres (experimental
and review). We assumed that all three factors have their
influences in the different text structures and therefore
also in the derivation of the relational discourse structure.

In Section 1, this paper first describes the linguis-
tic foundations of the different relevant text structures,
which we are analysing and processing in our project.
Proceeding from these theoretical foundations, in Sec-
tion 2 the architecture of our discourse parser is intro-
duced with its concrete analysis components and the re-
sulting discourse structure representation format.

1 Linguistic foundations

1.1 Logical document structure

Documents can be regarded as complex segments which
are hierarchically built up from smaller segments. In
a syntagmatic perspective documents are described by
grammars containing rules which define the way in
which segments can be combined to yield valid docu-
ments of a certain type. Moreover, the logical document
structure is an abstraction or presupposition of the graph-
ical layout structure of a document. According to the

document grammar, complex segments can be formed by
a compositional aggregation of adjacent segments.

1.2 Discourse structure

The discourse structure of a text can be represented by a
system of discourse coherence relations which hold be-
tween the individual segments of the text. In a relational
discourse theory these text segments are called “spans”
and include elementary discourse segments (EDSs) as
well as complex discourse segments (CDSs), which are
relationally structured themselves.

Several text type-independent discourse theories ex-
ist to represent and built up these discourse structures.
These are for example the Unified Linguistic Discourse
Model ULDM (Polanyi et al., 2004a; Polanyi et al.,
2004b), the Segmented Discourse Representation The-
ory SDRT (Asher and Lascarides, 2003; Asher and Vieu,
2005), and the Rhetorical Structure Theory RST (Mann
and Thompson, 1988; Marcu, 2000). In each theory the
discourse structure is represented by a hierarchy of sub-
ordinating or coordinating relations. But it is not com-
monly agreed whether the structure should be a graph or
a tree. In SDRT the discourse structure is represented by
a graph, in ULDM and RST a tree structure is used. In
our system we developed a tree-like discourse represen-
tation format based on RST, which, though, can contain
cross-references in some clearly defined cases. The spe-
cific format is further described in Section 2.2.

1.2.1 Set of rhetorical relations

While in ULDM the discourse tree only consists of
the two types of relations, subordination and coordina-
tion, in RST the nature of these relations can be further
described by labels of differently defined rhetorical re-
lations. In RST a subordinating relation is called “mo-
nonuclear” (or “hypotactic”) because it consists of ex-
actly one nucleus preceded or followed by one satellite
(Marcu, 2000; Corston-Oliver, 1998; Egg and Redeker,
2005). According to Carlson et al. (2001) the nucleus of
a rhetorical relation is “the more salient, essential piece
of information”. Coordinating relations are called “mul-
tinuclear” (or “paratactic”) consisting of two or more nu-
clei. 26 text type- and application-independent rhetor-
ical relations were introduced by Mann and Thompson
(1988) whereas they are at the same time open to be
adjusted for special text types or applications. Later
on, they have been grouped and classified by Hovy and
Maier (1995) and Carlson et al. (2001) to construct tax-
onomies of rhetorical relations; see also (Goecke et al.,
2005).

Investigations of our corpus of scientific articles and
manual test annotations have shown that some of these
relations are not relevant for our text type and some oth-



ers were missing or could be subclassified for our anno-
tation purposes. The resulting set of rhetorical relations
is hierarchically structured where each super-relation is
an abstraction of its sub-relations and can be used in-
stead by means of ambiguity. Also their relation types
are defined, whether they are mononuclear, multinuclear
or bi-nuclear, i. e. multinuclear with exactly two nuclei.

1.2.2 Discourse marker lexicon

As with the different discourse theories, there exist dif-
ferent approaches of discourse analyses and the construc-
tion of these formal discourse representations. In SDRT
the fully-fledged semantic representation of a discourse
segment is needed in a logical form for being combined
with other discourse segments by logical aggregation
methods. In RST the discourse segments (spans) are
plain text, whereas the aggregation of spans presupposes
knowledge about the meaning of these spans. As a com-
plete semantic interpretation is difficult in the computa-
tional analysis of discourse structures, other information
is used to anticipate the relation of two spans. This neces-
sary information is often obtained by auxiliary text ana-
lyses deriving linguistic properties such as discourse con-
nectives and morpho-syntactic features (Corston-Oliver,
1998; Marcu, 2000; Polanyi et al., 2004a).

To analyse the text of a scientific article and recognize
these clues of rhetorical relations, we manually devel-
oped (and further are extending) a set of lexical and also
abstract discourse markers which are indicating possible
rhetorical relations. Each discourse marker entry con-
sists of a cue, such as a pattern how the discourse marker
can be detected when appearing in a text, an optional fil-
ter, which defines additional obligatory conditions that
militate in favour of a rhetorical relation, and a set of
one or more rhetorical relations that possibly come along
with that discourse marker. Abstract discourse markers
or abstract ancillary conditions of lexical discourse mark-
ers are morpho-syntactic features that can be obtained by
an automatical grammatical tagger (see Section 2.3), and
also document-logical, thematic, and text type-specific
features as discussed in the following sections.

1.3 Thematic structure

The thematic structure is one component of two levels
of discourse structure. Using RST, it is possible to ana-
lyse and represent both levels, the local level — by an-
notating the relations between sequential elementary dis-
course segments — as well as the global level — by re-
lating complex discourse segments. Especially for these
last-mentioned relations across larger spans of text, the
relation Elaboration is particularly useful (Carlson et al.,
2001).

To perform these thematic structure analyses we will
use the lexico-semantic net GermaNet (Kunze and Lem-
nitzer, 2002) as one knowledge source, which indicates
semantic relations between concepts (see also Section
2.3). These can be used as cues for the recognition of the
ELABORATION-RELATION. For a detailed modelling of
thematic relations an extension of the ELABORATION-
RELATION with different subtypes is necessary. Based
on an analysis of our corpus we identified a set of dif-
ferent Elaboration subtypes, which are relevant for our
discourse annotation tasks.

The relation ELABORATION-IDENTITY holds be-
tween a nucleus and a satellite that share a referen-

tial identity, that are about the same discourse refer-
ent. On the one hand we distinguish between forms of
theme-theme or rheme-theme chaining (cf. Polanyi et al.
(2003)), on the other hand between ASSIGNMENT (of
a technical term or an abbreviation) and other forms of
specification, where the meaning of the theme in the nu-
cleus is expanded, restricted or specified by its satellite.
ELABORATION-SPECIFICATION is similar to the relation
ELABORATION-OBJECT-ATTRIBUTE as used by Carlson
and Marcu (2001).

ELABORATION-DERIVATION comprises all relations
between a nucleus and a satellite which are based on
topic derivation, composition, ontological subordination
or coordination. The subtypes of this relation are all
mentioned in various publications but have never been
grouped together (Mann and Thompson, 1988; Hovy and
Maier, 1995; Carlson and Marcu, 2001).

1.4 Text type structure

The genre-specific text type structure is a major clue
for the global argumentative and rhetorical structure of
a complex text. Discourse relations between text spans
on higher levels of discourse, such as section-combining
relations, are not usually signalled by lexical or grammat-
ical discourse markers. Text type-specific topic types as
described by van Dijk (1980), Swales (1990) and Teufel
(1999) include functional categories such as “introduc-
tion”, “background”, “method”, “result” and “conclu-
sion”.

These topic types act as functions between the as-
signed parts of the text and the text type of the whole
text. Therefore, the topic type of a text span can be
used as a clue for a rhetorical relation between this and
another text span. For instance a text span classified
as “conclusion” may be a satellite of a rhetorical rela-
tion “Result” within the discourse structure of the text.
Thus, a text type structure analysis, as already been real-
ized with automatic text categorisation methods (Kando,
1999; Teufel and Moens, 2002; Langer et al., 2004), is a
significant supplier of relational cues on a macro level of
discourse analysis.

To analyse and annotate the text type structure we
developed a hierarchically organised text type structure
schema of 135 topic types categories and, additionally,
automatically derived a reduced schema of 21 categories,
which is more suitable for an efficient and consistent an-
notation.

2 Discourse parser architecture

The architecture of the relational discourse parser, which
we are developing in our research project, is shown in
Figure 1. Its realization can be divided in three major ver-
sion steps. In each version the complexity of the parser
architecture will be increased and it takes more know-
ledge sources as input to guide its decisions. For the
representation and processing of the several knowledge
sources and the text linguistic analyses on the differ-
ent linguistic levels, text-technological XML-based for-
malisms and methods are employed.

The declarative knowledge sources are used in several
preprocessing steps by auxiliary analysis components to
analyse and annotate the input text. The discourse parser
itself takes these different annotations as its input and
may access the knowledge sources again according to its
parsing strategy. The output of the parser will be a set of
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Figure 1: Discourse parser architecture.

possible relational discourse structures of the input text
as discussed in sections 1.2 and 2.2.

In the following, the different knowledge sources, the
resulting output format of the parser and its architectural
structure consisting of the several analysis and parsing
components are discussed in more detail.

2.1 Knowledge Sources

For the version 1.0 of the discourse parser two main re-
sources are used as the knowledge sources for the auxil-
iary analysis components and the parser itself: the taxon-
omy of rhetorical relations (called “RRSet”), which we
described in Section 1.2.1, and the discourse marker lex-
icon of lexical, morpho-syntactic and abstract discourse
markers, which indicate hypotheses of rhetorical rela-
tions (called “DMList”), described in Section 1.2.2. For
both sources purpose-built XML representation formats
have been developed. The taxonomy of elaboration rela-
tions described in Section 1.3 is part of the set of rhetor-
ical relations and therefore also included in the RRSet.

For versions 2.0 and 3.0 of the parser the text type
structure schema described in Section 1.4 is also pro-
vided as XML. Additionally, a domain ontology of
discipline-specific terms is to be developed as an addi-
tion or extension of the lexico-semantic net for German
GermaNet (Kunze and Lemnitzer, 2002) and the linguis-
tic terminological ontology GOLD (Farrar and Langen-
doen, 2003).

2.2 Discourse structure representation

To represent the resulting relational discourse structure
of our parser an XML format has been developed. It is
called the HP format where HP stands for the two central
relation types: hypotactic (mononuclear) and paratactic
(multinuclear) rhetorical relations. In contrast to the Un-
derspecified Rhetorical Markup Language URML (Reit-
ter and Stede, 2003), where the basic tree structure of the
discourse analysis is accomplished by XML ID referenc-
ing techniques, the HP format uses the given XML doc-
ument structure to represent the discourse tree. Thus, the
HP format is not just a data format to store the discourse
structure information but a text-technological annotation

of the underlying input text.

Since scientific articles are long and highly struc-
tured natural language texts, there are some peculiarities,
where the basic tree structure is insufficient. These com-
prise “dislocated satellites”, like footnotes and floating
objects such as figures and tables, which are not adjacent
to their nuclei, “embedded satellites”, like parentheses or
other rhetorically relevant insertions, and “multiple de-
pendencies”, where secondary but relevant rhetorical re-
lations overlap with the relations of the basic discourse
structure. To handle these clearly defined extensions to
the main tree structure, special elements and XML ID
referencing techniques are introduced.

2.3 Discourse parser components

The component to analyse the “Logical Document Struc-
ture” takes a scientific article as input and generates a
logical document structure annotation encoded in an ex-
tended subset of the DocBook format (Walsh and Muell-
ner, 1999). The “Lexical DM Annotation” component
uses the knowledge of the DMList to annotate discourse
markers occurring in the input text. The “Morphol-
ogy and Syntax” component uses the grammatical tag-
ger Machinese Syntax by Connexor Oy, based on the
Functional Dependency Grammar by Tapanainen and
Jarvinen (1997), to analyse and annotate morphological
and sentence-syntactic features. The output of this tool is
converted to a customized XML representation required
by our parsing system. Finally, the “EDS Segmenta-
tion” component is a discourse segmenter, which seg-
ments the input text into elementary, sentence and com-
plex discourse segments using the discourse marker lexi-
con, punctuation and morpho-syntactic features as know-
ledge sources to detect the boundings of the discourse
segments.

For versions 2.0 and 3.0 the parser needs three addi-
tional auxiliary analysis components. The “Topic Iden-
tification and Thematic Progression” component analy-
ses the text according to thematic and text type clues
(see sections 1.3 and 1.4). The results of these analy-
ses are also used for the thematic structure analysis in
the “Thematic Segmentation” component and for the text



type structure analysis in the “Topic Type Identification”
component.

All analysis components output a corresponding XML
annotation of the input text. This set of primary data
identical annotations yields a multi-layered XML repre-
sentation (cf. Witt et al. (2005)), which is the input of the
discourse parser. The discourse parser itself uses a boot-
strapping technique to iteratively generate new or revised
XML annotation layers based on the available input an-
notation layers. The final output format of the parser will
be a set of possible rhetorical discourse structures in the
HP format described in the previous Section 2.2. For the
parsing process a shift-reduced algorithm is used, which
is based on an approach by Marcu (2000).

3 Summary

In this paper we described the linguistic foundations and
our resulting development and design decisions in the
process of realizing a relational discourse parsing sys-
tem for complex texts. We described the problems which
arose from analysing the different linguistic levels of sci-
entific articles and possible solutions. We are currently
developing the version 1.0 of the parsing system.
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