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Abstract

We present a new approach to topological pars-
ing of German which is corpus-based and built
on a simple model of probabilistic CFG parsing.
The topological field model of German provides
a linguistically motivated, flat macro structure
for complex sentences. Besides the practical as-
pect of developing a robust and accurate topo-
logical parser for hybrid shallow and deep NLP,
we investigate to what extent topological struc-
tures can be handled by context-free probabilis-
tic models. We discuss experiments with sys-
tematic variants of a topological treebank gram-
mar, which yield competitive results.!

1 Introduction

We present a new approach to topological pars-
ing for German which is corpus-based and built
on a simple model of probabilistic CFG pars-
ing. Topological parsing is of special interest
for shallow pre-processing of languages like Ger-
man, which exhibit free word order and the so-
called verb-second (V2) property. The topologi-
cal field model (Hohle, 1983) is a theory-neutral
model of clausal syntax that provides a linguis-
tically well-motivated, but flat macro structure
for complex sentences. As opposed to chunk-
based partial parsing, the topological model is
compatible with deep syntactic analysis, and
thus perfectly suited for integrated shallow and
deep NLP, by guiding deep syntactic analysis
by partial, topological bracketing (Crysmann et

!The ideas that led to this paper grew from discus-
sions with Feiyu Xu and Jakub Piskorski. The work
was in part supported by a BMBF grant to the DFKI
project WHITEBOARD (FKZ 01 IW 002). Special thanks
go to Bernd Kiefer for providing us with a CFG parser
and for his support in technical issues, and to Hubert
Schlarb and Holger Neis for manual correction of our
test corpus.

al., 2002), or for pre-structuring of complex sen-
tences for chunk-based processing (Neumann et
al., 2000), as a divide and conquer strategy.

Previous approaches to topological parsing
of German make use of hand-coded gram-
mars (Wauschkuhn, 1996; Braun, 1999). In
this paper we pursue a corpus-based, statisti-
cal approach, aiming at a robust parser with
high accuracy. We make use of a treebank-
induced probabilistic non-lexicalised CFG, fol-
lowing (Charniak, 1996). While this simple
model is clearly outperformed by more refined
stochastic models for full constituent-structure
parsing,? our experiment is interesting in show-
ing that for topological parsing a robust parser
with high accuracy figures can be obtained with
a standard stochastic model of non-lexicalised
context-free treebank grammars.

Topological structures are partial or under-
specified in that they do not encode internal
structure and demarcation of subsentential con-
stituents, i.e. NP, AP, PP or VP constituents.
Topological base clauses® are characterised by
morphological and categorial properties. Still,
the topological parsing task is not trivial, in
that the boundaries and relative embedding of
base clauses and the demarcation of fields in
general are not deterministic, and also lexically,
or semantically determined. Thus, the com-
plexity of topological parsing lies somewhere
between chunk parsing and full constituent-
structure parsing. The interesting question we
are exploring in our approach is whether this
type of syntactic structure can be successfully
dealt with using a non-lexicalised PCFG model.

The aim of this paper is three-fold. Besides
the practical aspect of (i) developing a robust

’E.g. (Collins, 1997) and later work, see (Belz, 2001).
31.e. sentential clauses, see Section 2 for more detail.



and accurate topological parser, to be used for
integration with deep syntactic analysis or for
cascaded shallow analysis systems, we (ii) in-
vestigate how well topological structures can
be modeled by context-free probabilistic gram-
mars, while (iii) trying to detect specific phe-
nomena that require more sophisticated models.

The paper is structured as follows. In Sec-
tion 2 we present the field model for German
and describe the creation of a topologically
structured treebank, which we derive from the
NEGRA corpus (Brants et al., 1997). Section 3
discusses previous work. Section 4 describes our
corpus-based stochastic approach to topological
parsing. In Section 5 we introduce formal vari-
ants of our treebank grammar, which illustrate
problematic aspects in topological stochastic
parsing, and possible strategies to their solu-
tion. Section 6 presents the testing setup and
evaluation results for different grammar vari-
ants. The results are analysed in detail in Sec-
tion 7. Section 8 concludes.

2 A Topological Corpus of German

German sentence structure is traditionally anal-
ysed in terms of its “field” or topological struc-
ture, which is determined by the position of the
finite verb in left (LB) or right (RB) bracket
position (1). In main clauses the finite verb
typically occupies the second constituent posi-
tion, following the so-called “Vorfeld” (VF) (V2
clauses). The Vorfeld can be missing in yes/no
questions or embedded conditional clauses (V1
clauses), as well as in subordinate clauses with
complementizer. In subordinate clauses the
complementizer (or wh-/rel-phrase) demarcates
the LB position, the finite verb is in RB po-
sition (VL clauses). Arguments and modifiers
between LB and RB occupy the “middle field”
(MF), extraposed material is found to the right
of the right bracket, in the “Nachfeld” (NF).

(1) | Vorfeld Left (LB) Middle Right (RB) Nachfeld
(VF) Bracket Field Bracket (NF)
V2 |topic/ finite args/ (verbal extraposed
wh-phr. verb adjs  complex) constituents
V1 |- finite args/ (verbal extraposed
- verb adjs  complex) constituents
VL |- compl args/ (verbal extraposed
wh-phr. - complex)
rel-phr. - adjs  +finite constituents
verb constituents

All modern theories of syntax rely — in one way
or the other — on this descriptive model of Ger-
man sentence structure. It is thus straightfor-
ward to define mappings from topological to
deep syntactic structures of almost any syn-
tactic framework. Its compatibility with deep
syntactic analysis makes topological syntactic
structure an ideal candidate for interleaving of
shallow and deep NLP (Crysmann et al., 2002).
For our corpus-based approach, no topo-
logically annotated corpus of German was avail-
able. The NEGRA treebank (Brants et al., 1997),
a large annotated corpus of German newspaper
text, follows an annotation scheme which com-
bines structural and dependency annotations.
However, the crucial topological clues, in partic-
ular the distinction between fronted or clause-
final verb position, as well as the delimitation of
pre-, middle- and post-fields are not encoded.
To derive a topological “treebank grammar”
from the NEGRA corpus, we applied the tree-
bank conversion method of (Frank, 2000). This
method is built on a general tree description lan-
guage, and allows the definition of fine-grained
rules for structure conversion. Conversion rules
specify partial structural constraints and ac-
tions for tree modifications, which are applied
by removing or adding tree description predi-
cates from the trees that satisfy the constraints.
We derived a topological corpus from the
NEGRA treebank, by defining linguistically in-
formed conversion rules which exploit addi-
tional annotations in the corpus, i.e. indirect
linguistic evidence, to assign topological clues.
In a second step we induced topological struc-
tures by flattening irrelevant internal structure
within topological fields and introducing topo-
logical category nodes DF, VF, MF, and NF as
well as LB and RB for left and right brackets.*
Basic clauses are marked with labels CL which
expand to various patterns of DF, VF, LB, MF,
LB, and NF nodes. Basic clauses can be em-
bedded within phrasal fields VF, MF, NF. The
resulting structures give (i) an internal struc-
ture of basic clauses in terms of fields which
are internally flattened to POS sequences, and
(ii) an overall hierarchical structure of clausal
embedding, including coordination. (2) gives
an example of a complex topological struc-

“DF marks a special “discourse field” preceding VF, as
in Naja, er kommt halt spiter—Well, he will come later.



(2) oL-va
VF-TOPIC $ LB-VFIN MF RB-PTK NF
\ s \ 7 T~ \ \
CL-WH VVFIN NE ART NN PTKVZ CL-INF
wies Souza die Polizei an
VF-WH MF RB-VFIN MF RB-VINF NF
\ / \ , \
PWAV NE VVFIN ART NN PTKZU VVINF CL-REL
Wie BBC meldete den Hiuptling zu fassen
$ VF-REL MF RB-VFIN
’ [
PRELS PRF VVPP  VVFIN
der sich versteckt halt
As BBC reported ordered Souza the police the chieftain to catch who himself hidden keeps

ture. It illustrates the use of parameterised
category nodes, which distinguish various types
of clauses: CL-V2,-V1,-INF,-REL,-WH, pre-fields:
VF-TOPIC,-WH,-REL, left: LB-COMPL,-VFIN and
right brackets: RB-VFIN,-VINF,-VPART,-PTK.
The automatically derived topological corpus
is used for extraction of a stochastic treebank
grammar with reserved development and test
sections. The test corpus was manually checked
and corrected by two independent annotators.
Manual correction of the test section yielded
93.0% labelled precision and 93.7% labelled re-
call of the automatic conversion procedure.

3 Topological Parsing of German

While partial parsers for detection of clausal
structure are now available in many varieties
and for many languages,® this type of pars-
ing approach has always been considered dif-
ficult for languages like German. (Wauschkuhn,
1996) was among the first to present a par-
tial parser for German. In a first step, the
coarse syntactic clause structure is detected, us-
ing indicators like verbs, conjunctions, punctu-
ation, etc. A fine grained analysis is carried out
in the second step, by grouping the remaining
fields into sequences of minimal ”base” NPs or
PPs. The analysis is still partial in that attach-
ments of base NPs and PPs are not determined.
The grammar is defined as a CFG with feature
structures, where grammar rules are annotated
with manually adjusted weights for parse rank-
ing. Grammar rules, including the associated
weights, are handcoded. (Wauschkuhn, 1996)
reports coverage of 85.7% for clausal analysis.
No figures are given for precision or recall.
(Braun, 1999; Neumann et al., 2000) report
an approach to topological parsing of German,
based on cascaded finite state automata. In

5See for example (Ait-Mokhtar and Chanod, 1997;
Gala-Pavia, 1999) for English, French, and Spanish.

a first pass, possible verb groups are identi-
fied. A second pass identifies subordinate clause
structures, using similar cues as (Wauschkuhn,
1996). (Braun, 1999) carried out an evalua-
tion over 400 sentences and reports coverage of
94.3%, precision of 89.7% and recall of 84.75%.

While these approaches are similar to our
work in inducing topological structure from key
linguistic indicators, they suffer from several
problems. (i) Hand-coding of rules is labori-
ous® and likely to miss out rare or exceptional
phenomena, including ungrammatical construc-
tions. (ii) Ambiguities are either resolved by
manually assigned weights, or simply by using
a greedy strategy (Braun, 1999). (iii) These ap-
proaches heavily exploit prescriptive punctua-
tion rules. This is problematic for performance
influenced deviations from standard punctua-
tion or less standardised text sorts, leading to
either a loss of coverage, or accuracy.

4 A Stochastic Topological Parser

In response to these problems we investigate a
corpus-based, stochastic approach to topological
parsing. It has been demonstrated? that sto-
chastic parsing can achieve high figures of ro-
bustness and accuracy, while mostly restricted
to purely constituent-based syntactic analysis.
For our task of topological parsing, we in-
vestigate the adequacy of the very simple, non-
lexicalised model of (Charniak, 1996), if applied
to rather flat, topological structures. Qur work-
ing hypothesis was that the model should per-
form well, even if not lexicalised, since (i) there
are less attachment decisions, due to the rather
flat target structures. (ii) Topological struc-
tures as such, as well as attachment decisions for
base clauses are less dependent on lexical infor-
mation, than, e.g., attachment of PPs. Finally,
(iii) a corpus-based stochastic grammar has a

SWauschkuhn uses 366 rules for clausal analysis.






