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Abstract

The paper argues that morphological disam-
biguation is a crucial step for assignment of de-
pendency structures. Quantitative evaluation
on a German corpus shows that morphological
disambiguation of NPs together with syntactic
heuristics yields unique morphological analyses
for the assignment of dependency relations to
German NPs in 77.08% of all cases.

1 Introduction

The research reported here is part of a larger
project on the development of a robust pars-
ing scheme GRIP (GeRman Incremental Pars-
ing) that uses the Xerox Incremental Deep Pars-
ing System (XIP) (Ait and Chanod and Roux,
to appear) and provides syntactic annotation
in an incremental fashion: after textual input
is tokenized, morphologically analyzed and dis-
ambiguated, syntactic annotation is added in
two distinct stages of processing. First, a chunk
parser provides a partial constituent analysis.
In a second stage, the chunked input is further
annotated by dependency links that reflect the
function-argument structure for each chunked
clause. This latter stage of processing is in-
spired by ideas originating in frameworks of de-
pendency grammar which express grammatical
relations as independent notions, rather than as
a secondary concept derivable from constituent
structure only.!

The current paper addresses one specific sub-
task in the overall GRIP parsing scheme: mor-
phological disambiguation. We will demon-
strate that morphological disambiguation is a
crucial step in narrowing down the search space

'For recent applications of dependency grammars to
syntactic annotation and parsing see, among others,
Tapanainen and Jarvinen (1994) and Duchier (1999).

for the correct assignment of dependency struc-
tures, particularly for languages with rich in-
flectional morphology. Furthermore, we will de-
scribe in detail the customized disambiguation
rules of XIP that provide the necessary compu-
tational tools to efficiently carry out morpho-
logical disambiguation.

The importance of morphological disam-
biguation has been recognized by a number of
researchers, in particular to improve the accu-
racy of morphological analysis (Oflazer, 1997)
and of part-of-speech tagging (Hajic, 2001),
(Voutilainen, 1995). We will compare our ap-
proach to this previous body of research in de-
tail in section 4.

2 Incremental Syntactic Annotation

Due to its incremental nature, GRIP crucially
relies on the accuracy of annotation at previous
levels. Chunking will depend on the accuracy
of part-of-speech disambiguation, while depen-
dency parsing relies crucially on the structure
of the pre-chunked input and on the morpho-
logical properties of individual chunks. For ex-
ample, in order to determine the subject of a
clause, case and number information associated
with the NP chunks that occur in the clause is
of primary importance. For languages with rich
inflectional morphology, it can often be difficult
to determine such case and number information
uniquely since one and the same word form may
be associated with more than one combination
of case, number and gender values. Consider
the German sentence in (1):

(1) Die Politiker gaben verdienten
the politicians gave worthy
Beamten und Lohnempfingern ein
civil servants and wage recipients a
hoheres Gehalt.
higher salary



“The politicians gave worthy civil servants
and wage recipients a higher salary.’

The only morphologically unambiguous noun
phrase in (1) is the NP Lohnempfingern with
the unique analysis Noun+Masc+Pl+Dat. As
shown in (2)—(4), the lexical nodes for all other
NPs in the sentence are morphologically many
times ambiguous. The analyses are provided
by the morphological analyzer for German de-
veloped by the Xerox Research Centre Europe
(XRCE).2

(2)

Die Pron+Dem+FMN+P1+NomAcc
Die Pron+Dem+Fem+Sg+NomAcc
Die Pron+Rel+FMN+Pl+NomAcc
Die Pron+Rel+Fem+Sg+NomAcc
Die Det+Def+Fem+Sg+NomAcc+St
Die Det+Def+FMN-+P1+NomAcc+St
Politiker  Noun+Masc+Sg+NomAccDat
Politiker  Noun+Masc+Pl+NomAccGen

For example, the noun Politiker has a unique
value only for gender (Masc). Number and case
values are not unique and co-vary.®> The pre-
ceding token die exhibits a three-way word class
ambiguity between a determiner reading (Det),
a demonstrative pronoun reading, and a rela-
tive pronoun reading. The latter two will in
all likelihood be eliminated by a reliable part-
of-speech tagger. However, even for the remain-
ing determiner reading there are several distinct
readings: die, taken in isolation, can be (i) nom-
inative or accusative, singular, feminine, or (ii)
nominative or accusative plural for any gender.*
However, in the context of the following noun
Politiker, only the latter reading is valid since
it matches the gender specification of the noun.
In the other direction, the determiner also helps
to partially disambiguate the contextually valid
readings of the noun by retaining as possible
values of case nominative and accusative. The
discussion of this first example shows the nature

An  on-line demo version of the XRCE
morphological analyzer is available at
WWW.Xrce.xerox.com/competencies/content-analysis/
demos/german.de.html.

3The morphological tag NomAccGen stands for nomi-
native, accusative or genitive.

“The morphological tag FMN stands for any gender.

of this kind of contextual morphological disam-
biguation: lexical nodes within the same NP
mutually constrain each other as to the set of
possible readings.

While example (2) requires identity of case,
number and gender values between determiner
and noun, other combinations of lexical cate-
gories require distinct values for certain mor-
phological features.® In German, word forms
for adjectives and determiners can be classified
as belonging to either weak or strong declension
classes.® For example, all forms of the definite
determiner der belong to the strong declension
class, while the paradigm of the indefinite de-
terminer ein is split between weak and strong
forms. In addition, some nouns, in particular
those derived from adjectives like Beamter, also
exhibit a distinction between weak and strong
forms.

If determiners co-occur with adjectives and
nouns in the same NP, adjective and noun
agree in declension class, whereas the declen-
sion value of the determiner is the opposite.
The NP ein hoheres Gehalt and the set of can-
didate analyses in (3) demonstrate this. The
only contextually valid reading is the sequence
Det+Indef+Neut+Sg+NomAcc+Wk, Adj+Neut+Sg
+NomAcc+St, Noun+Neut+Sg+NomAcc.

(3)

ein Det+Indef+Masc+Sg+Nom+Wk
ein Det+Indef+Neut+Sg+NomAcc+Wk
hoheres  Adj+Neut+Sg+NomAcc+St

Gehalt  Noun+Neut+Sg+NomAccDat
Gehalt  Noun+Masc+Sg+NomAccDat

The morphological analysis for the NP in (4)
exemplifies agreement of declension values be-
tween adjective and noun. In this case the set
of contextually valid readings is still quite large
since all adjectival readings that are compatible
with the gender specification of the noun will be

5Even for determiners and nouns, identity of case,
number and gender values is sometimes too strong a con-
straint. If the determiner is realized by a relative pro-
noun as in dessen Mutter ("whose mother’), a mismatch
in case values needs to be allowed.

5For a comprehensive study of the distributional
properties of weak and strong forms in German NPs see
Zwicky (1986).



retained. However, further pruning of contextu-
ally valid readings is possible. If noun phrases
do not include an overt determiner, as in (4),
then only strong forms are grammatical, and
all weak forms can be eliminated. Furthermore,
in example sentence (1), the NP in (4) is coor-
dinated with the NP Lohnempfangern, which is
unambiguously Noun+Masc+P1+Dat. Since con-
joined NPs have to agree in case, the noun in (4)
also has to be Dat. Thus, the only contextually
valid reading for the NP in (4) is the sequence
of morphological tags Adj+Masc+Pl+Dat+St,
Noun+Masc+P1+Dat+St.”

(4)

verdienten Adj+Fem+Sg+DatGen+Wk

verdienten Adj+Masc+Sg+AccGen+StWk
verdienten Adj+Masc+Sg+Dat+Wk

verdienten Adj+Neut+Sg+Gen+StWk

verdienten Adj+Neut+Sg+Dat+Wk

verdienten Adj+FMN+Pl+NomAccDatGen+Wk
verdienten Adj+FMN+PIl+Dat+St

Beamten  Noun+Masc+Sg+AccGen+StWk
Beamten Noun+Masc+Sg+Dat+Wk

Beamten Noun+Masc+PIl+NomAccDatGen+Wk

Beamten Noun+Masc+Pl+Dat+St
3 Guiding Dependency Parsing by
Morphological Disambiguation

The preceding discussion was designed to pro-
vide an overview of some of the empirical is-
sues involved in morphological disambiguation
for a morphologically rich language like Ger-
man. The present section will demonstrate the
utility of morphological disambiguation for fur-
ther incremental syntactic annotation.

Consider once again our example sentence in
(1). The ultimate goal for syntactic annotation
with the XIP System is to assign a dependency
structure to the input sentence. As an interme-
diate stage, the input is chunked into major con-
stituents. This chunked structure then serves as
input to the dependency analysis.

The intended dependency structure output
based on the chunked structure is shown in (5).8

"The morphological tag FMN, which stands for any
gender, is disambiguated for the adjective as Masc due
to the gender specification on the noun.

8 Apart from NP chunking, the structure in (5) labels
the topological fields of the clause. Such a topological
field analysis is useful for identifying the overall structure

(6) {VF {NP#1 Die  Politiker}}
{LK#2 gaben} {MF {NP#3 ver-
dienten ~ Beamten} und {NP#4
Lohnempfangern} {NP#5 ein hoheres
Gehalt}}.

SUBJ(#2,#1), OBJ_dir(#2,#5),
OBJ_indir(#2,#3), OBJ_indir(#2,#4)

In GRIP, the dependency analysis is con-
structed with the aid of lexical resources such
as CELEX and IMS-LEX which provide subca-
tegorization information for German verbs. A
simplified entry of the information that CELEX
provides for the lemma geben is shown in (6).

(6) geben +VERB+Aux H+Acc_.Comp+
+Dat_Comp+Comp_Subj

The key to identifying the correct dependency
links is to try to match the case specifications
inherent in the chunk analysis with the subca-
tegorization information provided by the lexi-
cal entry of the main verb. Here is where mor-
phological disambiguation plays a crucial role.
In the previous section, we discussed how co-
occurring lexical nodes mutually constrain the
set of contextually valid morphological interpre-
tations. For the four NPs in sentence (1), the
set of analyses shown in (7) will be retained.

The remaining ambiguities concern the case
values of the NPs verdienten Beamten, die Poli-
tiker and ein hoheres Gehalt. As discussed be-
fore, wverdienten Beamten is coordinated with
the NP Lohnempfangern; thus, the former is un-
ambiguously Noun+Masc+P1+Dat. The NPs die
Politiker and ein hoheres Gehalt can be either
nominative or accusative case. Thus, in princi-
ple, both NPs can serve as either the subject or
direct object of the finite verb. However, this
ambiguity can be resolved due to subject-verb
agreement. Since the finite verb is plural, only
the plural NP die Politiker can be the subject,
and the NP ein hoheres Gehalt should be the
direct object.

of the clause (see Hinrichs et al. (2000) for details).

The node structure in (5) is grossly oversimplified: it
leaves out morphological information percolated up from
the daughter nodes. How such morphological informa-
tion is percolated to the phrasal nodes will be explained
in detail in section 5.



(7)

Die Det+Def+Masc+PI+NomAcc+St

Politiker Noun+Masc+P14+NomAcc

verdienten Adj+Masc+Pl+Dat+St
Adj+Masc+Sg+AccGen+St

Beamten Noun+Masc+P1+Dat+St
Noun+Masc+Sg+AccGen+St

Lohnem- Noun+Masc+P1+Dat

pfangern

ein Det-+Indef+Neut+Sg+NomAcc+Wk

hoheres Adj+Neut+Sg+NomAcc+St

Gehalt Noun+Neut+Sg+NomAcc

What this example has shown is that mor-
phological disambiguation in conjunction with
other morpho-syntactic constraints such as
subject-verb agreement can effectively reduce
the number of candidate readings and uniquely
determine the dependency structure to be as-
signed. In the remainder of the paper we
will discuss how the XIP System provides the
necessary computational environment to effi-
ciently carrying out morphological disambigua-
tion.

4 Implementing Morphological
Disambiguation

XIP provides two types of disambiguation rules:
ordinary disambiguation rules (ODRs), which
can eliminate readings for a single lexical node
on the basis of left and/or right contexts of
the token, and double reduction rules (DRRs),
which simultaneously reduce readings of se-
quences of tokens. The entire rule set is orga-
nized by levels, which determines the order of
application. FEach level may consist of one or
more rules of one kind.® However, it is not re-
quired that all ODRs precede all DRRs, or vice
versa.

The general format for ODRs is shown in (8).

(8) readings_filter = |left_context|
selected_readings |right_context|.

The left side of the rule specifies to which
readings of lexical nodes the disambiguation
rule should apply. As the name suggests, the

°If at a given level, more than one rule is applicable
to a lexical node, the rule specified first in the rule file
takes precedence.

field selected readings will specify a proper sub-
set of the readings that are specified in the field
readings filter. The optional left and right con-
text specifications constrain the environments
under which the rule will apply. The effect of
such a disambiguation rule can best be demon-
strated by an example:'?

(9) det, pron = det |adj*, noun|.

The rule in (9) applies to lexical tokens which
have determiner and pronoun readings and re-
tains only the determiner reading if the token
is followed by any, including zero, number of
adjectives and a noun.

While ODRs reduce the contextually valid
readings for a single lexical node, DRRs simulta-
neously reduce readings of sequences of tokens.
The latter type of rules is therefore used for sim-
plifying the candidate morphological analyses of
lexical nodes that make up phrasal categories.

The general format for DRRs is shown in (10).

(10) |node_sequence| = boolean_constraints.

(11) instantiates the DRR schema to the dis-
ambiguation rule needed for German to elimi-
nate all readings of adjectives and nouns that do
not match. The pattern matching algorithm of
the XIP System will ensure non-deterministic
application of the rule to each adjective that
precedes a noun in a left-to-right fashion.

(11)  [adj*, adj#1, adj*,
(#1[agr] = #2agr]).

The condition on the right-hand side of the
rule (with the identity operator :) enforces
strict identity of agreement features between
adjective and noun, with agreement consisting
of the gender, number and case features for
each node. Therefore, the rule has the effect of
eliminating all readings of adjective and noun
sequences with conflicting agreement features.
However, if the nodes in question have no com-
mon readings to start with, then no readings are
eliminated.

noun#2 | =

19Compared to the actual rules used in the GRIP rule
set, all ODRs and DRRs stated in this section have been
simplified for expository purposes. The actual rules con-
tain much more fine-grained context patterns that take
into account what optional elements may intervene be-
tween the actual nodes that are being compared.



The rule in (12) accounts for the distinct
declension class values required for contextu-
ally valid patterns of determiners and adjectives
that we discussed in detail in section 2 above.

(12) |det#1, adj*, adj#2, adj*, noun| =
(#1[agr] = #2[agr]) & (#1[decl] ~:
#2[decl]).

If there is no determiner in front of a sequence
of an adjective and a noun, then all weak read-
ings of the adjective and the noun should be
eliminated. This is handled by rule (13):

(13) |?[det:~], adj*, adj#1, adj*, noun#2| =
(#1[agr] == #2[agr]) & (#1[decl: St]) &
(#2[decl: St]).

Rules (12) and (13) illustrate another fea-
ture of the expressivity of DRRs in XIP: the
constraint on the right-hand side of the DRR
may contain any combination of Boolean op-
erators (disjunction, conjunction and negation
of features) that can be expressed in the sys-
tem. To force distinctness of declension values
the negated equality operator ~: is used.

The full expressivity of DRRs makes it pos-
sible to state conditions on contextually valid
morphological readings as succinctly as possi-
ble. This is one of the main advantages of
the present approach over previous frameworks
for morphological disambiguation.!! ~ While
the framework of constraint grammar used by
Voutilainen (1995) permits Boolean constraints,
it lacks an equality operator and the use of vari-
ables over features on adjacent nodes. This, in
turn, means that constraints cannot be gener-
alized, but have to be stated in a case by case
fashion. While this may be tolerable for lan-
guages like English, it will lead to an explosion
of rules for languages like German with richer
morphological paradigms.

Hajic (2001) and Oflazer (1997) do not con-
sider agreement phenomena of the sort treated
here. Therefore, it is difficult to tell whether
the syntax of their disambiguation rules is rich
enough to accommodate the same level of gen-
erality provided by the XIP DRRs.

"Ppetkevic (2001) seems to envisage rules similar to the
ones used in XIP. However, he does not provide any for-
mal specification or semantics for disambiguation rules,
which makes a precise comparison difficult.

Another important feature of XIP is that
ODRs and DRRs can be freely mixed. In fact,
mixing of the two rule types is often necessary.
For example, as a result of an earlier applica-
tion of DRRs, clauses often contain only one
head noun that can be nominative. The other
cases for this one noun can then be eliminated
by an ODR. This reduction of readings on the
head noun can, in turn, lead to a further reduc-
tion of the other lexical nodes (e.g. preceding
determiners and adjectives) that belong to the
same noun phrase.

5 Percolation of Morphological
Features and Putting it all
Together

As mentioned above, the dependency analysis
takes as input the output of the chunk parser
and tries to link nodes of the chunked tree by de-
pendency relations. For example, chunked NPs
are linked to the finite verb via grammatical re-
lations such as subject, direct object and indirect
object, depending on the morphological features
present on the NP nodes. This section will ex-
plain how the contextually valid morphological
analyses for the lexical nodes that make up an
NP can be percolated up to the NP node during
chunking.

The chunker uses non-recursive rewrite rules
to combine the lexical nodes that make up an
NP, after these nodes have been disambiguated
by the use of ODRs and DRRs. The desired
percolation of morphological features onto the
mother node is carried out by side conditions on
the rewrite rules that are specified by Boolean
constraints analogous to those shown in the pre-
vious section for DRRs.

The resulting interaction between ODRs,
DRRs and chunking rules can best be illus-
trated by the chunk analysis for one of the
NPs of our original example (1). Fig. 4 shows
the input to morphological disambiguation for
the NP wverdienten Beamten, with 25 candi-
date readings for the adjectives and 10 for the
noun. The relevant DRR (13) eliminates non-
shared readings and all weak readings for ad-
jective and noun. Furthermore, the syntac-
tic heuristic for conjoined NPs eliminates the
non-dative readings for adjective and noun.
As a result, the output of morphological dis-
ambiguation will retain only one analysis for



each lexical node: Adj+Masc+Pl+Dat+St and
Noun+Masc+P1+Dat+St. The chunker then com-
bines adjective and noun into an NP and per-
colates the agreement features of the remaining
contextually valid reading onto this NP node.

Since XIP allows the inclusion of features on
non-terminal nodes for chunking rules, readers
might wonder why narrowing down contextually
valid readings has to be done prior to chunk-
ing by the special-purpose mechanism of DRRs
and could not, instead, be done during chunking
by appropriate Boolean constraints on chunk-
ing rules. However, the latter is beyond the
functionality of chunking rules, which do not al-
low to eliminate readings when forming chunks
on the basis of feature values. Notice also that
most chunk parsers do not allow the introduc-
tion of features on non-terminals and require,
instead, that all non-terminals are atomic sym-
bols. For such chunk parsers, the only option
would be to create distinct non-terminal sym-
bols for each combination of agreement values,
resulting in a proliferation of phrasal and lexi-
cal categories and accompanying rule sets. The
functionality of DRRs for such chunk parsers
would therefore be at least as desirable as for
XIP in order to reduce the processing load of
chunk parsing.

6 Quantitative Evaluation

At present, GRIP contains a total of 106 DRRs
which aim at morphological disambiguation of
German noun phrases. Coverage of the rules
includes prenominal agreement (with determin-
ers, adjectives, cardinals, measure phrases, par-
ticipial premodifiers, etc.), head-pronoun agree-
ment for relative clauses, case agreement with
prepositions, subject-verb agreement, agree-
ment in complex proper names and titles, as
well as simple nominal coordinations. The main
reason for concentrating on noun phrase disam-
biguation is that it is the most crucial source
of ambiguity for the subsequent assignment of
dependency structure.

GRIP’s morphological disambiguation com-
ponent was evaluated on a corpus of 5732 to-
kens extracted from the taz newspaper corpus
(taz, 1999). This test corpus contains a total of
1571 noun phrases. The corpus was automati-
cally annotated by the XRCE morphological an-
alyzer for German and then manually corrected

so as to provide a gold standard for the present
evaluation. The corpus has an average num-
ber of 3.68 distinct readings per token. 45.18%
of all tokens are morphologically unambiguous.
For lexical nodes that are contained in noun
phrases, the average number of distinct read-
ings is significantly higher: 6.08 per token; and
only 13.00% of the nodes have a unique analysis.
The fact that NPs exhibit a much higher than
average degree of ambiguity further attests to
the priority that has to be given to morpholog-
ical disambiguation of NPs.

6.1 Morphological Disambiguation

DRRs apply to noun phrases with two or more
lexical nodes. For this class of noun phrases,
application of all DRRs results in an average of
1.55 contextually valid readings for the nomi-
nal head of the NP (compared to an average of
5.51 readings in the input). This corresponds
to a 71.87% reduction of readings. Fig. 1 shows
the distribution of the number of disambiguated
readings for noun phrases with two or more lex-
ical nodes.

percentage
1 reading 58.65%
2 readings 34.31%
> 3 readings 7.04%

Figure 1: Results of DRR Application

Thus, in 92.96% of all cases, at most two
readings are retained, with more than half of
all noun phrases uniquely disambiguated. How-
ever, for reliable assignment of dependency rela-
tions, a remaining ambiguity rate of more than
40% is not acceptable. Thus, further morpho-
logical disambiguation is necessary.

6.2 Adding Syntactic Heuristics

For the NPs that retain more than one valid
analysis after DRR application, the syntactic
environment in which they occur in the corpus
can help to further disambiguate them. Notice
also that DRRs will only apply to noun phrases
consisting of more than one lexical node that ex-
hibits inflectional morphology. DRRs will there-
fore not apply to single-element NPs such as
relative or personal pronouns. In order to dis-
ambiguate such single-element NPs and to fur-
ther disambiguate complex NPs, GRIP employs
syntactic heuristics stated in the form of ODRs.



Description of Syntactic Heuristic Case value Percentage

The NP is the only one in a finite clause (then it is the single candi- Nom 16.57%
date for subject).

A noun with feature City or Country is preceded by a preposition in. Dat 4.07%

Eliminate Nom reading on ambiguous NPs if there is a non-ambi- — Nom 3.66%
guous Nom NP in a clause (with no coordination or comparison).

The NP is an argument of a copula verb. Nom 3.26%

A nominative reading does not agree with a finite verb in number. = Nom 2.16%

The NP is neither preceded by a preposition nor by another NP. - Gen 1.62%

The NP is a second (third) NP in a Vorfeld position in V2 clause. Gen 1.21%

The NP is a complement of a zu-infinitive. - Nom 1.09%

Figure 2: Syntactic Heuristics

One of the most effective syntactic heuristics
that GRIP employs is to retain only the no-
minative case reading for an NP if that NP is
the only candidate for being the subject (i.e.
it is the only NP in a finite clause or the only
NP with a nominative reading). In general, the
form and contents of these rules is quite het-
erogeneous, and due to their heuristic nature,
the rules may overapply in some cases. Manual
inspection of the GRIP output of the test cor-
pus revealed a total of 13 mistakes where lexical
nodes contained in an NP did not retain the cor-
rect analysis. In all cases, these mistakes were
due to the application of heuristic rules.

Fig. 2 provides an overview of some of the
more effective heuristics currently implemented
in GRIP. For each heuristic, Fig. 2 shows which
case value is retained or eliminated. The num-
bers in Fig. 2 indicate the approximate percent-
age of ambiguous NPs that received a unique
reading after the application of the heuristic.

count of NPs percentage
1 reading 1211 77.08%
2 readings 226 14.39%
> 3 readings 134 8.53%

Figure 3: Disambiguation after Application of
DRRs and of Syntactic Heuristics for all NPs

Fig. 3 summarizes the results after applica-
tion of all DRRs and of the full set of syntactic
heuristics to all NPs.!? Fig. 3 shows that in

128ince gender ambiguities never play a role in the de-
termination of dependency relations, we disregard gen-
der ambiguities in determining what counts as a unique
reading.

three out of four noun phrases, a unique read-
ing can serve as input to the dependency parsing
module of GRIP.!3

Fig. 3 shows the distribution rates for all NPs.
If one considers only NPs that contain more
than one lexical node, then the disambiguation
rate is even higher, as shown in Fig. 4. For this
class of NPs more than eight out of ten NPs
are uniquely disambiguated, and less than one
percent retain more than two readings.

percentage
1 reading 82.33%
2 readings 17.18%
> 3 readings 0.49%

Figure 4: Disambiguation after Application
of DRRs and of Syntactic Heuristics for non-
single-element NPs

Single-element NPs such as pronouns and
proper names exhibit less inflectional variation
than other nominal elements. Therefore, they
are inherently ambiguous. DRRs, which com-
pare two lexical nodes, do not apply to them.
Since DRRs yield a much higher reduction in
ambiguity rate compared to syntactic heuris-
tics, it should therefore come as no surprise
that single-element NPs remain ambiguous to a
much higher degree. What this seems to show is
that morphological disambiguation is not suffi-
cient for disambiguation of single-element NPs.

13Currently, GRIP makes no attempt to disambiguate
lexical nodes that do not belong to NPs. However, as
a side effect of the application of syntactic heuristics to
NPs, other lexical nodes (e.g. prepositions and verbs)
are disambiguated in at least some cases. At present,
85.83% of all lexical nodes receive a unique analysis.



At this point we can only speculate on what
techniques can be used. One promising stra-
tegy, at least for German, is to take into account
the well-known ordering constraints among pro-
nouns in the so-called Wackernagel position at
the left edge of the Mittelfeld (Lenerz, 1977).'
Other factors to consider are the thematic struc-
ture of the main verb and robust methods for
anaphora resolution. However, it should be
clear that such techniques go well beyond the
realm of morpho-syntax and therefore have to
be left to future research.

7 Conclusion

Morphological disambiguation constitutes a
crucial step in narrowing down the search space
for the correct assignment of dependency struc-
tures. A quantitative evaluation on a German
test corpus has shown that application of XIP
disambiguation rules yields unique morphologi-
cal analyses as input for assigning dependency
relations in 77.08% of all cases. For those
NPs that still have multiple readings, the le-
xical resources (CELEX and IMS-LEX), which
are used by the dependency parsing module of
GRIP and which give subcategorization infor-
mation for German verbs, can provide further
constraints for disambiguation. A quantitative
analysis of such disambiguation at the level of
dependency parsing itself will be the subject of
future research.
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their case specifications.
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