
Principle-based c-structure induction for cross-linguistically projected f-structures

Treebanks are valuable resources, both for linguistic research and computational linguistic usage, such as the
induction of automatic labelling systems (syntactic and semantic parsers, temporal annotators, etc.). Given the
high cost of manual corpus annotation, two strategies are currently explored: (i) the design of semi-supervised
learning methods that reduce the required amount of labelled data, or (ii) the induction of annotated resources by
cross-lingual projection, using parallel aligned corpora. Cross-lingual annotation projection is a promising technique
for the rapid induction of labelled linguistic resources for novel languages. It requires a broad-coverage and high-
quality automatic labelling system for a given source language, and a substantial parallel corpus for the source
and target language. To date, cross-lingual projection has been sucessfully employed for the automatic induction
of PoS taggers [12], dependency parsers [7], semantic role [6] and temporal labellers [9] for novel languages.

The technique is crucially based on the Direct Correspondence Hypothesis (DCH) (cf. [7]): Given a pair of
sentences e and f that are direct translations of each other, and syntactic dependency structures se and sf for e
and f , then if two nodes n1e and n2e of se are aligned with nodes n1f and n2f of sf , and if a dependency relation
R(n1e,n2e) holds in se, we assume that the same relation R holds between the aligned nodes n1f and n2f in sf , i.e.
that R(n1f ,n2f ) holds in sf . The DCH will be falsified in many translation pairs. However, it is observed that in
many cases the DCH holds true, and can be successfully exploited to induce syntactic dependency structures for
a novel language on the basis of a word-aligned parallel corpus (see in particular [7]).

In our work, we aim at the induction of LFG treebanks, and ultimately the induction of LFG parsers for new
languages, by way of cross-lingual projection. Existing work on LFG parser induction1 is crucially dependent on the
availibility of annotated treebanks of considerable size. Given the varying treebank annotation schemes of available
treebank resources, the annotation rules have to be adapted to each new treebank, and often there are simply
no sufficent or appropriate treebank resources available for a given language. Moreover, given specific treebank
annotation schemes, the induced LFG grammars may not correspond to theoretically well-founded principles of c-
structure encoding and c- to f-structure projection principles. All these are major challenges for current techniques
in automated LFG grammar induction.

In response, we investigate a novel approach to LFG resource induction, using cross-lingual projection tech-
niques. Following the DCH, we assume that grammatical function information can be carried over to a target
language on the basis of word alignment information. Given a parallel corpus, we annotate the source language
side using the broad-coverage LFG Grammar developed at Parc. On the basis of word alignments (computed using
GIZA++ [5]), we project lexical f-structures to the aligned words in the target language, using the target words as
pred values, and inserting basic part-of-speech related information, such as category and selected morphosyntactic
information.2 In a second step, we project the grammatical functions that connect pairs of aligned lexical source
and target f-structures. The technique is similar to [7] for cross-linguistic projection of dependency structures, and
has been applied, in an LFG setting, for the projection of f-structures in [10]. The result is a target language anno-
tation that consists of surface-indexed LFG f-structures (see (1) for an example). The ensuing target f-structures
must and can be refined or filtered from noise in the target annotations, which results from imperfect automatic
word alignment or translation divergences that (fully or partially) violate the DCH. In this paper however, we
concentrate on the subsequent step that is missing, in this scenario, in order to induce full-fledged LFG-treebanks
in a cross-lingual projection architecture: the induction of c-structure on the target language side, together with
projection constraints that connect the induced c-structures to their corresponding f-structures.
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John met a friend Hans traf einen Freund

It is a crucial insight, and reflected in the design of LFG theory, that c-structure encoding is highly diverging
across languages, while f-structure encoding is much more homogeneous cross-linguistically (cf. [1]). We therefore
refrain from trying to induce c-structure information by cross-language projection. Instead, we investigate a

1pioneered by early work by [11, 3, 8], and continued till the induction of high-quality stochastic LFG parsers by [2], etc.
2In case a lemmatiser is available for target language, the pred values can be lemmatised forms. Otherwise, normalisation to

citation forms must be obtained in a susequent processing step.
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method for generating c-structures from surface-indexed f-structures, as they are produced by cross-lingual f-
structure projection. In particular, we investigate the possibility of inducing underlying c-structures from projected
f-structures in a linguistically perspicuous way. In the spirit of general c-structure principles [1] we define principle-
based c-structure and c-to-f-structure projection rules that permit a wide range of parametric variation to account
for multiple languages.

In a cross-lingual projection scenario, the induction of c-structure from surface-indexed f-structures reduces
to a controlled generation problem: Given a target language f-structure, its surface string, and a set of general
c-structure rules with f-structure annotations, we can generate surface strings from the projected f-structures. The
generated structures whose yields match the surface order of the aligned target sentence are candidate c-structures
for a full-fledged c- and f-structure analysis for the target sentence. Alternatively, we can analyse the target strings
using general c-structure rules and the f-structure-indexed words as lexicon entries, and record those analyses that
result in the target f-structures that were created in the cross-lingual projection step.

We will present a small-scale experiment that is intended as a proof of concept for this grammar induction
architecture. We are using two languages (English and German) and a restricted – but representative – set of core
grammatical constructions (including complementation, modification, determination, extraction, coordination,
etc.) as defined by a controlled test suite of 100 sentence pairs. In order to investigate the feasibility of the
c-structure induction task proper, we restrict ourselves to translation pairs that conform to the DCH.

We make use of a core (multi-lingual) LFG grammar fragment, defined using the XLE platform, that utilises a
range of abstraction and generalisation devices, such as macros for grammatical function names and constituents.
The grammar defines general c-structure rules with functional projections that implement general c-/f-structure
projection principles, using functional (C,I,D) and lexical categories, and intermediate projection levels for speci-
fication, complementation and adjunction structures, following [1]. A grammar excerpt is given below (with GF a
variable over permissible grammatical functions, and XP a macro for maximal c-structure constituents). Note that
we can use the shuffle notation (”,”) in rules M → D1, ... , Dn that permits all possible orders for the daughters
of a rule, in order to account for parametric variation of c-structure rules across languages. Alternatively, we may
pre-define known serialisation properties of a target language in a specific language projection task.

CP --> (XP: { (^ SUBJ) = ! IP --> (XP: { (^ SUBJ) = !

| (^ TOPIC) = ! (^ GF+) = ! | (^ TOPIC) = ! (^ GF+) = !

(^ FOCUS) = ! (^ GF+) = !}), | (^ FOCUS) = ! (^ GF+) = ! }),

C’: (^ PRED). (I’).

C’ --> (C), I’ --> (Io),

(IP). (VP).

We pay particular attention to the amount of overgeneration in c-structure generation. Given that the analyses
are constrained by a surface-indexed f-structures, we primarily observe spurious attachment ambiguities. These
we intend to control by way of the principle of economy of expression ([1]), which can be implemented using XLE’s
OT-based preference mechanism ([4]). We will present the grammar and results for the testsuite of 100 sentences,
with detailed evaluation and discussion of specific types of syntactic phenomena.
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