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Preface

The 8th International Colloquium on Grammatical Inference (ICGI 2006) was
held at the University of Electro-Communications (UEC), Tokyo, Japan on Sep-
tember 20-22, 2006. ICGI 2006 was the eighth in a series of successful biennial
international conferences in the area of grammatical inference. Previous meetings
were held in Essex, UK; Alicante, Spain; Montpellier, France; Ames, Iowa, USA;
Lisbon, Portugal; Amsterdam, Netherlands; Athens, Greece. ICGI 2006 was the
first conference in this series to be held in Asia. This series of conferences secks
to provide a forum for presentation and discussion of original research papers on
all aspects of grammatical inference.

Grammatical inference, the study of learning grammars from data, is an es-
tablished research field in artificial intelligence, dating back to the 1960s and has
been extensively addressed by researchers in automata theory, language acquisi-
tion, computational linguistics, machine learning, pattern recognition, computa-
tional learning theory and neural networks. ICGI 2006 successively emphasized
on the multi-disciplinary nature of the research field and the diverse domains
in which grammatical inference is being applied, such as natural language ac-
quisition, computational biology, structural pattern recognition, information re-
trieval, Web mining, text processing, data compression and adaptive intelligent
agents.

We received 44 high-quality papers from 14 countries around the world. The
papers were reviewed by three reviewers. Based on the positive comments of
the reviewers, 25 full papers were accepted. In addition, we decided to accept 8
short papers for poster presentation. Short papers appear as two-page extended
abstracts in a separate section of this volume. The topics of the accepted papers
vary from theoretical results of learning algorithms to innovative applications
of grammatical inference, and from learning several interesting classes of formal
grammars to applications to natural language processing.

In parallel to the submission and reviewing of research papers, a machine
translation competition, named Tenjinno, took place. In a separate paper in this
volume, the organizers of the competition report on the peculiarities of such an
endeavor and some interesting theoretical findings to which they have been led.
Last but not least, we were honored by the contributions of our two invited speak-
ers, Yuji Matsumoto, from Nara Institute of Science and Technology, Japan, and
Jean-Philippe Vert, from Ecole des Mines de Paris, France. Both invited speakers
provided interesting talks on the topics of natural language processing and bioin-
formatics, and we hope both talks invoked potential applications of grammatical
inference.

The editors would like to acknowledge the contribution of the conference’s
Program Committee and the Additional Reviewers in reviewing the submit-
ted papers and thank the Organizing Committee for their invaluable help in



VI Preface

organizing the conference. Particularly, we would like to thank Colin de la
Higuera, Menno van Zaannen, Bradford Starkie, and Dominique Estival for their
additional voluntary service to the grammatical inference community, through
this conference. We would also like to acknowledge the use of the Cyberchair
software, from Borbala online conference services, in the submission and review-
ing process. Finally, we are grateful for the generous support and sponsorship
of the conference by the University of Electro-Communications, the PASCAL,
Inoue foundation for Science, SIG Mathematical Modeling and Problem Solving
in Information Processing Society of Japan and New Horizons in Computing
(NHC) (Scientific Research on Priority Areas, supported by MEXT, Japan).

September 2006 Yasubumi Sakakibara
Satoshi Kobayashi

Kengo Sato

Tetsuro Nishino

Etsuji Tomita
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Parsing Without Grammar Rules

Yuji Matsumoto

Graduate School of Information Science

Nara Institute of Science and Technology

Takayama, [koma, Nara 630-0192 Japan
matsu@is.naist. jp

Abstract. In this article, we present and contrast recent statistical
approaches to word dependency parsing and lexicalized formalisms for
grammar and semantics. We then consider the possibility of integrating
those two extreme ideas, which leads to fully lexicalized parsing without
any syntactic grammar rules.

Keywords: dependency parsing, lexicalized grammar, lexical semantics.

1 Introduction

Traditional syntactic analysis of natural languages mainly assumes a set of phrase
structure grammar rules possibly with some syntactic information in the lexi-
con such as case frames. Then, parsing is done with phrase structure parsing al-
gorithms such as Chart Parsing or CKY Parsing algorithms. In contrast, recent
grammar formalisms, such as HPSG (Head-driven Phrase Structure Grammar)[15]
and LTAG (Lexicalized Tree Adjoining Grammar)[14], originating from phrase
structure-style grammars, are extremely lexicalized (termed radical lexicalism),
and now have only a few grammar rules (or grammar schemes). In such systems,
most of syntactic information is stored in lexical entries. On the other hand, lexical
semantic theories such as LCS (Lexical Conceptual Structure)[6] and GL (Gen-
erative Lexicon)[13] propose to assume very rich semantic information in lexical
entries in a language, and give a systematic explanation of syntactic ambiguities
or syntactic alternation that are dealt with in traditional phrase structure-based
analysis by describing multiple frames corresponding to each of possilbe syntactic
constructions. Furthermore, constructions that are not assumed in the case frames
of a word may appear in real language use. Construction grammar approaches to
language[5][12] aim to explain such phenomena.

Recent trend of natural language parsing moved to corpus-based research,
where a large scale parsed corpus is used to estimate statistical properties of
language constructions. Early research in this direction([1][3] used to use phrase
structure trees in their analysis as they base their syntactic structure on Penn
Treebank[8]. More recently, word dependency parsing is getting larger attention
[9][11][16] because of its simplicity and easiness in adaptability to various lan-
guages (e.g., this year’s CoNLL shared task was multi-lingual dependency
parsing!).

' http://nextens.uvt.nl/"conll/
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In this paper, we introduce those recent trends in lexicalism in both parsing
domain and grammar formalisms, and discuss possible integration of these two
extreme ideas.

2 Word Dependency Parsing

There is a traditional syntactic analysis for Japanese sentences, named bunsetsu
dependency analysis. A bunsetsu means a base Japanese phrase consisting of
content words followed by functional words/functional inflection form. The syn-
tactic structure of a Japanese sentence can be represented by dependency rela-
tion between bunsetsu’s. Only the conditions of this dependency are quite simple
that dependency trees must be connected, single headed, acyclic and projective
(no-crossing). An interesting characteristics of Japanese dependency structure
is that any bunsetsu (except the right most one) modifies one of the bunsetsu’s
on its right side because Japanese is a head-final language. This makes it easy
to construct a bunsetsu dependency parsing in a very simple way, and we pro-
posed a Japanese deterministic dependency parser[7] based on Support Vector
Machines.

7N N

VBN NN VBD DT JJd CD CD NNS

Estimated volume was a light 2.4 million onces

Fig. 1. An example of English projective dependency tree

We then extended this idea into a Shift-Reduce style depterministic parsing,
and applied it to English and Chinese parsing[2][16]. Fig. 1 shows an example
of English word dependency tree. The examples shown in this paper are un-
labeled trees, while some dependency trees assume their edges to be labeled
with something like SUBJ, OBJ, etc. In our approach, dependency relationship
(left-direction, right-direction, or none) between two adjacent nodes (words) is
deterministically decided as a classification task learned by Support Vector Ma-
chines, and the parsing is done from bottom to top. Because of robust learning
ability of SVMs, the current parser can achieve more than 90% accuracy in prac-
tical English sentence analysis (for sentences in Penn Treebank). Nivre et al[11]
took a similar approach to dependency tree analysis.

This year’s CoNLL (Conference on Natural Language Learning) shared task
was Multi-lingual Dependency Parsing, and the target was to built a corpus-
based language independent dependecy parser and to test it with thirteen lan-
guages provided by the conference organizer. In many of languages there are
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non-projective sentences, in which some dependency relations cross each other
(Fig. 2 shows one of such examples). This kind of sentences cannot be formu-
lated by phrase structure grammars and are difficult to parse with the parsing
algorithms originally designed for phrase structure grammars.

N A AN A
NNP VBD DT NN NN WP VBD IN DT NN
John saw a man yesterday who walked along the river

Fig. 2. An example of English non-projective dependency tree

Recent McDonald et al’s work[10] showed that non-projected dependency anal-
ysis is easily formulated as a search problem for the maximum cost spanning tree.

Since resolution of syntactic ambiguity has been the most difficult problem
in parsing natural language sentences, the advantage of those corpus-based or
statistical approaches is its ability of disambiguation, that is, they produce the
most plausible parse tree considering all the dependency relation appeared in
the training corpus.

3 Lexicalized Grammars and Lexical Semantic Thoeries

3.1 Lexicalized Grammars and Dependency Parsing

As we explained in Introduction, recent lexicalized grammar formalisms put
most of the grammatical information to the lexicon. In HPSG, each predicate (a
verb, an adjective or an auxiliary verb) has argument structure that describes
information of its complements. There are only a few grammar schemes such as
head complement rule, head adjunct rule, head specifier rule, and so on, all of
which can be specified as a binary tree where either one of them plays a role of
syntactic head. In LTAG, every lexical entry is associated with a tree that shows
its syntactic property. There are only two grammar rules or attachment rules,
substitution and adjoining. The application of these rules can be depicted as a
derivation tree, where one tree structure is attached to another with either of two
attachment rules. In both of HPSG and LTAG, basic operations can be defined as
a binary construction of a tree, which seems to have close relationship with word
dependency structure. Although there may be some discrepancy between the
binary relations in different systems, dependency parsing will give a good control
information in syntactic parsing based on lexicalized grammar formalisms.

3.2 Lexical Semantics and Dependency Parsing

While lexical semantics theories such as Lexical Conceptual Structure[6] and
Generative Lexicon[13] do not specify syntactic structure of a language, they



