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1. Project Goal

In the framework of statistical natural language processing, 
various tasks boil down to devise and implement, in a 
suitable learning method, a set of effective features that 
captures the most important aspects of the task. The design 
of the features is however usually intertwined with a careful 
tuning of task-specific processing algorithms, which hinders 
straight-forward application of the linguistic expertise/
intuition on the task to the feature design. Our goal was to 
develop an effective method to fully utilize the linguistic 
expertise/intuition in the feature design by a clear separation 
of the processing algorithm and the feature design. By such 
a method, we can freely combine arbitrary features in a 
NL-processor keeping the processing algorithm simple and 
fast. Especially, it enables us to utilize external knowledge 
or semi-automatically acquired statistical information in 
combination with a supervised NL-processor, whereby we 
can make full use of existing supervised NL-processors 
and annotated learning data, as well as domain-specific 
external knowledge either compiled manually or acquired 
by a semi-supervised method.

2. Technical breakthrough

We successfully showed that a full-fledged deep parser 
can be enhanced by a combination with a special-purpose 
processor that is based on a very different set of features. 
Specifically, we combined a statistical chart-based HPSG 
parser with an alignment-based coordination-structure 
analyzer through the dual-decomposition framework.

The coordination structure analysis is a long-standing, 
difficult sub-problem of the syntactic parsing. The 
identification of the correct structure of a coordinated 
phrase, i.e., a phrase of the form “A1, A2, .., cc An” 
where Ai’s are coordinated phrases and ‘cc’ stands for 
one of a coordinating conjunction such as “and” and “or”, 
often requires the recognition of syntactic and semantic 
parallelism among the coordinated phrase. Since such 
parallelism may appear across sub-phrases that are deeply 
embedded in the coordinated phrases, it is not straight-
forward to incorporate a parallelism detection mechanism 
in a syntactic parser that operates only on local substructures 
in a phrasal tree. The coordination structure analysis has 
thus been studied as an isolated sub-problem of parsing and 
previous studies gave no conclusive answer to the question 
of how one can/should combine the coordination structure 
analysis with the full-sentence parsing.

The dual-decomposition method is a classic technique 
in numerical optimization, which has recently been 
popularized in the area of NLP. By the dual decomposition 
method, a complex numerical/combinatorial optimization 
problem is decomposed into a set of simpler sub-problems, 
each of which can be solved efficiently. We applied the 
dual decomposition to the combination of the coordination 

Figure 1: Solver Combination through Dual Decomposition
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structure analysis and the parsing, and obtained an efficient 
algorithm to solve the combined problem.

We experimentally showed that on a standard data set the 
algorithm gave significant improvement in the accuracy of 
the parsing results for the sentences including coordination-
structures. The parser used in the experiments was an HPSG 
parser, which is based on a modern lexicalist linguistic 
theory. Although our algorithm is not specialized to HPSG 
parsing, the experimental results are especially interesting 
in the context of deep processing using a grammar like 
HPSG. This is because a direct incorporation of a sub-
problem solver into the parser will make the resulting 
parsing algorithm highly intractable due to the complexity 
of the grammar. Our methodology however opens a new 
perspective in the deep processing where many special 
purpose sub-problem solvers are incorporated into the deep 
parser without losing the tractability of the parsing.

3. Innovative Applications 

Our results indicate that very different types of features 
and sub-processors can be combined to give a significantly 
improved results compared to the sub-processors executed 
in isolation. This implies (i) we can further improve the 
accuracy of syntactic parsing, which is already a very 
complex NL-processing task in itself, by incorporating 
different types of features that capture various aspects 
of the syntactic/semantic characteristics of different 
syntactic constructions, and, further, (ii) many existing 
supervised NL-processors (including but not limited to 
syntactic parsers) can be enhanced with special purpose 
sub-processors and/or external knowledge that is encoded 
as a simple statistical sub-model. The latter perspective is 
especially appealing when one wish to enhance an existing 
off-the-shelf NL-processor with a knowledge source for 
the domain of his/her interest.

As the application in the first direction, i.e., further 
enhancement of a syntactic parser, one can incorporate 
special purpose sub-processors for other difficult sub-
problems, such as PP-attachment ambiguity resolution 
and antecedent selection of relative clauses (Fig. 2). These 
sub-problems often require semantic knowledge of the 
words involved in the construction and hence the sub-

processors for the disambiguation problems can be highly 
domain-dependent. The dual decomposition approach is 
also suitable for such situation, since we can ‘plug-in’ a 
domain-dependent sub-processor to an existing syntactic 
parser through the decomposition.

For the same reason, the dual decomposition approach 
is suitable for domain adaptation of other NL-processors 
than syntactic parsers. We can, for example, think of 
extending an off-the-shelf coreference resolution system, 
which is trained on a generic domain text such as news, by 
combining it with a domain-specific knowledge source such 
as domain ontology and/or bilexical dependency statistics 
acquired from a huge raw text taken from the domain of 
interest (Fig. 3).

4. Academic Achievement

Our paper was accepted in the 13th conference of the 
European chapter of the association for computational 
linguistics (EACL-2012), which is one of the top conferences 
in the research area of natural language processing.

Figure 2: Further Enhancement of a Syntactic Parser

Figure 3: Domain-adaptation of a Supervised NL-processor
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5. Achievement in Talent Fostering

Mr. Atsushi Hanamoto, a second year master course 
student, has been involved in the project. He substantially 
contributed to the project and published the above 
mentioned paper as the first-author.

6. Collaboration with Microsoft Research

Dr. Ming Zhou gave a valuable feedback to the research. 
Especially, we had an inspiring discussion while the 
principal investigator stayed in MSRA on Aug-Sep 2011 as 
a visiting researcher.

7. Project Development

The research results will be incorporated in the long-
standing development of the Enju HPSG parser and its 
application.
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