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Chapter 1

Introduction

At last, a computer that understands you like your mother.

— 1985, McDonnell-Douglas ad (L. Lee, 2004)

Natural language processing (NLP) is an exciting research area devoted to the
study of computational approaches to human language. The ultimate goal of
NLP is to build computer systems that are able to understand and produce
natural human language, just as we humans do. Building such systems is a
difficult task, given the intrinsic properties of natural language.

One of the major challenges for computational linguistics is ambiguity of
natural language, exemplified in the very quote above. The quote admits al-
ready at least three different interpretations (L. Lee, 2004):

(i) a computer understands you as well as your mother understands you,

(ii) a computer understands that you like your mother,

(iii) a computer understands both you and your mother equally well.

Humans seem to have no problem in identifying the presumably intended
interpretation (i), while in general it remains a hard task for a computer. Am-
biguity is pertaining to all levels of language; therefore, it is crucial for a prac-
tical NLP system to be good at making decisions of, e.g. word sense, word
category or syntactic structure (Manning & Schütze, 1999).

In this work, we focus on parsing, the process of syntactic analysis of nat-
ural language sentences. A parser is a computational analyzer that assigns
syntactic structures (parse structures) to sentences. As such, the ambiguity
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2 CHAPTER 1. INTRODUCTION

problem in parsing is characterized by multiple plausible alternative syntac-
tic analyses for a given input sentence. Selecting the most plausible parse tree
(or in general, a syntactic structure) is widely regarded as a key to interpreta-
tion or meaning; therefore, the challenge is to incorporate disambiguation into
processing.

A parser has to choose among the (many) alternative syntactic analyses to
find the most likely or plausible parse structure. The framework of probability
theory and statistics provides a means to determine the most likely reading
for a given sentence and is thus employed as modeling tool, which leads to
probabilistic parsing (also known as statistical or stochastic parsing).

Domain Dependence of Parsing Systems

Current state-of-the-art statistical parsers employ supervised machine learning
(ML) to learn (or infer) a model from annotated training data. For the task of
parsing, the training data consists of a collection of syntactically annotated
sentences (a treebank).

A fundamental problem in machine learning is that supervised learning
systems heavily depend on the data they were trained on. The parameters of
a model are estimated to best reflect the characteristics of the training data,
at the cost of portability. As a consequence, the performance of such a su-
pervised system drops in an appalling way when the data distribution in the
training domain differs considerably from that in the test domain (note that
by domain we intuitively mean a collection of texts from a certain coherent
sort of discourse; however, we will delay a more detailed discussion of the
notion of domain until Chapter 3). Thus, a parsing system which is trained
on, for instance, newspaper text, will not perform well on data from a differ-
ent domain, for example, biomedical text. This problem of domain dependence is
inherent in the assumption of independent and identically distributed (i.i.d.)
samples for machine learning (cf. Chapter 3), and thus arises in almost all
NLP tasks. However, the problem has started to gain attention only in recent
years (e.g. Hara, Miyao & Tsujii, 2005; Daumé III, 2007; McClosky, Charniak
& Johnson, 2006; Jiang & Zhai, 2007).

One possible approach to solving this problem is to annotate data from the
new domain. However, annotating data is expensive and is therefore unsatis-
factory. Therefore, the goal of domain adaptation is to develop algorithms that
allow the adaptation of NLP systems to new domains without incurring the
undesirable costs of annotating new data.

The focus of this dissertation is on domain adaptation for natural language
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parsing systems. More specifically, after setting the theoretical background of
this work (part I), in part II we will investigate adaptation approaches for the
syntactic disambiguation component of a grammar-driven parser. While most
previous work on domain adaptation has focused on data-driven parsing sys-
tems, we will investigate domain adaptation techniques for the syntactic dis-
ambiguation component of Alpino, a grammar-driven dependency parser for
Dutch (cf. Chapter 2 for a definition of data-driven and grammar-driven pars-
ing systems). The research question that will be addressed in part II of this
dissertation is the following:

Q1 How effective are domain adaptation techniques in adapting the syntac-
tic disambiguation model of a grammar-driven parser to new domains?

We will examine techniques that assume a limited amount of labeled data for
the new domain as well as techniques that require only unlabeled data.

Then, in part III we extend our view to multiple parsing systems and com-
pare the grammar-driven system to two data-driven parsers to find an answer
to the following question:

Q2 Grammar-driven versus data-driven: Which parsing system is more af-
fected by domain shifts?

We investigate this issue to test our hypothesis that the grammar-driven sys-
tem is less affected by domain shifts, and consequently, data-driven systems
are more in need for domain adaptation techniques.

As we discuss in Chapter 3, most previous work on domain adaptation
relied on the assumption that there is (labeled or unlabeled) data available for
the new target domain. However, with the increasing amounts of data that
become available, a related yet rather unexplored issue arises, that we will
investigate in part IV:

Q3 Given training data from several source domains, what data should we
use to train a parser for a new target domain, i.e. which similarity mea-
sure is good for parsing?

In order to answer this question, we need a way to measure the similarity
between the domains. Therefore, the last chapter focuses on evaluating sev-
eral measures of domain similarity to gather related training data for a new
unknown target domain. An empirical evaluation on Dutch and English is
carried out to adapt a data-driven parsing system to new domains. The fol-
lowing section provides a more detailed outline of this dissertation.
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Chapter Guide

Chapter 2 describes the task of parsing and its challenges and introduces two
major grammar formalisms with their respective probability models. The
chapter also provides an overview of the parsing systems used in this work.
They include Alpino, a grammar-driven parsing system for Dutch that em-
ploys a statistical parse selection component (also known as parse disam-
biguation component), and two data-driven dependency parsers, MST and
Malt.

Chapter 3 introduces the problem of the domain dependence of natural
language processing systems, which is a general problem of supervised ma-
chine learning. The chapter provides an overview of the field with an empha-
sis on the task of parsing, and introduces straightforward baselines as well as
specific domain adaptation techniques. The chapter also discusses the notion
of domain and how it was perceived in previous work.

Chapter 4 and Chapter 5 focus on applying domain adaptation techniques
to adapt the statistical parse selection component of the Alpino parser to new
domains. Chapter 4 examines the scenario in which there is some limited
amount of labeled data available for the new target domain (the supervised
domain adaptation setting). In contrast, Chapter 5 explores techniques for the
case when only unlabeled data is available (unsupervised domain adaptation).

Chapter 6 presents an empirical investigation of the problem of domain
sensitivity of different parsing systems. While the focus of the previous two
chapters is solely on the disambiguation component of the Alpino parser, this
chapter analyzes the behavior of different types of parsing systems when fac-
ing a domain shift. The hypothesis tested is that the grammar-driven system
Alpino is less affected by domain shifts, in comparison to purely data-driven
statistical parsing systems, such as MST and Malt. The chapter presents the
results of an empirical investigation on Dutch.

Chapter 7 presents an effective way to measure domain similarity. Most
previous work on domain adaptation assumed that domains are given (i.e.
that they are represented by the respective corpora). Thus, one knew the tar-
get domain, had some labeled or unlabeled data of that domain at disposal,
and tried to adapt the system from one domain to another. However, as more
data becomes available it is less likely that domains will be given. Thus, au-
tomatic ways to select data to train a model for a target domain are becoming
attractive. The chapter shows a simple and effective way to automatically
measure domain similarity to select the most similar data for a new test set.

The final chapter summarizes and concludes this thesis, discusses limita-
tions of proposed approaches and provides directions for future research.
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