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Preface

The primary goal of this book is to provide a comprehensive, in-depth dcs<_:riplion of
the theories and techniques used in the field of natural language und?r_smndmg. To do
this in a single book requires eliminating the idiosyncrzftic co_mplexmes of particular
approaches and identifying the underlying concepts of the field as a whqle. It n.lso
requires developing a small number of notations that can be useAd to desgrlbe a wide
range of techniques. It is not possible to capture the range of specific notations that are
usezl in the literature, and attempting to do so would mask the important ideas rather
than illuminate them. This book also attempts to make as few assumptions abput L}'\c
background of the reader as possible. All issues and techniques are de'sFriF)ed in plain
English whenever possible. As a result, any reader having some fa.mll'lam)_/ with the
basic notions of programming will be able to understand the principal |d4¢a.s and
techniques used. There is enough detail in this book, however, to allow a sophisticated
programmer to produce working systems for natural [anguage understanding.

The book is intended both as textbook and as a general reference source for those
interested in natural language processing. As a text, it can be. used.bot}? ip under -
graduate and graduate courses in computer science or computational linguistics. As 2
reference source, it can be used by researchers in areas related to natural language. by
developers building natural language systems, and by individuals who are simply
interested in how computers can process language. . ' )

Work in natural language understanding requires background ina \.mfie range ot
areas, most importantly computer science, linguistics, logic, psychohngUfsucs, ar.ld the
philosophy of language. As very few people have all this background, this book intro-
duces whatever background material is required, as needec.i. For those who bave no
familiarity with symbolic programming or logical formalisms, two appendices are
provided that describe enough of the basic ideas to enable nonprogrammers to read the
book. Background in linguistics and other areas is introduced as needed throughout the
book. . .

The book is organized by problem area rather than by technique. This allqws the
overlap in different approaches to be presented once, and facilitates the comparison of
the different techniques. For example, rather than having a chapter‘on comext-t_ree
grammars, one on transition network grammars, and another on logic progrmlng
techniques, these three techniques are discussed in many chapters, .each focusing on a
specific set of problems. There is a chapter on basic parsing techmques, then another
on using features, and another on handling movement phenomenz.l in 1anguag¢?. Each
chapter lays out its problem, and then discusses how the problem is addressed in each
approach. This way, the similarities and differences between the approaches can be
clearly identified.

xii PREFACE

Why a Second Edition?

I have taught a course based on the first edition regularly since it first appeared. Given
developments in the field, I began to find it lacking in some areas. In other areas the
book had the right content, but not the right emphasis. Another motivation came from
what [ saw as a potential split in the field with the introduction of statistically-based
techniques and corpus-based research. Claims have been made as to how the new
techniques make the old obsolete. But on examining the issues carefully, it was clear to
me that the old and new approaches are complementary, and neither is a substitute for
the other. This second edition attempts to demonstrate this by including new material
on statistical methods, with an emphasis on how they interact with traditional schemes.

Another motivation was to improve the pedagogical aspects of the book. While
the original edition was intended for use by students and researchers at different levels
of background and with different needs, its organization sometimes made this difficult.
The second edition addresses this problem in several ways, as described below in the
section on using this book. As a result, it should be accessible to students with little
background—say, undergraduates in a computer science program with little linguistics
background, or undergraduates in a linguistics program with only a basic course in
programming—yet also comprehensive enough for more advanced graduate-level
courses, and for use as a general reference text for researchers in the field.

There are many other changes throughout the book, reflecting how the field has
changed since the first edition, or at least reflecting how my views have changed. Much
of this is a change in emphasis. The sections on syntax, for instance, now use feature-
based context-free grammars as the primary formalism for developing the ideas, rather
than augmented transition networks. This better reflects current work in the field, and
also allows for a better integration of insights from linguistics. Transition network
formalisms are still covered in detail, however, as they underlie much work in the field.
The sections on semantics have also changed substantially, focusing more on under-
lying principles and issues rather than specific computational techniques. The logical
form language was updated to cover more complex sentences, and the primary method
of semantic interpretation is a compositional rule-by-rule analysis. This allows for both
a better discussion of the underlying problems in semantic interpretation and a better
integration of insights from linguistics. New material has also been added on domain-
specific semantic interpretation techniques that have been an active focus in practical
systems in the last few years. The material on contextual processing and discourse has
generally been rewritten and updated to reflect new work and my better understanding
of the principles underlying the techniques in the literature.

The other significant change is the development of software to accompany the
book. Most of the principal examples and algorithms have been implemented and
tested. This code is available so that students can run the examples to get a better
understanding of the algorithms. It also provides a strong base from which students can
extend algorithms and develop new grammars for assignments. The code also helps to
clarify and simplify the discussion of the algorithms in the book, both because they can
be more precise, being based on running programs, and because implementation details
can be omitted from the text and still be available to the student in the code.



PREFACE  Xiii

How to Use This Book

To cover the entire book in detail would require a two-semester sequence at the under-
graduate level. As a graduate seminar, it is possible to move more quickly and cover
most of the book in a single semester. The most common usé of this book, however, is
as an undergraduate-level course for a single semester. The book is designed to make
this possible, and to allow the instructor to choose the areas on which to focus. There
are several mechanisms to help customize the book to your needs. First, each chapter is
divided into core material and optional material. Optional sections are marked with an
open dot (o). In general, if you are using a chapter. all of the core material should be
covered. The optional material can be selected as best fits the design of your course.
Additional optional material is included in boxes. Material in boxes is never required,
but can be used to push a little deeper in some areas.

The chapters themselves have the general dependencies shown in the figure on
the next page. This means that the student should cover the core material in the earlier
chapters to best understand the later chapters. In certain cases, material in a section may
require knowledge of a technique discussed earlier but not indicated in the
dependencies shown here. For example, one of the techniques discussed in Chapter 11
uses some partial parsing techniques described in Chapter 6. In such a case, the earlier
section will need to be covered even though the chapter as a whole is skipped.

Readers familiar with the first edition will notice that the two final chapters,
dealing with question answering and generation, are not present in the second edition.
In keeping with the organization by topic rather than technique, the material from these
chapters has been integrated into other chapters. Sections dealing with generation
appear as each topic area is discussed. For example, a head-driven realization algorithm
is described in Chapter 9 on linking syntax and semantics, and the procedural
semantics technique used in database query systems appears in Chapter 13 on
knowledge representation techniques.

Software

The software accompanying this book is available via anonymous ftp from bc.aw.com
in the subdirectory “bc/allen.” All software is written in standard COMMON LISP, and
should run with any COMMON LISP system. To retrieve the software, ftp to bc.aw.com

by typing
ftp bc.aw.com

and log in as “anonymous.” Change to the directory for this book by typing
cd be/allen

Before retrieving the files, it is a good idea to look at the “readme” file to see if
changes have been made since this book went to press. To retrieve this file, type

get README

XiV  PREFACE

. Introduction,

. Linguistic Background,

. Grammars and Parsing,

. Features and Augmented Grammars

e Lty =

5. Grammars for Natural Language

lﬁ Efficient Parsing ‘-]

7. Ambiguity Resolution:
Statistical Methods

8. Semantics and Logical Form,
9. Linking Syntax and Semantics

\ 10. Ambiguity Resolution I

11, Other Strategies for
Semantic Interpretation

12. Scoping and the Interpretation
Y of Noun Phrases

13. Knowledge Representation

\ 14. Reference and —_— ll6. Discourse Structurel
Local Context

[15. Using Knowledge] —_— Il7. A Conversational Agenll

Quit ftp to log off and read the file. (Although the file can be read online, it is
courteous not to tie up the login for reading.) Log back on when you are rez;dy to
downlof"td. You can also get a listing of filenames available using either the
.convenuonal UNIX “Is” command or the DOS “dir” command. Assuming that you are
in the proper subdirectory, these commands require no arguments:

dir or ls

Using ftp and then dg-archiving files can get complicated. Instructions vary as to
whether you are downloading Macintosh, DOS, or UNIX files. More instructions are

included in the README file. If you are new to using ftp, it i
C . tp, 1t
favorite UNIX guide or wizard. & f. s best o consell your



PREFACE XV
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lnl;'oduclion to Natural Language Understanding 1

This chapter describes the field of natural language understanding and introduces
some basic distinctions. Section 1.1 discusses how natural lungung.c understand -
ing research fits into the study of language in general. Section 1.2 dl?ClIShCS some
applications of natural language understanding systems am‘J considers wh:.n it
means for a system to understand language. Section 1.3 dcscnbe's how you nu‘ghl
evaluate whether a system understands language. Section 1.4 mtroduce§ a te\\_'
basic distinctions that are made when studying language, and Secu?n 1.5
discusses how computational systems often realize these distinctions.h Finally,
Section 1.6 discusses how natural language systems are generally organized. and
introduces the particular organization assumed throughout this hook.

The Study of Language

Language is one of the fundamental aspects of human behavior and is a crucial
component of our lives. In written form it serves as a qug-tcrm record of kpowl-
edge from one generation to the next. In spoken form it serves as our primary
means of coordinating our day-to-day behavior with others. This book descnbc§
research about how language comprehension and production work. The gQal of
this research is to create computational models of language in e.nough‘ detail that
you could write computer programs to perform various tasks involving natural
language. The ultimate goal is to be able to specify‘n}odels lhgt approach human
performance in the linguistic tasks of reading, writing, hearing, and speukx.n_g‘
This book, however, is not concerned with problems related to the specmc
medium used, whether handwriting, keyboard input, or speech. Rather, it is con-
cerned with the processes of comprehending and using Iangu?ge once the words
are recognized. Computational models are useful both for scientific purposes—
for exploring the nature of linguistic communication.—z?nd for practical pur-
poses—for enabling effective human-machine communication. o

Language is studied in several different academic dlsmplme‘s. Each dlS‘CI-
pline defines its own set of problems and has its own melhods. for addres‘smg
them. The linguist, for instance, studies the structure of languz?ge itself, consider-
ing questions such as why certain combinations of words form sentences but
others do not, and why a sentence can have some meanings but not others. The
psycholinguist, on the other hand, studies the processes of human langugge pro-
duction and comprehension. considering questions such as how people lden.nty
the appropriate structure of a sentence and when they decide on the appropnate
meaning for words. The philosopher considers how words can mean ‘anythmg a
all and how they identify objects in the world. Philosophers also .c.onsxder w'h-a't it
means to have beliefs, goals. and intentions, and how these cognitive capabilities
relate to language. The goal of the computational linguist is to develop a compu-
tational theory of language. using the notions of algorithms and data structures
from computer science. Of course, to build a computational model, you must ['ake
advantage of what is known from all the other disciplines. Figure 1.1 summarizes
these different approaches to studying language.

CHAPTER 1

Discipline

Linguists

Psycholinguists

Philosophers

Computational
Linguists

Typical Problems

How do words form phrases
and sentences? What constrains
the possible meanings for a
sentence?

How do people identify the
structure of sentences? How are
word meanings identified? When
does understanding take place?

What is meaning, and how do
words and sentences acquire it?
How do words identity objects
in the world?

How is the structure of sentences
identified” How can knowledge
and reasoning be modeled?

How can language be used to

Tools

Intuitions about well-formedness
and meaning; mathematical models
of structure (for example, formal
language theory, mode! theoretic
semantics)

Experimental techniques based on
measuring human performance;
statistical analysis of observations

Natural language argumentation
using intuition about counter-
examples; mathematical models

{for example, logic and model theory)

Algorithms, data structures;

formal models of representation
and reasoning; Al techniques
(search and representation methods)

accomplish specific tasks?

Figure 1.1 The major disciplines studying language

As previously mentioned, there are two motivations for developing
computational models. The scientific motivation is to obtain a better understand -
ing of how language works. It recognizes that any one of the other traditional
disciplines does not have the tools to completely address the problem of how
language comprehension and production work. Even if you combine all the
approaches, a comprehensive theory would be too complex to be studied using
traditional methods. But we may be able to realize such complex theories as
computer programs and then test them by observing how well they perform. By
seeing where they fail, we can incrementally improve them. Computational
models may provide very specific predictions about human behavior that can
then be explored by the psycholinguist. By continuing in this process, we may
eventually acquire a deep understanding of how human language processing
occurs. To realize such a dream will take the combined efforts of linguists,
psycholinguists, philosophers, and computer scientists. This common goal has
motivated a new area of interdisciplinary research often called cognitive science.

The practical, or technological, motivation is that natural language proces-
sing capabilities would revolutionize the way computers are used. Since most of
human knowledge is recorded in linguistic form, computers that could understand
natural language could access all this information. In addition, natural language
intertaces to computers would allow complex systems to be accessible to
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CHAPTER]

BOX 1.1 ‘Boxes and Optional Sections

This book uses several techniques to allow you to identity what material is central
and what is optional. In addition. optional material is sometimes classified as
advanced, indicating that'you may need additional background not covered in this
book to fully appreciate the text. Boxes, like this one, always contain optional
maferial. either providing more detail on a particular approach discussed in tl;e
main text or discussing additional issues that are related to the text. Sections and
subsz;cuons may be marked as optional by means of an open dot () before the
heading. Optional sections provide more breadth and depth to chapters, but are not
necessary for understanding material in later chapters. Depending on your interests
and focus, you can choose among the optional sections to fill out the core material
presented in the regular sections. In addition, there are dependencies between the
chapt-ers, so that entire chapters can be skipped if the material does not address
your interests. The chapter dependencies are not marked explicitly in the text, but a
chart of dependencies is given in the preface. ‘

everyone. Such systems would be considerably more flexible and intelligent than
is E)osmtlt)le v;1$ current computer technology. For technological purposes it does
not matter if the model us
a1 e o ed reﬂ‘ects the way humans process language. It only
This book takes a middle ground between the scientific and technological
goals. On the one hand, this reflects a belief that natural language is so complex
that an ad hoc approach without a well-specified underlying theory will not be
spccessful. Thus the technological goal cannot be realized without using sophis-
ticated ynderlying theories on the level of those being developed by linguists
psycholinguists, and philosophers. On the other hand, the present state of knowl:
edge al?o'ut natural language processing is so preliminary that attempting to build
a cognitively correct model is not feasible. Rather, we are still attempting to
construct any model that appears to work.

. The goal of this book is to describe work that aims to produce linguistically
motivated computational models of language understanding and production that
can be shown to perform well in specific example domains. While the book
focuse.s on computational aspects of language processing, considerable space is
spent mt.roducing the relevant background knowledge from the other disciplines
that motivates and justifies the computational approaches taken. It assumes only
?nbﬁ:;:ul:g(\:wle:i?fofl pqugrammjng, although the student with some background

s, artific : L . -
blee s develx:p r:)x:zt;’e[l‘lxgence (Al), and logic will appreciate additional

Applications of Natural Language Understanding

A gl(‘)Od.way to define natural language research is to consider the different
applications that researchers work on. As you consider these examples, it will

also be a good opporturity to consider what it would mean to say that a computer
system understands natural language. The applications can be divided into two
major classes: ext-based applications and dialogue-based applications. V
Text-based applications involve the processing of written text, such as
books, newspapers, reports, manuals, e-mail messages, and so on. These are all
reading-based tasks. Text-based natural language research is ongoing in appli-

cations such as

. finding appropriate documents on certain topics from a data-
base of texts (for example, finding relevant books in & library)
. extracting information from messages or articles on certain

topics (for example, building a database of all stock transac-
tions described in the news on a given day)

. translating documents from one language to another (for ex-
ample, producing automobile repair manuals in many different
languages)

. summarizing texts for certain purposes (for example, producing

a 3-page summary of a 1000-page government report)

Not all systems that perform such tasks must be using natural language
understanding techniques in the way we mean in this book. For example.
consider the task of finding newspaper articles on a certain topic in a large
database. Many techniques have been developed that classify documents by the
presence of certain keywords in the text. You can then retrieve articles on a
certain topic by looking for articles that contain the keywords associated with
that topic. Articles on law, for instance. might contain the words lawyer, court.
sue, affidavit, and so on, while articles on stock transactions might contain words
such as stocks, takeover, leveraged buyout, options, and so on. Such a system
could retrieve articles on any topic that has been predetined by a set of keywords.
Clearly, we would not say that this system is understanding the text; rather, it is
using a simple matching technique. While such techniques may produce useful
applications, they are inherently limited. It is very unlikely, for example, that
they could be extended to handle complex retrieval tasks that are easily expressed
in natural language. such as the query Find me all articles on leveraged buyouts
involving more than 100 million dollars that were attempted but failed during
1986 and 1990. To handle such queries, the system would have to be able to
extract enough information from each article in the database to determine
whether the article meets the Zriteria defined by the query; that is, it would have
to build a representation of the information in the articles and then use the
representation to do the retrievals. This identifies a crucial characteristic of an
understanding system: it must compute some representation of the information
that can be used for later inference.

Consider another example. Some machine translation systems have been
built that are based on pattern matching; that is, a sequence of words in one
language is associated with a sequence of words in another language. The
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given speech signal, not with understanding how words are used to communicate.
To be an understanding system, the speech recognizer would need to feed its
input to a natural language understanding system, producing what is often called
a spoken language understanding system.

With few exceptions, all the technigues discussed in this book are equally
relevant for text-based and dialogue-based language understanding, and apply
equally well whether the input is text, keyboard, or speech. The key characteristic
of any understanding system is that it represents the meaning of sentences in
some representation language that can be used later for further processing.

Evaluating Language Understanding Systems

As you can see, what counts as understanding might vary from application to
application. If this is so, how can you tell if a system works? One obvious way to
evaluate a system is to run the program and see how well it performs the task it
was designed to do. If the program is meant to answer questions about a database
of facts, you might ask it questions to see how good it is at producing the correct
answers. If the system is designed to participate in simple conversations on a
certain topic, you might try conversing with it. This is called black box
evaluation because it evaluates system performance without looking inside to
see how it works. While ultimately this method of evaluation may be the best test
of a system’s capabilities, it is problematic in the early stages of research because
early evaluation results can be misleading. Sometimes the techniques that pro-
duce the best results in the short term will not lead to the best results in the long
term. For instance, if the overall performance of all known systems in a given
application is uniformly low, few conclusions can be drawn. The fact that one
system was correct 50 percent of the time while another was correct only 40
percent of the time says nothing about the long-term viability of either approach.
Only when the success rates become high, making a practical application feasi-
ble, can much significance be given to overall system performance measures.

An alternative method of evaluation is to identify various subcomponents
of a system and then evaluate each one with appropriate tests. This is called glass
box evaluation because you look inside at the structure of the system. The prob-
lem with glass box evaluation is that it requires some consensus on what the
various components of a natural language system should be. Achieving such a
consensus is an area of considevable activity at the present.

Despite the difficulties, evaluations are of crucial importance to the field, as
very little can be concluded from examining a few examples that a particular
system can handle. If you cannot interact freely with the program yourself but
must depend on transcripts of others’ interactions, you can easily be mislead into
overestimating a program’s abilities. It is very hard for people not to attribute
much more intelligence to the program than is actually present.

Consider a concrete example—the ELIZA program that was developed in
the mid-1960s at MIT. This program must be one of the most popular Al
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User: ELIZA:

Men are all alike. In what way?

They're always bugging us - ) - .
yaboul something or other. Can you think of a specific example?

Well, my boyfriend made me come here. Your boyfriend made you come here.

He says I'm depressed much of the time. I am sorry to hear you are depressed.

Do you think coming here will
help you not to be unhappy?

1 need some help; that much seems certain.  What would it mean to you if you
got some help?

It’s true, [ am unhappy.

Perhaps [ could learn to get along

with my mother. Tell me more about your family. -
My mother ;akes care of me. Who else in your family takes care of you?
My father. Your father. 4
You are like my father in some ways. What resemblance do you see?

CHAPTER 1

Word Rank Pattern Outputs

alike 10 X In what way?
What resemblance do you see?

are 3 ?X are you 7Y Would you prefer it if I weren't 7Y?

3 X are Y What if they were not 7Y?

always 5 X Can you think of a specific example?
When?
Really, always?

what 2 X Why do vou ask?

Does that interest you?

Figure 1.2 A dialogue with ELIZA

programs of all time, and versions of it exist for most machines, inclufii’ng most
personal computers, ELIZA was never claimed to embody a theory ot l.m%zu.algel
comprehension and production, but it serves as an excellent cxamplg as its
behavior initially seems impressive. The system plays the role of a therapist and.
to obtain the best results, the user should correspondi.ngly play the r'ole of a
patient. Figure 1.2 presents a transcript of this system in operation. Given th}s
transcript, or even playing with the system yourself for a few minutes, ELIZA"s
performance certainly seems impressive. . o

Here is a simple description of how ELIZA works. There is a database o‘
particular words that are called keywords. For each keyw.ord, _the system stores
an integer, a pattern to match against the input, and a specification of the output.
The algorithm is as follows: Given a sentence S, find a !ceyword in S .whose
pattern matches S. If there is more than one keyword, .plck [hc? one w.uh th
highest integer value. Use the output specification that is associated with this
keyword to generate the next sentence. If there are no keywords. generate an
innocuous continuation statement, such as Tell me more or Go on. ‘

Figure 1.3 shows a fragment of a database of keywords. In this 'dat'abase a
pattern consists of words and variables. The prefix ? before a letter indicates a
variable, which can match any sequence of words. For example, the pattern

27X are you 7Y

would match the sentence Why are you looking at me?, wher.e the. variable 7X
matches Why and 7Y matches looking at me. The output specification may also
use the same variables. In this case, ELIZA inserts the wgrds that matc.h the
variables in the input into the output after making some minor changes in the

Figure 1.3 Sample data from ELIZA

pronouns (for example, replacing me with vou). Thus, for the pattern above, if the
output specification is

Would you prefer it if I weren't 2Y?

the rule would generate a response Would you prefer it if I weren't looking ar
vou? When the database lists multiple output specifications for a given pattern,
ELIZA selects a ditferent one each time a keyword rule is used, thereby prevent-
ing unnatural repetition in the conversation. Using these rules, you can see how
ELIZA produced the first two exchanges in the conversation in Figure 1.2.
ELIZA generated the first response from the first output of the keyword alike and
the second response from the first output of the keyword always. .

This description covers all of the essential points of the program. You will
probably agree that the program does not understand the conversation it is partici -
pating in. Rather, it is a collection of tricks. Why then does ELIZA appear to
function so well? There are several reasons. Perhaps the most important reason is
that, when people hear or read a sequence of words that they understand as a
sentence, they attribute meaning to the sentence and assumne that the person (or
machine) that produced the sentence actually intended that meaning. People are
extremely good at distinguishing word meanings and interpreting sentences to fit
the context. Thus ELIZA appears to be intelligent because you use your own
intelligence to make sense of what it says.

Other crucial characteristics of the conversational setting also aid in sus-
taining the illusion of intelligence. For instance, the systern does not need any
world knowledge because it never has to make a claim, support an argument, or
answer a question. Rather, it simply asks a series of questions. Except in a
patient-therapist situation, this would be unacceptable. ELIZA evades all direct
questions by responding with another question, such as Why do vou ask? There is
no way to force the program to say something concrete about any topic.
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Even in such a restricted situation, however, it is relatively casy to
demonstrate that the program does not understand. It sometimes produces com-

pletely off-the-wall responses. For instance, it you say Necessity is the mother of

invention, it might respond with Tell me more about your family, based on its
pattern for the word mother. In addition, since ELIZA has no knowledge about
the structure of language, it accepts gibberish just as readily as valid sentences. If
you enter Green the adzabak are the a ran four, ELIZA will respond with
something like What if thev were not the a ran four? Also, as a conversation
progresses, it becomes obvious that the program does not retain any of the
content in the conversation. It begins to ask questions that are inappropriate in
light of earlier exchanges, and its responses in general begin to show a lack of
focus. Of course, if you are not able to play with the program and must depend
only on transcripts of conversations by others, you would have no way of
detecting these flaws, unless they are explicitly mentioned.

Suppose you need to build a natural language program for a certain
application in only six months. If you start to construct a general model of
language understanding, it will not be completed in that time frame and so will
perform miserably on the tests. An ELIZA-like system, however, could easily
produce behavior like that previously discussed with less than a few months of
programming and will appear to far outperform the other system in testing. The
differences will be especially marked if the test data only includes typical domain
interactions that are not designed to test the limits of the system. Thus. if we take
short-term performance as our only criteria of progress, everyone will build and
fine-tune ELIZA-style systems, and the field will not progress past the limitations
of the simple approach.

To avoid this problem, either we have to accept certain theoretical assump-
tions about the architecture of natural language systems and develop specific
evaluation measures tor different components, or we have to discount overall
evaluation results until some reasonably high level of performance is obtained.
Only then will cross-system comparisons begin to reflect the potential for long-
term success in the field.

The Different Levels of Language Analysis

A natural language system must use considerable knowledge about the structure
of the language itself, including what the words are, how words combine to form
sentences, what the words mean. how word meanings contribute to sentence
meanings, and so on. However, we cannot completely account for linguistic
behavior without also taking into account another aspect of what makes humans
intelligent—their general world knowledge and their reasoning abilities. For
example, to answer questions or to participate in a conversation, a person not
only must know a lot about the structure of the language being used, but also
must know about the world in general and the conversational setting in particular.
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The following are some of the different forms ot knowledge relevant for
natural language understanding:

Phonetic and phonological knowledge—concerns how words are
related to the sounds that realize them. Such knowledge is
crucial for speech-based systems and is discussed in more
detail in Appendix C.

Morphological knowledge—concerns how words are constructed
from more basic meaning units called morphemes. A mor-
pheme is the primitive unit of meaning in a language (for
example. the meaning of the word friendly is derivable from
the meaning of the noun friend and the suffix -/yv, which
transforms a noun into an adjective).

Syntactic knowledge—concerns how words can be put together to
form correct sentences and determines what structural role each
word plays in the sentence and what phrases are subparts of
what other phrases.

Semantic knowledge—concerns what words mean and how these
meanings combine in sentences to form sentence meanings.
This is the study of context-independent meaning—-the mean-
ing a sentence has regardless of the context in which it is used.

Pragmatic knowledge-—concerns how sentences are used in
different situations and how use affects the interpretation of the
sentence. :

Discourse knowledge—concerns how the immediately preceding
sentences affect the interpretation of the next sentence. This
information is especially important for interpreting pronouns
and for interpreting the temporal aspects of the information
conveyed.

World knowledge —includes the general knowledge about the struc-
ture of the world that language users must have in order to, for
example, maintain a conversation. It includes what each lan-
guage user must know about the other user’s beliefs and goals.

These definitions are imprecise and are more characteristics of knowledge
than actual distinct classes of knowledge. Any particular fact might include
aspects from several different levels, and an algorithm might need to draw from
several different levels simultaneously. For teaching purposes, however, this
book is organized into three parts, each describing a set of techniques that natu-
rally cluster together. Part I focuses on syntactic and morphological processing,
Part II focuses on semantic processing, and Part III focuses on contextual effects
in general, including pragmatics, discourse, and world knowledge.
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BOX 1.2 Syntax, Semantics, and Pragmatics

The following examples may help vou understand the distinction between syntax,
semantics, and pragmatics. Consider each example as a candidate tor lhc initial
sentence of this book. which you know discusses natural language processing:

1. Language is one of the fundamental aspects of human behavior and is a
crucial component of our lives.

Green frogs have large noses.

Green ideas have large noses.

Large have green ideas nose.

i sl A

Sentence | appears to be a reasonable start (1 hope!). It agrees with all that is
known about syntax, semantics, and pragmatics. Each of the other sentences
violates one or 'rnore of these levels. Seatence 2 is well-formed syntacticaily and
semantically, but not pragmatically. It fares poorly as the first sentence of the book
because the reader would find no reason for using it. But however bad sentence 2
would be as a start, sentence 3 is much worse. Not only is it obvious!y prag-
matically ill-formed, it is also semantically ill-formed. To see this. consider thfxt
you and I could argue about whether sentence 2 is true or not. but we cannot dq S0
with sentence 3. I cannot affirm or deny sentence 3 in coherent conversation.
However, the sentence does have some structure, for we can discuss what is wrong
with it: Ideas cannot be green and. even if they could. they cgnuinly cannot havg
large noses. Sentence 4 is even worse. In fact. it is unintelligible. even though it
contains the same words as sentence 3. It does not even have enouglrl structure 1o
allow you to say what is wrong with it. Thus it is synmctic.ally 1ll-torrned. Inci-
dentally, there are cases in which a sentence may be pragmatically well-fonped but
not syntactically well-formed. For example. if [ ask you where you are going and
you reply “I go store.” the response would be undcrstandat.)le even though it is
syntactically ill-formed. Thus it is at least pragmatically well-formed and may even
be semantically well-formed.

.5 Representations and Understanding

As previously stated, a crucial component of understanding invol\_/e§ computing a
representation of the meaning of sentences and texts. Without d&.etmmg the nouon
of representation. however, this assertion has little content. For instance, why not
simply use the sentence itself as a representation of its meaning? One reason is
that most words have multiple meanings, which we will call senses. The w.ord
cook, for example, has a sense as a verb and a sense as a noun; dish has multiple
senses as a noun as well as a sense as a verb; and sti/l has senses as a noun, verb,
adjective, and adverb. This ambiguity would inhibit the system fr(?m ma}(lng Fhe
appropriate inferences needed to model understanding. The disambiguation
problem appears much easier than it actually is because people do not gener‘ally
notice ambiguity. While a person does not seem to consider each of the possible
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senses of a word when understanding a sentence, a program must explicitly
consider them one by one. ‘

To represent meaning, we must have a more precise language. The tools to
do this come from mathematics and logic and involve the use of formally speci-
fied representation languages. Formal languages are specified from very simple
building blocks. The most fundamental is the notion of an atomic symbol, which
is distinguishable from any other atomic symbol simply based on how it is
written. Useful representation languages have the following two properties:

. The representation must be precise and unambiguous. You
should be able to express every distinct reading of a sentence as
a distinct formula in the representation.

. The representation should capture the intuitive structure of the
natural language sentences that it represents. For example,
sentences that appear to be structurally similar should have
similar structural representations, and the meanings of two
sentences that are paraphrases of each other should be closely
related to each other.

Several different representations will be used that correspond to some of
the levels of analysis discussed in the last section. In particular, we will develop
formal languages for expressing syntactic structure, for context-independent
word and sentence meanings, and for expressing general world knowledge.

Syntax: Representing Sentence Structure

The syntactic structure of a sentence indicates the way that words in the sentence
are related to each other. This structure indicates how the words are grouped
together into phrases, what words modify what other words, and what words are
of central importance in the sentence. In addition, this structure may identify the
types of relationships that exist between phrases and can store other information
about the particular sentence structure that may be needed for later processing.
For example, consider the following sentences:

. John sold the book to Mary.
2. The book was sold to Mary by John.

These sentences share certain™structural properties. In each, the noun phrases are
John, Mary, and the book, and the act described is some selling action. In other
respects, these sentences are significantly different. For instance, even though
both sentences are always either true or false in the exact same situations, you
could only give sentence 1 as an answer to the question What did John do for
Mary? Sentence 2 is a much better continuation of a sentence beginning with the
phrase After it fell in the river, as sentences 3 and 4 show. Following the standard
convention in linguistics, this book will use an asterisk (*) before any example of
an ill-formed or questionable sentence.
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Figure 1.4 Two structural representations of Rice flies like sand.

3. *After it fell in the river, John sold Mary the book.
4. After it fell in the river, the book was sold to Mary by John.

Many other structural properties can be revealed by considering sentences
that are not well-formed. Sentence 5 is ill-formed because the subject and the
verb do not agree in number (the subject is singular and the verb is plural), while
6 is ill-formed because the verb put requires some modifier that describes where
John put the object.

5. *John are in the corner.
6.  *John put the book.

Making judgments on grammaticality is not a goal in natural language
understanding. In fact, a robust system should be able to understand ill-formed
sentences whenever possible. This might suggest that agreement checks can be
ignored, but this is not so. Agreement checks are essential for eliminating poten-
tial ambiguities. Consider sentences 7 and 8, which are identical except for the
number feature of the main verb, yet represent two quite distinct interpretations.

7. Flying planes are dangerous.
8. Flying planes is dangerous.

lf you did not check subject-verb agreement, these two sentences would be indis-
tinguishable and ambiguous. You could find similar examples for every syntactic
feature that this book introduces and uses.

Most syntactic representations of language are based on the notion of
context-free grammars, which represent sentence structure in terms of what
phrases are subparts of other phrases. This information is often presented in a tree
form, such as the one shown in Figure 1.4, which shows two different structures

for the seatence Rice flies like sund. In the first reading, the sentence is formed
from a noun phrase (NP} describing a type of tly, rice flies, and a verb phrase
(VP) that asserts that these flies like sand. In the second structure, the sentence is
formed from a noun phrase describing a type of substance, rice, and a verb phrase
stating that this substance flies like sand (say, if you throw it). The two structures
also give further details on the structure of the noun phrase and verb phrase and
identify the part of speech for each word. In particular, the word like is a verb (V)
in the tirst reading and a preposition (P) in the second.

The Logical Form

The structure of a sentence doesn’t reflect its meaning, however. For example,
the NP the carch can have different meanings depending on whether the speaker
is talking about a baseball game or a fishing expedition. Both these inter-
pretations have the same syntactic structure, and the different meanings arise
from an ambiguity concerning the sense of the word carch. Once the correct
sense is identified. say the fishing sense, there still is a problem in determining
what fish are being referred to. The intended meaning of a sentence depends on
the situation in which the sentence is produced. Rather than combining all these
problems, this book will consider each one separately. The division is between
context-independent meaning and context-dependent meaning. The fact that
carch may refer to a baseball move or the results of a fishing expedition is
knowledge about English and is independent of the situation in which the word is
used. On the other hand, the fact that a particular noun phrase the catch refers to
what Jack caught when fishing yesterday is contextually dependent. The
representation of the context-independent meaning of a sentence is called its
logical form.

The logical form encodes possible word senses and identifies the semantic
relationships between the words and phrases. Many of these relationships are
often captured using an abstract set of semantic relationships between the verb
and its NPs. In particular, in both sentences 1 and 2 previously given, the action
described is a selling event, where John is the seller, the book is the object being
sold, and Marv is the buyer. These roles are instances of the abstract semantic
roles AGENT, THEME, and TO-POSS (for final possessor), respectively.

Once the semantic relationships are determined, some word senses may be
impossible and thus eliminated from consideration. Consider the sentence

9. Jack invited Mary to the Halloween ball.

The word ball, which by itself is ambiguous between the plaything that bounces
and the formal dance event, can only take the latter sense in sentence 9, because
the verb invite only makes sense with this interpretation. One of the key tasks in
semantic interpretation is to consider what combinations of the individual word
meanings can combine 1o create coherent sentence meanings. Exploiting such



