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Abstract

Natural language processing has been developing many useful theories and technologies
about the processing of written language such as computer manuals, news stories, dictio-
naries, ete., but very few has been made about the processing of spoken language. Recent
advances in speech processing technologies have made the analysis of spoken language onc
of the central issues in natural language processing. Along that line, researchers studying
speech translation, spoken dialogue systems, and multi-modal interfaces have been trying to
develop a methodology capable of dealing with naturally uttered sentences, .., spontancous
ulterances.

One big feature of spoken language. that distinguishes it from written language, is
that it is in various ways extra-grammatical, containing hesitations, repairs, ellipses, and so
on. This makes it difficult to apply traditional linguistic-based methods to spoken language
analysis. For developing advanced natural language systems which handle spoken language,
not written language, the establishment of a definite way of dealing with spontaneous utter-
ances is indispensable. How 1o treat particular extra-grammatical phenomena and how to
incorporate the process for dealing with extra-grammatical phenomena into other linguistic
process are the central issues in the research. Resolving those problems would be one of the
most challenging but attractive attempts in recent studies on natural language processing.
‘The aim of the dissertation is to take a first step toward such an attempt, providing a new
framework for analyzing spoken natural language.

Our approach to spoken language analysis e uniform method to deal with both

ical phenomena and Traditional parsing problems,
such as attachment ambiguity and semantic role unb.g.my. and extra-grammaticality prob-
lems, such as repairs and ellipses, are handled in a uniform way. This is adequate for the
following reasons.

1. The treatment of extra-grammatical phenomena sometimes requires an ability equiv-
alent to one for dealing with grammatical phenomena.

2. Some sentences are ambiguous between well- and ill-formed readings. Such ambiguous
sentences are difficult to correctly parse without a uniform treatment of well- and ill-
formed sentences.

3. Real-time parsing, which is desirable for spoken language analysis, is difficult to



achieve without an archi that treats ical and ical phe-
nomena at the same time in a single stage processing.

4. The uniform approach is psychologically plausible on the basis of the observation that
humans invoke the rror detection process in parallel with other linguistic process.

Such a uniform method for spoken language analysis will be realized by adopting
preference-based abduction as a fundamental framework. In this framework, the analy-
sis of an input sentence is viewed as an inference process 1o find the best explanation of
why the sentence would be true. In the course of the process, various sorts of assumptions
are made to interpret information underlying the linguistic structure of the sentence. The
mast preferred interpretation of the sentence is chosen as the one maximizing the prefer-
ence values of assumptions made for that interpretation. All kinds of ambiguity, including
attachment ambiguity, semantic role ambiguity, and ambiguity between well- and ill-formed
readings, is treated uniformly as a matter of preference.

Based upon preference-based abduction framework, we will
topics on a uniform approach to spoken language analysis.

iscuss the following four

How various problems in spoken language analysis are uniformly formalized in terms
of preference-based abduction.

2. How we can decide an adequate preference value for an interpretation candidate.

@

How we can effciently perform the process for finding the most preferred interpreta-
tion.

4. How parsing and generation are integrated.

Before going into these topics, we first briefly outline our basic framework, preference-
based abduction, in Chapter 2. We give its formal definition and its application to natural
language analysis, and explain how this model integrates syntactic parsing and semantic
interpretation in a thorough and elegant way.

In Chapter 3, we describe a preference-based formalism for spoken Japanese analysis,
a5 a particular application of preference-based abduction. We provide a grammar formal-
ism for spoken Japanese analysis, which can account for both well- and ill-formed sen-
tences. The formalism is realized by extending traditional dependency analysis in such a
way that extra-grammatical phenomena as well as grammatical phenomena are treated in
terms of dependences between constituents. The grammar is preference-based rather than
constraint-based, in the sense that every linguistic constraint is judged upon continuous
decisions (holding with uncertainty specified by some numerical value). We first show the
necessity of a uniform model with illustrating motive examples from our spoken dialogue
corpus. Then, after providing the details of the formalism, we show its effectiveness with
illustrating examples of analyzing real sentences from the corpus, which contain extensive
extra-grammatical phenomena.
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In Chapter 4. we propose a method for deciding an adequate preference value of an
te. The preference on dependences between constituents is used 10

assignment.

corpus to obtain the statistical i ion about
preference values are calculated. The detailed explanation of the method. together with the
results showing its effecti is presented.

In Chapter 5, we propose an efficient computation mechanism to find the most preferred
interpretation in our preference-based abduction framework. called the generalied chart
algorithm. 1t consi he efficiency of preference- based abduction. which have
been a severe bottleneck of the framework. It is realized as a straightforward extension of
bottom-up chart parsers, with generalizing several basic devices. The algorithm is explained
in detail, contrasting with a chart parser, and the experimental results are reported to show
its superiority over existing algorithms for abduction.

In Chapter 6, we describe a uniform architecture for parsing and generation. Instead of
developing a large-scaled. practical reversible grammar. we focus on the reversibility of a
computation mechanism. We first present an eficient generation algorithm, which extends
semantic-head-driven generation by using a chart-based formalism. We, then. show that
the proposed generation algorithm is a particular instance of generalized chart algorithm,
proposed in Chapter 5, providing a uniform view of parsing and generation.

In Chapter 7, the dissertation coneludes with a summary of the results of the research
and discussions for future studies.
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Chapter 1

Introduction

1.1 Analyzing Spoken Natural Language

Natural language processing has been developing many useful theories and technologies
about the processing of written language such as computer manuals. news stories, dictio-
naries, etc.. but very few has been made about the processing of spoken language. Recent
advances in speech processing technologies have made the analysis of spoken language one
of the central issues in natural language processing. Along that line, researchers studying
speech translation, spoken dialogue systems, and multi-modal interfaces have been trying to
develop a methodology capable of dealing with naturally uttered sentences. i.e., spontaneous
ulterances.

One big feature of spoken language, that distinguishes it from written language, is that
itis in various ways eztra-grammatical, containing hesitations, repairs, ellipses, and so on.
This makes it difficult to apply traditional linguistic-based methods to spoken language
analysis.

Consider, for instance, the following Japanese sentence:'

(L) 30—, HA, WK FSEECCRBLTFE .

Ané  gen  genks raishi-madeni teishutsu-shite-kudasai
[/anoo/) (/gen/) paper mext week-by  submission-do-POLITE

“Please submit your paper by next week.”

Tt contains three extra-grammatical phenomenas (i) the hesitation expressed by a hesitating
word “and” (i) the repair of an incompletely articulated word “gen” by the following
word “genks,” and (ii) the ellipsis of a particle "0 (accusative particte)” at the position
right after “genks.” A traditional parser could not recognize a hesitating word “ané™
nor handle an isolated word “gen.” Also, it could not identify the semantic role relation

"In the third linc of the cxample, the bracketed word indicates a hesitating word and the parenthesized
word indicates  repaired word. The expression stasting and ending with slashes (*/") is the phonological
tepresentation of a word.




2 CHAPTER 1. INTRODUCTION

between “genkd” and “feishulsu-shite-kudasai.™ since a semantic role relation is expected
10 be explicitly marked by a case particle like “0.* Thus, a traditional parser would fail to
parse the sentence. To correctly parse the sentence. a parser should recognize that “and"” is
a hesitating word, that “gen" is an incomplete form of *genkd,” and that “genké” occupies
the object role of “feishutsu-shite-kudasai” despite the lack of a case particle.

For developing advanced natural language systems which handle spoken language, not
written language, the establishment of a definite way of dealing with spontaneous utter-
ances is indispensable. How to treat particular extra-grammatical phenomena and how 10
incorporate the process for dealing with extra-grammatical phenomena into other lingui
process are the central issues in the research. Resolving those problems would be one of the
most challenging but attractive attempts in recent studics on natural language processing.
The aim of the dissertation is o take a first step toward such an attempt, providing a new
framework for analyzing spoken natural language.

The study of spoken language analysis also has a scientific interest. It is said that a
human being has an autonomous syntactic module, which operates independently of the
processes that access semantic knowledge and world knowledge (Fodor, 1979). In that
module, a set of well-formed sentences of his language is defined. In spoken language,
however, a speaker often cannot articulate a sentence formulated in her syntactic module as
it is. due to psychological restrictions, e.g.. the limitation of the capacity of the short term
memory, or physical problems, e.g., errors of the organ. Nevertheless, a hearer has little
difficulty in parsing and comprehending a speaker's utterance, which sometimes results in
an ill-formed sentence. The investigation into a ional model which i
this capability of human beings would be helpful for understanding the linguistic ability of
human beings.

Before sketching out our framework for spoken language analysis, we briefly summarize
the previous works on this issue.

1.2 Previous Works on Spoken Language Analysis

Several works have been done on the parsing of ill-formed sentences, although not all of
them were directly addressed to spoken language analysis. They are divided into three
categories: (a) works on methods to recover from parse failures made by a normal parser
for well-formed sentences, (b) works on methods to handle particular types of ill-formedness,
and (c) works on methods capable of treating both well- and ill-formed sentences uniformly.

Work on Recovery Methods

In those works concerned with recovery methods of parse failures, the grammars for well-
formed sentences are retained as usual. A parser adopts a two-stage model consisting of
normal parsing process and recovery process. When the normal parsing process fails to
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find a complete parse for an input. the recovery process is invoked. In many such systems.
strategies to recover parse failures are given by heuristics.

In Fitted Parse (Jensen & Heidorn. 1983: Jensen, Heidorn, Miller, & Ravin, 1983).
an input is, first, parsed in bottom-up fashion using the core grammar, that defines the
central, agreed-upon grammatical structures. When no complete parse is found in this
normal parsing process, th fits together. ina ion, the partial
sracties whieh Sre eeoeded 5 by peodnct of bolkoarp fising, Thé Nligalgisicin,
first, chooses a head constituent by syntactic preference like “tensed verb phrases (VPs)
are more desirable as heads than phrases without verbs.” and. second, fits in remaining

with the order of (i) her than VP. (ii) untensed V'Ps, and (iii) tensed
VPs. Fitted Parse can produce at least one reasonable approximate parse for any inputs.
but, because of its reliance only upon syntactic preference. the results of Fitted Parse arc
nol necessarily the best ones.

Weischedel and imer (1983) i a relazation techniqueintoan ATN (Aug-
mented Transition Network) parser (Woods. 1970) to achieve the parsing of ill-formed sen-
tences. In their method. when no parse is found in the normal parsing process. mieta-rulex
are applied 1o the well-formedness rules in order to identify the violated rule and 1o re-
lax that rule. A meta-ule is a production rule representing the condition on which that
rule is selected and the action 1o relax a particular grammatical constraint. For insiance,
there is a meta-rule like “if subject-verb agreement is violated, then proceed as if it were
satisfied.” The method provides a uniform way of handling ll-formed sentences together
with powerful expressiveness, by which not only syntactic ill-formedness but also
and pragmatic ill-formedness can be dealt with. However. it lacks a mechanism 10 compare
several alternatives of relaxing violated constraints, and. hence. can not produce the best

parse.
Mellish (1989) proposed a char(-based method for parsing ill-formed sentences, restrict-
ing his method to the treatment of syntactic ill-formedness. In his method. bottom-up
chart parsing (Kay, 1980) is adopted in the normal parsing process. When the normal
parsing process fails 1o find a complete parse, top-down parsing is invoked to identify and
recover ill-formedness. The top-down parsing predicts a required constituent at a certain
position, by recursively applying the top-down rules, and satisfies it by inserting an empty
element (corresponding to the insertion of a missing element) or by skipping an element
at the current position (corresponding o the deletion of an extra element). Owing to the
agenda mechanism of chart parsing, his method can choose the best parse out of alter
tives ranked by heuristics. His idea of using a chart-based technique will be inherited in the
framework proposed in the dissertation. though th h fill-formed:
is completely different.
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‘Work on Methods for Particular Ill-Formedness

In contrast 10 the above works. which were not directly addressed to spoken language

rules. in order (o enable a parser to skip erroneous items made by repairs. Editing rules
are designed so that the parser can correctly recognize the part of an input to be expunged,
by using information like “the expunged part has surface strings which are identical to the
beginning of the succeeding part of the input.” or “the expunged part is of the same category
type as that of the succeeding constituent.” He assumed that the place of a disruption is
marked by a phonetically identifiable signal. which. however. was not discussed at all in his
research.

Ward (1991, 1994) also directly addressed the parsing of spoken language, making use
of a semantic grammar, that accounts for much of syntactically ill-formed sentences. The
grammar uses semantic concepts, instead of parts of speech, as non-terminal symbols. It
maps input sent to semantic frame ions. which represent the interpreta-
tions of the inputs. The parser can correctly parse a number of ill-formed sentences from
the ATIS (Air Travel Information Service) domain, which contain many kinds of extra-
grammatical phenomena (and errors made by speech recognizers). Since semantic gram-
mars completely ignore the syntactic aspects of language and, hence, lack the generality, it
is doubtful whether this approach can be effectively applied to non-restricted domains.

Bear, Dowding. and Shriberg (1992) discussed an alternative method to deal with re-
pairs. They included, as their research topic. a problem for finding the site of repairs
without an explicit signal. They adopt pattern matching based on the patterns observed
in their human-computer dialogue corpus, in order to filter out sentences which contain no
repairs. After that, they apply the two-stage processing, in which the recovery process is
specialized to the correction of repairs. Sagawa. Ohnishi, and Sugie (1994) applied a similar
method to the detection and the correction of repairs in spoken Japanese dialogue. They
claimed that nearly 90% of the sentences with repairs from a corpus they examined could
be correctly parsed by their method. Since these methods are limited to the treatment of
a particular extra-grammatical phenomenon, i.e., repairs, it is unclear how those methods
€an be cffectively combined with the methods for dealing with other extra-grammatical
phenomena. .g.. particle ellipses.

Work on Uniform Methods

In those works concerned with uniform methods for dealing with well- and ill-formed sen-
tences, the grammars for well-formed sentences are extended so that they can account for
ill-formed sentences as well. A single parser operates on both well- and ill-formed inputs
without failures. The grammars are usually written taking account of broad information,
such as semantic information, domain knowledge, and 5o on.
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Fass and Wilks (1983) applied Preference Semantics (Wilks. 1975) to the analysis of ill-
formed sentences, in particular the parsing of sentences with metaphor, which they thought
to be a kind of semantic ill-formedness. In their approach. a sentence, whether it is well-
formed o ill-formed. has preference in s reading. according to the degree of the satisfaction
of the constraints imposed on that sentence. The prefereiice. in short. is the number of the
satisfied constraints in a sentence, which arc imposed, for instance. by selectional restric-
tions (Katz & Fodor, 1963). An ill-formed sentence. violating several constraints, is still
acceptable, and its approximate interpretation is chosen as the maximally preferred one.
‘The appropriate interpretation is chosen in the same way as the best interpretation for an
ambiguous (well-formed) sentence is chosen.

Cost-based abduction (Hobbs. Stickel, Martin. rds. 1988: Hobbs. Stickel. Appelt.
& Martin. 1993) shed a new light on the treatment of ill-formedness. [t provides a uniform
view of language processing as abduelive inferencx. that is inference to the best explanation.
In this view, the parsing and the comprehension of an input sentence is to find the minimal
explanation of why the sentence would be true. The consequences of abductive inference
involve uncertainty, or cos sis of an input sentence is done by
inferring the set of consequences with the minimal cost from the facts observed
input. Such problems as reference resolution. the interpretation of compound nominals.
the resolution of syntactic ambiguity and metonymy have been explored in this
The treatment of ill-formedness is also straig
particle ellipsis, is to infer the underlying information behind ill-formedness. e.
particle. This provides the following schema for the analysis of ill-formed sentences. which is
similar to the one used by Fass and Wilks (1983): An ill-formed sentence is still acceptable
to the parser, and its approximate interpretation is chosen as the minimally costly one.
Their idea of using abductive inference as a uniform language processor will be inherited
in the framework proposed in the dissertation, with further developments to overcome
several defects. e.g.. the lack of an objective defnition of costs and inefficiency due to heavy

computation.

Other Work

There still exist completely different approaches to spoken language analysis, which use
acoustic and prosodic information as dominant cues to detect and correct errors. Nakatani
and Hirschberg (1993) proposed a speech-first model for the detection of repairs, in which
acoustic-prosodic cues, instead of lexical and grammatical knowledge, are used to identify
repairs. Although the role of acoustic and prosodic information in spoken language analysis
is indubitably important, the dissertation does not go into issues concerning acoustic and
prosodic processing for the following reasons. First. it is difficult to automatically obtain
acoustic and prosodic information from spoken inputs. (Nakatani and Hirschberg (1993)
used hand-transcribed prosodic annotations.) Secondly, it s significant to investigate how
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linguistic knowledge, which has been developed in the study of written language, can con-
tribute 1o the analysis of spoken language. In particular. the investigation of how much
accuracy a system with linguistic knowledge alone can achieve will provide a good guide
for further developing systems which combine linguistic knowledge with other knowledge
including acoustic and prosodic information.

1.3 A Uniform App h to Spoken L Analysi:

‘This section overviews a uniform framework for spoken language analysis, which we propose
in this dissertation.

1.3.1 Scope of the Research

First, we explain what exactly we mean by the analysis of spoken language. Most of the
previous work on spoken language analysis. or. more generally, the analysis of ill-formed sen-
tences, discussed only methods 1o detect and recover errors (or ill-formedness). This would
not be sufficient. In addition to various extra-grammatical phenomena, spoken language
involves a lot of traditional problems such as attachment ambiguity and semantic role am-
biguity, which have been the central issues in written language analysis. The relationship
between such traditional parsing problems and extra-grammaticality problems should be
thoroughly investigated in the research of spoken language analysis. For instance, we have
to consider how techniques to cope with extra-grammatical phenomena are incorporated
with the methods for dealing with traditional problems. Thus, spoken language analysis
should be concerned with the full portion of parsing and interpretation process. Here, we
define the analysis of spoken language as follows:

Definition 1.1 The analysis of spoken language is to convert an input, represented in
Kanji-Kana characters, into its most preferred interpretation, represented in a semantic
frame representation.

For example, given Kanji-transcribed sentence (1.2) as input, the parser will produce
semantic (rame representation (1.3). recogizing that “and” is  hesitating word, that “gen”
is repaired by “genks,” and that “genks" occupies the object role of “teishutsu-shite-kudasai”
despite the ellipsis of an accusative particle “o."

(12) 30—, HA, WM FEEETCRELTFE W
Ané  gen  genké raishi-madeni leishutsu-shite-kudasai
U/anco/) (/gen/) paper  next week-by  submission-do-POLITE
“Please submit your paper by next week.”
PRED  submit
03) | owe [ reo paper |
TUM  next.week
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‘The dissertation does not discuss issues on acoustic and prosodic processing, though they
might play a significant role in spoken language analysis. We assume the input of a parser
10 be the output of a speech recognizer. whic is usually given as a sequence of Kanji-Kana

characters. We also assume a speech recognizer can recognize any disfluencies in inputs. like
the interruption of word articulation as “gen” in (1.2). producing orthographically correct
sequences of Kanji-Kana characters. Of course, this is a too strong assumption for the
current speech recognition systems. However, we accept this assumption and concentrate
on linguistic treatment of spoken language. since we consider it to be a good starting point
for extensive research on spoken language analysis.

1.3.2 Overview of the Framework

Our approach to the above task is 10 use a uniform method to deal with well- and ill-formed
sentences. This means that our framework treats both traditional parsing problems and
extra-grammaticality problems in a uniform way. The basic framework we use is called
preference-based abduction, that is a variant of cost-based abduction (Hobbs et al., 1988).
In our framework. the analysis of an input sentence is viewed as inference process Lo find
the best explanation of why the sentence would be true. An input is regarded as a query to
the inference engine. asking the truth of the proposition that a given sequence of characters
constitutes a sentence with a certain meaning. The inference engine tries to prove the
query by finding a proof of the query from a given set of axioms, which describe various
sorts of linguistic knowledge. including syntactic and semantic constraints, and other rules
for dealing with extra-grammatical phenomena. If the query is proved 1o be true, then the
answer substitution gives us the meaning of the input.

In the course of the proof process, various sorts of assumptions are made to interpret
information underlying the inguistic structure of the input sentence. For instance, the in-
formation underlying the depend paper)” and “teishutsu-shite-kude
(submission-do-POLITE)" in (1.2) could be interpreted by assuming object role relation be-
tween them, that is. the assumption that “genkd" occupies the object role of “fcishulsu-shite-

kudasai.” There are. of course. many ways of making assumptions. Forinstance, to interpret
the above dependence, it might also be possible to assume instrument role relation, that is,
the assumption that *genks” occupies the instrument role of “teishutsu-shite-kudasai.” This
is the so-called ambiguity problem.

In our framework. all kinds of ambiguity, including atachment ambiguity, semantic role
ambiguity, and ambiguity between well- and ill-formed readings (see below about this).,
is treated uniformly as ambiguity of making assumptions. For disambiguation, we use
preference values, that represent the certainty of the truth of assumptions. A preference
value is a numerical value, ranging between 0 and 1. associated with an assumption. A high
value means the assumption is certain to he true, while a low value means the assumption
is uncertain to be true. For instance. in the above case, the object role assumption would
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have a higher preference value than the instrument role assumption. since a paper is more
likely to be the object of  submitting event than to be the instrument of that event. In this
way, assumptions can be ranked by their preference values. Among the assumptions which
might support the truth of the query. the one with the maximal preference value is chosen
is a very simple disambiguation schema used in preference-based

10 the processing of extra-grammatical phenomena. For
instance, in (1.2), the information underlying the presence of an isolated word “gen,” whose
surface form matches the beginning part of the following word “genks” could be interpreted
by assuming phonological repair relation between the two words. that is, the assumption
that ~gen” is repaired by “genks™ by some phonological reason. The adequacy of the
interpretation is measured by the preference value of that assumption. which would be
determined according 1o how likely such a pattern of repeated words constitutes a repair.

1.3.3  Advantages of the Framework

In our framework, traditional parsing problems and extra-grammaticality problems are
handled in a uniform way. The rules for dealing with extra-grammatical phenomena are
described in the same formalism as other rules like syntactic and semantic constraints, and
the same computation mechanism is performed to solve both the traditional problems and
the extra-grammaticality problems. This means that our framework makes no distinction
between well- and ill-formed sentences. This is adequate for the following four reasons

First, the treatment of extra-grammatical phenomena sometimes requires an abi
rammatical phenomena. For instance, the detection of
ulty of identifying the ranges of erroneous parts; in sentence (1.4),
the second (*junbi-o") and the third (“hajimete”) phrases are included in the erroneous
part, while the first (“mé”) and the fourth (*bideo-no") are not.

(14)  L5BMEADT, UFTOMMEBD TV Ik

Mé  junbi-o hajimete bideo-no  junbi-o
soon  (preparation-Acc start)  video-GEN  preparation-ACC
hajimete-iki-tai

start-PROG-would like to

“We'd like to start preparing the video soon.”

‘This difficulty is similar to one arising in dependency analysis, e.g.. the identification of the
ranges of subordinate clauses. Thus, for precise analysis of extra-grammatical phenomena,
we have to import several techniques from works dealing with grammatical phenomena.

*Actually. most natural langusge systems are weing similar disambiguation echniques, in which candi-

duvatcducdbimnmlmi«h-mmudlhemmmi:chlnulkmuinik
renlt,
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Secondly. there are sentences which arc ambiguous between well- and ill-formed readings.
like (1.5).

(1.5)  ®x5WBRTSTESA

kyo kyosan-suru  gakuscikaiin
{ (/Kioo/) } cosponsor-do  student members
today

{ “student members who cosponsor the conference™ }

“student members who cosponsor the conference today”

“kyé" can be analyzed cither as an incomplete form of a word ~kyésan-suru” or as a complete
word (“4 ") meaning “today.” To produce the most suitable interpretation of the sentence.
the parser has to compare the two interpretations. well- and ill-formed interpretations. This
is difficult unless the uniform treatment of well- and ill-formed sentences is adopted.

Thirdly, the uniform treatment of well- and ill-formed sentences is necessary to realize
real-time parsing of spoken language. Real-time parsiug will be highly required when a
parser is combined with a speech recognizer and inputs are given by speech. The two-
stage model taken by Fitted Parse (Jensen & Heidorn. 1983; Jonsen et ol 1983) aud the
relaxation method (Weischedel & imer, 1983) cannot achi processing for
formed sentences, since the recovery process is not invoked until a whole sentence s taken
in and found to be extra-grammatical by the normal parsing process. [n our framework,
incremental parsing is possible, adopting the single-stage model. This would make a great
step toward real-time parsing.

Finally, the uniform treatment of well- and ill-formed sentences is desirable from the
sclentific point of view. If the two-stage processing s taken by human parsers. the hearer
would be able to know the presence of an error only after the speaker's utterance is com-
pleted. However, we can sometimes recognize an error in the midst of an utterance. (Some
people might recognize “gen” to be a repaired word right after they hear the word *genks.”)
This strongly suggests that humans invoke the error detection process in parallel with other
inguistic process.

1.3.4 Problems to be Addressed

Based upon the preference-based abduction framework, we will develop a computational
model for spoken language analysis. After briefly sketching out a general overview of
preference-based abduction in Chapter 2, we describe how this model enables us to for-
malize various problems in spoken language analysis as well as other traditional problems.
This is the first and the most fundamental problem to be discussed in the dissertation and
will be addressed in Chaper 3.

In spite of the ad: discussed in the previous section, there are two major problems

concerning preference-based abduction framework as follows:
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1. Itis difficult to determine an adequate preference value of an interpretation candidate.

2. I is inefficient due to a nature of abduction, that requires a considerably huge search
space.

In cost-based abduction of Hobbs et al. (1993), the costs play an important role in
ing suitable assumplions Lo be made. However, they did not give detailed discussion on
how the costs are determined. They simply said that they were assigning costs by hand. It
s, however, difficult to assign suitable costs by hand, when the set of axioms becomes large.
‘This could also be a problem in our framework. How can we determine, say, the preference
value of assuming object role relation between “genks” and “teishutsu-shite-kudasai” ?

Another problem of our framework is ineficiency of computation. Since abduction
tries 1o find the most suitable solution out of a great number of passibilities produced
by making assumptions, the computation steps usually become very large. This hinders
practical application of abduction-based model. The computation algorithm for cost-based
abduction, presented by Stickel (1990). is not efficient due to a nature inherited from Prolog,
i.e., a depth-first top-down search strategy with backtracking. An alternative algorithm is
needed in order 1o improve the effciency.

This dissertation provides precise solutions 1o both of those problems. As for the first
problem, a corpus-based preference decision method will be proposed. The idea is that
the preference value of an interpretation candidate can be determined according to how
frequently such an interpretation would be observed in the real world. To acquire the
frequency of interpretations, we use a parsed corpus of spoken language, in which every
sentence is analyzed by hand to obtain assumptions that are necessary to interpret
The frequency is given by counting the occurrences of each assumption in the trai
corpus. The method, together with the experi results showing its effecti will
be described in Chapter 4.

The second problem will also be nicely solved by employing a refined computation
mechanism, which is an extension of a well-known algorithm for natural language parsing,
a botiom-up chart parser (Kay, 1980). The eficiency of preference-based abduction is con-
siderably improved by utilizing a bottom-up goal-driven search strategy and the tabulation
of results of partial computation, and further improvement is achieved by the agenda con-
trol mechanism. which realizes a heuristic search 1o find the best solution efficiently. The
algorithm, together with the experi results showing its effecti will be described
in Chapter 5.

The dissertation also addresses one more separate, but closely related, issue, a uniform
architecture for parsing and generation. Unlike previous work on reversible grammars (Kay,
1975: Appelt, 1987), whose focus was to develop reversible grammars that can be shared by
parsers and generators, the interest here is a uniform computation mechanism for parsing
and generation. We will show, in Chapter 6, our algorithm for preference-based abduc-
tion, which is built by extending a bottom-up chart parser, can serve as such a uniform
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mechanism. In particular, a parser and a generator emerged from this algorithm have a
desirable computational efficiency, the same eficiency as is achieved by existing algorithms
10 be designed for a specific purpose. i.e.. cither of parsing or generation.

1.4 Outline of the Thesis
This dissertation discusses four topics on a uniform approach to spoken language analysis.
They are:

1. How various problems in spoken language analysis are uniformly formalized in terms
of preference:based abduction.

»

How we can decide an adequate preference value for an interpretation candidate.

3. How we can efficiently perform the process for finding the most preferred interprota-
tion.

4. How parsing and generation are integrated.

The four chapters, from Chapter 3 to Chapter 6. address those four topics. respec

Before going into these topics. we first briefly outline our basic framework, preference-
based abduction, in Chapter 2. We give its formal definition and its application o natural
language analysis, and explain how this model integrates syntactic parsing and semantic

interpretation in a thorough and elegant way.

In Chapter 3, we describe a preference-based formalism for spoken Japanese analysis.
as a particular application of preference-based abduction. We provide a grammar formal-
ism for spoken Japanese analysis. which can account for both well- and ill-formed sen-
tences. The formalism is realized by extending traditional dependency analysis in such a
way that extra-grammatical phenomena as well as grammatical phenomena are treated in
terms of hetween consti The grammar is prefervnce-based rather than
constraint-based. in the sense that every linguistic constraint is judged upon continuous
decisions (holding with uncertainty specified by some numerical value). We first show the
necessity of a uniform model with illustrating motive examples from our spoken dialogue
corpus. Then, after providing the details of the formalism. we show its effectiveness wi
illustrating examples of analyzing real sentences from the corpus, which contain extensive
extra-grammatical phenomena.

In Chapter 4, we propase a method for deciding an adequate preference value of an
interpretation candidate. The prefercnce on dependences between constituents is used to
resolve both ambiguity in structure determination and ambiguity in dependency relation
assignment. The method is corpus-based, in the way that it utilizes a spoken dialogue
corpus to obtain the statistical information about occurrences of dependences, by which
preference values are calculated. The detailed explanation of the method, together with the

results showing its efecti is presented.
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In Chapter 5. we propose an efficient computation mechanism to find the most preferred
interpretation in our preference-based abduction framework, called the generalized chart
algorithm. 1t considerably improves the effciency of preference-based abduction, which have
been a severe boltleneck of the framework. It is realized as a straightforward extension of
b p chart parsers, with izing several basic devices. The algorithm is explained

ing with a chart parser, and the experimental results are reported to
superiority over existing algorithms for abduction.

In Chapter 6. we describe a uniform architecture for parsing and generation. Instead of
developing a large-scaled. practical reversible grammar, we focus on the reversibility of a
computation mechanism. We, first. present an efficient generation algorithm, which extends
semantic-head-driven generation by using a chart-based formalism. We, then, show that
the proposed generation algorithm is a particular instance of generalized chart algorithm,
proposed in Chapter 5, providing a uniform view of parsing and generation.

In Chapter 7, the dissertation concludes with a summary of the results of the research
and discussions for future studies.




Chapter 2

Preference-based Abduction and
Natural Language Analysis

This chapter introduces preference-based abduction as a foundation of our framework for
spoken language analysis. It is  variant of cost-based abduction, proposed by Hobbs et al.
(1988). We give its formal definition and its application to natural language processing.
We also explain how this model integrates syntactic parsing and semantic interpretation in
a thorough and elegant way.

2.1 Preference-based Abduction

Abduction is one of the fundamental modes of reasoning. Its character
the following example (Peirce, 1932) in a syllogism form:

(Rule) Al the beans from this bag are white.
(Result) These beans are white.
(Case) These beans are from this bag.

Abduction infers the minor premise (Case) from the major premise (Rule) and the
conclusion (Result). It is different from deduction, which infers Result from Rule and Case,
or induction, which infers Rule from Case and Result. More formally. abduction is defined
as an inference schema of the following form:

B _A>B
(21 =427
d A
This is, of course, an invalid reasoning: the consequence A of abductive inference is just

a hypothesis, which may be true but is not guaranteed to be true. Thus, abduction has a
‘probable’ nature.

The above nature of abduction is preferable, since our common sense reasoning also
has a probable nature. In everyday life, we regularly form hypotheses to explain how

13
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other people behave or to understand a situation we are in. Thus, abduction is a very
important form of reasoning in everyday life. In this direction, abduction is applid o

i intelligence, such as diagnosis (Poole, Goebel, & Aleliunas,
1987). plan recognition (Lin & Goebel, 1991), story understanding (Charniak & McDermott,
1985), natural language understanding (Hobbs et al., 1988, 1993), speech understanding
(Josephson & Jasephson, 1994), and so on.

Problem solving by abduction can be realized on a computer system, by using a theorem-
proving technique for the first-order predicate logic (Pople, Jr., 1973). Assume that knowl-
edge about a domain of discourse is represented by a set Z of first-order formulas, and that
every hypothesis A in the schema (2.1) can be constructed from a subset % of £. We call
an element of £ an aziom, and an element of H an assumption. Then, solving a prob-
lem by abduction can be regarded as finding an ezplanation E of an observation G, which
represents the problem 1o be solved, where E is defined as follows (Poole et al., 1987):"

Definition 2.1 Let £ be a set of axioms, and H a set of assumptions. Given a formula G,
asubset E of H is an explanation of G from (£, ), if

1. UEK G, and

2. EUE is consistent.
An explanation E is minimal, if no proper subset E' of E is an explanation of G.

An important issue involved in abduction is the problem of how to find the ‘best’ expla-
nation of a given observation G. In general, G does not have a unique (minimal) explanation.
For instance, if there are two distinct axioms Ay D G and Az D G, then either {4} or {43}
can be an explanation of G. Thus, we need some criteria to select the best explanation.
One example of such criteria is the traditional maxim of Occam’s razor, which adopts the
simplest hypotheses. where simplicity is concerned not only with quantity but also with
quality. Hobbs et al. (1988) formalized this criteria by using a notion of assumability cost.
In their cost-based abduction, an assumption, i.¢., an element of E, is associated with its cost
represented by a positive numerical value, Then, the assumability cost of an explanation £
is given by summing up the assumability costs of all elements of E.

We take a very similar approach to Hobbs et al. (1988). We associate an assumption

preference value, which is represented by a numerical value ranging between 0 and
1. The preference value of an explanation E is given by the product of the preference values
of all elements of E, as follows:

Definition 2.2 Let E be a (minimal) explanation of a formula G. The preference value
P(E) of an explanation E is given by

P(E) = ] P(w,
AcE
"The definition is not complete thematical sense. We must take into account answer substitution

10 formula G. For simplicity, we do not give a strict definition.
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where P(h) is the preference value of an assumption h in E.

Following this definition. the best explanation of an observation is defined as follows:
Definition 2.3 Given a formula G, a set E* of assumptions is the best explanation of G,
if

1. E* is a (minimal) explanation of G, and

2. for any explanation E of G.

P(E") 2 P(E).

We call this form of abduction preference-based abduction.? Solvinga problem by preference-
based abduction is formalized as finding the best explanation E* of an obsersation G. which
represents the problem 1o be solved.

In cost-based abduction, assumability costs are assigned a priori as constant values. In
preference-based abduction. on the other hand, a preference valuc is assigned a posteriori
when an instance of an assumption is generated. The preference value of an assumption
h(X) is determined depending on what term instantiates the variable X.

2.2 Interpretation as Abduction

The interpretation of natural language can be viewed as abductive inference (Hobbs et al.,
1988, 1993). The process of interpreting sentences is the process of providing the best
explanation of why the sentences would be true.

Consider, for instance. the following sentence (Hobbs et al., 1993):

(22)  The Boston office called.

It ineludes at least three pragmatics problems. the problems of (i) resolving the reference
of “the Boston office.” (i) expanding the metonym to *(Some person at] the Boston office
called.™ and (iii) determining the implicit relation between “Boston™ and “the office.” All
these problems are uniformly solved by preference-based abduction in the following way.
cost-based abduction can be associated with preference values in prefercace-based
the
& W‘:’IL

? Assumability costs
‘abduction, by designing an assumability cost s & negative logarithm of a preference value. M;
product of p P, i . "

19%0).
’)\mnlp Hobbs et al. (1988) used another way of amigning costs. In their method, axioms are stated
in the form A® 3 B. where superscript w. called a he

the cost of asuming A is we. Thus, assumability coste ase
with multiplying a weight at each inference siep. For this behavior, they also call their schema weighted
abduction. Note, however, that weights are still amigned  priori.
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To interpret this sentence. we have Lo prove the truth of the following query:*
(23) = call(E,X). person(X). office(Y). rel(X.Y), boston(Z), nn(Z.Y).

Here, we assume that the logical formulas in (2.3) has been obtained by syntactic parsi
process, which is invoked in advance of semantic interpretation process. (We will show,
later on. that this syntactic parsing process can also be realized as abductive inference.)
(2.3) says the following: there is a calling event E by X where X is a person; X may or
may not be the same as the explicit subject ¥ of the sentence, but it is at least related
to i1, or coercible from it. represented by rel(X,¥), and ¥ is an office and it bears some
unspecified compound nominal relation nn to Z which is Boston.

The sentence can be interpreted with respect to knowledge about a domain of discourse
that contains the following axioms:*

(24) a. boston(dy).

L4

office(1).

in(o1.by).

nn(Z,Y) — in(Y,2).

e rel(X.Y) — work for(X,Y).

B

‘These axioms say: (a) b is the city of Boston; (b) oy is an office; (c) the office o, is in
Boston; (d) if ¥ is in Z, then Z and ¥ are in a possible compound nominal relation, and
(e)if X works for ¥, then ¥ can be coerced into X.

The proof process of the query (2.3) is depicted in Figure 2.1. Here, three assumptions
are made: call(ey,py), person(p,), and work for(p,01), meaning that there is a calling
event ¢, by a person py who works for the office 0. They are assigned relatively high
preference values; the first and the second ones are information directly provided by the
speaker, and, hence, are likely 1o be true, and the third one is information underlying the
metonymy “the Boston office,” which would be true, if such an usage of metonymy — using
the name of a company in order to refer to a person who works for that company — is
usual. (In fact, it is a common usage in many languages.)

Now, the three pragmatics problems have been solved as a by-product of the proof
process. We have resolved the reference of “the Boston office” to 0. We have expanded the
metonymy to “A person who works for the Boston office called.” And, we have determined
the implicit relation in the compound nominal to be in.

Many problems in spoken language analysis, including repairs and ellipses, are also
formalized in the same way. The detailed formalism will be gven in cn-pm 3.

" FWe ey the Prolog convention forTogic
constants, while 188 starting with capital letters. represent variables.

*Hereatter, welimit the discassion defins
1980).
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Query

call(E,X), person(X). office(Y), rel(X.Y). boston(Z). nn(Z.Y)

call(er.pr)

person(p1)

(Instances of)

Assumptions

\l///

Boston(by)
rel(pr.01) — work-for(p1.01)

nn(b.01) — in(0.by)

in(01.5)

(Instances of)

Axioms

Figure 2.1: Interpretation of “The Boston office called.”
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2.3 Disambi ion in Pref based Abducti

In preference-based abduction, many sorts of ambiguities, including attachment ambiguity
and semantic role ambiguity, are uniformly treated as a problem of selecting appropriate
assumptions out of candidates.

Consider, for instance, a problem of determining implicit relation nn involved in com-
pound nominals. The axioms for dealing with this problem would contain the following
one

(25)  nn(Z.Y) — in(Y.2).

asserting that if ¥ is in Z, then Z and Y are in a possible compound nominal relation. It
produces a suitable interpretation of a compound nominal like “Boston office.” We can also
think of an axiom like

(26) nn(Z,Y) — for(Y,Z).

asserting that if ¥ is (used) for Z, then Z and ¥ are in a possible compound nominal
relation. It produces a suitable interpretation of a compound nominal like “programming
language.”

‘Then, given a compound nominal, we have an ambiguity in applying axiom (2.5) or (2.6).
The selection is done by comparing the preference values of assuming the antecedents of
the two axioms. If ¥ is an office and Z is the city of Boston, then assuming in(Y, Z) would
be scored higher than assuming for(Y, Z): hence, the axiom (2.5) would be selected. By
contrast, i ¥ is a language and Z is programming, then assuming for (Y, Z) would be scored
higher than assuming in(Y. Z); hence, the axiom (2.6) would be selected.

The story goes the same for attachment ambiguity. Consider, for instance, the following

famous example. which involves a prepositional phrase attachment ambiguity:
(27)  Tsaw a girl with a telescope.

In one parse where the prepositional phrase “with a telescope” is attached to the main verb
“saw.” the logical formulas in the query would contain

oy with(E, Z), telescope(Z), ...

where E is a seeing event. In another parse where the prepositional phrase is attached to

the noun phrase “a girl" the logical formulas would contain
<ver (Y, Z), telescope(Z), ...

where ¥ is a girl. Then, the disambiguation is done by comparing the preference values of
proving with(E, Z) and with(Y, 2).

In spoken language analysis, many problems are handled as a matter of preference.
How 10 define the preference value of a particular interpretation is a major topic of the
dissertation, and will be discussed in Chapter 4.
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2.4 An Integration of Parsing and Interpretation

We have, so far, assumed that the logical formulas in a query is obtained by a syntactic
parsing process. which is invoked in advance of semantic interpretation process. Here, we
show that this syntactic parsing process can also be realized as abductive inference.

Following the idca of Pereira and Warren (1983). parsing can be viewed as deductive
inference. Consider. for instance. the following rewriting rules written in a Definite (lausc
Grammar (DCG) (Percira & Warren. 19%0):

(28)  a. s(A).A3) — np(Ay.Az), verb(Aa, As).

<

np(Ar.Ay) = del(Ay, Az). noun(Ag, As). noun(Az. Ay).

o det(the (A), A).

. noun(boston(A), A).

®

noun(office (4). A).
1. wrb(ealled(A). A).

(a) and (b) represent the rewriting rules S — NP.Verb and NP — Det, Noun, Noun, re-
spectively, and (c) through (f) represent the lexical rules for “the.” ~Boston.” ~offic¢.” and
“called.” respectively. Here. a phrase is represented by a term of the following form:

Cat(Start. End).

where Cat is the syntactic category of the phrase, and Start and End are the positions in
a sentence at which the phrase starts and ends.

Then. the syntactic parsing of the sentence =The Boston office called.™ can be achieved
by proving the query

(29)  — s(the(boston(office (called(.)))..).

The proof process is depicted in
sentence®

igure 2.2, which can also be viewed as a parse tree of the

By combining the idea of interpretation as abduction with the idea of parsing as de-
duction, i interpretation in a

becomes possible to integrate syntactic parsing and seman
very thorough and elegant way:

First, we extend the rewriting rules (2.8a) and (2.8b) so that they include semantic
information, as follows:

(2.10) a. s(A), A3, E) = np(Ar.42.Y), verb(Az. Aa. E. X). rel(X.Y).

b. np(A1. AL Y) = def(A). Az). noun(Aa. A3. Z). noun(As. Ay, Y ), nn(Z,Y ).

“For an axiom of the form A — By..... B only the consequent A is displayed.
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'( my‘%

np(the(...). called(.)) verb(called(.),.)

det(the(...),boston(...)) +. ) office(...)) ), called(.))

Figure 2.2: Parsing of “The Boston office called.”

‘The third arguments added to s, np, verb, and noun represent the semantic entities denoted
by those constituents. The fourth argument added to verb represents the semantic entities
denoted by the subject of that verb. A coercion relation rel and a compound nominal
relation nn are imposed on those semantic entities.

Second, we extend the lexical rules (2.8d) through (281) in the same way. (The rule
(2.8¢) remains the same.)

(2.10) d. noun(boston(A),A, X) — boston(X).
e. noun(office(A),A.X) — office(X).
1. verb(called(A). A, E,X) ~ call(E,X), person(X).
‘The formulas in the antecedents are semantic constraints imposed on the semantic entities
referred 1o by those lexical items.
Now, the parsing and the interpretation of the sentence “The Boston office called.” are
integrated as a process of proving the query
(211) = s(the(boston(offce(called(.)))), . E).
with respect to the axioms (2.4) and (2.10). The integrated process is depicted in Figure 2.3.
Many problems in spoken language analysis, that are uniformly formalized in terms of

preference-based abduction, are resolved as a by-product of finding the best interpretation

of a sentence. We will provide, in Chapter 5, an algorithm which efficiently performs this
process.
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Chapter 3

A Preference-based Formalism for
Spoken Japanese Analysis

3.1 Introduction

Spoken language is in various ways extra-grammatical. containing hesitations. repairs. rep-
etitions, ellipses, and so on. This makes it difficult to apply traditional linguistic-based
methods 1o the analysis of spoken language. The cstablishment of a definite way of dealing
with such extra-grammatical phenomena is a main goal of spoken language analysis.

Previous studies on the treatment of extra-grammatical phenomena, or ill-formed sen-
tences, are divided into three categorics: (a) works on methods to recover from parse failures
made by a normal parser for well-formed sentences (Jensen & Heidorn, 1983; Jensen et al..
1983; Weischedel & Sondheimer. 1983; Mellish, 1989), (b) works on methods to handle par-
ticular types of ill-formedness (Hindle, 1983; Ward, 1991, 1994 Bear et al.. 1992: Sagawa
et al., 1984), and (c) works on methods capable of treating both well- and ill-formed sen-
tences uniformly (Fass & Wilks, 1983; Hobbs et al., 1988, 1993). For the following reasons,
we take the last approach.

1. The treatment of extra-grammatical phenomena sometimes requires an ability equiv-
alent to one for dealing with grammatical phenomena. For instance, in detecting
repairs, the identification of the ranges of erroneous parts involves a difficulty similar
10 one arising in the identification of the ranges of subordinate clauses. Thus, for pre-
cise analysis of extra-grammatical phenomena, several techniques made to deal with
well-formed sentences need 10 be reused.

2. Some sentences are ambiguous between well- and ill-formed readings. I is difficult to
correctly parse such ambi unless the uniform f well. and ill-
formed sentences is adopted, since to select suitable interpretation for those sentences,
the parser has to compare the preferences of well- and ill-formed interpretations.

2
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3. Real-time parsing. which is desirable for spoken language analysis. is difficult to
ith the first that he normal parsing process and the
process 1o recover from parse failures. On the contrary, the uniform approach makes

it possible to realize incremental parsing, that is promising for real-time parsing.

4. The uniform approach is psychologically plausible on the basis of the observation that
2 human hearer can detect errors made by  speaker even in the midst of an utterance.
This observation suggests that humans invoke the error detection process in parallel
with other linguistic process.

We adopt prefé rence-based abduction. introduced in the previous chapter, as a foundation
of our framework. Various problems in spoken language analysis, including both traditional
parsing problems, such as attachment ambiguity and semantic role ambiguity, and extra-
grammaticality problems, such as repairs and particle ellipses, are treated uniformly based
on this framework.

The rest of the chapter is organized as follows. Section 3.2 investigates problems in
spoken language analysis, illustrating many examples from a Japanese corpus of spoken
dialogues. Those examples are the motivation behind our uniform approach. Section 3.3
describes a grammar formalism for spoken Japanese analysis, which can account for both
well- and ill-formed sentences. The formalism is realized by extending traditional depen-
dency analysis in such a way that extra-grammatical phenomena as well as grammatical
phenomena are treated in terms of dependences between constituents. The grammar is
preference-based rather than constraint-based, in the sense that every linguistic constraint
is judged upon continuous decisions (holding with uncertainty specified by some numerical
value). Section 3.4 illustrates how suceessfully extra-grammatical phenomena in spoken
Japanese are analyzed in our framework, particularly focusing on the treatment of repairs
and particle ellipses, with an empirical support by examples of analyzing real sentences from
our spoken dialogue corpus. Section 3.5 gives some discussions, and Section 3.6 summarizes
the chapter.

3.2 Problems in Spoken Language Analysis
3.2.1 Linguistic Problems in Spoken Japanese

Spoken language contains various extra-grammatical phenomena. This completely distin-
guishes it from written language. According to the report by Murakami and Sagayama
(1991), in the ATR Dialogue Database (Ehara, Inoue, Kohyama, Hasegawa, Shohyama,
& Morimoto, 1990), a Japanese corpus of task-oriented spoken dialogue, 50% of the sen-
tences contain hesitations and 10% of the sentences contain repairs. In addition, Hosaka,
‘matches another report by Bear et al. (1992), which investigated an English corpus of
ialogue (MADCOW, 1992). Heeman and Allen (1994) reported a repair rate of 25% for
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Takezawa. and Uratani (1992) reported that. in the ATR Dialogue Database. over 10%
of the noun phrases contain particle ellipses.? These are major reasons why traditional
tinguistic-based methods fi 0 cope with spoken langusge
In the following sections, we il pl ical ph

and some others, addressing the difficult problems involved in them. The examples are
taken from the ATR Dialogue Database (ADD) (Ehara et al.. 1990). ADD is a large
Japanese corpus of task-oriented dialogues collected from simulated telephone or keyboard
conversation which is spontaneously spoken or typed. The domains of the conversation are
divided into two categories: (a) conference task. simulated dialogues between a secretariat
and participants of an international conference. and (b) travel task. simulated dialogues
between travel agents and customers. We use only the telephone conversation data. i.c..
spoken dialogue data, which consists of 257 dialogues (about -130.000 running words).

3.2.2 Hesitations

Hesitations occur in 50% of the sentences in ADD (Murakami & Sagayama. 1991). In the
following examples. hesitating words are indicated in bold-faced letters.

(31 =2, EHLM—EOBRNEERLMOKBRTL x 52
Btto  sochira daiikkai-no
Veeato/) tha  lstcey
tsiyakudenwakokusaikaigi-no jimukyoku-deshs-ka

International Conference on Interpreting Telephony-GEX  office-be-q
“Is that the office of the Ist International Conference on Interpreting Telephony?™

(32) & thian— BARACRITATE) XA

To  kore-wa ané srokuhi k
[/tof] this-Top [/anco/] registeation fecin-TOP  include-PASS-PROG-POLITE-NEG

“This is not included in the registration fee.”

5 tend 1o be at the beginning of a sentence:?
ple. at any position in a sentence.

Asis reported by some researchers, hesi
However, as in (3.2), they can appear, in pi

b i their TRAINS project (Allen & Schubert. 1991). Levelt (1983).
on the other hand. reporicd a repait rate of 3% for humaa-human Dutch dialogue performed under an
experimenta seting.

?In another report by Yamamoto, Kobayashi, and Nakagawa (1952) using the AS) Continvous Speech
ellipses i only 4%. This i probably because their
of noun phrases is much different from the one used by Hosaka et al. (1992). (For instance,
iy “noun + copula,” ¢.8., “gakusei-desu (student-be).” s & noun phrase.)
*For instance, Takezawa, Tashiro, and Morimoto (1994) reporied that, in the ATR Specch and Lasguage
Database (Morimoto, Uratani, Takezawa. et al., 1984). nearly 80% of the hesitations occur at the beginaing,
of & seatence.
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Table 3.1: Frequency of Hesitating Words (Murakami & Sagayama, 1991)

Surface Form | Frequency
2= (&) 216%
»0— (ans) 174%
20 (ano) 156%
x(e) 8.9%
»(a) 5.2%
A& (éto) 4.0%
»—(a) 23%
¥ (ma) 2.3%
%= (étto) 22%
#-(3) 17%
8 (md) 16%
3 (md) 15%
»5(a) 1.3%
% (sono) 0.9%
Others 75%

The surface forms of hesitating words are limited to rather small set. Murakami and
Sagayama (1991) summarized the frequency of each surface form of the hesitating words
observed in ADD, as in Table 3.1. This suggests that most hesitations could be dealt with
by adding the lexical entries for the hesitating words into dictionary.

However, there where hesitatin
words, yielding an ambiguity between well- and ill-formed readings. For instance, in (3.3),
“e" is a hesitating word but could also be recognized as a noun (“2") meaning “picture.”
Thus, the sentence could have two readings.

ds could be misrecognized as genuine

(33) 2, thORERLEIALIT.
soredewa  shikyii  o-okuri-itashi-masu

{ Ve } then soon  POLITE-send-do-POLITE
picture

“Then, I will send it soon.”

“Then, I will send a picture soon.”

Note that this ambiguity arises due to a possible particle ellipsis; that i
25 mes

“e” (recognized
ing “picture”) might be lacking an accusative particle, with which the sentence
<ould have a well-formed reading, a reading in that “c” occupies the object role of the main
verb. Thus, this ambiguity s a result of the interaction between the

phenomena, i.e., a hesitation and a particle ell
in previous studies.

Such a case has never been inspected
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In order to produce the most suitable interpretation for sentence (3.3). the parser has
to compare the two interpretations, well- and ill-formed interpretations. This means that
the processing of hesitations should be done in parallel with the semantic role analysis.

3.2.3 Repairs
Repairs occur in 10% of the sentences in ADD (Murakami & Sagayama, 1991). In the
following examples, repaired words are indicated in bold-faced letters.
(34) 20, COZL, 2vIrbA-Flwnionr
ano  kono kure kurejittokido-toiu no-wa
[/ano/} this  (/kure/) ~credit card-quoTe thing-ToP
“as for this credit card”

35) 20—, BEPBROH>»HOXE—F, RE—, XE—, RE—F0OTTH,

BLAR
ané  gengogaku-kankei-no kata-kara-no  supichi  supi

V/anoof]  linguistics-related-GES  people-from-GEN  (speech)  (/supii/)  (/supii/)
supichi-no-desu-ne  mashikomi

speech-GEN-POLITE-INTS  subscription
“the subscription of the speech from people in the linguistics-related fields™

Repairs, like hesitations, can appear at any position in a sentence. Sometimes. more
than one repair ively, as shown in (3.5). The difficulties in dealing with repairs
are summarized as follows:

1. It s difficult 1o detect repairs, since they have no linguistie cues. Hesitations often
co-oceur with repaifs, but also occur independently: hence, they cannot be used as
reliable cues.t

2. Itis difficult to identify ranges of erroneous parts. In (3.6), the second (“junbi-o™)
and the third (“hajimete™) phrases are included in the erroneous part, while the first
(“md") and the fourth (~bideo-no") are not.

(36) & 5BEEMBT, CFHOBWMERDTVE L.

M6 junbi-o hajimete bideono  junbi-o
soon  (preparation-Acc  start) Video-GEN  preparation-ACC
hajimete-

slart-PROG-would like 1o
“We'd like to start preparing the video soon.
ol and prosodic key might be significant (Nakatani & Hirschberg, 1993), though we do aot go
int0 those issues.
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3. The pattern of repairs varies depending on their sources. (3.7), (3.8). and (3.9) are

thought to be repairs having phonological, syntactic, and semantic sources, respec-
tively: a phonologically incomplete word “lsi” is repaired in (3.7), a word with in-
adequate syntactic form ~kurejitlokido-o-ne™ is repaired in (3.8). and a semantically
inadequate word ~tsiyaku” is repaired in (3.9).

(37 25, ERALCWFTBTEER, BO—, Kl

toi i ikay ané hémen
(/tsuu/)  interpreting telephony-concerning  various Vanoo/)  areas

“various areas concerning interpreting telephony™

(3K) B0, 2Ty bh—FED, BD—, IV Ty b h—FOEMERAD, Fvr—%

B

ano ji ané ittokd namae-to  nanka
[/ano/) (credit card-accaxTs) [/ancof) eredit card-GEX  name-cons [/nanka/]
nanbio  kaku  tokoro

number-Acc  write place

“the place to write in the name and number of my credit card™

(3.9) 30, 2MTRLS5LBIR. MROALET.

Ano  kaigi-de-wa mochiron  taiyaku hon'yaku-mo
[/ano/)  confe of course. i lati
ire-masu

provide-POLITE

~AL the conference, of course. we will provide translation.”

Those are, in fact. the same difficulties that arisc in the processing of grammatical

phenomena: that is, the assigament of structures, the identification of ranges of modifying
and modified constituents. and the decision of semantic roles have difficulties of the same

kind. For instance, the difficult,

in identifying the range of the erroneous part in (3.6) is

parallel to the difficulty in identifying of the range of the subordinate clause in (3.10). (The

second (*junbi-o”) and the

(“hajimete-kara™) phrases are included in the subordinate

clause. while the first (*m") and the fourth (*zuibun”) are not.)

(310) $5MMEBDTHLTEAHLE LR,

Mo ju hajimete-kara  zuibun  machi-mashi-ta
already  preparation-AcC  start-since solong  Wait-POLITE-PERF
“We've already waited 5o long since we started the preparation.”
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Therefore. for the precise treatment of repairs, we need a fine-grained method, one that has
an ability equivalent Lo those methods for dealing with similar grammatical phenomena.

Furthermore. some sentences containing repairs are indistinguishable from well-formed
sentences. For instance, the repaired word “kyé™ in (3.11) s occasionally in the same form as
a genuine word (~4'8") meaning “today.” and. hence. the sentence could have a non-repair
reading, “student members who cosponsor the conference today.”

@B.11) Sx5RMTsTESR

Lys kydsan-suru  gakuseil
{Ul.iw/)} cosponsor-do  student members
today

{ “student members who cosponsor the conference™ }
“student members who cosponsor the conference today™

Sagawa et al. (1994) reported that. in ADD. 10% of the sentences with repairs are
ambiguous between repair reading and non-repair reading. However. the percentage would
be much larger if we take into account those sentences like (39). which could also be
ambiguous between a repair reading (in that “fsiyaku” is repaired by “hon'yaku™) and a
non-repair reading (in that “tsiyaku™ is an argument of the main verb “irv-masu”) due
1o a possible particle ellipsis — “tsiyaku” might be lacking some particle. with that the
phrase could be interpreted as an argument of the main verb. Note that this ambiguity also
happens as a result of the interaction between two extra-grammatical phenomena.

The observation above suggests that the processing of repairs and the processing of
grammatical phenomena, i.c., the structure assigament and the semantic role analysis,
should be done simultancously. If the parser invokes the process for handling repairs only
after the process for well-formed sentences causes a problem, it would fail to correctly parse
sentences like (3.11). This is a strong motivation behind our uniform approach.

3.2.4 Repetitions
Repetitions can be seen as a special case of repairs, in which the repaired word and the
target word have identical surface form. According to Murakami and Sagayama (1991),
14% of the repairs in ADD are repetitions. In the following example, a repeated word is
indicated in bold-faced letters.
(3.12) A-, REAATAL, 41—, KBod rrsi-BRLTTA
E iyaru-g é i ichiban
[fee/) (Kyoto Royal Hotel-Nom) [/ee/] Kyoto Royal Hotel-xom  nearest
toshin-desu-ne
the center of & town-be located-INT)
“Kyoto Royal Hotel is located nearest the center of a town.”
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325 Ellipses

Ellipses are commonly observed in spoken Japanese. They are classified into three groups:
(a) ellipses of arguments (or case elements), (b) ellipses of particles, and (c) ellipses of verbs.

Ellipses of Arguments
Ellipses of arguments (or case elements) are very frequent in Japanese. Even in written
Japanese, a sentence usually contains the ellipses of one or more arguments. In particular,
arguments referring o  speaker and a hearer. e.g., “watashi-ga (I-NOM),” “anata-ni (you-
DAT)," etc., are almost always omitted in spoken Japanese. Examples are shown in (3.13),
where omitted arguments are supplied in brackets.

(313) [MA[HarC)RERSLBLETET.

[Watashi-ga] [anata-ni] denwabangs-o méshiage-masu
I-xom you-DAT telephone number-ACC  give-POLITE

“I give you my telephone number.”
An argument referring to a topic of a discourse, also, is often omitted, as in (3.14b).

(3.14) a. D, 7vTy bA-FORSHPBLTLLS D

Ano i hé-wa hi-desho-k
Vano/) eredit card-oeN  thing-ToP  POLITE-have-do-q

“Do you have a credit card?"

b 3o, BLRAVATTHE, [2LYy bh—FEl>TRVATT.
N sshi Enonchole flered / s
/3a/)  be sorry-comp-be-but eredit card-acc have-NEG-COMP-be

“I'm sorry, but I don't have a credit card.”

In general, the identification of omitted ires pragmatic and/or contextual
information. Since the disertation imits the discussion to syntactic/semantic analyss of
spoken d does not goii ic nor contextual processing,
we do not consider this phenomenon hereafter.

Ellipses of Particles

Ellipses of particles are typical of spoken Japanese. They are not observed in written
Japanese of formal style. According to the report by Hosaka et al. (1992), in ADD, particle
ellipses occur in over 10% of the noun phrases. In the following examples, omitted particles
are supplied in brackets.
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(318) A—o&. 55(E]B—EOBRREMRLMOKBRTL 1 5
Eto  sochira-(wa] daiikkai-no
[feeto/) that-Top
tsiiyakudenvakokusaikal jimukyoku-deshi-ka
ional Conference on Interpreting Telephony-GEN  office-be-q

Intern

“Is that the offce of the Ist International Conference on Interpreting Telephony?™

(3.16) QM) BT ETHE(E], brol, PEAMLEIICTLISH
Kaigi-[ni] sanka-suru  tetsuduki-fo] chotto
conference-DAT  attendance-do  procedure-acc  a little bit
o-oshie-nega-e-masu-desho-ka
POLITE-tell-please-can-POLITE-POLITE-Q

“Could you please tell me a lttle bit about the procedure to attend the confere

Particle ellipses cause a difficult problem in spoken language analysis. That
comes difficult to determine the semantic role relation between a noun phrase and a verb, if
the noun phrase lacks a particle. In Japanese, a particle plays an iinportant role in deciding
the semantic role relation between phrases. For instance. the semantic role relation between
the noun phrase “tetsuduki-o (procedure-Acc)" and the verb “oshieru (tell)”
10 be object, based on the linguistic knowledge that ~oshieru” requires its object to he ac-
cusative case. If the accusative particle ~o” is omitted, as in (3.16), we cannot know that
the noun phrase has accusative case. and, hence, cannot decide its semantic role.

Interestingly. a similar phenomenion can also happen in written language. caused by
zation. In Japanese. a topicalized noun phrase having nominative or accusative case
“ga" or “0." suppressed. Thus.
s an ambiguity of the grammatical case of the noun phrase

jelding a difficulty in the semantic role analysi

for instance, in (3.17), ther
“tetsuduki-wa (procedure-Top).”

(317) FARER, bSHECELE
Tetsuduki-wa  mé ‘sumase-mashi-ta
procedure-ToP  already  finish-POLITE-PERF
“I've already finished the procedure.”

Furthermore, relativization leads us Lo a more serious situation, since, in Japancse, the
grammatical case of a relativized noun is not expressed by means of a relative pronoun. (In
English, it is expressed by the form of a relative pronoun, like *who,” *whom,” or “whose.”)
‘Thus, there is a difficulty in deciding the semantic role of a relativized noun phrase, e.g,
the noun phrase “tetsuduki” in (3.18).
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(318) EHLTwREAFRE
sakihodo shite-itadai-ta  tetsuduki
alittle while ago  do-CAUS-PAST  procedure
“the procedure which [ asked you to do a little while ago™

As shown above, topi and relativization cause a similar problem as particle
ellipses do. This reveals a parallelism between grammatical and extra-grammatical phe-
nomena, and justifies our uniform approach.

Ellipses of Verbs
In spoken language. verbs, also, are sometis itted. In the followi ples, omitted
verbs are supplied in brackets.

(3.19) a. THLR, B0, WHENLEFPEECHRLTE Y ET.

Kochira-va ano  kujihan-kara  gojihan-made 6-shit
we-TOP (/ano/]  9:30-from 5:30-t0 be open-do-PROG-POLITE
“We are open from 9:30 a.m. to 5:30 p.m."

b AR, EREECRRLTESNE)

Kujihan-k jihan-made  [eigyb-si )
930fom 53010 be open-do-PROG-RESPECT

“(You are open) from 9:30 a.m. to 5:30 p.m.”

(320) a. 0, 4-, QMORSHAANZ F—B, Zt—Biw5TET
Ano  é  kaigimo  hiowa  kugalsu-no  nijiichinichi
Uanof] e/} meetingGEN  thing-TOP Seplember-GEN  (2lst)
nijdichinichi-toiu  koto-de
2lst-quote thing-be
“As for the meeting, it's on September 21st."

b RBw, t5TT.
Hai  sé-desu
yes  right-be

“Yes, that's right.”
€ A= HHBLE, X-, FREMEC bW ETTEbAET]

E  jiji-kara vaku '90go-goji-goro-gurai-made
[/ee/) 10 o'clock-from around (fee/) p.m.-5 o'clock-around-almost-to
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[okonawa-re-masu]
lold-Pass-poLiTE

(1t will be held) from 10 a.m. 10 almost around 5 p.m.”

In general, the identification of omitted verbs requires contextual information and/or
common sense knowledge. Thus. the task is out of the scope of the research.

3.2.86 Inversions

Inversions are another feature of spoken Japanese. One common type of inversions w
has been discussed in the literature (Simon. 1989) is one in that a noun phrase is moved
(postposed) to the end of a sentence. A postposed noun phrase can be an argument of a
main verb or also be an element of a subordinate clause. a relative clause. an adnominal
phrase, etc. In the following examples. postposed noun phrases are indicated in bold-faced
letters.

(321) A-&, HEHEBR~E>TREDTLL S5, BRE.

Eto chokusetsu jimukyoku-e okutte-wa damc-desho-ka  okane-o
Veero/) Uy office-to send-TOP  nol possible-be-q  fee-ace
“Isn’t it possible 10 send the fee directly to the office’

(3.22) E5HOHBHECHKEE T Fnith, I—BROL

Sochira-no  shiteiydshi-de i-teido-de
YOur-GEN  suggested paper-in  four pages long-about-be-POLITE-POLIT
éyon-no-ne

a4 size-GEN-INTS

“Iu’s about four pages long in your suggested paper of a size.”

We do not deal with inversions for the following two reasons. First, inversions are
rather rare. compared with the previously mentioned phenomena, i.c.. hesitations, repairs,
repetitions, and ellipses. Thus, the lack of the ability to process inversions would not cause
s0 serious situation. Secondly. by the benefit of the generality of our formalism, it
principle, possible to incorporate the processing of inversions into our current l‘nmmrk
However, it easily leads us to inefficiency problem. Thus, from a practical point of view, we
have decided not to incorporate the processing of inversions into our framework.

in phrases. For instaace, in (3.19b).
the semantic role of the noun phrase “kupihan-kara” could be determined to be lime departure, based on the
information that the noun “huhan b  ropety of ime ‘and that the particle “kara® specifies a semantic

Tence. this task would be in the scope

of our current research.
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3.2.7 Speech Errors

Speech errors are a notable characteristic of spoken language. They are utterances which
are, in some ways, against speakers' intentions, caused by various sources. In the examples
shown in (3.23), which are taken from the OFT Corpus (Terao, 1993), a Japanese corpus
of linguistically deviating utterances, errors are indicated in bold-faced letters and their
intended forms are supplied in parentheses.

(323) a. R2FLEACHOIBT R (— 2447)

Sukuramu-o  solo-ni hérinage-ta (— supaiku )
Scrummage-ACC  uL-DAT  throw-PAST spiked shoes
“He threw his spiked shoes out.”

L4

AR—E—(~ R+ 2X—¥~)
indpi  (— inu 4 sunipi )
[inuupii/  dog + snoopy
“snoopy™

BAR (T (— RAHT)
kentakusago (— sentakukago )
hentakusago/ laundry bag
“laundry bag”

. 2B 2 KENEAEOTbRK. (— LBKH)
Zennihon- kyiiba: jitsuryoku-o  misetsukera-re-ta
Japan team-DAT Cub team-DAT  capability-ACC  show off-PASS-PAST
(— zennihon-ga )
Japan team-NoM

“Japan team was shown off Cuba team’s capability.”

They are thought to be (a) an error of lexical selection, (b) a mixture of two words, (c) a
transposition of two phonemes, and (d) a misuse of particles, respectively.

Speech errors are, in some cases, spontaneously corrected by speakers themselves, re-
sulting in repairs. However, a large part of speech errors are left unrevised.$ In ADD,
speech errors without self-correction are hardly observed.” For this reason, we do not deal
with speech errors.

b cperinunt by Levels (1963 enly he balf of the speach evrs were e amcied by et
rrors when they prods
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3.3 A Preference-based Grammar for Spoken Japanese

3.3.1 Overview of the Formalism

This section presents a grammar formalism for spoken Japanese analysis, which enables us
10 deal with both grammatical and extra-grammatical phenomena uniformly. The features
of the formalism are summarized as follows:

Feature-based: A grammatical consituent s assoiated with a feture representaion. a
bundle of about its ical properties. €.
form, syntactic category, and semantic attribute.

Dependency-based: A grammatical structure is built hased upon dependence among
phrases. The dependence between two phrases arises from the association between the
wo phrases in various aspects. e.g.. syntactic association and semantic association.

Preference-based: A dependence has its adequacy, represented by a numerical value,
called a preference value.

Spoken language analysis generally requires information from extensive sources. For
instance, as shown in Section 3.2.3. repairs are caused by various sourees. e A tronble
in phonological formation or inadequate access to a semantic concept. and their detection
requires various sorts of information. In order to represent various ling
the grammar formalism makes use of a feature representation. which is broadly used in many
contemporary grammatical theorics such as LFG (Lexical Functional Grammar) (Bresnan,
1982). HPSG (Head-driven Phrase Structure Grammar) (Pollard & Sag. 1987, 1994). and
JPSG (Japanese Phrase Structure Grammar) | Gunji, 1987, 1991). Note. however. this docs
not mean using HPSG-like formalisms in designing linguistic constraints. In fact, wnlike
HPSG. that is a sort of phrase structure grammar. our grammar is based on a variant of
dependency grammar (Kodama, 1987).

The grammar uses “bunsetsu’ phrases as basic components for the grammatical analysis
of a sentence. The grammatical structure of a sentence is built based on the dependence
among the bunsetsu phrases contained in the sentence. A dependence is a binary relation
betwcen a modifying constitwent and a modified constituent. It is anchored t0 some specific

constituent “hon'yaku™ and the modified constituent “ie-masu” is anchored to object role
relation, from semantic aspect. and 10 accusative case/active voice relation, from syntactic
aspect (despite the lack of an accusative particle).

(320) 1A, BRARET.
Hon  hon'yaku ire-masu
(/hon/) translation provide-POLITE
“We will provide translation.”
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The grammar extends ordinary dependency grammar so that it is capable of dealing
with extra-grammatical phenomena. such as hesitations and repairs. Consider, for instance,
the repair of the incompletely articulated word ~hon™ by the complete word “hon'yaku.”
observed in (3.24). We view this as a dependence between a modifying constituent “Aon™
and a modified constituent ~honyaku." which should be anchored to, say, phonological
repair relation. Thus, in our formalism, the treatment of grammatical phenomena and that
of extra-grammatical phenoinena are uniform.®

The relation underlying a dependence is determined by examining the association be-
tween the modifying and the modified constituents from various aspects. For instance, to
determine the underlying relation between “hon'yaku™ and “ire-masu” to be object, we ex-
amine the semantic association between translation and a providing event. On the other
hand, o determine the relation between “hon™ and “hon'yaku” to be phonological repair,
we examine the association between their phonological forms. /hon/ and /honjaku/.

A dependence between wo phrases is scored by a numerical value, ranging between 0
and 1, which represents the adequacy of that dependence. A dependence involving strong
association will get a high score. For instance, the object role relation between “hon'yaku”
and “ire-masu” would be highly scored, since their semantic association is strong. This
extends a widely used criterion for the semantic role analysis, selectional restriction (Katz &
Fodor, 1963), that uses binary scoring (0 or 1). In the very same way, an extra-grammatical
dependence, e.g., the phonological repair relation between “hon™ and “hon'yaku,” is also
scored according to how likely the former would be thought to be an incomplete form of
the latter from phonological aspect.

Ambiguity problems, such as attachment ambiguity, semantic role ambiguity, and ambi-
guity between well- and ill-formed readings, are uniformly treated as a matter of preference.
For instance, to select the most adequate semantic role relation behind a dependence, the
scores of all possible candidates for dependency interpretation are compared. The highest
score gives the most preferred interpretation. This process can be straightforwardly formal-
ized in terms of preference-based abduction. That is, to find an underlying relation of a
dependence is to hypothesize an assumption which supports the truth of that dependence,
and its preference is measured by the preference value of that assumption.

3.3.2 Process of Sentence Analysis -

Now, we biel shetch out how the aalysis process goes. Figare .1 illstrats the process
of 24). Th ins a particle ellipsis and a repair, the latter
yieldin‘ an ambiguity between well- and ill-formed readings. (In addition to the intended
reading glossed in the example, the sentence could have a non-repair reading, “We will
provide translation in the book." with “hon” being recognized as a genuine word (“&”)

for its conveational measing. “to be out of ordi

y grammars for writien language.”
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meaning “book.”) The analysis process consists of four steps: (i) morphological analysis,
(i) structure analysis. (i) dependency analysis. and (iv) best parse selection.
First, the morphological analysis transforms the input (A), a sequence of characters, into
a sequence (possibly sequences) of feature-based bunsetsu representations (B). A bunsetsu
contains (a) ical i ion (a sequence of moras), (b) sytactic
information (lexicon. category, form, and voice), and (c) semantic information (concept
and attribute). For instance. the bunsetsu “irc-masu™ has the phonological information /i-
re-ma-su/. the syntactic information (provide,ga.o._verb. inf,active). and the semantic
information (provide, give&receive), where the value of category, ga.o.verb, stands for
verb heing subcategorized for nominative and accusative arguments. the value of form, inf,
for infinite form, and the value of voice, active, for active voice.
Secondly. the structure analysis produces possible dependency structures (C), applying
§ two phrases is

structural rules to the bunsetsu sequence (B). The core rule for combi
stated, roughly, as follows:

(3.25)  v(Ao,42.Y) = n(Ag, Ay X), v(A1,A2,Y), dep(X.Y).

Here.n( Ao, A1. X), o(A1. 42.¥ ). nd u( Ao, Aa.Y ) are the modifying constituent, the mod-
ified constituent, and the combined constituent., respectively (recall the term
Section 2.4). and dep(X.Y) s a constraint imposed on the dependence
ng and the modified constituents. dep(X,Y) will be evaluated in the
dependency analysis 1o determine what relation underlies it.

‘Thirdly, the dependency analysis generates candidates (D) of relations which may un-
derlie the dependences produced in the structure analysis, while consulting dependency
rules. The dependency rules would include, for instance, the following one,

(3.26) dep(X.Y) — obje(X.Y). accAct(X,Y).

aserting that an object role rlation, with a syatactic support by an accusative case/actve
voice relation. is a candidate for An ical phe-
nomenon is also handled by dependency rules. For instance, the repair of “hon” by
“hon'yaku.” observed in (3.24), is seen as a dependence between the two phrases, and this
dependence is captured by the following rule

(3.27) dep(X.Y) — phonRepair(X.,Y).

that introduces a phonological repair relation as a possible interpretation of a dependence,
meaning that X is repaired by ¥ due to a problem in phonology.

Finally. the best parse selection chooses the best parse in the following way. First, each
interpretation candidate is checked as to its adequacy, being assigned a positive numerical

*In the actual implementation using an abductive inference cagine. these four sicps are executed in
parallel (see Chapter 5). Here. for simplicity, we explain them as if they were executed sequentilly.
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value as its preference value. Then. the selection is made by finding the most preferred
candidate. i.e., the candidate with the highest preference value. In Figure 3.1, the bold
faced entries in D are such ones. At the very end. by substit; the selected interpretation
into (one of ) the dependency structure(s). the best parse (E) comes out.

3.3.3 Phrases

In the rest of the section, we explain details of our spoken Japanese grammar. First, we
define the representation of phrases. Phrases are divided into two classes: (a) unit phrases
and (b) compound phrases.

Unit Phrases

A unit phrase corresponds 10 a “bunsetsu.” a traditional notion widely used in studies on
Japanese grammars. A unit phrase consists of a content word. possibly preceded and/or fol-
lowed by one of more function words: e.&.. “kaigi (conference),” “kaigi-o (conference-Ac<').”
“kaigi-de-wn (conference-at-TOP)." “hiraku (hold).” ~hiraka-reru (hold-PAsS)." ~hiraka-
mashi-ta (hold-PASS-POLITE-PAST).” etc. A content word is a word which is associated with
a specific concept like a conference or a holding event. and a function word is a word which
is not associated with a specific concept but has some grammatical function. Content words
include nouns, verbs, adjectives. nominal adjectives. adverbs. adnouns. and interjections,
and function words include postpositions. auxiliary verbs. and affxes.'”

e

Compound Phrases

Unit phrases in a sentence have dependence with each other. The whole collection of
the dependences contained in  sentence can be represented by a binary tree structure,
called dependency structure. For instance. (3.24) contains two dependences: one between
“hon™ and “hon'yaku,” and the other between “hon'yaku” and “ire-masu.” The dependency
structure of the sentence is depicted in Figure 3.2. (The symbols, n and & on the nodes
indicate the sorts of phrases. which will be defined below.)

Phrases corresponding Lo intermediate nodes in a tree are called compound phrascs. A
dependency structure is built by recursively combining two phrases having dependence into
one compound phrase. The rightmost unit in a compound phrase is called the Aead of
that phrase. For instance, the head of a compound phrase “hon'yaku ire-masu™ is “ire-
masu. Unit phrases other than head play no role in determining the underlying relation of

o pe

that change the syntactic category of content words they are attached to. For intance, a copula “desu” is
attached 10 & noun “kaigi (conference).” composing & verb “kaigr-desu (conference-be).”

A unit phrase cont

” “kor
level. Thus, 'h:p—luu' has both the property of verb and that of aoun at the same time.
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n
n n v
hon hon'yaku  ire-masu

Figare 3.2: Dependeney Structure of Sentence (3.24)

a dependence. For instance. in the dependence between “hon hon'yaku™ and “ire-masu.” a
non-head unit in the modifying compound phrase, “Aon.” does not affect the interpretation
of the dependence. Hence. we can identify the dependence between two phrases with the
dependence between the Acads of the two phrases. As a consequence. the number of depen-
dences 1o be considered in the dependency analysis remains the square order of the number
of the unit phrases in the sentence."' This is an important property of dependency-based
grammar formalism.

Feature Representation of Phrases

A phrase is associated with a feature representation. The specification of the feature repre-

sentation is as follows:
PHON  phonological form
LEX  lexicon
CAT  syntactic category

sYN .
HEAD FORM  synlactic form

VOICE  woice
CONCEPT  semantic concept
ATTRIBUTE  semantic attribute

(3.28)
SEM
PHRASE [ FRAME  semantic frame representation ]

‘The HEAD feature represents the information about the head constituent of the phrase,
while the PHRASE feature represents the information about the phrase itself. For instance,
the feature representation of a compound phrase “hon’yaku ire-masu” looks like:

" The number of dependences is at most #Cy, where n is the number of the unit phrases.
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PHON  /i-re-ma-su/
Lex  provide
CAT  ga.o.verb
NEAD FORM inf

svy
VOICE  active
coNCEPT  provide
sk . .
ATTRIBUTE  give&receive
PRED provide

PHRASE | FRAME .
osit. [ paEp translation

Features

The details of the features are as follows:

The PHON feature represents the phonological form of the head constituent. Its value is
a sequence of moras.'?

The LEX feature represents the lexicon of the head constituent. Its value is a symbol
corresponding to the content word contained in the head.

The CAT feature represents the syntactic category of the head constituent. lts value is a
category symbol listed in Table 3.2.1

The FORM feature represents the syntactic form of the head constituent, ..
form for verb and the grammatical case for noun. The value nil means the head (noun)
lacks a case particle.

‘The VOICE feature represents the voice of the head constituent. It takes no value for
non-verb, often indicated as void.

The CONCEPT feature represents the semantic concept of the head constituent. Its value
is a symbol corresponding to the content word contained in the head.

The ATTRIBUTE feature represents the semantic attribute of the head constituent. Its
value is an attribute symbol which the semantic concept of the head belongs to. The
attribute symbols are the ones which appear at the leaf level of the thesaurus tree
defined in Kadokawa Dictionary of Synonyms (Ohno & Hamanishi, 1981).

The FRAME feature represents the semantic (rame representation of the phrase. A se-
mantic frame itself is also a feature ion, expressing the predicate-arg

structure of the semantic entity referred to by that phrase.

phonologi 8 of just one vowel pousibly preceded by a consonant, except for
] Chaswon') and fa Cyouon ) tha ! compos e more without vowel.

word i a s of category symbols; ¢., the CAT
value of a phrase -n.,. desu (conferencebe)” in (caous, copl).
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Table 3.2: List of Category Symbols (portion)
Symbol Category Example
adn adnoun T (this)
adv adverb 8% (probably)
intj interjection B\ (yes)
cnoun common noun &M (conference)
proper noun X8 (Kyoto)
quantitative noun —B4fll (one hour)
adverbial noun 4 (now)
verbal noun $M (attendance)
pronoun B (that)
verb (xoM) $h3 3 (begin)
verb (NoM and Acc) 05 (use)
verb (NOM and DAT) BT 3 (attend)
ga.0i.0.verb | verb (NOM, DAT, and ACC) %3 (send)
ga.to_verb | verb (NoM and QUOTE) ®5 (say)
niga_verb | verb (DAT and Now) b3 (understand)
gaadj | adjective (NoM) B (fast)
nigaadj | adjective (DAT and Now) b ) £7 v (intelligible)
gnnadj | nominal adjective (NoM) FREMA (impossible)
niga.nadj | nominal adjective (DAT and Now) | ZFX (bad at)
comp [ complementizer € & (thing)
copl copula. <7 (be)
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Non-Lexical Words

In spoken language analysis, we often have to handle non-lczical words. A non-lexical word
is cither of the follow

* A word which is not in the dictionary. usually a hesitating word like “ané™ or “éto.”
* An incompletely articulated word.

In the sccond case. a non-lexical word may have the identical form with a genuine
word. For instance, “hon™ (an incomplete form of ~hon'yaku™) is identical to the word
(~%") meaning “book.” Conversely. every genuine word is a possible non-lexical word.
Considering that, we regard cvery word in an input 1o be a possible non-lexical word as
well as a genuine word.!

Implementation in First-Order Language

A feature representation is implemented as a first-order term of the following form:

(3.29)  feature (head(phon(Phon). syn( Lex. Cat, Form. Voice),
sem (Concept, Attribute)). phrasc ( Frame))

A semantic frame is implemented as an association list. e.g..

[pred: provide, obje : [pred : translationl].
A phrase is implemented as a first-order term of the following form:
(330)  Sort(Start, End. Feature)

where Sort is the sort of the phrase, Start and End are the positions in a sentence at which
the phrase starts and ends. and Feature is the feature representation associated with the
phrase. The sort of a phrase is determined according 10 its CAT value. The possible values
are listed in Table 3.3.

“For a practical rewson, this should be restricted by some condition given by some heuristics, €., a0
incomplete word contains less than three morphemes.
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Table 3.3: List of Phrase Sorts

Sort Category
nonlez | non-lexical word

adn | adn

adv_| adv

intj | intj

n__| cnoun, pnoun, gnoun, anoun, vnoun, pron, comp

v | ga.verb, ga_o.verb, ga_ni.verb, ganio_verb, ga.to_verb,
ni.ga_verb, ga_adj. niga_adj, ga_nadj. ni_ga_nadj, copl
n.v_| (Category for n.copl)

v.n_| (Category for v,comp)

n.un_| (Category for n,copl,comp)

w.n.v_| (Category for v,comp.copl)

3.3.4 Structural Rules

Structural rules are rules for constructing dependency structures. It combines two phrases
into one compound phrase. The general form of a structural rule is:'s

(3.31)  Sort2(Xo. Xy, feature(Heads, Phrase)) —
Sortl (Xo, Xy feature(Heady, Phrasey)).,
Sort2(Xy, Xy feature(Heady, Phrases)).
Dependence(Head,, Headz, Rel),
combine(Rel, Phrase,, Phrasez, Phrase).

The formula in the consequent represents the compound phrase to be constructed from
the modifying phrase, represented by the first formula in the antecedent, and the modified
Phrase, represented by the second formula in the antecedent. The HEAD feature of the
mother constituent is equal to that of the modified constituent. This is due to the head-
final property of Japanese. The third formula in the antecedent expresses the dependence
between the modifying and the modified constituents. Note that the dependence is affected
only by the HEAD feature. The fourth formula in the antecedent combines the PHRASE
features of the two daughter constituents, creating a new PHRASE value for the mother.'®

vule for dealing with category-sbifting. By this rule,

the uniqueness of relation Rel in the semantic frame represe
went (cf. Funclional Uniqueness (Bresnan, 1982).
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‘Table 3.4: List of Possible Dependency Structures
Sortl Sort2 Dependence
‘nonlez ‘nonler dep.nonler.nonlez
‘nonlez | any of adn, adv, intj. n, n.v, | _dep.nonlez.any
n_v.n, v, vn, and v.nv
adn adn dep.adn.adn
adn | any of n, n_r, and n.v.n dep.adn.n
adv adn dep-adv.adn
adv “adv “dep.adv.ady
adv | any of v, o.n, and vnv dep-adv.v
inj | any of v, v.n, and v.nt dep.intj.
n any of n, n.v.and n.v.n dep.n.n
n any of v, v.n, and v.n.v dep.n.v
v any of n, n.v, and n_v.n dep.v.n
v any of v, r.n, and v.n.v dep.v.v
For instance, the following formula holds:
Act, : provide]),
( ide.obje : (pred s ionll
The possibl ination of the daugh i is restricted by their phrase sorts.
Table 3.4 shows the possi

. together with the type of dependence imposed on each
case,

3.3.5 Dependency Rules

rules are rules for i There are two types of depen-
dency rules: (a) rules for grammatical dependences and (b) rules for extra-grammatical
dependences.

Rules for

The general form of a grammatical dependency rule is:'”
(3.32)  Dependence(Heads, Heads, Relation1& Relation2) —
Condition (Head,, Headz),
Relation] (Heady, Heada),
Relation2(H eay

Heady, Relationl).

" Actually, there is asother form for dealing with relativization.

45
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A dependence concerning 2 i can be interpreted
under some condition Condition, both from semantic aspect and from syntactic aspect,
as an underlying semantic role relation Relation! plus an underlying syntactic relation
Relation2. The second and the third formulas in the antecedent represent those semantic
role relation and syntactic relation, respectively. These formulas are to be assumed in the
sense of preference. based abduction. The preference values of those assumptions represent
the preference of that interpretation.

The possible interpretation of grammatical dependences is partly shown in Table 3.5.
Note that, only grammatically adequate com| s of semantic role relations and syn-
tactie relations are allowed. (Hence, a combination like ‘agen plus datAct" is not allowed.)
Semantic role relations used in the research are mostly from the HPSG-based grammar
used in the speech translation system developed at ATR Interpreting Telephony Research
Laboratories (Nagata, Tashiro, Etoh, & Sakaguchi, 1993).

Rules for E: i

The general form of an extra-grammatical dependency rule is:
(3.33)  Dependence(Heady. Heads, Relation) —

Condition ( Heady, Headz),

Relation (Head:, Heads).

A depend: concerning an i can be inter-
preted under some condition Condition s an underlying extra-grammatical relation Re-
Iation. The second formula in the antecedent represents that extra-grammatical relation.
This formula is o be assumed in the sense of preference-based abduction. The preference
value of that assumption represents the preference of that interpretation.

The possible i ion of i is shown in Table 3.6.
Here. the following ical relations idered: hesitation (hest), phono-
logical repair (phonRepair), syntactic repair (synRepair), semantic repair (semRepair), and
repetition (rept).

Conditions

Dependency rules of both types are applied under some conditions. Consider, for instance,
the rule which determines the underlying syntactic relation to be nominative case/passive
voice. This rule should be applied under the following conditions: the FORM value of the
modifying constituent is one that can be nominative, i.e., cither of nom, top, or nil; the
voick value of the modified constituent is passive, and the CAT value of the modified con-
stituent is a verb which has a passivizable argument, i.e., either of ga.o.verb, ga_ni_verb,
or ga_ni.o.verb. Those are the constraints imposed on this syntactic relation, which, in
HPSG-like formalisms, is usually managed by using the SUBCAT feature.




3.3. A PREFEREN(

Table 3.5: List of Possible Grammatical Dependency Interpretations (portion)

-BASED GRAMMAR FOR SPOKEN JAPANESE

Relation | Relation2 | Fxample
Dependence = dep.adn.n
adnRel | rentai | =2 (this)" + &M (conference)”
Dependence = dep-adv.adn
advRel | “renyo [ “2% D (rather)” + “K# % (large)”
Dependence = dep.ade.t
advRel | renyo | “$5) (probably)” + MM (be simple)”
Dependence = dep.intj.c
intjRel kanto | "R\~ (yes)” + “% 5 & (be so)”
Dependence = dep_n.n
of gen | “BA®D (Japan-GeN)” + il (prime minister)”
in gen “RBD (Kyoto-GEN)" + =#F A (hotel)™
on gen | “BA#®) (linguistics-GEN)” + M (conference)”
on | nikansuru | “BKFEIET 3 (lin on)” + “& (book)”
from karano | “X%25 (university-from-GeX)” + “B#F >
Dependence = dep.n.v
agen | _nomAct_| 4 (student-NOM)” + ~B%ET  (study-do)”
obje nomAct | “SMi#i (conference-NOM)™ + ~JRSKEEV> (be interesting)”
obje accAct | “HAMY% (Japanese-acc)” + "8 (speak)”
obje nomPass | “B A8 (Japanese-NOM)" + “Z T & (speak-Pass)”
agen datCaus | 44K (student-DAT)" + “BFRE & 3 (study-do-caus)”
inat de “BI@T (cash-by)” + “X#h 5 (pay)”
loct de__| “AMT (university-at)” + “BI%T & (study-do)”
loct ni | MK (KyoloDAT)" + B3 (be)”
Dependence = dep.v.n
that | toiu__| “)¥i¥ 8 £\ 5 (analysis-do-QUOTE)” + “BIFE (study)”
Dependence = dep.v.v
cont quote | “MSKEE\> & (be interesting-QUOTE)” + “MI< (hear)”
cond to “%T & (drop-if)” + “h & (break)”
cond nara | “B7¥ &b (speak-if)” + “M< (hear)”
caus node | “WBKBRDC (be interesting becausc)” + “MI< (hear)”
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Table 3.6: List of Possible E;
Relation |

Example

Dependence = dep-nonlez_nonlez
hest | “2— & (Jeeqto])" + “»0— (/anoo/)”
Dependence = dep.nonlez.any
hest | “%—o& ([eeqto/)” + “E B b (that)"
phonRepair | 25 (/tsuu/)" + “MIRMEE (interpreting telephony)”
Dependence = dep.adn_adn
semRepair | “MIC (same)” + “M— (same)”
Dependence = dep_adv._ady
semRepair | “MIC (directly)” + “MIMIC (simply)”
Dependence = dep_n.n
semRepair | “ilIR (interpretation)” + “BBR (translation)”
synRepair | “n— ¥k (card-acc)” + “»— Fo> (card-GEN)"
I 5 T

rept i i )" + ‘il )

Dependence = dep.v.v
semRepair | “>% ) CF (intend to-POLITE)” + “FRTT (plan to-PoLITE)”
synRepair | “HiT (g0)" + “HITW¥ 7 (go-PROG-POLITE)"

rept | “Fi< & (goil)” + “FiK & (goil)”
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In the same way, we can think of a condition to restrict the application of extra-
grammatical dependency rules. For instance. the repetition rule should be applied only
when the modifying and the modified constituents have identical form.

Note that those conditions only constrain the applicability of the rules. and do not
determine the unique or best rule to be applied. The selection of the best rule is made by
preference.

3.3.8 Inside Unit Phrases

The internal structure of a unit phrase is defined by context free rewriting rules. We omit
the details, since they have little concern with our current interests.

3.4 Examples of Spoken Japanese Analysis

This section illustrates how successfully extra-grammatical phenomena in spoken Japanese
are analyzed in our framework. particularly focusing on the treatment of repairs and particle
ellipses. The results are supported by the analysis of the real examples taken from the ATR
Dialogue Database (Ehara et al., 1990). Although we do not mention how the preference
decision in each example is made, it is the one actually made by the preference decision
method to be discussed in Chapter 4.

Example1: Particle El

First, we see how particle ellipses are dealt with. (3.31) contains two occurrences of par-
ticle ellipses; the noun phrase “kaigi” lacks a dative particle “ni," and the noun phrase
“tetsuduki” lacks an accusative particle “o." The dependency structure of the sentence is
illustrated re 3.3. (In the dependency structure, the most preferred interpretation
of each dependence is also shown in angular brackets.)

(334) &M BNTIFRE, brol, HEARAETTLISH
Kaigi  sanka-suru tetsuduki chotto
conference  attendance-do procedure  a little bit
o-oshie-nega-e-masu-deshé-ka
POLITE-tell-please-can-POLITE-POLITE-Q
“Could you please tell me a lttle bit about the procedure to attend the conference?”

The phrase *Aagi” s analyzed as mdilying “sanka-suru” with teir underlying relation
being determined to be object role plus dati
‘This means that the omitted particle in the noun phrase “kaigi” is recognized as “ni (a
dative particle).” In the same way, the phrase “tetsuduki” is analyzed as modifying “o-
oshie-nega-e-masu-deshé-ka,” with their underlying relation being determined to be object
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role plus accusative case/active voice, meaning that the omitted particle is recognized as “o
(an accusative particle).” They are the most preferred interpretations of those dependences.

The brief explanation of this preference decision is as follows. The interpretation can-
didates for the dependence between kaigi" and “sanka-suru” would contain, e.g., location
role relation plus de case relation, as well as the above one. This, however, would be less
preferred, since assuming the omitted particle to be “de” would be scored badly — the
ellipsis of “de” is about four times rarer than that of “ni” (Hosaka et al., 1992). Hence, the
above, correct one is preferred.

The sentence also involves a relati ion, i.e., the dependence between
“kaigi sanka-suru” and “felsuduki,” that is analyzed in parallel to the analysis of particle
ellipses. That is, the dependence is interpreted as instrument role relation plus de case rela-
tion, and its preference is given on both semantic and syntactic bases: how likely a procedure
would be the instrument of an attending event, and how likely a noun having de case would
be relativized. This parallelism is brought by a uniform treatment of particle ellipses and
relativization, both realized as a process to find underlying semantic and syntactic relations.

Example 2: Hesitations and Repairs
Next, we see how hesitations and repairs are dealt with. (3.35) contains a hesitation and a
repair. The dependency structure of the sentence is illustrated in Figure 3.4.
(335) 50, QMCTHSHIAER MRSARET.
kaigi-de-wa mochiron  tsiyaku hon’yaku-mo

of course i lati

provide-POLITE

“At the conference, of course, we will provide translation.”

The hesitating word “anc” is analyzed as modifying the immediately succeeding unit
phrase “kaigi-de-wa,” which is a common structure of hesitations. The repaired word
“taiiyaku” is analyzed as modifying the target phrase “hon'yaku:mo.” In this case, the
repair s considered (o be caused by semantic source, because the speaker cancels the word
“toiiyaku” by replacing it with a semantically similar word “hon’yaku Thus, semantic
repair relation is preferred.

Other structures and/or other interpretations would be less preferred; for instance, the
interpretation which attaches “tsiyaku” 10 “ire-masw,” not to “Aon’yaku-mo,” with deciding
the underlying semantic role relation to be, say, location would be scored badly, since such
an occurrence of the dependence is thought to be very rare.!®

"*Note, also, both “fsiyaku” and “Aon'yaku-mo” 10 be the object of “ire-masu” is not
allowed due 10 the uniqueness condition (see Footnote 16).
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Example 3: Successive Repairs

The next example (3.36) contains more than one repair occuring successively. The depen-
dency structure of the sentence is illustrated in Figure 3.5.

(336) d0-, BEHWROSFLORE—F, X¥—, RE—, RE-F0TTH,
HLAR
ané  gengogaku-kankeino kata-karano  supichi supi  supi
Uanoo/] linguistics-related-GEX  people-from-Gex  (speech)  (/supii/)  (/supit/)
supichi-no-desu-ne  méshikomi
speech-GEX-POLITE-INTS  subscr

“the subscription of the speech from people in the linguistics-related fields™

The three repaired words. “supichi” and the two occurrences of “supi,” are analyzed as
simultaneously modifying the target phrase “supichi-no-desu-ne.” Like this, more than one

repaired word can be attached to a single target phrase.

Example 4: Repairs of Compound Phrases

(3.37) contains a repair occurring at compound phrase level. The dependency structure of

the sentence is illustrated in Figure 3.6.

(337) x-o&, RMoEQH, FHER) WAt —8¥TK
HEXTVRESET.
Etto juryé-no  tsichi-wa ukelori-no  tsiichi-wa
[/eeqio/] (receipt-GEN  notification-TOP) receipt-GEN  notification-TOP
i e o e
December 3ist-by end-CAUS-PASS-POLITE

“We'd like 1o send you the notification of the receipt by December 31st.”

Unlike the previ ples, in this le, th part i d phrase,
i.c., “juryé-no tsiichi-wa,” not a unit phrase. The detection of the range of the repaired
part is carried out by invoking the repair detection and the semantic role analysis simulta-
e i “juryé-no Leiichi-uwa® is, first, recognized as
a compound phrase involving of role relation, s a result of the semantic role analysis, and,
then. it is analyzed as modifying another phrase “ukelori-no tsiichi-wa,” with their under-
lying relation being determined to be repetition based on the identity of the phonological
forms of their heads. Note, however, that this dependency analysis is done using only the
information about the heads. This considerably simplifies the overall analysis process.!®

'Kurohas} Nagao (1994) proposed, in the context of the analysis of long sentences as are typically
scen in technical writings, a method 10 detect conjunctive ing i
heads but also about non-head constituents. Although this technique might also be applicable 1o the
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Figure 3.6: Dependency Structure of Sentence (3.37)
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Example 5: Complicated Repairs
Finally, we see a much more complicated example of repairs. In (3.38). two repairs oc-
cur successively, one repairing the incompletely articulated word “déji™ and the other
repairing the compound phrase “konpyiita-niyoru isiyaku.” Furthermore. these two re-
paired phrases intervene between the phrases “kokusaidenwa-no™ and ~konpyita-niyoru
déjitsiyaku-nikansuru,” which have a It looks a very complicated sentence,
which, however, s  real uterance contained in the ATR Dilogue Databse. The depen.
dency structure of the sentence is shown in Figure 3.7.

(3.38) EBRMEOD, M, = Ea—ZKCX3MR 7Y €a—F X SEHERCMT S,
2m

»0-,
kokusaidenwa-no doji konpyiita-niyoru  tsiiyaku
overseas telephs (/dooti/) b ’ .
konpyiita-niyoru  déjitsiyaku-nikansuru ané kaigi

b, i i [/anoo/]  conference

a
by computers™

Though the sentence involves many difficulties, discussed in Section 323, at the same
time, the dependency structure of the sentence is ‘well-structured" (as shown in Figure 3.7)
and nohing s problematic fo dopendency-based analysis. Thefctthat sch s complicated

ill has a ‘well-formed" g8 based anal-
yos,capable ot only of grammatical phenomen bat alsoof extra-grammatical phesomena.

3.5 Discussion

3.5.1 Architectures for Analyzing Written and Spoken Languages

Grammatical theories so far have been mainly concerned with constraints imposed on the
grammatical structures of sentences. They have provided many useful tools for the gram-
matical analysis of natural language. Natural language processing, on the other hand, has
been tackling the disambiguation problem, a problem of how to select a preferred structure
and interpretation of a sentence, which is out of the scope of grammatical theories. Both
streams of the researches have been, Lo some extent, successfully combined, being effectively
applied to the analysis of written language (see Figure 3.8(a)).

If we move from written language to spoken language, the situation is a little different.
Since spoken language is not always well-formed, in the sense of traditional grammatical

Morimolo, 1954), we do not uee it because it can oaly be waed in & ‘pre-
processi advasce of the dependeacy
analysis "Thiedinale v rom incrementa ‘parsing, and, more seriously, leads us to a difficulty of treating
those cases that involve ambiguity between well- and ill-formed readings.
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n
(hes)



3.5. DISCUSSION 57

sentence
[l
centence
[l
Y
well-formed structure(s)
M
incomplet strucares)

4
preferred structure(s)

¥
& interpretation(s) Recovery Method

8, oF Wi ¥
(8) Analgse.of Weitien Language well-formed structure(s)

sentence

3
I

4
preferred structure(s)
& interpretation(s)

preferred structure() (b) Analysis of Spoken Language
& interpretation(s)

(c) Our Framework

Figure 3.8: Architectures for Written and Spoken Language Analysis

theories, we have to add. to architecture (a), another facility, i.c.. the recovery method. in
order Lo recover  well-formed structure from an incomplete structure that might be pro-
duced by applying linguistic constraints to a non well-formed sentence (see Figure 3.8 (b)).
‘This architecture has been actually used in many works on the analysis of spoken language
or ill-formed sentences. It, however, is not adequate. mainly because it fails to capture
the parallelism between grammatical and extra-grammatical phenomena and leads us to
a difficulty of dealing with those cases that are ambiguous between well. and ill-formed
readings.

Our framework, shown in Figure 3.8(c), realizes spoken language analysis without
adding additional facility to architecture (a). The main difference between architectures (a)
and (c) is that the former uses linguistic constraints to rule out ill-formed sentences, while
the latter does not exclude ill-formed sentences. In other words, the former puts a strict
distinction between well- and ill-formed sentences, while the latter treats every sentence,
whether well-formed or not, uniformly, judging its adequacy by means of preference. Thus,
architecture (c) is capable of a uniform treatment of grammatical and extra-grammatical
phenomena.

In addition, architecture (c) provides a definite way of coping with extra-grammatical
phenomena in a non ad hoe way. In architecture (b). the treatment of extra-grammatical
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phenomena is achieved by ad hoc heuristics. implemented as various recovery strategies.
By contrast, architecture (c) handles extra-grammatical phenomena with the same tool
as is used to describe grammatical phenomena, i.e., linguistic constraints plus preference.
Thus, we can account for why a sentence would be thought to involve particular extra-
grammaticality, not simply producing the results of the analysis, which alone could be
brought by some other heuristic-based methods. We believe that this approach is promis-
ing of bridging traditional linguistic-based methods for written language and innovative
heuristic-based methods for spoken language.

3.5.2 Advantages of Dependency-based Analysis

Our spoken Japanese grammar formalism is based on dependency grammar, not phrase
structure grammar. One big feature of the formalism is the use of ‘bunsetsu’ as a basic
component for the grammatieal analysis of a sentence. This approach is justified by the
following reasons:

1. The linguistic constraints on structures outside bunsetsu are rather weak, while the
constraints on structures inside bunsetsu are strong. This suggests two separate treat-
ments.

©

. The bunsetsu is usually used as a unit of processing in speech recognition. It is helpful
10 integrate speech recognition and syntactic/semantic analysis.

3. A bunsetsu roughly corresponds to an accentual phrase (Amanuma, Otsubo, & Mizu-
tani, 1978), which is a basic unit in prosodic processing. The manipulation of the bun-
setsu will be necessary to incorporate prosodic information into syntactic/semantic
anal

4. Hesitations and repairs scarcely occur inside bunsetsu. We don't have to worry about
those phenomena in the analysis of intra-bunsetsu level.

First, in Japanese, the linguistic constraints works differently on structures outside bun-
setsu and on structures inside bunsetsu. For instance, bunsetsu phrases in a sentence can be
scrambled (“jimukyoku-ni genks-o o-okuri-shi- — genki-o jimukyoku-ni o-okuri-sh.
masu (1 will send my paper to the office)" ), whil in a bunsetsu ph be
scrambled (“o-okuri-shi-masu” — x “o-shi-okuri-masu”). Also, adjuncts like adverbs can
appear,in principle, at arbitrary position among bunsetsu phrases (*jimubyoku-ni shibyi
genki-o o-okuri-shi i genks-o shikyd o-okuri-shi: (1 will send my
paper to the offce soon)"), while they cannot appear iside a bunsetsu ( *o-okuri-shibyt.
shi-masu”).®

ancse Phrase Structure Grammar) (Guaji, 1991) has introduced a new
he ADJACENT feature, independently of the SUBCAT feature, 1o properly treat these

differences.
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Secondly, the bunsetsu is usually used as a unit of processing in speech recognition.
This is mainly because the linguistic constraints imposed on structures inside bunsetsu are
strong and, hence, are helpful to rule out linguistically inadequate recognition candidates.
This means that an output of a speech recognizer is guaranteed to be well-formed with
regard to the structure inside bunsetsu. Hence, for a simple and efficient interface between
speech recognition and syntactic/semantic analysis, it is desirable o use “bunsetsu-based"
grammar.

Thirdly, a bunsetsu roughly corresponds to an accentual phrase, which is an important
concept used in prosodic processing. An accentual phrase is a basic unit to which at
most one accent is assigned. The prosodic system of Japanese is accounted for based on
phonological patterns inside an accentual phrase. The use of bunsetsu as a basic unit of
syntactic/semantic analysis would enable us to utilize the prosodic information in advanced
natural language systems in the future.

Finally, extra-grammatical phenomena, such as hesitations and repairs, scarcely occur
inside bunsetsu. An empirical data obtained from the ATR Dialogue Database supports
this assertion; only 60 out of 39039 instances of hesitations (0.15%) and 107 out of 2919
instances of repairs (3.7%) occur inside bunsetsu. We obtained these numbers by examining
the syntactic categories of the words immediately following hesitating words or repaired
words. (They would be functional, if hesitations or repairs occur inside bunsetsu.)

3.5.3 Limitations
The limitations of the current formalism are summarized as follows:
1. It cannot deal with verb ellipses, inversions, nor speech errors.

2. It cannot deal with hesitations and repairs occuring inside bunsetsu. The ATR Dia-
logue Database contains some of those examples. In (3.39). the hesitating word “and”
appears in the midst of the bunsetsu “kochira-ga.” breaking it into “kochira™ and “ga”;
in (3.40), a repai in the midst of “teishutsu-site-itadaku. restart-
ing the phrase from an unusual position, and in (3.41), a particle alone is repaired
instead of restarting the whole noun phrase.'

(3:39) tHbH, BO—, HUKD, K-, AR
Kochira ané  -ga  chishokuno o-nedan
this [/anco/] -NOM breakfast-GEN POLITE-price
“This is the price of breakfast.”

of paticles
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(340) £-&, TOBIAT, MHILTvRKCK (DR

éo  kono jiten-de feishutsu-shite-itadaku -daku  no-wa
[feetof] this  point-at  submission-do-cAUs  -(/daku/) thing-ToP
“what you are expected 10 submit at this point™

(341) 20—, T7R 37 bEHBRH

ané  abusutorakuto-o -ga  are-ba
[/ancof} sbsiract-(acc)  -vom beiif
“if there is an abstract™

3. It cannot deal with repairs which are thought to be caused by multiple sources. The

repair observed in (3.42) is thought to be caused by a mixture of phonological and
‘semantic sources: the repaired word “6sa” is an incomplete form of “dsaka (Osaka),”
that is semantically similar to the target word “kyéto (Kyoto).”

(342) WADS, BEE, 41—, RBET

tokyi-kara Gsa & kyéto-made
Tokyo-from  (/ocsa/) [/ee/) Kyototo
“from Tokyo to Kyoto™

4. It cannot deal with a ‘compound" repair in which the head of the erroneous part has

an incomplete form. In (3.43). the head of the erroneous part, “kin," is an incomplete
form of the target word “ki i de,” but due to this
the dependence inside the erroneous part, i.e., the dependence between “kore-wa™
and “kin," cannot be correctly analyzed.

(343) Chi&A, 4-, —R Thit, £-, MELATVETAT

kore-ws kin  é  ichié kore-va é
( [fee/) in principle this-Tor  [/ec/]
Kinzera-rete-i-masu-nde

forbid-PASS-PROG-POLITE-because
“because this is, in principle, forbidden™

The second limitation is due to the dependency-based formalism, and the third and the

fourth limitations are due to the lack of ability to recover the complete form of repaired
words. These limitations, as well as the first one, should be defeated in future studies.

3.6 Summary

‘This chapter has described how various problems in spoken language analysis are uniformly
formalized in terms of preference-based abduction. The major results of the chapter are
summarized as follows:
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o The necessity for the uniform treatment of grammatical and extra-grammatical phe-
nomena has been shown. This is motivated by many examples taken from the ATR
Dialogue Datahase. a Japanese corpus of spoken dialogues.

iese analysis has boen realized by extending tra-
s { extra-grammatical phenomena as well
as grammatical phenomena are treated in terms of dependences between constituents.

« The effectiveness of the formalism has been shown by illustrating many examples
of analyzing real sentences taken from the ATR Dialogue Database. which contain
extensive extra-grammatical phenomena.

« The advantages and the limitations of our formalism have been deseribed.
Two major problems concerning this framework remain unsolved. They are:

1. How to decide an adequate preference value for an interpretation candidate.

2. How to efficiently perform the process for finding the most preferred interpretation.

‘These issues will be discussed in the succeeding two chapters; Chapter 4 discusses the first
issue and Chapter 5 the second.
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Chapter 4

A Corpus-based Preference
Decision Method

4.1 Introduction

We have shown, in Chapter 3, that various problems in spoken language analysis can be
uniformly formalized in terms of preference-based abduction. Many problems, including
both traditional parsing problems, such as attachment ambiguity and semantic role ambi-
guity, and extra-grammaticality problems, such as repairs and particle ellipses, are treated
uniformly as a matter of preference. One of the remaining problems o be solved is how 10
decide an adequate preference value of an interpretation candidate generated by a parser.

A number of works on disambiguation techniques using a notion of preference have been
made. In early studies. preference was decided based on heuristics reflecting psych
guistical observations about human parsing (Kimball, 1973; Frazier & Fodor, 1979; Ford,
Bresnan, & Kaplan, 1982). Then, researchers in natural language processing and artificial
intelligence used semantic/domain knowledge designed by human for preference decision,
some making use of existing dictionaries as knowledge sources (Jensen & Binot, 1987).
In recent studies, it has become popular to use corpora in order to automatically acquire
heuristies or semantic/domain knowledge (Jelinek, Lafferty, & Mercer, 1990; Pereira & Sch-
abes, 1992; Hindle & Rooth, 1993; Resnik, 1993). Those recent studies are more successful
than the previous ones. We also adopt a corpus-based approach for the following reasons.

1. Psycholinguistical studies are limited to rather small topics, such as a preference on
syntactic structures. Particularly, they have not provided observations which can be
used as heuristics for dealing with extra-grammatical phenomena.

2. It is difficult to design suitable heuristics or knowledge for preference decision by
human intuition. Existing dictionaries, however, do not provide extensive knowledge
sources required for spoken language analysis.

63
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. A CORPUS.

3. By contrast. it is easy to acquire preference knowledge from corpora, if only they have
rich annotations. and the sorts of obtainable knowledge are not limited. Annotating
corpora is not so hard as designing extensive preference knowledge itself by hand.

We use a parsed corpus of spoken Japanese as the training data. In the dependency
of a new input. preference values of interpretation candidates are calculated accord-
erpretations are observed in the training data. The overall
interpretation of a sentence is determined to be the one maximizing the preference value of
the set of ons of all contained in th . This is a simple and
uniform disambiguation schema utilized in preference-based abduction (see Section 2.1).

The rest of the chapter is organized as follows. Section 4.2 summarizes what sorts
of ambiguity have been dealt with in the literature of disambiguation and what sorts of
preference have been used Lo resolve those ambiguities, and briefly reviews previous work on
preference decision methods. Section 4.3 describes our method. The method is corpus-based,
in the way that it utilizes a spoken dialogue corpus to obtain the statistical information
about occurrences of dependences. from which preference values are caleulated. Section 4.4
reports the results of experiments, showing the eflectiveness of the method. Section 4.5
gives some discussions, and Section 4.6 summarizes the chapter.

4.2 Ambiguity and Preference

421 Ambiguity and Relational igui

The sorts of ambiguity which have been investigated in the li

classified into the following two categories:

Structural ambiguity: an ambiguity in deciding a structure of a constituent,
lem about which element is attached to which element.

Relational ambiguity: an ambiguity in assigning a relation between constituents, i.e.,a
problem about what relation holds between elements.
Structural ambiguity is usually known as attachment ambiguity, as in the following
example:
(A1) SMBTHBLARXO E—£RFLTFEw.
Kaigijo-de jisan-shi-ta  ronbun-no kopi-o  aifu-shite-kudasai
conference hall-at  bring-do-PAST paper-GEN  copies-cC  distribute-do-POLITE
“Please distribute copies of the paper you bring with you.”
Syntactically, the noun phrase “kaigijo-de™ can be attached to either the verb in the relative
elause, “jisan-shi-ta,” or the verb in the matrix clause, “haifu-shite-kudasai.” On the other
hand. relational ambiguity typically appears as semantic role ambiguity, as in the following
example:
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(42) BeTIHwES
Genkin-dc  shiharai-masu
cash-by Pay-POLITE
~“1 will pay by cash.”

The semantic role of the noun phrase ~genkin-de™ can be interpreted as various semantic
roles. including instrument. location. manner. etc.. since the particle “de” can indicate either
of those semantic roles.

Structural ambiguity has been investigated in natural language parsing. while relational
ambiguity has been investigated mait machine translation. In machine translation. the
disambiguation of semantic roles is necessary to generate correct target expressions. For
instance, Japanese adnominal expressions *X no ¥~ can be translated into various English
expressions, such as =Y’ of X'." =¥’ in X" "X’ Y'." etc. Hence. we have 10 distinguish
the meaning of *no” 1o select an adequate English expression.

In our case, structural ambiguity occurs in structure analysi
pendency structures, and relational ambiguity occurs in dependency . the as-
signment of relations underlying dependences. Note that extra-grammi phenomena
also involve structural and relational ambiguities: for instance, we have to determine which
element is repaired by which element and whal is the source of the repair.

the decision of de-

422 and

Two sorts of preference have been used in resolving structural and relational ambiguities.

They are:

Structural preference: a preference according o the favor of a structural configuration
inside a constituent.

Relational preference: a preference according Lo the favor of an association between
constituents.

Structural preference is used to resolve structural ambiguity, while relational preference
s used 1o resolve both structural and relational ambiguities. For instance, to resolve the
attachment ambiguity in (4.1), we can compare the favor of the two structures,

[([Kaigijo-de jisan-shi-ta) [ronbun-no kopi-o]) haifu-shite-kudasai]
and
|Kaigijé-de (Ljisan-shi-ta [ronbun-no kopi-o]) Aaifu-shite-kudasail.

‘This is a disambiguation using structural preference. On the other hand, we could also com-
pare the favor of the two semantic associations, one between a conference and a bringing.
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event and the other between a conference and a distributing event. This is a disambigua-
tion using relational preference. In this way. structural ambiguity can be solved either by
structural preference or by relational preference.

Relational preference is also used for resolving relational ambiguity. as in (4.2). In this
case, we compare the favor of semantic roles possibly assigned to the association between
cash and a paying event, i.e., instrument, location, manner, etc. Furthermore, we can resolve
both structural and relational ambiguities at the same time by using relational preference.
For instance, we could decide the attachment and the semantic role of “kaigijo-de” in
(4.1), by comparing the favor of semantic roles possibly assigned to the two associations,
one between a conference and a bringing event and the other between a conference and
a distributing event. In this way. relational preference can be used for resolving both
structural and relational ambiguities.

In the method discussed in this chapter, we will use relational preference to resolve both
structural and relational ambiguities at the same time; tha is, we compare preference values
of possible relations underlying dependences in order to determine preferred structures and
preferred interpretations.

4.23 Previous Works on Preference Decision Methods

to Solve Ambiguit;

Structural preference was first brought from the results of psycholinguistical studies on hu-
man parsing. Kimball (1973) proposed Right Association Principle, saying that, in English,
postmodifiers prefer to be attached to the nearest previous constituent. Thus, for instance,
in the sentence

(4.3)  Joe bought the book that I had been trying to obtain for Susan.

the prepositional phrase “for Susan” is preferred 1o be attached to “oblain” rather than

initial analysis of syntactic bias, a great number of works
among linguists and psycholinguists were published, proposing their own principles; for
instance, Frazier and Fodor (1979) proposed Minimal Attachment Principle, which says
that an attachment that requires fewer nodes in a parse tree is preferred. More recently,
Hobbs and Bear (1990) proposed Attach Low and Parallel Principle, that is an extension of
Right Association Principle, and showed its effectiveness on the basis of empirical studies
on real corpora.

Some of those psycholinguistical principles have been applied to natural language pro-
cessing. For instance, Shieber (1983) implemented a shift-reduce parser that models Right
Association Principle and Minimal Attachment Principle (and Lexical Preference (Ford
et al., 1982) discussed below). Another example of an application of Right Association
Principle is a heuristic rule widely used in dependency structure analysis, which postulates
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the favor of an attachment in that fewer constituents intervene between modifying and
modified constituents.

In recent studies in natural language processing. a number of methods have been pro-
posed 1o represent structural preference by means of probability and to learn automatically
such probability from exi
is the most basic model, in which the probabil
decision is given by the product of the probal ng rules applied. The
most preferred parse is given as the one maximizing its probability. The probabilities of
rewriting rules can be estimated from either an unbracketed corpus (Jelinek et al.. 1990)
or a bracketed corpus (Pereira & Schabes, 1992)." though the latter brings more accurate
parsing results.

h particular attachment

i to Solve bi

In a recent study on attachment of prepositional phrases in English, Whittemore and Ferrara
(1990) showed that structural preference alone is not a very good way to resolving structural
ambiguity; neither Right Association Principle nor Minimal Attachment Principle accounts
for more than 55% of the cases. They found Lezical Preference. a naive form of relational
preference originally proposed by Ford et al. (1982). to be the key to resolving structural
ambiguity.

Ford et al. (1982) claimed that an attachment which involves the ‘strongest” lexical
form of a predicate is preferred. accounting for the preference of high attachment of the
prepositional phrase “on thaf rack™ in the sentence

(44)  The woman positioned the dress on that rack.

It s assumed that, for the verb “position,” the triary form, which requires its subject, its
object, and its prepositional complement, is the strongest and that the binary form. which
requires only its subject and its object, is weaker. Thus, Lexical Preference favors the triary
form of the verb “position.” yielding high attachment of the prepositional phrase “on that
rack”

A major defect of Lexical Preference was the lack of definite information about which
form of a predicate is the strongest. Jensen and Binot (1987) used dictionary definitions as
a source of Lexical Preference; for instance, the favor of a fork's being the instrument of an
eating event is strong because of the presence of the description “an instrument for eating
Jood™ in the dictionary definition of the word “fork.” Recently, Hindle and Rooth (1993)
Proposed Lo use co-occurrence of verbs of nouns with prepositions in a large corpus as an
indicator of Lexical Preference. In their method, roughly saying, attachment decision in
(4.4) is carried out by comparing the two probabilities P(on|position) and P(on|dress).

Resnik (1993) extended Hindle and Rooth's corpus-based technique, using co-occurrence
of verbs or nouns with prepositional phrases, instead of sole prepositions. Thus, attachment

‘which every seatence is given its grammatical structure by bracketing

TA brocketed corpus is a corpu
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decision in (4.4) is carried out by comparing the two probabilities P(position. on, rack) and
P(dress.on. rack).? Our method. described in the next section, is a generalization of Resnik's
method. in which preference is measured not only for grammatical associations but also for
extra-grammatical associations. such as one between a repaired word and a target word.

Relationsl to Solve i bil

Resalving relational ambigui
sion in a source language is sometimes translated into different expressions in a target
language depending on the meaning involved in the expression. For instance, Japanese ad-
nomiinal expressions =X no )" is translated into vatious English expressions. such as *Y"
“7=Y" in A" =X ¥"." etc., depending on the underlying relation between X and Y.

is significant in machine translation. since the samie expres-

In early studies. disambiguation of semantic roles was done by semantic/domain knowl-

cdge designed by human researchers. yielding not very accurate translation. Recent studies
on Kzample-based Machine Translation. motivated by the idea of translation by analogy
(Nagao, 1984). have made much success in this field.
Sato (1991a) worked on verb frame disambiguation in the context of an English-to-
Japanese translation of simple sentences, extending, lately, his method to full translation
of complex sentences (Sato, 1991b). Sumita and lida (1992) engaged in the translation
of Japanese adnominal expressions “X no Y" into English, and Furuse and lida (1992)
applied example-based techniques 1o resolve various ambiguity problems, including both
structural and relational ambiguities, achieving a large-scaled Japanese-to-English machine
translation.

A simple idea involved in such research is to utilize instances of translation extracted
from existing (bilingual) corpora. Disambiguation (or selection of the most preferred target
expression) is done by finding the translation instance whose source expression is most
similar to an input, with the similarity defined by various metrics. Our method, though
not an example-based one, also utilizes instances of interpretation extracted from a corpus,
and makes use of similarity as a significant tool for calculating preference values.

4.3 A Corpus-based Preference Decision Method
4.3.1 Overview of the Method
This section presents a preference decision method for spoken language analysis working

with a preference-based grammar formalism. The features of the method are summarized
as follows:

Corpue-based: The method makes use of a parsed corpus of spoken Japanese as a source
of preference.

*The metrics they used are slightly diferent from the probability described here. They al
classes, instead of words, to overcome the data-sparsences problem.
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Table 4.1: Table of Dependence In:

es Acquired from Corpus

Relation Modilying Nodifed #
obe (interprotation, translation) (do.execution) 3
obje (paper. writings) (receive. give&ereceive) 5
agen (student.educators) (attend. admission) 2
loet (kyot (h ion) 1
accAct | (interpretation. vnoun.acc. void) (do.ga.o.verb. inf.active) )
accAct | (interpretation. vaoun. top. void) (do.ga.o.verb. inf.active) '
aceAet { il void) (recei b.inf.active) | 2

datCans (student, dat.void) | (attend. ga_i.verb.inf. causative) | 1
PhonReparr =7 Jdo-o-zi-teu-u-ja-ku/ T
synReparr | (eredit_card. void) (credit_card void) '
semReparr i i i i i 2

Statistics-based: A preference value of an interpretation candidate is determined accord-
ing to the frequency of the instances of that interpretation in the training data.

ity-based: T the data-sp problem. not only instances matching
exactly with the interpretation candidate but also instances which are similar (o the

candidate are taken into account.

We use a corpus of spoken Japanese as a source of preference. We analyze sentences
from the corpus by hand, obtaining the statistics of dependence instances. The acquired
Statistics can be represented by a table like Table 4.1. Each item in the table consists of four
fields; the relation assigned to the dependence, the features of the modifying constituent
and that of the modified constituent. and the count of the occurrences of that instance.?
For instance, the first line says that object role relation between “tsiyaku (interpretation)”
and “okonau (do)" is observed three times in the corpus.

Then, the preference value P(x.a.3) of relation #'s holding between modifying con-
stituent @ and modified constituent 4, represented as x (a.). is given by the following
formula:

C(x.a.8)
“s) Pmad)= 5= oy
where C(p,z, ) is the count of the occurrences of instance p(z.y).

Although simple, (4.5) easily leads us 10 the daa-sparseness problem: that is, the for-
mula does not give very good estimation when the counts are small, and when the counts are
7000, it will not work at all. To overcome the sparseness problem, we propose a similarity-
based smoothing technique, in which not only instances matching exactly with the interpre-
tation candidate but also instances which are similar to the candidate in some respect are

SThe fe ‘shown in Table 4.1 are (a) PHON for phonRepair, (b) LEX, CAT, FORM, and VOICE for
#ymRepair and syatactic relations like accAct, and (<) CONCEPT and ATTRIBUTE for semRepair and semantic.
role relations like obje. The counts in the table are just for explanation.
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taken into account. For instance, suppose that we are calculating the preference value of
interpretation candidate obje(“hon’yaku”, “ireru™). We take into account the count of the
occurrences of instance obje(*tsiyaku”. “okonau”) in calculating the numerator of (4.5),
since the instance is similar to the candidate in semantic aspect. (*hon'yaku (translation)”
and “tsiyaku (interpretation)” are similar, and “ireru (provide)” and “okonau (do)” are
also similar.) Thus, the numerator of the formula will be replaced by the sum of the counts
of occurrences of all instances that are similar to the candidate, weighted according to their
similarity.

‘The same smoothing technique is also applied o the cases where interpretation candi-
dates are extra-grammatical relations. For instance, we will define the similarity between
two phonological repair patterns, and use it for smoothing the count of occurrences of repair
instances. That is, a phonological repair pattern (“déji", “déjitsiyaku”) is regarded as simi-
ar to another phonological repair pattern (“hon”, “hon‘yaku”), and the count for the former
will be used in calculating the preference value of the later, and vice versa.

4.3.2 Dependence Instances Acquired from a Corpus

In the rest of the section, we explain details of our preference decision method. First, we
describe how to acquire dependence instances from a corpus.

We analyzed, by hand, several sentences from a spoken dialogue corpus, the ATR Dia-
logue Database (ADD) (Ehara et al., 1990), annotating each sentence with its dependency
structure. For instance, sentence (4.6) is annotated with the dependency structure shown
in Figure 4.1. (Recall the first-order term representation of features given by (3.29).)

(4.6) 20, QMTHSIAMR BROALET.

ano  kaigi-de-va mochiron  tsiiyaku hon'yaku-mo
Vano/)  confer of course (i i lati
ire-masu

Pprovide-POLITE

“At the conference, of course, we will provide translation.”
From this dependency structure, the following instances of dependence are extracted:*

@7 a meetings), sem (provide

b. de de, void), i rb, inf, active))

<. hest(phon([a, nol), phon([ka, i g, de, wa]))
4 )

*For a grammatical dependence, two instances, one for & semantic role relation and the other for &
syntactic relation, are extracted.
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syn(conference, cnoun, de, void).
sem( conference. meetings))),
(advRelt: renyo,
head(phon([mo, chi, ro. n]).
syn (of_course, adv, renyo, void),
sem(of.course, success)),
[obje& accAct,
(semRepair,
head(phon({teu. u.jo. kul),
syn(interpretation, vnoun, nil, void),
sem(interpretation, translation)).
‘head(phon([ho, n.ja, kv, mo]),
syn(translation, vnoun, top. void),
sem(translation, translation))),
‘head(phon (i, re, ma. su)).
syn(provide, ga.o.verd, inf, active),
sem (provide. give&receive))]]

Figure 4.1: Dependency Structure of Sentence (4.6)
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e. rengo(syn(of-course. ade. renyo. void). syn  protide. ga.o.verb. inf. active))

. obje

& accAct(syn( translation. tnoun. lop. void). syn( provide. ga_o_verb. inf. active))

h pai
Here. a dependence instance is represented as p(z.y). where pis a relation underlying the
dependence. and r and y are the features of the modifying constituent and that of the
modified constituent, respectively. which are dominant in deciding the underlying relation
10 be p. The dominant features are

o the PHOX feature for hest. phonRepair, and repl.

© the sy feature (a bundle of the LEX, the CAT. the FORM, and the VOICE features) for
synRepair and syntactic relations like accAct.® and

o the sE feature (a bundle of the CONCEPT and the ATTRIBUTE features) for semRepair
and semantic role relations like obje.®

By extracting dependence instances from sentences in the training data, we obtain the
statistics of the instances. The current data, acquired from ten dialogues from ADD (662
sentences and 2913 dependences), consists of 4215 entries, part of which are shown in
Table 4.2. The size of the data is too small to make reliable statistical predictions. Hence,
the use of a precise smoothing method is particularly significant.

4.3.3 Preference Values

An interpretation candidate of a dependence is associated with its preference value. Using
our similarity-based smoothing, the preference value P(x,a, ) of interpretation candidate
7(a.3) is given by the following formula:

We(Se(z,y.0.0)) x C(x, :.n

Zyay Cp.2y)
where C(p.z,y) is the count of the occurrences of instance p(z,y) in the trail
ity between the instance 7 (z,y) and the candidate x (a, ), and
we(4) is a function of ly 8, called a weight, which deters
instance. The definition of the larity and that of the weight differ depending on the
types of relation x. We will describe those definitions later.

The formula says that the preference value of an interpretation candidate is defined
1o be the probability of that interpretation, where the count of the occurrences of the

(48) P(x.a,3)=
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: Table of Dependence Instances Acquired from ADD (# 2 5)

Modil Modifed #
(that, Tatter, 5

(thing, things) 5

(much. very) (thankful. gratitude) 9
(ah.interjection) (so0.such) 2
(yes.interjection) {s0.such) ”
(yes.interjecti 0
(yes.interjection) (justs0. adequate) 6

= (north#4, numeral) (bus, vehicles) 6
obje | (conference. consultation) (attend. admission) ®
dept (this. demonstrative) (send. transport) ®
rentar (that.adn. void.void) {Iatter. anoun. nil.void) 5
rengo (much.adv. void. void) (thankful, gn.adj.inf. 9
kanto (ah. intj.void. void) 2
2

10

(just.s0. ga.verb, inf, 6

(ttend. ga_ni.verb, 6

v 5

(send, ga.ni.o.verb, inf, causati 5

Joo-o-de-su-ka] P

Ja-no-o/ 10

Ja-no/ 8

/a-no-o/ 7
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Candidate

(provide, give&receive)

K
@ ) 3] = wS) %3
(paper. writings) (receive, givekreceive) | 5 | — w($3) x5
‘numerator |

Figure 4.2: Calculation of Preference Values

interpretation is given by the sum of the counts of occurrences of instances which are
similar to the interpretation candidate (see Figure 4.2). This avoids the data-sparseness
problem.

4.3.4 Similarities
Here, we define the similarity S, (z,y,, ) between instance 7 (z,) and candidate = (a, 8).
Since we are dealing with various sorts of relations, including both grammatical and extra-
grammatical ones, the definition of similarity differs according to what sort of relation x is
concerned. If = is a semantic role relation like obje, the similarity is defined on a semantic
basis, and il x is a syntactic relation like accAct, the similarity is defined on a syntac

of repairs is considered: for instance, a repair pattern (“déji", “déjitsiyaku”) is regarded as
similar to another repair pattern (“hon”, “Aon'yaku
The formal definition of similarity is as follows:

(4.9) a. If x is a semantic role relation, then

Sa(2,9.0,8) = |/ Siem(2,0) X Syem (3, 8),

where S,em(21,22) is the similarity between 2, and z; based on the distance in
a hierarchy of semantic attributes.

r

10 x is a syntactic relation, then

$4(2,5,.8) = \/Suyn(z,0) X Supn(v,8).

where S,yn(21,22) is the similarity between z) and z; based on the distance in
a hierarchy of syntactic categories.

. If x is hest, then

52(2,9,0,8) = \/Sphen(2,0) X Sphen(¥,8),



4.3. A CORPUS-BASED PREFERENCE DECISION METHOD s

Root, level 0

action persons level |

labor transfer level 2
execution suspention give&receive possession level 3

Figure 4.3: Hierarchy of Semantic Attributes (portion)

where Sphon (21, 22) is the similarity between 2y and z; based on the commonality
of phonological forms.

o

. 1f xis a repair relati
then

i.e.,either of phonRcpair, synRepair. semRepair. or repl,

Se(z.y,0,9) = 1= |S(z,9) - S(a. ).

where § is either of Sphon, Soyn, OF Ssem depending on the sort of the repair:
Sphon for phonRepair and hest, Syyn for synRepair, and Siem for semRepair.

Simils

ity with respect to Semantic Role Relation

‘When a semantic role relation is concerned, the similarity between an instance and a candi-
date is given by the geometric average of the similarity between the modifying constituents
and the similarity between the modified constituents, as defined by (4.9a).” The similarity
between constituents is defined based on the distance in a hierarchy of semantic attributes
(Sumita & lida, 1992). We use the thesaurus tree defined in Kadokawa Dictionary of Syn-
onyms (Ohno & Hamanishi, 1981) as a hierarchy of semantic attributes (see Figure 4.3).

The similarity Syem(1, 22) between ituents 2y and 23, having SEM values (bun-
dles of the CONCEPT and the ATTRIBUTE. values) (e1,a1) and (€2,az). respectively, is defined
as follows:

wn sm(th={| ife,=cpand oy = gy,

K/n otherwise.

"This differs from a definition used in many example-based methods, in which an ‘arithmetic’

average,

jcometric average is never greater than an arithmetic average.) If many instances are judged to be
be high, and it

being used a8 a source for accurate disambig Intuitively, using & geometric average seems adequate

for aur purpose, though [ am not sure it s the best way.
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Root, level 0
wverbal nominal level 1
verb adj level 2
gaoverb ganioverb gaadj  nigaadj level 3

Figure 4.1: Hierarchy of Syntactic Categories (portion)

where n is the number of layers in the hicrarchy. and k s the level of the layer at which the
lowest common super-class of a) and az exists. with the root of the hierarchy being level 0.5
For instance, given the hierarchy in Figure 4.3, the similarity between “ireru” and “okonau,™
whose SEM values are (provide. gi ive) and (de it i is 0.25
(= 1/4). (The lowest common super-class of the two attributes give&receive and execu-
tion is action. which is in level 1.) In the same way, the similarity between “motsu” and
“ireru.” whose SEM values are (hav i and () ide, gi i respec-
tively, is 0.5 (= 2/4).

Similarity with respect to Syntactic Relation

When a syntactic relation is concerned, the similarity between an instance and a candidate
is given by the geometric average of the similarity between the modifying con
and the similarity between the modified constituents, as defined by (4.9b). The similarity
between constituents is defined based on the distance in a hierarchy of syntactic categories.
The hierarchy of syntactic categories is hand-made. I is a four-layered tree similar o the
Kadokawa thesaurus. A portion of the hierarchy is shown in Figure 4.4.

The similarity S,,n(21.22) between two constituents z; and z;, having SYN values (bun-
dles of the LEX, the CAT. the FORM, and the VOICE values) (iy,c1, fi.v1) and (la, €2, f2,02),
respectively, is defined as follows:

1 fh=hea=eafi=fandvy =0,
(1) Syn(z.22) =40 WM fi # fror v # vy,
Kk/n otherwise.
where n is the number of layers in the hicrarchy, and & is the level of the layer at which the
lowest common super-class of ¢; and c; exists. with the oot of the hierarchy being level 0.
*This defini
h

n elightly changes that of Sumita and lida (1992). They use k/(n 1) for ‘otherwise’ pat.
at is. they never distinguish the two cases, one where a) = a3 and ¢, = c3 and the other where o, = a3
but ¢ # 3. In our case, the latier gives simi y (m
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Similarity with respect to Aeat

When hest is concerned. the similarity between an instance and a candidate is given by
the geometric average of the similarity between the modifying constituents and the sim-
ilarity between the modified constituents. as defined by (4.
constituents is defined based on the commonality of phonological forms. That is. the sim-
ilarity Spaon(21.22) between two constituents 2, and 2. having PHOY values py and pa.
respectively, is defined as follows:

2 x length(piz)

12) Sphen(ar.22) = g T

where length(p) is the longth of a PHOX value p. which is a sequence of moras. and py is
the longest common subsequence of py and p,.® For instance. the similarity between ~hon™
and “hon'yakw,” whose PHON values are /ho-n/ and /ho-n-ja-ku/. respectively. is 2/3
(= 2X2/(2 + 4)). (The longest common subscquence of the two sequences /ho-n/ and
/ho-n-ja-ku/ is /ho-n/. whose length is 2.)

Similarity with respect to Repair Relation

When a repair relation is concerned. the similarity between an instance and a car
should not be given in the same way as above. Consider, for instance. the similarity between
two phonological repair patterns. . ~dsjitsiyaku™) and (~hon™ , “hon'yaku"). w
intuitively, thought to be similar. If the similarity is defined in a similar way 1o (4.9¢). it
would be zer0, since. by (1.12). Syhon(~d6;i". “hon”) i zro. I this cas. i s ot adequate

in
the modified constituents independently: rather, we should consider the similarity between
the patterns of the repairs.

To do that, we, first, express a ‘pattern’ of a repair by a numerical value. Based on the
observation that, in repairs. the repaired word is, in some respect. similar to the target word.
we express a pattern of a repair by the similarity between the repaired word and the target
word, where the similarity is defined as either of Spaon. Siyn. OF Syem depending on the sorts
of repairs. Now, the similarity between two patterns of repairs is the difference between the
two numerical values, defined as (4.94). In the above example, Syaon(*déji", “déjitsiyaku”)
i50.6 (= 2 X 3/(3 + 7)) and Syaen(*hon™. “hon'yaku™) is 2/3 (= 2/(2 + 4): hence, the
similarity between the two patterns is 0.933 (= 1 - 0.6 - 2/3]).

*It might be better to care about the similarity between two moras. For instance. if py and py contain
/ka/ and fea/, respectively. it might be feasible to give some score for the matchi
the two moras are thought Lo be simi
We, however, simply treat them as
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4.3.5 Weights

The weight in (4.8) is determined in the following way. A weight w,(s) with respect to
relation 7 is a function of similarity s, which represents the contribution of an instance
having similarity s with the interpretation candidate. It ranges from 0 to 1 and is designed
5o that more similar to the candidate an instance is, greater the contribution is; that is,
a monotonic increasing function of &, such that wy(1) = 1. We define wa(s) as

(4.13)  we(s)

where N is some positive integral constant,'® and
N

(A1) k20 and Yaru=1.
=3

The coefficients a, » are determined in the foll
ing can be viewed as estimating the ‘real’ distribution of interpretation instances from
partially given instances at hand. Let C(r,a,0) be the ‘real’ count of the occurrences of
instance x () and C(x,a,3) the ‘estimated" count of the occurrences of that instance,
and suppose that C(x,a, 8) is given, by the similarity-based smoothing from partially given
instances, as follows:

(415) C(x.a,8) = ¥ wi(Si(2,y,0,8)) x C(x.2.9).
£

Now. the function w, can be best designed so that it minimizes the sum of the square errors
1C(x.a,3) - C(x,0,0)? over some learning data, provided that the ‘real’ count C(x, a, 8)
of occurrences of every instance (@, 8) is given.

In doing this, we regard the training data itself as the learning data. That is, for all
instances x(,0) in the learning data, we consider that the ‘real’ count C(x,, ) of the
occurrences of instance x (a, ) is equal to the count C(x,a, ), and that the ‘estimated’
count C(x.a,9) i given by (4.15) with the part of the learning data other than  (a.6)
being the training data (see Figure 4.5). Then, weight w, is given as the one mi
the following formula:

(416) 3" |C(x.0.8) - E(r 0. B).
ol

By a simple mathematics. it turns out that the above minimizing problem is formulated
as a quadratic programming problem and, hence, can be solved by Lemke’s method (see
Appendix A for more details).

"*Currently, we use N = 3.
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Learning Data

r~--=-=: -7
| . . |
e . . |
| . \]\
o ‘ ..IRo.J)
I ’ Iéi
| . (r,0.9)
;e . .

-
L___L___r({:

Figure 4.5: Learning of Weights

4.3.6 Preference Values of Syntactic Relations

Finally, we have to make some notes on the calculation of preference values of syntactic
relations. A grammatical dependence is interpreted from both semantic and syntactic as-
pects (see (3.32)). In general, semantic interpretation and syntactic interpretation are not
independent; that is. possible syntactic interpretations are restricted by what semar
terpretation is chosen. Thus, the preference value of a syntactic relation has 1o be defined
in the form of a conditional probability.

Following probability theory. the preference value of an interpretation candidate of a
grammatical dependence, having underlying semantic role relation # and underlying syn-
tactic relation o, is given by the following equation:

(417)  P(x&0,a.3) = P(x,0,3) x P(0,a,8|x,a",0").

Here, the preference value of a syntactic interpretation candidate g (a.f) is represented in a
conditional form P(g.a, 3|x.a".4%). in which the conditions are imposed by the semantic
tole relation . the modifying constituent a*, and the modified constituent 4. (Note.
however, that a* and 3* are different from @ and 4 themselves; that is, the FORM and the
VOICE values in o* and 3* are made variable, since the semantic interpretation does not
restrict them.)

The conditional preference value is given by the ‘smoothed" count of the occurrence
of instance o (a,3) co-occuring with x(a.3), divided by the counts of occurrences of all




80 CHAPTER 4. A CORPUS-BASED PREFERENCE DECISION METHOD

instances of syntactic relations co-occuring with x (a, 3), as follows:

(1.18) :'(a.u.s|x.o'.u‘1=&'W.

where C(s.p.z.y) is the count of the occurrences of instance s(z,y) co-occuring with
p(z.y). which is obtained from the training data. However, C(s,*,0%.3") in the denom-
inator of (4.18) could be small due to the data-sparseness problem. Hence, we also use
the ‘smoothed” counts for them. Thus, the definition of the cone nal preference value
P(a.0.3[x.0".3") of a syntactic interpretation candidate o (a,3) is as follows:

Ty el Sel2.9,0,8)) x Clovx,2.9)

ey We(Sa(7.y.07.3%) x Cls, 7, 2,9)

(419) P(o.a.3|x.a"

As an illustration of how this formula works, we explain how the preference of inter-
preting the grammatical form of a particle-less noun phrase is determined (see Figure 4.6).
Suppose, for instance, we are calculating the preference value of an interpretation candidate
in which the underlying syntactic relation between a particle-less noun phrase “hon'yaku
(translation)” and a verb “ireru (provide)" is determined to be accusative case/active voice,
with the corresponding semantic role relation chosen to be object. Following (4.19), the nu-
‘merator is given by the sum of the count of occurrences of accAct interpretation instances
te. Note that, by (4.11), only candidates
having nil as its FORM value have non-zero similatity. (In Figure 4.6, S, is zero, while
Sy is non-zero.) On the other hand, the denominator is given by the sum of the count
of occurrences of instances whose modifying and modified constituents have the LEX and
the CAT values that are similar o (translation, vnoun) and (provide,ga.o.verb). Thus,
the preference value is given, roughly, by the percentage at which the FoRM value of the
modifying constituent in accusative case

~— that is, the probability of an accusative
particle’s being omitted. under the condition that the syntactic property of the modifying
and the modified constituents are similar 1o “hon’yaku” and “ireru.”

4.4 Experimental Results

4.4.1 Experiments

To evaluate our method, we conducted an experiment using real sentences from a spoken
language corpus.

Data

‘The training and test data are taken from the ATR Dialogue Database (Ehara et al., 1990).
The data consists of ten dialogues, containing 662 sentences and 2913 dependences. The
average length of the sentences, measured by the number of ‘bunsetsu’ phrases, is 5.4.
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Table 4.3: Accuracy of Dependency/Sentence Analysis

Accuracy of Dependency Analysis
Average | Max
Closed (best) | 863% | 927%

Closed (all) 89.1% 93.8%
Open (best) 66.1% | 128%
Open (all) 72.1% 79.2%

Accuracy of Sentence Analysis
Average | Max Min
Closed (1op) || 68.1% | 80.4% |  58.2%
Closed (all) || 74.0% 8% |  618%
Open (10p) 49.0% 61.3% 40.8%
Open (all) $5.3% | 67.1% | 44.6%

Tests

Two cases were examined: the closed test and the open test. In each case, the test was
conducted with ten trials. In each trial of the closed test, the ten dialogues were commonly
used for the training data and one of them was used for the test data in turn. In each
trial of the open test, one of the ten dialogues was used for the test data in turn and the
remaining nine dialogues were used for the training data (Cross validation). The parser ran
in two modes, producing (i) only the best answer and (ii) all the probable answers.'!

Accuracy of Dependency/Sentence Analysis

The accuracy of dependency analysis and that of sentence analysis are shown in Table 4.3.
‘Average,’ ‘Max.' and ‘Min® are the average, the maximum, and the minimum of the ten
trials. Only answers exactly matching with the human decision were judged as correct,
except that the mismatch between hest and phonRepair was ignored since it does not affect
the semantic representation of an input sentence.

The accuracy of dependency analysis are over 85% in the closed tests and over 65% in
the open tests. The accuracy of sentence analysis are nearly 70% in the closed tests and
nearly S0% in the open tests. Note that we evaluated the total performance of the parser,
including the accuracy of structure determination and semantic role assignment, while not
restricting ourselves 10 the accuracy of repair detection. Considering that, we can say the
results are fairly good.

"The parser is implemented by using a chart-based algorithm, described in Chapler S, with beam search.
*Probable’ anewers mean the answers which pass all the ‘gates.” (See Section 5.3.6)
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Recall and Precision of Dependency Analysis

We also examined the recall rate and the precision rate of dependency analysis with respect
to cach dependency relation . They are calculated by the following formulas:

_ the number of #'s correctly answered by the parser
20 Recall = e amber of s In the human decision

the number of 's correctly answered by the parser

" the number of x's in the parser's answers

The resuls are shown in Table 4.4, where ‘Gram. (subord)’ means the scoe for all the
concerning ion or adjunct structures and “Gram.

(coord)" means the score for all the grammatical dependences concerning conjunct struc-

tures.

We can see that the recall rates for extra-grammatical dependences are very high. while
the precision rates for syntactic repair and semantic repair relations are rather low. This
means that many grammatical dependences were wrongly analyzed as repairs of those types.
In fact, the low recall rates for ‘Gram. (coord)" indicate that conjunct structures arc likely
to be misanalyzed as repairs. This might seem 1o disclose a defect in the uniform treatment
of ical and ical ph Before discussing this point, we will
see more details of the errors made by our parser.

(421) Precision =

44.2 Major Errors

‘The errors made by our parser are divided into two categories: (i) the errors in structure
determination and (ii) the errors in dependency relation assigament.

Errors in Structure Determination

& constituent of a target word is sometimes wrongly at-
g an invalid decision of the erroncous part. For

In repair detection. the mod
tached 0 a repaired word, yiel
in (1.22), ~konkai-no kai
not to “téma-toittayouna-mony
As a result, “konkai-no kai
(4.22) 4EOKMOEFLVRETH F—vlnokk5K6D

konkai-no  kaigi-no ‘shushi-

this-GEN  conference-GEN  (aim) subject

the place where it should be attached (see Figure 4.7).
included in the erroneous part, which is not correct.

masu-ka  téma-loitlayouna-mono

“the subject of this conference™

‘This is an error in structure determination and can be overcome by introducing struc-

tural preference like Attach Low and Parallel Principle (Hobbs & Bear, 1990). The struc-

tures produced by repairs, in particular, have a preference that modilying constituents tend

1o be attached to target words not 1o repaired words. This kind of structural preference
would remove the errors like the above example.
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Table 4.4: Recall and Precision of Dependency Analysis

Relation Recall | Precision | R x P

Gram. (subord) 84.7% 88.2% 74.7%
Gram. (coord) 57.4%

hest 99.1%

Closed (10p) phonRepair 100.0%
rept 90.9%

synRepair 80.0%

‘semRepair 94.3%

Gram. (subord) | _ 88.7%
Gram. (coord) | 58.8%

hest 99.5%

Closed (all) phonRepair 100.0%
rept 90.9%

synRepair 100.0%

semRepair 94.3%

Gram. (subord) | 63.2%
Gram. (coord) | 50.3%

hest 98.5%

Open (top) phonRepair 100.0%
rept 81.8%

synRepair 90.0%

semRepair 88.2%

Gram. (subord) 72.1%
Gram. (coord) 59.3%

hest 9.2%
Open (all) phonRepair | _100.0%
rept 90.9%

synRepair %0.0%
‘semRepair 91.2%




4.4. EXPERIMENTAL RESULTS

n "
[ (22& gm)—| | (semRepair) ]

n n n n
konkai-no shushi-toii-masu-ka téma-loitlayouna-mono
(a) Correct Analysis

n
(semRepair)
n
{of& gen)
n
' (sz& gen)
n n n n

konkai-no  kaigi-no  shushi-toii-masu-ka  téma-toittayouna-mono
(b) Wrong Analysis

Figure 4.7: Errors in Structure Determination
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Errors in Dependency Relation Assignment

As indicated by the recall rates and the precision rates of dependency analysis, conjunct
structures are sometimes mistaken as repairs. A typical example is illustrated in (4.23),
where the relation between ~6biheddopurojekula™ and “suraido” is wrongly analyzed as a
semantic repair relation: it should be a conjunctive relation.

(4.23) F—rim~y FFRT22 B LAV FX AVFDRIAFL

U hi-kake hi-no  suraido-to
overhead projector-CoNJ 2 inches by 2 inches-GEN slide projector-CON

“an overhead projector and a slide projector of size 2 inches by 2 inches”

s an error in dep relation assi t and could by by extending
the training data. This kind of errors are also made by misanalysis between two grammatical
relations, e.g., misanalysis between agent and object.'> However, the misanalysis between
conjunct structures and repairs are particularly serious, since it is directly concerned with
the adequacy of our uniform approach. That is, if the dependency rules for repairs are
only when no parse for an input is found with the grammatical dependency rules,
this kind of misanalysis might not happen. To verify this claim, we conducted another
experiment which examined the performance of the two-stage model, where repairs are
taken into account only when the normal parsing process fails to find a complete parse for
an input.

4.4.3 Comparison with Two-stage Model

‘The two-stage model was simulated in the following way. First, an input is analyzed without
the dependency rules for repairs. If a complete parse is found in this first stage, it is output
as an answer. Otherwise. the input is reanalyzed with the dependency rules for repairs.
Note that, the first stage parser is the same as the second stage parser, using the same
preference decision method described in this chapter, except for the absence of the rules for
repairs. The experiment was conducted in the same way as described in Section 4.4.1.
The recall rate and the precision rate of dependency analysis are shown in Table 4.5.
Compared with the performance of our uniform model, the precision rates for syntactic
repair and semantic repair relations have been improved, although the improvement in the
latter case is not so large as is expected. On the other hand, the recall rates for those
relations have been made seriously worse. The low precision rates for ‘Gram. (coord)’
indicate that many of repairs were wrongly analyzed as conjunct structures in the first stage
process. Furthermore, the decrease in the precision rates for ‘Gram. (subord)" indicates
that some repairs were also misanalyzed as complementation or adjunct structures. This

"2 Another frequent pattern is the cuse where the demonstrative “sonc” is analyzed s & heits
Thit is the source of the slight loss in the precision rate for hest in Table 4.4.

g word.
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fact supports our observation that some sentences containing repairs are ambiguous with
well-formed sentences.

The aceuracy of dependency analysis and that of sentence analysis in the two-stage
model (Table 4.6) are not better than the accuracy in our uniform model. In conclusion,
the two-stage model does not improve the performance of repair analysis, increasing the
precision rate but decreasing the recall rate, and. in the total performance of the parser,
our uniform model is superior o the two-stage model.'

4.5 Discussion

4.5.1 Comparison with Other Corpus-based Methods

In recent studies on disambiguation using preference. a lot of corpus-based techniques have
been developed. We compare them with our method.

Statistics-based Methods

A number of works have been done on disambiguation of part of speech tags, word senses,
attachment of phrases. etc. using the probability acquired from corpora. In those works. the
central issue is how to overcome the data-sparseness problem. Two widely used techniques
are: (i) interpolating the probability of an event from the probabilitics of simplified events
in which the number of the primary factors is reduced. and (ii) using class statistics instead
of lexical st

The first technique is usually used for smoothing N-gram statistics. For instance. the
trigram probability P(wn|wn-3.wa-1) can be interpolated from the bigram probability
P(wn|wn-1) and the unigram probability P(w, ). in the following way:

(4.24)  P(wnlwn-a. wn-1) = M P(Waltn-2.wn-1) + A2P(@nln-1) + AoPlwn).

where the coefficients A, (I, A, = 1) can be estimated using deleted interpolation (Jelinek,
1990).

ilar technique could be used for our method. For instance, the ‘estimated” count
C(x,a.3) of the occurrences of instance x (a, ) could be given by

(4.25)  C(x,a,8) = A\ C(x.a,8) + 2C(x,a,¢) + }C(x.9,8) + MC(x,

where C(x,a,+) is the count of the occurrences of instances such that its relation and
its modifying constituent are x and a. respectively, but its modified constituent is not
necessarily 3 (similarly for C(x. +.8) and C(x,s,+)). However, it is still problematic, when
@ nor 3 never appear in the training corpus. which usually happens in a practical situation.

g

improve the precision rates for repair analysis
- Infact,

form model, a completely different solution
even for human without acoustic-prosodic cues and/or world knowledge.




CHAPTER 4. A CORPUS-BASED PREFERENCE DECISION METHOD

Table 4.5: Recall and Precision of Dependency Analysis (two-stage model)

Relation Recall | Precision | R x P
Gram. (subord) 86.7% 86.3% 74.8%
Gram. (coord) 794% 33.5% 42.5%

hest 992% | 95.5% | M.7%

Closed (top) [ phonRepair 100.0% | 100.0% | 100.0%
rept 9.1% | 1000%| 91%

synRepair 40.0% | 80.0% | 320%

semRepair 1L4% | 40.0% 4.6%

Gram. (subord) [ 90.5% | 89.8% | 81.3%
Gram. (coord) 824% |  54.9% | 452%
hest 97% | 97.3% | 97.0%

Closed (all) phonRepair 100.0% | 100.0% [ 100.0%

rept 9% | _1000% | 91%
“synRepair 100% | 800% | 32.0%
sem Repair ui 40.0% 4.6%
Gram. (subord) | 64.9% | 648% | 42.1%
Gram. (coord) 81.4% 50.5% 41.1%
hest W% | 9% | 937%
Open (top) “phonRepair 100.0% | 100.0% | 100.0%
rept o.1% | I00e%
synRepair 30.0%
semRepair 118%

Gram. (subord) | 73.9%
Gram. (coord) | 81.4%

hest 9.3%

Open (all) phonRepair__ | 100.0%
rept 9.1%

synRepair 30.0%

‘semRepair 14.7%
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“Table 4.

Accuracy of Dependency/Sentence Analysis (two-stage model)

Accuracy of Dependency Analysis

Average | Max Min
Closed (best) | #5.9% | 90.4% | 79.0% |
Closed (all) ®86% | OL6% | BILO% |
Open (best) 655% 56.6%
Open (all) TLI% 6LO%

Accuracy of Sentence

Closed (10p)
Closed (all)
Open (top)
Open (all)

In such a case, C(x,a.3), C(x.a.+), and C(x,s.3) are all zero. and, hence. (4.25) gives
very bad estimation.

On the other hand, the second technique, known as class-based smoothing (Resnik,
1993), is effective even in a situation where a and 3 are not observed in the training corpus.
Using this technique, the ‘estimated’ count C'(x.a, ) of the occurrences of instance (. )
is given by the sum of the counts of occurrences of instances x (z,y) such that z and y belong
10 the same classes as a and f, respectively. That is, C'(x.a,d) is given by

(426) C(ra,8)= ): C(xz,9).
&

where Co and Cg are the clases which @ -nd 3 belong to, respectvely.

‘We can see that this f i i
the similarity S.(z,y..0) between x (z,y) and x (e, 8) is defined o that S,(z.y,a.8) = 1
when z and @ belong to the same elass C, and y and 4 also belong o the same class C, and
Se(z,y,a,0) = 0, otherwise. (Compare (4.26) with (4.15).) Therefore, our similarity-based
smoothing can be seen as a generalization of class-based smoothing used in statistics-based
methods.

Example-based Methods

Example-based methods are another major stream of corpus-based approach 1o various
ambiguity problems arising in natural language processing. In example-based methods, the
similarity between the candidate and the most similar instance is used as a preference value,
disregarding the frequency of the occurrences of the instance. By using it, the preference
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value P(x.a,d) of interpretation candidate x (a,3) could be given by
(4.27) P(r.a.9)= .l:l::) Se(z,y.0.3)

‘This formula might be when the correct i ion is “peripheral.’
Since our method utilizes the whole distribution of instances in order to calculate the pref-
erence value of a candidate, candidates having typical interpretation tend to get high pref-
erence values than candidates having peripheral interpretation. That is, if instance  (a, 8)
scarecly occurs in the training data, the preference value of candidate ¥ (a, ) could be very
small. Using (4.27). which examines only the most similar instance ignoring the whole
distribution of instances, this problem might be avoided

However, the significance of statistical information in preference decision is also indu-
bitable. For instance, the preference of i ing the ical form of  particle.l
noun phrase should be determined according to how frequently a candidate for the omitted
particle is actually omitted in the training data. We should not determine the omitted par-
ticle 10 be, say, “de” by reason of the presence of just one occurrence of such an instance.
At this point, we cannot conclude which of the example-based approach and our approach
is better.

4.5.2 Points for Further Improvement

There are several points to be considered for further improving our method.

Extending Training Data

The size of the training data we used (4215 entries in the dependence instance table) was
100 small to make reliable statistieal predictions. This causes a setious problem in a corpus-
based approach. Our similarity-base smoothing could actually reduce the problem. How-
ever. only extending the training data would much more improve the reliability.

Similarities
The definition of similarities can be improved in the following points.

© It is not a very good way to use an existing thesaurus as a hierarchy of semantic
attributes used for calculating the similarity between two constituents, since the the-
saurus s, originally, not designed as to be used in natural language processing. It could
be replaced by some other thesaurus that is automatically constructed from a corpus
in a particular domain. Such a thesaurus has more promise of being successfully used
n natural language processing than existing ones.

was actually observed in our experiments; causality role interpretation with de case
+ “kaze.de yasumu (be abscnt with a cold),” was never correctly asswered in the open
ly snawered even in the closed tests.
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 The similarity with respect to a semantic role relation or a syntactic relation was
given by the geometric average of the similarity between the modifying constituents
and the similarity between the modified constituents. The geometric average could
be replaced by a weighted product, where weights are determined based on some
statistical analysis of the training data (Sumita & Tida, 1992). For instance, modi-
fied constituents would have greater weights in similarity calculation than modilying
constituents, since the former would have greater influences on dependency interpre-
tations than the latter.

« The definition of the similarity with respect to a repair relation could be more sophis-
ticated. The definition given by (4.9d) is too crude, which might be one of the reasons.
why the performance of repair analysis was not very good in our experiments.

Weights
‘The definition and the learning of weights can be improved in the following points.

 The dimension N in (4.13) could be increased. or the form of the function tself could
be changed.

© The learning algorithm could be replaced by some other one. The algorithim we pre-
sented does not necessarily choose the weight values which gain the total performance
of the parser. It would be better to learn the values for weights 5o as to maximize the
performance of the parser.

Use of Other Types of Preference

In this chapter, we have used only relational preference to resolve both structural and
relational ambiguities. As we discussed in Section 4.2.2. there is another sort of preference
having been investigated in the lterature of disambiguation, .. structural preference. If
1 preference into our p decision method, some of the errors
caused by wrong attachment decision. s in (422), could be removed.

Such structural preference could also be acquired from a parsed corpus using a statistical
method. How to combine structural preference with relational preference should be carefully

considered, and the integrated model should be tested on an empirical basis.

4.6 Summary

This chapter has described how we can decide an adequate preference value for an inter-
pretation candidate in our preference-based framework for spoken language analysis. The
major results of the chapter are summarized as follows:
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o It has been shown that relational preference, i.c., the preference on dependences be-
tween constituents. can be used Lo resolve both ambiguity in structure determination
and ambiguity in dependency relation assignment at the same time.

o A preference decision method has been realized by using a corpus-based technique,
utilizing a spoken dialogue corpus to obtain the statistical information about occur-
rences of dependences, from which preference values are calculated. The details of the
‘method have been presented.

The method has been cvaluated on the basis of experiments using real sentences from
our spoken Japanese corpus. The accuracy of dependency/sentence analysis is fairly
good. and the recall rates and the precision rates of dependency analysis are high,
except that the precision rates for repair analysis are rather low. However, by the
comparison with the two-stage model. it has been shown that our uniform model is
superior Lo the two-stage model in the total performance of the parser.

© The comparison with other corpus-based methods and the ideas for further improving
our method have been presented.



Chapter 5

Generalized Chart Algorithm:
An Efficient Procedure for
Preference-based Abduction

5.1 Introduction

We have, 5o far. described a preference-based formalism for uniformly dealing with various
problems in spoken language analysis and a preference decision method used in that formal-
ism. This chapter addresses the one remaining problem -~ how we can efficiently perform
the process for finding the most preferred interpretation.

Preference-based abduction can be easily implemented on a computer system by using a
theorem-proving technique for the first-order predicate logic (Pople, Jr., 1973). For instance,
Stickel (1990) presented a computation algorithm for cost-based abduction (Hobbs et al.,
1993). the origin of our preference-based abduction. The algorithm was a simple extension
of Prolog, allowing formulas not directly derived from axioms to be assumed o be true.
However, it is not efficient due (0 nature inherited from Prolog. i.e., a depth.-first top-down
search strategy with backtracking.

When we apply the Stickel’s algorithm to spoken language analysis. where the purpose of
the process is not to find a single arbitrary i ion but 0 find the best i i
out of many candidates, the above nature of the algorithm causes several serious problems.

1. In manipulating a large number of axioms. a top-down search strategy often suf-
fers from inefficient derivation and the nontermination problem originated from left-
recursion rules.

2. In generating many interpretation candidates, the same partial computation is re-
peated many times due to backtracking.
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3. Because of a depth-first search strategy. it is not possible to utilize preference values
of partial interpretation candidates in order to guide a search for finding the best
interpretation.

These problems actually resemble the ones that typically arise in syntactic parsing of natural
language with a naive top-down parser. Therefore, they can be resolved in a similar way as
the case of syntactic parsing.

Our solution to those problems is to use a botlom-up chart parser (Kay, 1980), adapted
10an abductive theorem-proving procedure. We call it the generalized chart algorithm. The
following features of our algorithm, which are inherited from a bottom-up chart parser, are
expected 10 nicely solve the problems.

I-driven by p derivation, which avoids the ination problem and re-
duces the search space.

Tabulation of partial results, which avoids the recomputation of the same results for
partial derivations.

Agenda control mechanism, which achieves an efficient search utilizing preference val-
ues of partial results.

The rest of the chapter is organized as follows. Section 5.2 provides fundamental knowl-
edge about theorem-proving procedures and natural language parsers, and points out a
strong connection between them. Section 5.3 describes our algorithm. The algorithm is a
straightforward extension of a bottom-up chart parser with generalizing some basic devices.
We explain the details of the algorithm along with simple examples from its application
10 spoken language analysis. Section 5.4 reports the results of expetiments, showing how
the above features of our algorithm improve the efficiency of preference-based abduction.
Section 5.5 gives some discussions, and Section 5.6 summarizes the chapter.

5.2 Proof Procedures and Parsers

5.2.1 Proof Procedures

Hereafter, we limit the discussion to the cases where axioms are represented in definite
clauses (Kowalski, 1980). A definite clause has the form

(51) P-Q Q-

10 be read as “P is true if Q) and ... and Qg are true.” If n = 0, the clause is a unit
clause, written simply as

(52) P

‘The fundamental inference rule for definite clauses is the following resolution rule: From
the clauses
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m(X.Y,[A1Z)) = MX.Y.AXLYD). m(X).Y1.2).
m(().0,0)-

h((AIX).Y, A, X.Y).

A(X,[AIY],A.X,Y).

igure 5.1: Example of Axioms

m((a} (8. (a.8))

h((a),(8).a. (. 8)  m({).(8).[8])

AQ88.0.0 w000
Figure 5.2: Proof Tree of m([al.[3),2)

(53) a. A= By.....Bi.... B,

b C = Dy, ...\ Dm.
when C and B; are unifiable by substitution o, infer

(54)  Alo] — Bifo). ..., Bi-.

o). Dy0). ... Dmlo). Bunlo). ... Balo].

Here, X[o] represents the result of applying substitution o to formula X!

An inference process of a query can be represented by a tree structure, called a proof
tree, in which every branching corresponds to (an instance of) an axiom that is used for
deriving the formula on the mother node. For instance, one of the proof trees of the query

(55)  — ml{a),(8),2).

With respect to the axioms in Figure 5.1 is depicted in Figure 5.2

A proof procedure is realized by embedding the resolution rule in a particular search
procedure. For instance, the proof procedure of Prolog is just a particular embedding of
the resolution rule in a top-down depth-first search procedure. There are various choices
of the search strategy to work with the resolution rule, realizing different proof procedures.
We have to select one particular proof procedure that is suitable for solving the problem
we are addressing.

" For instance, the reault of applying substitution (X/a.Y/b} to fors
m(X.Y,Z) is true i list Z is a merge of two lists X and Y. Thut
solutions, Z = (o, and Z = [b.o].

)is pla.b).
— m({a].(3).2) bas two
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5.2.2 Parsers

(Syntactic) parsing is a classical issue in natural language processing. A number of parsing
techniques have been developed so far. Given a set of rewriting rules in the context-free
form?

(5.6) = 2y Zn.

the parsing of a sentencc w, .. wp is formalized as finding a derivation tree of the sentence,
in which the root node is the start symbol. usually represented as S, the leaf nodes are
concatenated into wy ... wn. and every branching corresponds to a rewriting rule that is
used for deriving the constituent on the mother node.

As well as proof procedures, various parsers are realized by employing different search
strategies. although some of them are apparently inefficient. A naive top-down depth-first
parser, for instance, is not efficient. since it is affected by the frequent backtracking forced
by inadequate selection of rules to be applied. Furthermore, it does not terminate if the
rewtiting rules contain a left-recursion rule of the form X — X ..

A widely used parser in practice s a (bottom-up) chart parser, pruposed by Kay (1980).
1t uses a data structure, called a chart, to record partial structures of an input sentence. A
chart consists of verlices and edges. The vertices represent positions in the sentence being
analyzed. Each edge is cither active or passive. Both types of edges are labeled. A passive
edge with label X between vertex j and k indicates the presence of a constituent of type
X which derives the part of the input string between w;4) and wy. An active edge, on
the other hand. represents a partially applied rewriting rule. It is labeled by a dotted rule,
which is a rewriting rule with a dot inserted somewhere on its right-hand side,

X =22 Zigr o 2

An active edge with this label between vertex j and k indicates the presence of a constituent
of type X such that the first i daughters, Z, and ... and Z;, of the constituent X derive
the part of the input string between w4y and wi.

A bottom-up chart parser adopts left-corner derivation, a sort of goal-driven bottom-
up derivation, which effectively combines the goal-driven (top-down) and the data-driven
(bottom-up) search strategies. Now, the algorithm is depicted in Figure 5.3.

As an example, the chart for the input sentence A boy saw a girl with a telescope.” with
respect to the rewriting rules in Figure 5.4 is illustrated in Figure 5.5. In the figure, a solid
are represents an active edge and a dashed arc a passive edge. The labels of the edges are
shown in the table below the chart diagram. The table also shows (in the ‘Proc’ column)
how each edge is create means the edge is created by the ‘prediction’ from edge

>Without & loss of generality, we assume that each rewriting rule is either of the two types: (i) one that
‘contains no terminal symbols on its right-hand side and (i) the other whose right-hand side consists of just
one terminal symbol.
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Algorithm BCP(uy

W)

| Initialization For every word w, in the input sentence. add a passive edge with label
X from vertex j - 1 to j if there exists a rewriting rule of the form X — .

Apply the following procedures repeatedly until no procedures are applicable.

Prediction Let ¢ be a passive edge with label Y incident from vertex j to k. For|
every rewriting rule of the form X — ¥ 7y .. Z,. create an active edge with label
X =Y - Z...Z between j and k. (Create. instead. a passive edge with label
X when the rule is unary. i.e., n = 0.)

Combination Let ¢; be an active edge with label X — Z,.... Z,oy - Z ... Zn incident
from vertex j to k. and let e be a passive edge
k to1. Then. create an active edge with label X —
jand L. (Create. instead. a passive edge with label X when Z, is the last element.
i

Each passive edge with label § incident from vertex 0 to m reprosents a parse. where
§ is the start symbol.

Figure 5.3: Bottom-up Chart Parser

S—NP VP Det — a
VPV NP V = saw
VP —VP PP N — boy
NP —Det N N — girl
NP — NP PP N — telescope
PP—P NP P — with

Figure 5.4: Example of Rewriting Rules

#N, and ‘C:M+ N* means it is created by the ‘combination’ of edges #M and #N. The
two edges #33 and #34, both having label S, correspond o the two parses of the sentence
with low and high attachments of the prepositional phrase “with a lelescope.”

5.2.3 Connection between Proof Procedures and Parsers

As Pereira and Warren (1983) pointed out, there is a strong connection between proof
procedures and parsers. Any rewriting rule in the context-free form

(57) A= By...B,
can be translated into a definite clause

(58)  a(Xo,Xn) = b (Xo\ X1} ... bn(Xam
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# Label Proc # Label Proc
L2l 2

1] Det a 18] VP C:13+15
2 [N boy 19 [VP — VP.PP | P8
3V saw 2 [PP — P . NP

4| Det a 21 [NP — Det - N

5N girl 22 [ NP C2148
6[P with 23[S —NP.VP | P22
7| Det a 2| NP — NP PP | P22
8N telescope 25 | PP C:20+22
9[NP —Det N | Pl 26 | NP C:17+425
10 [ NP C:9+2 21[S—~ NP.VP | P26
N[S—NP.VP | P10 28 |NP — NP PP| P26
12[NP — NP PP | _P:il0 29[ VP C:13+26
B[P —V-NP_| _P3 30 VP C:19425
14[NP —Det N | Pu 3L[VP — VP PP | P29
15 [ NP C:la+5 32 [VP — VP PP | P30
16[S—NP.VP | Pus B[S C:11429
\7T|[NP — NP PP| Pus s C:11+30

Figure 5.5: Chart for “A boy saw a girl with a telescope.”
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3(Xo. X2) — np(Xo.X1), vp(Xi, Xa). det(a(X), X).
vp(Xo. X2) — v(Xo. X1), np(X),Xa). v(saw(X),X).
wp(Xo, X2) ~ vp(Xo, X1), pP(X1, Xa). n(boy(X). X).
np(Xo, Xz) — det(Xo, Xy), n(Xy,Xa). n(girl(X). X).
np(Xo, X2) — np(Xo. X)), pp(X1.X2). n(telescope()
pp(Xo,X2) = p(Xo. Xy). mp(X1,X2). P(with(X), X

Figure 5.6: Definite Clauses Representing Rewriting Rules in Figure 5.4

Here, the variables X, arc the string arguments, representing substrings in an input sentence.
A set of definite clauses of the form (5.8) are called a Definite Clause Grammar (DCG).

By this transformation. the rewriting rules in Figure 5.4 are translated into the definite
clauses in Figure 5.6. Then. the parsing of the sentence *A boy saw a girl with a telescope.”
is achieved by proving the query

(59)  — s(a(boy(saw(a(girl(with(a(telescope(.)))))..).

The proot tees)ofth guery can be sen. s e paseIrees)of th setence.

Now, we can reviewa b » as a proof proced: fa

. This cl: f definite cl: i ly clauses of the form (5.8).* Though

resticted, theclass gives a very simple and straightforward correspondence between parsers

and proof procedures. We will extend this class to be suitable for extensively describing

various rules in spoken language analysis. and show that a bottom-up chart parser can also
be used as a proof procedure for definite clauses of the extended class.

5.3 Generalized Chart Algorithm

5.3.1 Overview of the Algorithm

This section presents a proof procedure for preference-based abduction. aiming at applying

10 spoken language analysis. The features of the algorithm are summarized as follows:

Goal-driven bottom-up derivation: The algorithm constructs a proof tree of a query
in goal-driven bottom-up fashion, reducing the search space and avoiding the nonter-
mination problem originated from left-recursion rules.

Tabulation of partial results: The results for partial computation are recorded in a ta-
tions.

ble, avoiding the recomputation of the same partial deri

Agenda control mechanism: An efficient search for finding the solution with the highest
preference value is achieved by utilizing preference values of partial results.

‘containing only clauses of this form is called a compositional program (Rasenblueth,
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We consider a certain class of definite clauses which is a proper super-set of DCG, and

has goneral expressiveness enough to describe various rules in spoken language analysis. We
generalize lef-corner derivation of context-free languages so that it s fitted to a derivation
process for this class of definite clauses. We call it head-driven derivation. By using it, the
search space is much reduced and the infinite application of lefi-recursion rules is avoided
for the sake of the bottom-up construction of a proof tree.
a naive loft-corner parser with backtracking. a proof procedure with head-driven
derivation alone is not effiient due to the drawback of repeatedly recomputing partial
results. To overcome this drawback. we utilize the tabulation method similar to one used
in a bottom-up chart parser. The same data structure, a chart consisting of vertices and
edges of active and passive types. is used with some additional data structures introduced
in order to generalize the usage of a chart.

Then, our prof procedure or definite clauses. generalized chart algorithm, is relized as

fab p chart parser for i iting rules. The

above two features, i.c., a goal-driven bottom-up derivation and the tabulation of partial

results, considerably improve the computational efficiency. Another important feature of

the al(umhm. which is also inherited from a bottom-up chart parser, is the agenda control

Since the aim of preference-based abduction is to find out the ‘best” solution,

not “all solutions, it is reasonable to consider combining a heuristic search strategy with

our algorithm to find the best solution cffciently. The agenda control mechanism enables

us to employ such  heuristic search by controlling the order of selecting edges according to
how likely the edges being selected would contribute to the search for the best solution.

5.3.2 Head-driven Derivation

Let us begin with general problems of theorem.-proving with naive top-down and bottom-up
derivations.

® Theorem-proving with top-down derivation is affected by the frequent backtracking.
necessitated by inadequate selection of rules to be applied.

 Theorem-proving with bottom-up derivation is affected by extensive vacuous compu-
tation which never contributes to the proof of a query.

These are similar 1o the problems that typieally arise in natural language parsing with
naive top-down and bottom-up parsers. In natural language parsing, the problems are re-
solved by introducing a more sophisticated derivation mechanism, i.¢., left-corner derivation.
We apply this kind of derivation mechanism also to theorem-proving of definite clauses.

In applying left le derivation Lo theorem. proving, it seems necessary to con-
centrate on a particular class of definite clauses. Suppose that a proof tree of a goal 9(z,y),
where z is the first argument and y is the sequence of the remaining arguments, is repre-
sented as Figure 5.7. That is, the frst argument z is shared by all the formulas along the
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”
s

9(z.y)

a(r.z)

et (5. 2m1)

am (£ Zm]

Figure 5.7: Hlead-driven Derivation
path from the goal g (£.y) o the left corner an (. zm). In such a case. we can think of
derivation process which is similar 0 left-corner derivation of context-free languages. We
call it head-driven derivation, that is depicted as follows:

Step 1 Find a unit clause a(v. 2) whose frst argument ¢ is unifiable with the first argument
= of the goal g(z.y) by substitution o, and place a(r{a]. z{a]) on the left corner of
the proof tree.

Step2 Find a clause o' (v.2') — a(v.w). B..... B, whose leftmost antecedent a(v.w)
is unifiable with the left-corner key a(r.z) by substitution o, and introduce new
goals By[o], ... and By[o]. If all these goals are recursively derived. then create the
consequent a (z[o), £'{o]). which dominates a (z{o].2[o]), Byfo). ... . and By[o). and
place it on the left corner instead of a(x. z).

Step 3 If the consequent a (z.2') unifies with the goal g(x.y), then finish the process.
Otherwise, go back to step 2 with a'(z. 2') being the new left-corner key.

Applying these procedures to a Definite Clause Grammar (as in Figure 5.6), we obtain
left-corner derivation of a context-froe language. In such derivation, the first argument
shared by the formulas on the left border of the proof tree is the string argument which
represents the substring starting from the leftmost word in the derivation tree. Thus, lef-
corner derivation is just a special case of head-driven derivation. Also. semantic-head-driven
generation (Shieber, van Noord, Moore, & Pereira, 1989, 1990; van Noord. 1990) and head-
corner parsing (van Noord, 1991: Sikkel & op den Akker. 1993) can be seen as instances
of head-driven derivation; in those cases, the definite clauses representing grammars are
designed so that the semantic-head/eyntacic-bead of each rewciing rue appears a the
leftmost antecedent of the ing clause and the of
each constituent is placed on the first argument position of the corresponding formula.

In step2 of the above procedures. only definite clauses in chain form a’(v,2') —
@(9,%), By, .., By are applicable; that is. the first argument of the leftmost antecedent
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m(S.[A1Z)) — h(S.A,S1). m(S51.2).
m((l 0. -
A((AIX)Y), AX, YY),
A(X.[AIY)). A(X.Y)).
Figure 5.8: Example of Chain Clauses
m{(la] (). 2)
8} Z=[dz]=(a}
m(([a].(8).1alZ:))
2
h({(a. 18]}, a (10, [6))) mi(l].llbl)-zﬂ
TV Zi=[bZ) = [b)

m((0.18). (422D
4
AATBOD) w20
s( 6! 2=
(0.0

Figure 5.9: Head-driven Derivation of m(((a),(8}).2)

must be equal to the first argument of the consequent. Many useful axioms in practice can
be written in chain form. For instance, the axioms in Figure 5.1, which compute a merge
of two lists, can be rewritten in chain form by grouping the first two arguments of each
formula into one, as in Figure 5.8. A head-driven derivation process of the query

(5.10)  — m(([a},(8)),2).

is illustrated in Figure 5.9. (In the figure, a solid arc corresponds to an application of the
step1 procedure, a solid arrow 1o an application of the step 2 procedure, and a dashed
arrow to an application of the step 3 procedure. The numbers indicate the order of the
derivation.)

Although definite clauses containing only chain clauses have general expressiveness, it
may be convenient if we can use clauses not in chain form, i.c., non-chain clauses. Non-
chain clauses are applied in top-down fashion. Head-driven derivation with such extension
s realized by replacing step 1 of the above procedures with the followi

Step1 Find a non-chain clause a(v,z) — Bi,..., B, such that the first argument v of
the consequent a(v,z) is unifiable with the first argument z of the goal g(z,y) by
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substitution o, and introduce new goals Bylo). ..., and Ba[o). A unit clause is
regarded as a non-chain clause with an empty antecedent. If all these goals are
recursively derived, then create the consequent a (z(o), z[o]), which dominates Bilo],
..+and By[o), and place it on the left corner of the proof tree.

5.3.3 Generalized Chart

The idea given in the previous section realizes  goal-driven bottom.up derivation, which is
the first feature of our algorithm. Then, we present another idea, that realizes the tabulation
of partial results, the second feature of the algorithm.

‘The tabulation of partial results is implemented by utilizing a chart, which is used in a
bottom-up chart parser. To use a chart in a proof procedure, however, several modifications
are necessary because of the difference between parsing and theorem-proving.

Labels of Edges

In our proof procedure, edges of the two types, passive and active, are labeled by de-
rived formulas (in the case of passive edges) or partially applied clauses (in the case of
active edges). A passive edge corresponds to a complete proof tree produced by the step 3
procedure of head-driven derivation; for instance, in Figure 5.9, the proof tree rooted by
m({(a).(8]),(a.b)) is represented by a passive edge with label m({[a]. (6]}, a,5)). An active
edge, on the other hand, corresponds to a partially constructed proof tree, expanded by the
step 2 procedure; for instance, in Figure 5.9, the proof tree having m({(a).(8]),[a]Z))) as
its root node and m(((},(b]). 21) as its unfinished right daughter node is represented by an
active edge with label

m(((al. (8])-[alZ2]) = A(((al. (8]).a. (0, (81)) - mC(0 (8)). Z0)-

Indexing of Edges

In a bottom-up chart parser, edges are indexed by words; that is, all edges that repre-
sent constituents starting from the same position in the input are incident from the same
vertex (Figure 5.10 (a)). Such an indexing mechanism is also used in our proof proce-
dure. In our case, edges are indexed by terms on the first argument of formulas. That
is, all edges that represent proof trees rooted by formulas having the same first argu-
ment are incident from the same vertex. For instance, in Figure 5.10 (b), the two passive
edges with labels m(([a). [8))(a,)) and A(([a], [8)).a.((}.[8))) and the active edge with la-
bel m(([al, (8]).[alZ3)) — A(({al.(8]).a. (0. (8) - m(([} (b)), Z1) are incident from the same
vertex. Thus, in a generalized chart we use, terms on the first argument of formulas play a
role of words.
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(a) Bottom-up Chart Parser

Parse Tree
PP

with a telescope

(b) Our Proof Procedure

mi<{al1b]>.(ab]) ’\ / oy
N I ustali>asinier)
G \

Proof Tree

h<[a][b)>a.<(]4b]>)  mi<[].[6]>.1b])

P mi<la).(b]> [a1Z1]) ~

M<ILb)>b<lM]>) i J M<I¢l-lbl>d<lllbl>l
<(1.16]>b.<[].1]> <(141>1) febrir e

Figure 5.10: Indexing of Edges

Introduction of Indices

In a bottom-up chart parser, a sequence of words is determined immediately upon input,
composing the skeleton of the chart by aligning the vertices associated with the words in the
jon" step of the algorithm (see Figure 5.3). Dy contrast, in our proof procedure,
terms used as indices are incrementally introduced in the chart. For instance, in the third
derivation stage of Figure 5.9, the term ({},[8)) appears on the first argument of the left-
corner key A((().(8]), 5, (().[))): this situation can not be known by a proof procedure until
the goal m(([),[8]). Z)) is introduced. This reveals a need for a procedure to incrementally
introduce indices. which is not used in a bottom-up chart parser: Introduce a new index
(and the vertices associated with it) in accordance with a new goal being introduced by the
*prediction’ step of the algorithm.

Alignment of Indices

In a bottom-up chart parser, words used as indices are aligned according to their order in
the input sequence. A word is followed uniquely by another word, and it does not happen
that two distinct words follow the same word on a particular position in the input. In our
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(a) Proof Tree . m(<(a] b]>fab])

1: N<lal1b)>a.<l)06]>)  10: m(<[)4b]> b))

S MO BII) 9 m<lld1>d])

() Proot Tree ;. carsorssoa)

2:M<la)db]>b.<lald]>)  11: mi<la)d]>dal)

G M<lal1>a<ld]>) 9 m<ILII>dN)

Figure 5.11: Alignment of Indices

proof procedure, the situation is a little different.

Consider, again, the proof of query (5.10) with respect 1o the axioms in Figure 5.8.
1t has two proof trees, (a) and (b) in Figure 5.11. If we represent these two proof trees
together in a single chart, we have a non-linear alignment of indices, as shown in chart (c)
in Figure 5.11. That is, in proof tree (a), the term ([].[8]) is the index for the right-lower
subtree, while in proof ree (b), the term ([a).(J) is the index for the corresponding subtree.
‘Thus, the index ([}, [8]). which is used in the first derivation stage in both proof trees, is
followed by two distinet indices. ([].(¢]) and ([a], [))-

In this way, the connection among indices in a generalized chart is many-to-many. It is
represented by pointers between vertices. The middle picture in Figure 5.1 (chart (c)) is
an example of generalized charts, where the connection among indices is represented by the
arrows A, B, etc. (The labels of the passive edges are shown in the proof trees, and those
of the active edges are omitted.)




106 CHAPTER 5. GENERALIZED CHART ALGORITHM

5.3.4 The Algorithm

We have. so far, extended some basic devices of a b hart parser to adapt it for using
a5 a proof procedure. Now, we present the formal definition of our algorithm, generalized
chart algorithm, with explaining the remaining points to extend it for abduction.

Introduction of Edges
ion" step of the chart algorithm (rename it as the ‘introduction” step), which
dynamically as a new index is introduced in the chart, s stated as follows: If
the chart, then for every non-chain clause of the form a(z, z) —

with the index z. This corresponds to the step 1 of head-driven derivation.

Prediction of Edges

The ‘prediction’ step of the chart algorithm is stated as follows: If there s a passi with
label A at a certain position, then for every chain clause of the form A’ — A, By,..., B,
ereate an active edge with label A’ — A - By ... B, at the same position. This corresponds
10 the step 2 of head-driven derivation.

Combination of Edges

‘The "combination’ step of the chart algorithm is stated as follows: If there are an active edge
with label 4 — B, .. .. B, and a passive edge with label B; at oerum positions
connected by a pointer, lhen create an active edge with label A — By...B; - Biyy...Bn
50 that it covers the two original edges. This corresponds to the mp: o{ head-driven
derivation.

Introduction of Assumptions

To fit the algorithm for abduction, a new procedure to make assumptions is necessary: If
B is the formula immediately following the dot in an active edge, i.e., the next goal being
derived, and B is assumable, then create a passive edge with label B. An assumption is
treated as f it were derived from axioms, and, hence, is represented by a passive edge.

Assumption Sets

In the case of abduction, a proof tree may contain assumed formulas. The sum of the pref-
erence values of those assumed formulas gives the preference of that proof tree. Therefore,
we associate a set § of assumptions with each edge in the chart; S consists of all assump-
tions that are contained in the proof tree represented by that edge. More formally, the
assumption set § associated with an edge ¢ is determined as follows:
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1. If ¢ is a passive edge representing an assumption B. then S = {B).

2. If ¢ is an edge introduced by applying a non-chain clause. including a unit clause,
then § is empty.

@

If ¢ is an edge predicted from a passive edge ¢ by applying a chain clause, then S is
equal to the assumption set 5 of ¢'.

-

1f e is an edge created by combining an active edge ¢, and a passive edge ¢;. then
5 = 5, U S; where S, and S; are the assumplion sets of ¢, and e;. respectively.

The Overall Algorithm

Now, generalized chart algorithm is depicted in Figure 5.12. In the algorithm. / is a function
that assigns a unique vertex associated with an index, and the notation A : § stands for
the label A and the assumption set § of an edge.

5.3.5 An Example

Here, we present a simple example of the application of our algorith to spoken language
analysis. Figure 5.13 provides a fragment of the axioms for spoken Japanese analy
simplified version of the rules given in Chapter 3.5 Figure 5.14 and Tables 5.1 and 5.2 show
the chart which is created when the sentence (5.11) is analyzed by our algorithm.

(5.11) 1A, BRARET.

Hon  hon'yaku ire-masu
(/hon/)  translation  provide-POLITE
“We will provide translation.™

In the figure, a solid arc represents an active edge, a dashed arc a passive edge, and
a broken-dashed arc a pointer. The labels of the edges are shown in the tables. The
tables also show (in the “Proc column) how each edge is created: 'I:N* means the edge
is created by ‘introduction’ from edge #N. "P:N" means it is created by ‘prediction” from
edge #N, and *C:M+A+N" means it is created by ‘combination’ of edges #M and #N
connected by pointer A. The two edges #45 and #62, whose labels match the query
v(hon (honyaku(iremasu(.))), . H) correspond Lo the two interpretations of the sentence,
one that “hon™ and “hon’yaku” occupy the location role and the object role of “ire-masu.”
respectively, and the other that “hon” is repaited by “hon'yaku” due to a problem in
phonology and “hon’yaku™ is the object of “ire-masu.”

In the figure, the left-upper part (containing indices #, ¥, and £2) corresponds to the
structural analysis of the sentence. It resembles a chart created by a bottom-up chart
parser for context-free rewriting rules. The right-upper part (containing indices (¥,) and

*For simplicity, the detailed definitions of some predicates are omitied.
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Algorithm GCA(g(r.y))

| initialization Add a pseudo-cdge of active type with label — -G : @ o the chart,
whete G = g(x.y) is the query. This is used to invoke the “introduction’ proce-
dure at the beginning.

Apply the following procedures repeatedly until no procedures are applicable.

Introduction Let ¢ be an active edge with label C — Dy...Diy - D;...Dn : S
incident from vertex j to k, where D; = d, (zi,3) is the formula immediately
following the dot.

1. If the index =, is never introduced in the chart, then introduce it and run a

pointer from vertex k to f(z;). Then, do the following:

(a) For every non-chain clause of the form a(v.z) — B
a unit clause, such that v is unifiable with z, by subs o,createan
active edge with label a(zi[o). z[o]) — - Bulo] .. Ba[o) : @ between /(i)
and f(zi)+ 1. (Create, instead, a passive edge with label a(z;{0), z[o]) :
9 when the clause is a unit clause, i.e., n = 0.)

(b) If D, is assumable, then create a passive edge with label D; : {D;}
between /(z;) and f(zi) + 1.

If the index z; was previously introduced in the chart, then run a pointer

from vertex k 10 f(z:). In addition, if D is assumable and there never

exists a passive edge with label D : {D;), then create it between f(zi) and

S+ 1

Prediction Let e be a passive edge with label incident from vertex j to k. For,
every chain clause of the form A’ — 4, B)...., By such that A is unifiable with C
by substitution o, create an active edge with label A'(o] — A[o] - By[0]... Balo]
5 between j and k. (Create, instead, a passive edge with label A'[o] : S when
the clause is unary, i.e., n = 0.)

B, including

»

Com!

tion Let ¢; be an active edge with label A — By...Bi-y « Bi...Ba: S
incident from vertex j to k, and let e, be a passive edge with label C : §;
incident from vertex { to m. 1f B; and C are unifiable by substitution o and
there is a pointer from k to I, then create an active edge with label Afo) —
Bi[o).... Bilo] - Bislo]... Ba[o] : 51 U Sy between j and m. (Create, instead, a
passive edge with label A[o): S U Sz when B; is the last element, i.e., i = n.)

Each passive edge with label g (z,y) : § incident from vertex f(z) represents a proof.

Figure 5.12: Generalized Chart Algorithm
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Lexical Rules
n(hon(X). X. head(phon([ho. ). syn (book, cnou

sem ( book. volumes))).
X)X n.ja. ku)), i nil. void).
sem(translation, translation))).
v(iremasu(X), X i )). syn( provide rb. inf. active).
sem(provide, giveEireceive))).
X)X ). void. void))

Structural Rules
n(Xo, Xz, Heads) —
n(Xo, X1, Heady). n(Xy. X2, Heads). dep.n.n((Head). Heads)).
(Xo, X2, Headz) —
n(Xo, Xy, Heady). v(X. X, Heads), dep.n_v((H cad. Heads)).
n(Xo, Xz, Heady) —
nonlez(Xo. Xy. Heady). n(Xy. X, Heads), dep.nonlez.any((Head. Heads)).
Dependency Rules
dep_n.n(Heads) —
cond.of.gen(H eads), of (rell (Heads)), gen(rel2( Heads)).
dep.n_v(Heads) —
cond.obje.aceAct(H eads), obje (rell (Heads)). accAct(rel2(H cads)).
dep.n.v(Heads) —
cond_obje.nomPass( Heads), obje(rell (Heads)), nomPass(rel2(H eads)).
dep.n.v(Heads) —
cond_loct_ni( Heads), loct(rel(Heads)). ni(rel2(Heads)).
dep.nonlez.any(Heads) —
cond.

ir(Heads). phonRepair( rel( Heads))

Conditions

cond.of.gen((head(Phon,, Syny, Semy). head( Phony. Syna, Semz))) —

cond.gen((Syny, Syna)), cond.of(Semy. Sema)).
-ond.obje. Phony. Syny, Sem, ). head( Phona, Syna. Semy))) —

cond.accAct((Syny, Syna)), cond.obje((Semy, Sema)).

cond.obje.nomPass((head(Phon,  Syny. Sem ). head(Phonz. Syna. Sem3))) —
cond.nomPass((Syn, Synz)), cond-obje ((Sem, Sema)).

cond_loctni((head(Phony, Sym. Sem ). head(Phon, Synz. Sem))) —
cond.ni((Syny, Synz)), cond.loct((Semy. Sems)).

Figure 5.13: Axioms for Spoken Japanese Analysis (fragment)
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.

\
i

S
<pow> T prwlS <ydeds i< p.a>) i< iy

A A" Lo
<> <plods <glad> rell<g.w>) reldi<g.w>)

@ = hon(honyaku(iremasu(.)) ¢ = head(91,62,43)
¥ = honyaku (iremasu(.)) @1 = phon([ho, n])
= 2 = syn(book, cnoun, nil, void)
=ireman) ) = sem (book, volumes)
¥ = head(¥y, ¥z, ¥3)
¥1 = phon([ho, n, ja, kul)
¥ = syn(translation, vnoun, nil, void)
Wa = sem translation, translation)

w

ead (wy . w2,wa)

w, = phon([i, re, ma, su])

syn(provide, ga.o.verb, inf, active)
w3 = sem(provide, givereceive)

X = head(#,, void, void)

Figure 5.14: Chart Diagram for “Hon hon'yaku ire-masu.”
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Table 5.1: Chart Table for *Hon hon'yaku ire-masu.™
# Proc # Label
T T:Query |17 )
2 1:Query 18 | cond.ns ((v2.w3)) :
3 P 19 | cond_obje_accAct((¢.w)) —
«cond.accAct({v2.w2))
Lobge (o))
20 N -
4 Pl nu.m((n..--.))\
o )
71 [ condobyel T30
P_ 22 | condobje-accAct({e.<)) : 0| C:9+E+21
§ S B dpnriie. )~ ]
CaccAct((9.5))
. comtrei (0o
- xS aceAct{rei2((e.)): 8
o e Bl ERCIC A O] T
g 35 [ depnn((v.90) — =T
X W) cond.obje.accAct{(®.))
sy obje(relt ((¢.)))
T = oceAct(rel2({$.))) : {a)
P %6 | sceAct(relt(($.) : 13) T3S
3 Ed C254G+26
28 C:124C427
0 CaATS |20 = e
v, .¢)
f, )
dep. ~dep.ne((é.0)) : (o.8)
10| n(®.0.9) — C:5+A+6 |[30 | condeof-gen((6.w)) — 28
nonles(®, ¥, x) e "u 1))
n(¥.2.9) i
LIH 31 [ cond-abje-sceAct ((6.5)) — 29
4 onl.m‘tl((‘l.o‘t)l
[
32 | condoobje.s ...-rm((o 4))- T2
-cond_nomPass ((#:..
cond.obje((43.)
13 [ condzof-gen ((¥.4)) — Tz 3 [ conddoctni(($,w)) — 129
condgen((rom) -condni((éa.n]
e condoct((¢s.w3))
m munu«muo.m- T12 |34 | condaccAct((da.un)) T30.31,32,3
-condoceAct((6.0n)) ) 35 | condoni({83.9)) : 0 . 31,32.33
- 1+34
TS condobie »;wm((o‘..))- Tz || % conebmscchate. N +
nom condobpe ((4.03))
37 | condoctni((é.w)) = C:33+1438
16 MUC!LMI[(‘.U))— 112
“condni(e ) o

Joct(($s.ws)) : 8
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Table 5.2: Chart Table for “Hon hon'yaku ire-masu.” (continued)
# Label P& # Label Proc
38 condloc : 50 cond.of-gen((x. ) — Tio
:: :-Uu(l;:ll(;.d E C3141+38 ~condgen((xz, e2))
p.n-v((6.0)
> tt S1 | cond_obje.accAct((x. 8)) — T10
et ot (o) “eondacedct((va-u))
.
) Tl o mwmrm«. = Te
@] depnnt(o) — o+ KA
»
ml«u(« w)ll o
| | (o)) (1}
1] mwt«o.-)) D) [ZE |
[ dep.no((6.u) < (23] Gzl |
45 | v(#...w) : {0.8.7.8) C:29+H+44
46 [ cond.of.gen({¢.¥)) — [E]
~cond.gen((43,¢2)) %
({65, 93 =
47 [condobye-accAel ((6.9)) — B |
it
) £
48 | cond.obje.nomPass ((0.9)) — 19
-M:ﬂ’ml('\:‘-?;))
5 | condloctni((e, 9)) — ) s
cond.ni( (3. $2))
doct((6:
(¢ Ha)) : ()
[, o) — CoorPl
n(6.2,9)
o(8..,0)
depna((®:0)): {e).
[ ) : a8, C14C+27
a = obje(rel1 (¥.w))
B = accAet(rel2(($,w)))

7 = loct(rell ((6,w)))
8 = ni(rel2((6.w)))

<= phonRepair(rel((x, ¥))
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. and rel2((v.w))) 10 the dep 'y analysis of the between
“hon'yaku” and “irc-masu." The right-lower part (containing indices (0. and ... and
rel2((0.))) 10 the dependency analysis of the dependence between =hon” and

“ire-masu.” They also resemble a chart created by a bottom-up chart parser. except some
edges. e.g.. edges #13 #16. are introduced by top-down application of non-chain clauses.
In those parts, several assumptions, c.g.. obje(rell ((¢.w)) (= edge #24). are made. The
left-lower part (containing indices (\.v) and rel((\.v))) corresponds to the dependency
analysis of the dependence between “hon™ and hon'yaku.” This part branches off the
structural analysis part and meets it again at the index 2. This means that the process
Wwhich follows the left-lower part reuses the partial results registered on the right of the index
12. By this benefit of the chart algorithm, the dependency analysis of the same dependence
n this case the one between “hon'yaku™ and “irc-masu™ — is never performed twice.
This considerably gains the efficiency of preference-based abduction when used for spoken
language analys

5.3.6 Agenda Control Mechanism

Since the aim of preference-based abduction is to find out the ‘best’ solution, not “all* sotu-
tions, it is reasonable to consider combining a heuristic search strategy with our algorithm
10 find the ‘best" solution efficiently. The algorithm facilitates such an extension by using
the agenda control mechanism. the third feature of the algorithm.

An agenda is a storage for edges created by any of the three procedures of the algorithm,
‘introduction,’ *prediction," and ‘combination." From an agenda, edges to be added to
the chart are selected by a certain criterion. The criterion we use is a sort of beam searc
that is, only edges whose preference values are higher than a certain threshold are selected.

In doing this, we first define a gate, which is a component of an agenda. A gate consists
of several competing edges. We say that two edges e, and ¢, are competing with each other,
if only one of them can contribute to the ‘best’ proof. For instance, suppose that a gate
contains two assumption edges with labels obje (rell (¥,w)) and inst(rell(w.w)). These
two formulas do not hold at the same time; at least one of them is false in a particular
interpretation. In such a case, we can abandon either of the two edges in the middle of the
proof process, if the preference value of the abandoned edge is much lower than the other
one’s. Note, however, that we still have to retain the edge with the lower value if the two
preference values are close. This is because the order of the preference may be reversed
when those edges are combined with other assumption edges in a later part of the process.®
Therefore, from a gate, we select the edges whose preference values are higher than the
threshold, where the threshold is determined depending on the highest preference value in
that gate.

ie.

By} could be higher th
an that of 43,

“For instance, the prefereace value of the edge with assamption set ()
of the edge with assumption set (A3, Bs), even if the preference valuc of Ay is lowe
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The formal definition of the selection criterion is as follows:

Beam Search Let G be a gate, and let ¢* be the edge with the highest preference value P*
in G. Select every edge ¢ in G 1o add to the chart, if its preference value P is higher
than 8P". where 8 is a positive constant, called a beam width, ranging between 0 and
1: abandon e, otherwise.

If we set beam width 8 to 0, all edges in G will be selected; this is full search. On
the other hand, if we set 8 to 1, only the edge e, that is the ‘locally’ best one. will be
selected; this is best-first search. Using full search, the number of the edges added to the
chart is not reduced, while using best-first search, the best proof from the ‘global® aspect is
sometimes lost. In practice, we have to decide an appropriate value for @ on an empirical
basis, considering the trade-of between the efficiency and the accuracy of the algorithm.

5.4 Experimental Results

5.4.1 Comparison of Efficiency

To illustrate how the three features of our algorithm improve the eficiency of preference-
based abduction, we conducted an experiment which compares four methods of preference-
based abducti top-down algorithm (TD), (ii) head-driven algorithm (HD),
alized chart algorithm (GC), and (iv) generalized chart algorithm with beam search (GCB).*
The features of these four methods are:

‘TD  Top-down derivation + No tabulation + Full search
HD  Head-driven derivation + No tabulation + Full search
GC  Head-driven derivation + Tabul: + Full search
GCB  Head-driven derivation + Tabul: + Beam search

The experiment used a subset of the axioms for spoken Japanese analysis, consisting of
72 chain clauses and 131 non-chain clauses (including 105 unit clauses).® The test sentences
are listed in Figure 5.15. The '/’ symbol indicates the boundary of ‘bunsetsu’ phrases. The
length of the test sentences, measured by the number of ‘bunsetsu’ phrases, varies from 3
9.

‘The performance of each method was evaluated based on the number of proof steps; that
is.in TD and HD, the number of clauses applied and, in GC and GCB, the number of edges
added to a chart. The results are shown in Table 5.3, where the decimals in parentheses
show the relative performance compared to TD. The table also shows the number of the

"TD is the one proposed by Stickel (1990).
*We used 8 = 0.7 for the beam width.

‘We modified the TD algorithm 80 that the repeated applicati o i three times.
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#1 BT/ Chnts (WL EHES.
(Now, I tell you my address.)
#2 XD/ ¥V -0 [REXATTHES | BBAEEFETOLL S50
(Could you tell me the length of the summary?)
#3 B0 /BMO [WLARKE [ 25 /MKAREFTLY S0
(Isn'tit 100 late for an application of the participation yet?)
#1 B0/ 2MTR/ b HBA /BN /BRG | Ah¥ToC.
(At the conference, of course. we will provide translation.)
L-ot /R0 /iBRR /IR0 /B8R /+ A H—dETe/
HEETnAEEET.
(We'd like to send you the notification of the receipt by December 31st.)
R—ol [HW/H/X-¥ /2 2E—FHME /BELTVEEE
t/Bwit.
(We'd like you to submit your oral paper.)
#7 ERREO /MR / 3 Ea-SKEd /avEa-SK X /1y
RT3 / 50— | @M /ME S5 tnsT et
(We will hold a conference on the simultaneous interpretation of overseas
telephone conversation by computers.)

#

&

#

Figure 5.15: List of Test Sentences

proofs found in each method;'® ‘Full’ stands for the method employing full search.
HD, or GC, and ‘Beam’ stands for the method employing beam search, i.e., GCB.

The table clearly shows how the three features of our algorithm improve the efficiency of

fe based abduction. The i from TD to HD i h feature, ie.,
yul driven bottom-up derivation, which eliminates about 80% of the proof steps in average;
the improvement from HD to GC is due to the second feature, i.e.. tabulation of partial
results, which decreases the number of steps another 16% or more, and the improvement
from GC to GCB is due to the third feature, i.e., agenda control mechanism. which further
decreases the number of steps, maximally, 0.28%.

Figure 5.16 illustrates the improvement of the performance according to the length of the
test sentence. The x-axis indicates the length of the sentence, and the y-axis the number
of steps relative to TD in log scale. As we can see in the figure, head-driven derivation
always reduces the proof steps Lo a certain level. On the other hand, the tabulation and the
agenda control h effects as the longer. We will present a theoretical
account for this observation in the next section.

“%la fact, TD could
leftrecursion rules.

. TD,

‘only 7 proots out of 12 for the test sentence #7 due 10 the limitation of handling
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16
Table 5.3: Comparison among TD. HD. GC. and GCB
Sieps Proofs
AR ED D GC GCB__ || Funl [ Beam
T3] 288 [ 350132 ] 126000 | 126000 | 1] 1
2 | #799 | 3047 (0:316) | 205 (0.0267) [210(00289) | 4] 1
3 5 16721 3231 (0.193) | 247 (0.0148) | 247 (0.0148) 2 2
4] 6] 42090 4622 (0.110) | 304 (0.0072) [304 0002y | 1] 1
5| 7] 322842 | 42107 (0.130) | 567 (0.0018) [526 (00016) | 6] 2
6| 8| 171019 | 4208 0.551) | 659 (0.0039) [ 452 (00026) | 8 1
7|9 || 2931765 | 219333 (0.075) | 1113 (0.0004) | 905 (0.0063) | 12| 1
AaiveroT)
'
) VN
01 . . L 9
N
003 - PP —
o001 ) o
0.003
0.001
0.0003
00001
3 ‘. s 6 7 s s e

Figure 5.16: Improvement of Performance vs. Sentence Length
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5.4.2 Theoretical C: ity of the Algorith

Owing 10 the chart-based formalism. the theoretical complexity of our algorithm is the
polynomial order of the number of the indices introduced in the chart. That is, in the
“combination” procedure of the algorithm. each of the four vertices j. k. L. and m. i.e.. the
starting and the ending points of active edge ¢, and those of passive edge 2. ranges over
N items, where ¥ is the number of the indices in the chart. Considering that possible
connections between vertex k and I are restricted by pointers. the number of applications
of the ‘combination’ procedure is O(N3).

This order is completely the same as that of a bottom-up chart parser. when the axioms
contain only (syntactic) rewriting rules. (In such a case. \' matches the length of the input
sentence.) In more general cases,  is given by some function of the input length L.
N = g(L) for some function g. If an efficicnt heuristic search strategy is employed. this
function will be close 1o linear (i.e., ¥ = L). Since an efficient search strategy may decrease
the accuracy, we usually choose a suitable search strategy on an empirical basis. Thus. the
complexity of the algorithm, as well. depends on an empirical aspect.

To conclude this section, the complexity C of our algorithm applied to spoken language
analysis is given by:

(542) C=Kx[(N) N=g(l)

where N is the number of the indices in the chart. L the length of the input sentence. K some
constant, and f and g some functions. From the viewpoint of complexity. the improvements
of the efficiency by the three features of our algorithm are expected as follows:

1. Goal-driven bottom-up derivation improves the scale A", constantly reducing the com-
plexity to a certain level.

2. The tabulation of partial results improves the function / from the exponential function
10 the cubic function of N'. The effect is greater for a larger N.

3. The agenda control mechanism improves the function g, which relates L to N. This
also has a greater effect for a larger L.

These expectations have been empirically certified by our experiments. as shown in Fig-
ure 5.16.
5.5 Discussion

5.5.1 Comparison with Other Work

A number of works for improving the efficiency of theorem-proving procedures have been
made. We compare some of them with our algorithm.
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house.quiet — tv.off, no_barking.
to.off — homework.time.

tv.0ff — kids.walking.dog.
no_barking — kids.alking.dog.
no_barking — dog.sleeping.

Figure 5.17: Example of Axioms (Charniak & Santos Jr., 1992)
. . 3

* homework_time. > kids_walking_dog’ *._dog_sleeping >
wof O {no_barking >

. ~
house_quier
Figure 5.18: And-Or DAG Representing the Axioms in Figure 5.17

Charniak’s Method

Charniak and his colleagues proposed several methods to improve the eficiency of cost-
based abduction (Charniak & Husain, 1991; Charniak & Santos Jr., 1992; Santos Jr., 1994;
Charniak & Shimony, 1994). Their basic idea is to represent axioms by means of an and-or
DAG (directed acyclic graph). For instance, the axioms in Figure 5.17 are represented by
the and-or DAG in Figure 5.18. (In Figure 5.18, the costs of assuming formulas are supplied
in the first line.)

Then, cost-based abduction is formalized as a problem of finding the partial lattice
embedded in the and-or DAG which minimizes the sum of the costs at the leaf nodes, or
of finding the truth assignment for the and-or DAG which is consistent with the logical
meaning of the DAG and minimizes the sum of the costs at the leaf nodes assigned ‘true.’
Charniak and Husain (1991) proposed an efficient search heuristics along the former line,
and Charniak and Santos Jr. (1992) and Santos Jr. (1994) proposed an efficient algorithm
based on a linear programming technique along the latter line.

Although their methods may be more efficient than ours, they are restricted to proposi-
tional cases, where axioms are represented by an and-or DAG over ‘ground formulas, i.e.,
formulas not involving variables. In other words, they did not provide a systematic way
of building such and-or DAGs from axioms, which, in general, contain variables and are
sometimes recursive. Thus, the methods cannot be applied to extensive practical problems,
particularly, to spoken language analysis we are now addressing.
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Earley Deduction

Earley deduction (Pereira & Warren. 1983) attempted to use a chart parser as a proof
procedure. It provides a strong connection between proof procedures and parsers. Our
greatly influenced by their idea, and. in fact. resembles their method. except for
some significant differences described below.

First, our algorithm is based on a goal-driven bottom-up derivation rather than a top-
down derivation, that Earley deduction is based on. Our experiments showed the superiority
of this approach in our particular application to spoken language analysis.

Secondly, our algorithm does not use subsumption-checking, which causes a serious com-
putation problem in Earley deduction. To avoid the duplication of the same edges, Earley
deduction examines whether an edge being added to the chart is subsumed by any edge
already in the chart. This requires very heavy computation. Our algorithm, on the other
hand, does not need subsumption-checking. By the benefit of a bottom-up derivation. all
edges with the same index that can be derived from given axioms are created and added to
the chart once that index is introduced in the chart. Therefore. the reuse of edges can be
realized simply by finding the index to be reused and adding a pointer to it. To invoke this
operation, equality-ehecking of indices, not edges, is sufficient.

Finally, our algorithm has a stronger connection with a chart parser than Earley de-
duction does. Pereira and Warren (1983) noted that the indexing of formulas is just an
implementation technique to increase efficiency. However, indexing plays a significant role
in a chart parser, and how 1o index formulas in the case of proof procedures is not 5o obvi-
ous. In our algorithm, by adopling head-driven derivation a a basic derivation mechanism,
the first arguments of formulas are naturally used as indices. Pointers among indices are
also helpful in avoiding non-productive attempts at applying the ‘combination’ procedure.
ANl these devices that were originally used in chart parsers in a restricted way are included
in the formalism, not in the implementation, of our algorithm.

Stickel's Method

Stickel (1991) proposed a theorem-proving procedure for deduction and abduction, which
is based on an idea similar to the magic set method (Bancilhon, Maier, Sagiv, & Ullmas,
1986; Bry, 1990) developed in the literature of database query.

His method s a sort of program transformation, which transforms a definite clause

(513) P = Qi e Que
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into a set of definite clauses

(5.14)  goal(Qy) — goal(P).
90al(Q2) — goal(Qy). fact(Qy).

90al(Qn) — g0al(Qu-1), fact(Qn-1).
Jact(P) — goal(Qn), fact(Qn).
where fact and goal are meta-predicates indicating the role of a formula as a derived fact or
a goal being derived. A bottom-up theorem-prover working with such transformed clauses
has goal-directedness, which was lacked in a bottom-up theorem-prover for original clauses;
that is, fact (P) is derived only when goal( P) is present, i.e.. P is derived only when it is
actually being derived.

We can see the difference between this method and ours as follows. Suppase that fact(P)
npmem a passive edge with label P and goal(P) represents an active edge with label
“P...,in that Pis the formula immediately following the dot. Then, a bottom-up
denmwn for clauses (5.14) can be seen as a top-down chart-style theorem-proving process.
‘That is, the first clause of (5.14) corresponds to the ‘prediction’ procedure, which predicts,
from an active edge with label X — ... - P... and a definite clause P — Qy,...,Qn, an
active edge with label P — -Qu,...,Qn, and each of the remaining clauses corresponds to
the *combination® procedure, which combines an active edge with label P — ...~ Q; ... and
a passive edge with label Q,, producing an active edge with label P — ... - Qisy... (ora
passive edge with label P when Q, is the rightmost antecedent). Thus, Stickel's method is
equivalent 10 a top-down chart-based proof procedure like Earley deduction, which is less
suitable for our application.

5.5.2 As a General Problem Solving Method

Our method can be applied to various problems formulated in terms of definite clauses,
not limited to spoken language analysis. They would include deeper semantic analysis
and discourse processing. which are thought to be costly in previous studies.!! In those
applications, our algorithm would reveal as good performance as is applied to syntactic
parsing. Thus. the method has high practicality as well as generality. In addition, several
techniques having been developed in the literature of syntactic parsing, such as effcient
search heuristic and memory saving techniques, can be imported into our method. In this
sense, it is significant that our algorithm have made a strong connection between proof
procedures and parsers.

Despite the above merits. the method seems to be suffered from some defects in applying
to more general problems. With the current formalism, axioms should be designed so that

"1 Another application of the method o be highlighted is sentence geaeration from logical forms. We will
describe it in Chapter 6.
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head-driven derivation can efficient axioms in such
a way s left for axiom designers. T
or discourse processing. In such applications. it i
s used in what context. We cannot design.
of processing. axioms as (0 be most eficiently used at run time. In other words. axioms
can not include control information. that is information about how they are *procedurally”
used. Unfortunately, in our current formalism. axioms should expliitly contain control
information in the following way: The leftmost antecedent of a chain clause is used as a
trigger of a bottom-up appl of that clause. and the first argument of a formula is
used as a trigger of a top-down application of non-chain clauses.

Hasida (1992) proposed a logic-based system with a flexible control mechar
application, where the way of applying a rule is determined dynamically depending on the
context in which that rule is used. His method has been applied o several natural language
applications, such as spoken language understanding (Nagao. Hasida. & Mivata, 1993).
plan recognition (Miyata, Hasida. & Yonezawa. 1993). and parsing and gencration (Hasida,
1994). Although their applications are, to date. limited to rather small examples and their
implementation state seems far from completed. their approach is very suggestive for further
advancing our current method.

perform on them. The task of designi

n for rule

5.6 Summary

This chapter has described how we can efficiently perform the process for finding the most
preferred interpretation in our preference-based framework for spoken language analysis.
‘The major results of the chapter are summarized as follows:

 Based upon a strong connection between theorem-proving procedures and natural
language parsers, it has been shown that a bottom-up chart parser can be used as
a proof procedure for a certain class of definite clauses, by which various rules for
spoken language analysis are described.

A proof procedure for preference-based abduction has been realized by extending some
basic devices used in a bottom-up chart parser. The details of the algorithm have been
presented.

By the benefit of a chart-based formalism. the efficiency of preference-based abduction
has been considerably improved.

~ With goal-driven bottom-up derivation, the nontermination problem is avoided
and the search space is reduced.

~ With the tabulation of partial results, the recomputation of the same derivation
is avoided.
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- With the agenda control mechanism, an eficient search is achieved by utilizing
preference values of partial results.
‘The improvement of the efficiency, achieved by the above three features, has been
shown on both empirical and theoretical bases.
« The comparison with other works on computation algorithms of abduction has been
presented.



Chapter 6

A Uniform Architecture for
Chart-based
Parsing and Generation

6.1 Introduction

This chapter addresses an issue on a uniform architecture for parsing and generation. Al-
though the issue may not seem to be directly concerned with a uniform approach to spoken
language analysis discussed so far, it is, in fact. tightly related to the topic discussed in
the previous chapter. i.c.. generalized chart algorithm. It is shown that generalized chart
algorithm for preference-based abduction. which has been realized by extending a bottom-
up chart parser, can also be used as an algorithm for sentence generation with a desirable
computational efficiency. thus, providing a uniform view of parsing and generation.

An attempt to make a strong connection between parsing and generation from a uniform
perspective was, first, made in research on reversible grammars (Kay, 1975; Appelt, 1987);
Kay (1975) is the first to support the notion of grammar reversibility in his research into
functional grammar, which was motivated by the desire to make it possible to generate and
parse sentences with the same grammar. Shieber (1988) extended this idea to parameterize
a parsing and generation mechanism. providing a uniform view not only of grammars but
also of mechanisms Lo process them. Recent works on reversible architecture combined with
unification-based grammars or logic grammars have provided more sophisticated ways of
integrating parsing and generation (Strzalkowski, 1990 Dymetman, Isabelle, & Perrault,
1990).

Asis discussed in th the uniform archi parsing and generation
is desirable for a variety of reasons including efficiency, perspicuity, integrity, robustness, and
elegance. The uniform computation mechanism for parsing and generation, in particular,

has scientific significance, since human parsing and generation are likely to be based on a.

123
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single mental process. This is supported by several observations (Hasida & Ishizaki. 1987).
First. he language one speaks and that one hears have similar structures.
Secondly. there is an affinity between the process of parsing and that of generation; for
instance. we often guess how others’ speech could continue, or detect speech errors we
made. Thirdly. the two processes become equally difficult in the case of, say, deeply center-
embedded sentences. These phenomena are difficult to account for without a uniform view
of a parsing and generation mechanism.

This chapter. first, presents a gencration algorithm which uses the same data structures
and the same operations as those used in an existing parsing algorithm. a bottom-up chart
parscr (Kay. 1980). thus. achieving a desirable computational efficiency. Then, we show
that the algorithm can be seen as an instance of generalized chart algorithm, proposed in
Chapter 5, and that our generalized chart algorithm can act as a general, uniform compu-
tation mechanism. from which an efficient parser and an efficient generator emerge. In this
chapter. we focus on the reversibility of a computation mechanism, rather than developing
alarge-scaled, practical reversible grammar. To develop a practical reversible grammar is a
hard task, sinee natural language generation highly depends on pragmatic and contextual
knowledge. which requires much effort to describe and should be investigated in separate
research. We will use a very simple logic grammar which relates word sequences and se-
mantic representations expressed by logical forms. We believe that this does not diminish
the generality of our discussion on a uniform parsing and generation mechanism.

The rest of the chapter is organized as follows. Section 6.2 proposes an efficient gener-
ation algorithm using a chart-based formalism. It is an extension of semantic-head-driven
generation, proposed by Shieber et al. (1989). and the extension is made in a similar way
a5 a bottom-up chart parser has extended left-corner parsing. Section 6.3 shows the sym-
metry between a bottom-up chart parser and the proposed generation algorithm, providing
a uniform view of chart-based parsing and generation. It is shown that these parsing and
generation algorithms emerge from generalized chart algorithm, performing on different,
but closely related. sets of axioms that are obtained from a common underlying grammar.
Section 6.4 summarizes the chapter.

1 naive

6.2 A Chart-based Generation Algorithm

8.2.1 Efficiency Problem in Sentence Generation

For a long time, research on natural language generation have not focused on efficiency
problems. There has been two naive mechanisms, top-down and bottom-up mechanisms,
used in early generation systems, both of which have several problems.

* Top-down generation suffers from the nontermination problem, and is affected by the
frequent backtracking necessitated by inadequate selection of rules to be applied.
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 Bottom-up generation lacks the goal-directed nature. extensively deriving useless con-
stituents which never contribute to the generation of the target sentence.

The first problem of top-down generation is particularly serious when we use lerical-
ized grammars like I1PSG (Hcad-driven Phrase Structure Grammar) (Pollard & Sag. 19
1994). Consider. for instance. the following rule. which constructs a verb phrase in English.

(6.1)  node(Xo. Xy, vp(Subcat)/LF) —
node(Xo, X1 vp(|Obj|Subcat))/ LF).
node(Xy, X7.0bj).

The rule is written in DCG formali

. A phrase s represented by a term of the form
node(Start, End. Feature).

where Start and End are the positions in a sentence at which the phrase starts and ends,
and Feature is the feature representation associated with the phrase, that is represented
by a term of the form Cat(Subcat)/LF. Cat, Subcat. and LF are the syntactic category,
the subcat list, and the logical form of the phrase. respectively. Rule (6.1) implements an
ordinary subcat feature principle, that says the first element of the subcat list of the head
constituent unifies with the feature representation of the complement. the remai
of the subcat list unifying with the subcat list of the mother constit
this rule in top-down fashion. we are led to an infinite loop. prod
infinite length. Ueda (1992) avoided this problem by adding condition statements into rules
10 control the application of the rules, e.g., the length of a subcat list is not greater than
three, which, however, seems somewhat ad hoc.

The second problem of top-down generation is also serious in lexicalized grammars,
since in those grammars, useful linguistic information is mostly described in lexical rules
and structural rules have very poor information. In such a situation, top-down generation
cannot select an adequate rule o be applied at each generation step. Ueda (1992) uses the
same technique as mentioned above to resolve this problem, which also seems ad hoc.

Bottom-up generation, on the other hand, is extremely inefficient without a goal-directed
filtering of the search space. To make it goal-driven, a semantic monofonicity requirement
is imposed on grammars (Shieber, 1988); that is, the logical form of each right-hand-side
constituent of a rule must subsume some portion of the logical form of the left-hand-side
constituent of that rule. As a consequent. only constituents with logical forms which sub-
sume some part of the input logical form are derived. This requirement, however, is too
restrictive as Shieber himself admits.

The above problems of Lop-down generation and bottom-up generation have been nicely
solved by combining both top-down and bottom-up approaches. We will describe, in the
next section, the solution by Shieber et al. (1989) in his semantic-head-driven generation
framework, and point out its defects from the viewpoint of computational efficiency.
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Structural Rules
node(Xo, Xa,8/LF) ~
node(Xo, X1, 5bj), node(Xy, X2,0b), node( Xz. X3, v((Sbj,0b})/ LF).
node(Xo, Xs.5/LF) —
node(Xo, Xy,0b). node(X,. Xz, 5b). node( Xz, X3, v([S65,06])/ LF).
node(Xo. X2.pp/LF) —
node(Xo, X1.Compl), node( Xy, X2, p((Compl))/LF).
Lexical Rules
node (yobu( X ). X, v([pp/nom (Agt). pp/acc(Pat)))/call(Agt, Pat)).
node (taro(X ), X, np/1).
node (hanako(X ), X, np/h).
node (ken(X ), X, np/k).
node(ga(X), X, p([np/Ind))/nom (Ind)).
node(ni(X), X, p([np/Ind))/dat (Ind)).
node(o(X), X, p({np/ Ind]))/ace(Ind)).

Figure 6.1: Simple Japanese Grammar

6.2.2 Semantic-Head-Driven Generation

Consider a simple Japanese grammar shown in Figure 6.1. In the feature representation
of a phrase, the subcat list is omitted when it is a nil list [|. Given this grammar and the
input logical form call(t, h), the generator will generate a sentence “Taro ga Hanako o yobu
(Taro calls Hanako).™

This example is problematic for both top-down generation and bottom-up generation.
The former yields infinite application of structural rules, while the latter is affected by
inefficient. computation being unable to use a goal-directed filtering due 1o the violation
of semantie monotonicity. (The logical form of the phrase “Taro ga,” nom(t), does not
subsume any part of the input logical form call(1,h).)

Semantic-head-driven generation (Shieber et al., 1989, 1990; van Noord, 1990) resolves
these problems by effectively combining top-down and bottom-up approaches. In the algo-
rithm, the notion of semantic-head plays an important role.

Semantic-head When the logical form of a right-hand-sid: i fa rule is identical
to that of the left-hand-side constituent, then it is called the semantic-head of that
rule.

For instance, in each of the structural rules in the sample grammar, the rightmost con-
stituent s the semantic-head.

"The generator will also generate another sentence *Hanako o Taro ga yobu” that bas the different order
of the case elements.
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Grammar rules are divided into (wo types: (i) chain rules, that have semantic-heads,
and (ii) non-chain rules, that do not have semantic-heads. In the sample grammar, all
the structural rules are chain rules, while all the lexical rules are non-chain rules. The
algorithm proceeds bidirectionally, applying chain rules bottom-up and non-chain rules
top-down. These operations are defined as follows:

Step1 A goal node is expanded top-down using a non-chain rule. Select a non-chain rule
such that the logical form of the left-hand-side constituent is unifiable with the goal
logical form, and create a node corresponding o the left-hand-side constituent as a.
Ppivot.

Step2 A pivot node is expanded bottom-up using a chain rule. Select a chain rule whose
semantic-head is unifiable with the pivot, and create new goal nodes corresponding

1o the right-hand-side constituents other than the semantic-head and a parent node

10 the left-hand-si ituent. Generate all the new goals recursively.

Step 3 If the parent node unifies with the goal, then finish the process: otherwise. go back
10 atep 2 with the parent being the new pivot.

Figure 6.2 illustrates (one of) the generation process for the input logical form call(t.h).
A solid arc corresponds to an application of the step 1 procedure, a solid line to an appli-
cation of the step 2 procedure, and a dashed line to an application of the step 3 procedure.
Numbers indicate the order of the generation.

In the second stage of the generation process, the first structural rule in Figure 6.1 is
selected to be applied. Choosing the second rule instead results in the alternative sentence,
“Hanako o Taro ga yobu™ When we want to have the second sentence as well as the
first one. an exhaustive search with backtracking is necessary. It causes inefficiency due
to the recomputation of partial results. For instance, in producing the second sentence,
the generator recomputes the generation of the constituents =Taro ga” and “Hanako 0.”
This seriously diminishes the efficiency, particularly when recomputed constituents involve
adnominal phrases, relative clauses, and so on.

The problem can be avoided by registering partial results into a table like a chart used in
chart parsers. The next section presents a fine-grained algorithm which resolves the above
recomputation problem by using a chart-based technique.

6.2.3 A Chart-based Generation Algorithm

From the similarity between semantic-head-driven generation, depicted in Figure 6.2, and
lefi-corner parsing, we can think of extending semantic-head-driven generation by using a
chart-based technique. The extended algorithm is called semantic-head-driven chart gener-
ation.

Semantic-head-driven generation predicts new goals to be generated by making use of
semantic-head. Hence, the semantic-head plays the role of the left-corner. Therefore, our
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node(W,.. s/ call(1, b))
135 Xa=.
+ W = Xo = taro(ga (hanako(o(yobu(.)))))
node(Xo, Xa, s/ call(1, h))

it AR

node (yobu(Xa), Xa. node(Xo, Xy pp/nom(1)) node(Xy, yobu(X2), pp/acc ()
;_E\..%..:%l.i;::a::.z. A

T h=X = yobu(X3)
1 Xo = Yo = taro(ga(Xy)) X\ = Zo = hanako(o(yobu(X2)))
node (Yo, Y1, pp/nom (1)) node(Zo, 2y, pp/acc(h))
> >
node(ga(Y,).Y,. node(Vo.ga(¥i).np/1)  node(o(Z1),Z1. node(Zo. 0(Z), np/h)
n A
P([np/8)/nom (1)) of o o= P((np/h))/acc(h)) wof 1 ve=ez)
Yo = taro(ga(V1)) V Zo = hanako(o(Z1))
'
node (taro(Uo), Uo, np/t) node (hanako(Vo), Vo, np/h)

Figure 6.2: Semantic-lfead-driven Generation of call(t, h)
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chart-based algorithm could be realized by
bottom-up chart parser. However. importan
some modifications (o the use of a chart.3

lontifying semantic-head with lefi-corner in a

liferences remain 1o be considered. yielding

1. In a botton-up chart parser. edges are indexed by words. while in our generation
algorithm, edges are indexed by logical forms. That is. in our algorithm, all edges
that represent constituents with the same logical form are incident from the same
vertex.

»

In a bottom-up chart parser, a sequence of words is determined immediately upon
input, while in our generation algorithm, logical forms used as indices are
tally introduced in the chart. For instance. in our example. the logical form nom (1) of
the phrase “Taro ga™ is never included in the input logical form call(, ). and. thus.
cannot be arranged in the chart in advance of the generation process.

cremen-

3. Ina bottom-up chart parser, words used as indices are aligned according 1o their order
in the input sentence, while in our generation algorithm. logical forms used as indices
are not aligned in a linear sequence. For instance, we can generate the two arguments
of the logical form call(t, ) either in the order of  and h or in the order of A and (.
Thus, ¢ is arranged, at the same time, on the right and the left of h.

The second point above demands a dynamic process of introducing indices. Once an
active edge is added to the chart, the logical form of the next goal to be generated is
extracted (o use it as a new index of the chart. The third point says the connection among
indices is many-to-many. We represent connections among indices by pointers.

Taking all the above modifications into account. ic-head-driven chart generation
s as in Figure 6.3. In the algorithm,
with a logical form.

a function that assigns a unique vertex associated

6.2.4 An Example

As an example, the chart for the input logical form call(t, h) with respect to the grammar
in Figure 6.1 is illustrated in Figure 6.4 and Table 6.1.
In the figure, a solid arc represents an active edge, a dashed arc a passive edge. and
a broken-dashed arc a pointer. The labels of the edges are shown in the table. The ta-
ble also shows (in the *Proc’ column) how each edge is created; ‘I:N" means the edge is
created by ‘introduction’ from edge #N, *P:N" means it is created by ‘prediction’ from
edge #N, and ‘C:M+A+N" means it is created by *combination’ of edges #M and #N
connected by pointer A. The two edges #14 and #15 whose labels match the initial goal
node(W, ., s/call(1,h)) correspond 1o the two target sentences, “Taro ga Hanako o yobu."
and “Hanako o Taro ga yobu."
These modi are actually the same ones as we made for generalized charts, in Section 5.3.
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Algorithm SHCG (x)

Initialization Add a pseudo-edge of active type with label — - node(W.., 5/x) to the,
hart, where x s the input logical form. This s used to invoke the ‘introduction’
procedure at the beginning.

Apply the following procedures repeatedly until no procedures are applicable.

Introduction Let ¢ be an active edge with label C — Dy * D;... D, incident |
from vertex j to k, where D is the next goal to be generated, whose logical form
is xi.

L. If the logical form x, is never introduced in the chart, then introduce
it 2s a new index and run a pointer from vertex k to f(x;). Then,
for every non-chain rule of the form node(z,y,2/A) whose logical-form A
is unifiable with x; by substitution o, create a passive edge with label
node(z(0], ylo], 2(0)/xilc)) between f(x;) and f(xi) + 1.

. If the logical form x; was previously introduce in the chart, then simply run|
a pointer from vertex k to f(x;).

»

Prediction Let e be a passive edge with label C incident from vertex j to k.
For every chain rule of the form A — B,..., B, whose semantic-head B; is
unifiable with C by substitution o, create an active edge with label Afo] —
Bilo} - Bilo).... Bi-[o) Bislo].... Balo] between j to k. (Create, instead, a pas-
sive edge with label A[o] when the rule s unar)

Combination Let ¢, be an active edge with label A — By... Bi_y - B; ... By incident,
from vertex j to k, and let ez be a passive edge with label C incident from vertex |
tom. If B and C are unifiable by substitution o and there is a pointer from k to
1. then create an active edge with label Alo] — By[o)... Bilo] - Binilo]. . Balo]
between j to m. (Create, instead, a passive edge with label A[o) when B; is the
last element, i.e., i = n.)

Each passive edge with label node(w,..s/x) incident from vertex f(x) represents a
generation result.

Figure 6.3: Semantic-Head-driven Chart Generation
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Table 6.1: Chart Table for call(t, h)

Label

‘node (yobu(Xa), X2, v([pp/nom (1), pp/acc (h)))/ call(t, h))

~

node(Xo, Xa,8/call(t,h)) —
node (yobu(Xz), X, v([pp/nom (1), pp/ acc(h)))/ call (t.h))
“node(Xo, X, pp/nom (1))
node (X, yobu(X;), pp/ace(h))

©

‘node (Xo, X2, 8/ call(1,h)) —
node (yobu(X2), Xz.ll([pp/nom(l).pp/nct(h)])/m"(l.h))
+node(Xo, Xy, pp/acc (h]
node (X, yobu(X;), up/nom(l))

P

IS

node(ga(¥), YhP(["P/']l/"om('))

1:2. 13

o

node (Yo, Y1, pp/nom(
node(ga(¥), Y|.p(lnp/1])/nnm(l))
-node (Yo,ga (¥ ), np/{)

P

o

node(taro(Uo), Uo, n,/l)

5

~

node (taro(ga(Yy )).th/no'n(m

C:5+C+6

»

of

node(taro(ga(X; )), Xz. s/ call(t, b
node (yobu(X3), vv(lpp/nnm(l) pplm(h)l)/mllu )
node (laro(ga(X,)), X1, pp/nom (1))
-node(X) . yobu(X3), pp/acc(h))

C:2+A+7

node(o(¥i), Y1, P(["F/"I)/“"("))

13,8

node(Zo, 2. pp/acc(h
node(0(2y), z..w(lnp/hl)/m(h))
-node(Zo.0(Zy). np/h)

P9

node Imn-lv(Vo). Vo.np/h)

10

node (hanako(0(2))). 21, pp/acc (h))

C:10+E+11

node (hanako(o(X1)), X2, s/call(t, b))
nadr(Mll(Xﬂ»X'h"(ll’l’/M’"(‘)‘FP/WF(MD/“”U )
node (hanako(o(X1)), X1, pp/ acc|
node(. yobu(X3), pp/: (.

C:3+B+12

node (taro(ga (hanako(o(yobu(X2)))), X2, 8/ call(t, h))

C:8+D+12

node (hanako o taro(ga(yobu (X2))))). Xz, &/ call (1, )

C:13+F+7

131
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15
Figure 6.4: Chart Diagram for call(t, h)

In the figure, it is shown that the two constituents with logical forms nom(t) and
acc(h) are generated once but used twice. By this benefit of the chart-based algorithm, the
efficiency problem of semantic-head-driven generation is nicely solved.

6.3 A Uniform Architecture for Parsing and Generation
6.3.1 Emergence of Chart Parser and Generator

In the previous section, we have proposed an effcient generation algorithm, semantic-head-
driven chart generation, by using a chart-hased formalism. Here, we show that the proposed
generation algorithm and a bottom-up chart parser are both realized as instances of a single
computation mechanism, that is generalized chart algorithm, proposed in Chapter 5.

We have already shown, in Chapter 5, that a bottom-up chart parser is a speci
of generalized chart algorithm. For instance, regarding the grammar rules in Figure 6.1
themselves as axioms, generalized chart algorithm acts as a bottom-up chart parser.> Thus,
we show here that semantic-head-driven chart generation also is an instance of generalized
chart algorithm. We do that by transforming grammar rules used in semantic-head-driven
chart generation into axioms to be used in generalized chart algorithm, with which the
latter behaves quite the same as the former.

In semantic-head

n chart generation. chain rules are applied bottom-up. Hence,

the structural rules in Figure 6.1, regarded as axioms. are in chain form.
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they are transformed into chain clauses. On the other hand. non-chain rules. which are
applied top-down, are transformed into non-chain clauses. In particular. since we are con-
sidering only lexical rules as non-chain rules. they are transformed into unit clauses.! The

transformation is done as follows:

1. For every formula that appears at any position of any rule. move the logical form 1o
the first argument position of that formula. If the logical form is not explicit in the
formula, make it explicit and move it to the frst argument position.

2. For every chain rule, move the semantic-head 1o the leftmost position of the right-
hand-side of that rule.

By the first transformation, node (X1, X.p([Compl])/ LF). for instance, is transformed
into node(LF, Xy, Xz,p((Compl])). However, in the case of node(Xo. X1.Compl), where
the logical form is not explicit. it should be lnnsformed into node (CLF. Xo.Xy.Compl),
by adding as the first argument a new variable C'LF which represents the logical form made
explicit. Note that, the new variable must also be supplied to some formulas in the same
rule as the transformed formula belongs to. For instance. node(X1. Xz. p([Compl])/LF)
and node(Xo, X1, Ce (the third rule in Figure 6.1) and the latter
is transformed into node (CLF, Xo, X,Compl); hence, the former must be transformed into
node(LF, Xy, Xa.p([Compl/CLF))), with the variable CLF made expl

By this transformation, the grammar rules in Figure 6.1 are transformed into the axioms
in Figure 6.5. With these axioms and the query — node call(£.h). W..,s), generalized chart
algorithm produces a chart equivalent to the one in Figure 6.4.

6.3.2 A Uniform Architecture

Ab hart parser and our head-driven chart generation both emerge from
generalized chart algorithm. The two algorithms are instances of geacralized chart algo-
ithm, performing on two different, but closely related. sets of axioms. The parsing algo-
rithm uses axioms in Figure 6.1, where the string argument, representing the starting point
of a constituent, appears on the first argument of each formula and the formula represent-
ing the leftmost daughter of a rewriting rule appears as the leftmost antecedent of each
axiom. The generation algorithm, on the other hand, uses axioms in Figure 6.5, where the
logical form appears on the first argument of each formula and the formula representing the
semantic-head of a grammar rule appears as the leftmost antecedent of each axiom.

These two sets of axioms are ‘logically’ equivalent; only the order of arguments of for-
mulas and that of antecedents of chain clauses are different. The order of arguments and
that of antecedents decide the *procedural’ usage of the axioms. They are control informa-
tion. Therefore, we can say that the two sets of axioms used for parsing and generation

“Semantic-head-driven generation can use non-chain rules other than lexical rules, asd they ase trans-
formed into non-unit, non-chain clauses.
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Structural Rules

node(LF, Xo, X3,8) —
node(LF. X3, X3, v([58/SLF,0bj/OLF})),
node(SLF, Xo. X1, 5bj),
node(OLF, Xy, X2,0bj).

node(LF. Xo. Xa,8) —
node(LF. X2, X3, v(($bj/$ LF,0bj/OLF))).
node(OLF. Xo, X1,0bj).
node(SLF, Xy, X2.5b5).

node(LF, Xo. X2,pp) —
node(LF, X\, Xa,p([Compl /CLF))).
node (CLF. Xo, Xy,Compl).

Lexical Rules

node (call( Agt, Pat), yobu (X ), X, v({pp/nom ( Agt). pp/acc( Pat)))).

node(t.taro(X ). X, np).

node (h. hanako(X ), X. np).

node (k.ken(X). X.np).

node (nom(Ind),ga(X ), X, p([np/Ind)).

node (dat(Ind),ni(X ). X,p((np/Ind))).

node (acc(Ind),0(X). X, p([np/Ind))).

Figure 6.5: Axioms Corresponding to the Grammar Rules in Figure 6.1
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are obtained by embedding control information into grammar rules, which themselves are
declarative. In this way. parsing and generation are integrated by a single computation
mechanism and a parameterized grammar. from which axioms used either for parsing o for
generation are obtained by embedding control information. This is our view of a uniform
architecture for parsing and generation (sce Figure 6.6(c) in page 136).

6.3.3 Discussion

In this section, we compare our architecture for uniform parsing and generation with some
of the previously proposed architectures.
Ishizaki (1994) distingui: between a bidirecti i and a reversible archi-

tecture. In a bidirectional architecture. two separate processing modules share a common
grammar, while in a reversible architecture, a single processing module operates differently
on a common grammar depending on control information which is supplied to the process-
ing module to specify the ‘mode’ of the processing, i.e.. parsing or gencration. We add to
these architectures another one in that a single processing module always operates in the
same manner but on different sets of axioms that are obtained from a common underly-
ing grammar by embedding control information. These three architectures are shown in
Figure 6.6.

Earlier work on reversible grammars (Kay, 1975; Appelt, 1987) belongs to architecture
(a). In this architecture, there is no close relationship between parsers and generators. It
uses completely different algorithms for parsing and generation; e.g. a bottom-up chart
parser and a naive top-down depth-first generator with backtracking. Besides lacking psy-
chological plausibility. this architecture does not guarantee that the shared grammar can
be efficiently used in the both modules.

The framework of Shieber (1988) belongs to architecture (b). In this architecture,
parsers and generators are closely related by the presence of a general theorem-prover from
which they emerge. Shieber used, as such a general prover, an Earley-style proof proce-
dure, which, however. is computationally expensive, particularly when used for generation.
This led him 1o the research into semantic-head-driven generation (Shieber et al., 1989,
1990). However, he did not show that his new algorithm emerges from a certain general
computation mechanism.

Our framework, as well as some of the ones proposed in recent work (Strzalkow:
Dymetman et al., 1990), belongs to architecture (c). In this architecture, only a single
computation mechanism operates at run time.5 On the other hand, a grammar is complied
into two different axioms in advance of processing. The compilation is automatically done
by supplying control information to specify the ‘mode’ of the process. In our case, by

specifying terms ing logical forms and ic-heads of chain rules, the axioms
*Strzalkowski (1990) and Dymetman et al. (1990) use a Prolog:style top-down prover as a computation

than the former.

mechanism, while we use & bottom.up chart-based prover, which is much more eficieat
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Control
Information
Sentence Sentence
Sentence Sentence
Prover
Parser Generator

Logical Form Logical Form

(a) Separate Processors Logical Form Logical Form

with Single Grammar

(b) Parameterized Processor
with Single Grammar

Sentence m Sentence
Logical Form. Logical Form

Control
Information

(c) Single Processor with Parameterized Grammar

Figure 6.6: Architectures for Uniform Parsing and Generation
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for generation are obtained. This approach has advantages over architecture (b) from the
viewpoint of computational efficiency.

In addition to the architectures shown in Figure 6.6, one may think of an architecture
where a single computation mechanism operates on a single grammar at run time. Hasida,
Nagao, and Miyata (1993) proposed such an architecture. They illustrated an attractive
example of speaker/hearer switching in the midst of one sentence, as a supporting evidence
of their architecture from the scientific viewpoint.$ Such an example requires the switchi
of processing ‘mode" in the middle of the process, which is hard to implement in our archi
tecture, where ‘mode’ s fixed in advance of processing. This means that to realize this kind
of complex phenomenon, which at least has scientific significance. more flexible treatment
of control information is needed.

6.4 Summary

This chapter has described a uniform architecture for parsing and generation. The major
results of the chapter are summarized as follows:
o Anefficient tion algorithm, which ds ic-head-dri ion. has
been realized by using a chart-based formalism.

o It has been shown that the proposed generation algorithm
of generalized chart algorithm, presented in Chapter 5. proy
of parsing and generation. In this
i, generalized chart algorithm, operates on different. e closely related, sets of
axioms that are obtained from a common underlying grammar by embedding control
information.

a pant
ng 3 uniform view
h

tance

« Our architecture for uniform parsing and generation has been compared with other
architectures, and shown its superiority in plausibility and eficiency.

For iastance, it might be the case that one person opens up & sentence by sayiog “Kim” and anotber
person succeeds the utterance and completes the sentence by sayiag “smeesed”
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Chapter 7

Conclusion

7.1 Summary

Spoken language analysis is becoming one of the central issues in natural language process-
ing. Researchers studying speech translation, spoken dialogue systems, and multi-modal
interfaces are trying to develop a methodology capable of dealing with spontaneous utter-
ances. However, because of a prominent feature of spoken language that it is in various ways
extra-grammatical, containing hesitations, repairs, ellipses, etc.. traditional linguistic-based
methods are difficult to apply to spoken language analysi
Our approach to spoken language analyss i 1o se a uniform method to deal with both
phenomena and i
such as attachment ambiguity and semantic role unb:glmy‘ and extra-grammaticality prob-
lems. such as repairs and ellipses. are handled in a uniform way. This is adequate for the
following reasons.

1. The treatment of extra-grammatical phenomena sometimes requires an ability equiv-
alent to one for dealing with grammatical phenomena.

2. Some sentences are ambiguous between well- and ill-formed readings. Such ambiguous
sentences are difficult to correctly parse without a uniform treatment of well- and ill-
formed sentences.

3. Real-time parsing, which is desirable for spoken |u.g...¢e analysis, is diffeult to
achieve without an archi that treats phe-
nomena at the same time in a single stage processing.

-

The uniform approach s psychologically plausible on the basis of the observation that
humans invoke the error detection process in parallel with other linguistic process.

Such a uniform method for spoken | lysis
based abduction as a fundamental framework. In this framework, the analysis of an input

sentence is viewed as inference process to find the best explanation of why the sentence

139
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would be true. In the course of the proc various sorts of assumptions are made to

interpret information underlying the li

assumptions made for that interpretati
ambiguity. semantic role ambiguity. and ambiguity between well- and
i treated uniformly as a matter of preference.

Based upon preference-based abduction framework, we discussed the following four top-
ics on a uniform approach to spoken language analysis.

ill-formed readings,

1. How various problems in spoken language analysis are uniformly formali
of preference-based abduction.

2. How we can decide an adequate preference value for an interpretation candidate.

3. How we can efficiently perform the process for finding the most preferred interpreta-
tion.

4. How parsing and generation are integrated.

Chapter 3 dmnbed a preference-based formalism far xpokm lemse analysis. In lhli
chapter, first, ity for the uniform
phenomena was emphasized. with illustrating many ex.mpae- taken from a Japanese corpus
of spoken dialogues, which motivated us to employ a uniform approach. Then, a grammar
formalism for spoken Japanese analysis, which can account for both well- and ill-formed
sentences, was presented. The formalism was realized by extending traditional dependency
analysis in such a way that extra-grammatical phenomena as well as grammatical phenom-
ena are treated in terms of between consti The effecti of the
formalism was shown by illustrating many examples of analyzing real sentences taken from
our spoken Japanese corpus, which contain extensive extra-grammatical phenomena.

Chapter 4 proposed a method for deciding an adequate preference value of an inter-
pretation candidate. A single sort of preference, the preference on dependences between
constituents, was used to resolve both ambiguity in structure determination and ambiguity
in dependency relation assignment. The preference decision method was realized by using
a corpus-based technique, utilizing a spoken language corpus to obtain the statistical in-
formation about occurrences of dependences, from which preference values are calculated.
The method the basis of experiments using real sentences from our spoken
dialogue corpus, showing a rather good the aceuracy of
analysis was fairly good, and the recall rates and the precision rates of dependency analysi
were high, except for the precision rates of repair analysis. By the comparison with the
two-stage model, where repairs are taken into account only when the normal parsing process
fails 1o find a complete parse for an input, the superiority of our uniform model over the
two-stage model was shown.
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Chapter 5 proposed an efficient computation mechanism 1o find the most preferred
interpretation in our preference-based abduction framework, called the generalized chart
algorithm. Based on a strong connection between theorem-proving procedures and natural
language parsers. it was shown that a bottom-up chart parser can be used as a proof proce-
dure for definite clauses. by which various rules for spoken language analysis are described.
The proof procedure for preference-based abduction was realized by extending some ba-
sic devices used in a bottom-up chart parser. By the benefit of a chart-based formalism,
the efficiency of preference-based abduction has been considerably improved: goal-driven
bottom-up derivation avoided the nontermination problem and reduced the search space,
the tabulation of partial results aveided the recomputation of the same derivation, and the
agenda control mechanism achieved an efficient search by utilizing preference values of par-
ial results. The improvement of the eficiency. achieved by the above three features. was
shown on both empirical and theoretical bases.

Chapter 6 described a uniform architecture for p
issue may not seem to be directly concerned with  uniform approach to spoken language
analysis, it was, in fact, tightly related to the topic discussed in Chapter 3, i.c.. generalized
chart algorithm. In this chapter, first, an efficient generation algorithm, which extends
semantic-head-driven generation by using a chart-based formalism, was presented. Then,
it was shown that the proposed generation algorithm is a particular instance of generalized
chart algorithm, providing a uniform view of parsing and generation. In this architecture, a
single computation mechanism, i.e., generalized chart algorithm. operates on different, but
closely related, sets of axioms that are obtained from a common underlying grammar by
embedding control information. Our architecture for uniform parsing and generation was
compared with other architectures, and shown its superiority in plausibility and eficiency.

ing and generation. Although the

7.2 Future Direction

Further investigations are required regarding the following areas.

Speech Processing

In this dissertation, we focused on syntacti ic processing of utterances,
in which the purpose of the process is Lo obtain the semantic contents of a sentence that
s expressed in Kana-Kanji characters. However. practical application of such a method is
meaningful only when we have a speech recognition system capable of dealing with sponta-
neous speech.

In recent studies on speech recognition, the treatment of spontaneous speech has be-
come one of the central issues. Extra-grammatical phenomena, such as hesitations, repairs,
errors, etc., cause difficulty also in the recognition of spontaneous speech. Various tech-
niques to tackle this difficulty have been proposed and evaluated (Takeda & Konuma, 1993;
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Kai & Nakagawa, 1993; Kawahara, Kitaoka, & Doshita, 1994). By combining those tech-
nologies with our method, spoken language systems with naturally uttered spoken inputs
will be achieved. In such combined systems. the linguistic module not only could perform
syntactic/semantic analysis from words recognized by the speech recogaition module, but
also could help the speech recognition module to recognize disfluencies in an input with
providing higher level of lingui
Byi i processing jes. it i that
of the analysis of extra-grammatical phenomena will be increased. For instance, acoustic-
prosodic information has been shown its effectiveness in detecting and correcting repairs
(Nakatani & Hirschberg. 1993). Such a direction should also be included in the future
research.

Spoken Dialogue Systems

‘The major purpase of human speech is to interact with other people, that is, conversation.
In this view, utterances can be viewed as managing dialogues. In recent studies, such
directions have been investigated from both an engineering and a scientific viewpoints.

In task-oriented spoken dialogue systems, the full analysis of sentences is not always
necessary; extracting keywords which are specific to the domain of discourse s sometimes
successful in detecting the user’s intention. Such techniques have been implemented in some
spoken dinlogue systems (Ward. 1904; Kameyama, Nalazato, & Shira, 1904). Although
y, they could be effectivel ith our method.
For instance, we can think of applying our method 1o the output of the word:spotting
algorithm, which would increase the robustness of speech recognition with keeping the
generality of linguistic analysis.

In linguisties and psycholinguistics. on the other hand, several researchers have come
10 pay attention to the function of speech disfluencies in dialogues. Sadanobu and Takubo
(1993) analyzed the function of hesitating words in Japanese, “éto” and “and,” from the
viewpoint of discourse management. Clark (1996) also analyzed the function of hesitations
and repairs observed in English dialogues from the viewpoint of discourse eoordination.
Such functions should be considered in developing advanced spoken dialogue systems in the
future.

Multi-Modal Interfaces

In spoken dialogues, information from companions is usually brought not only by speech
bt sso by nomverbal modalites such as gestures, peining, facial expressions, and so on.
Spoken di in such multi-modal envi been i in recent
studies (Nagao & Takeuchi, 1994; ltoh, Kiyama, Seki, ko,.m, Zhang, & Oka, 1995; Nagao
& Rekimoto, 1995; Mizunashi, Tomokiyo, l.oken-Kim, Fais, & Morimoto, 1995).

By using nonverbal modalities, the heavy reliance on speech recognition and spoken
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language analysis may be reduced. In such a situation. however, utterances could be more
fragmental and extra-grammatical. and, hence, spoken language analysis capable of dealing
with extra.grammatical phenomena will still has much significance.

Production of Spontaneous Speech

The production of spontaneous speech is another interesting topic from both an engincering
viewpoint and a scientific viewpoint. From an enginecring viewpoint, generation systems
which can produce utterances incrementally would be useful in the spoken inter be.
although such systems have the risk of making occasional
ute

tween computers and hun
self-repairs. Those systems will prevent unnaturally long pauses between successi
terances, which might irritate the users. Unfortunately. such a direction has never been
investigated among natural language generation researchers.

From a scientific viewpoint. the modeling of human capability of producing spontaneous
speech has been investigated in psychological studies (Levelt. 1983; De Smedt & Kempen.
1987). In more recent studies in artificial intelligence. Okada and Otsuka (1993) proposed a

model for the laboration. which accounts for several disfluencies
in spontaneous speech. including selfrepairs. Such models are useful to understand the
human behavior in spoken dialogues and to develop a computer system which interacts
with a human with speech inputs.

Spoken Dislogue Corpora

Al research on spoken language. including both engineering-oriented ones and scientific
ones. highly rely on corpora of good quality. Spoken dialogue corpora are necessary for
linguistic and psychological analysis of spoken language. for Lraining speech recognition
systems, for constructing language models and dialogue models. and so on. The collection
of spoken dialogue corpora has become a central issuc shared by many researchers in spoken
language fields. and several corpora have been collected at many sites (Ehara et al.. 1990;
Allen & Schubert, 1991 ltahashi, 1991: MADCOW, 1992; Anderson, Bader, Bard. et al.
1992; Aono. Ichikawa. Koiso, et al., 1994; Mori 1., 1994). Conti forts to build
such good spoken dialogue corpora will promise rapid progress in many areas concerning
spoken language research.
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Appendix A
Learning of Weights

‘This appendix explains how the problem of minimizing (4.16) is solved.

Problem

Let C; be the count of the occurrences of the j-th datum in the learning data, C', be the
“real’ count of that datum. and C, be the ‘estimated" count of that datum. The problem is
to minimize the following equation:

A1) 2=36-6F
5
under the following conditions:

(A2 ¢=¢,
(A3) & =Y uls))xC,
]

(A4)

(A5) @20
N

(A8) Y=
=
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Transformation

By (A.4) and (A.6), we obtain w(1) = 1. Hence. (A.3) is transformed into
G =Y uls,)xC,
£
=3 wlo,) X C - w(s,) x G,
=Y wlsy) x € - w(l)x C;
=Y wlsy)x €= Cy.
and, by substituting (A.4), it is further transformed into
N
A7 = Z (Zu. .:,) xC, -C,
T \im
=Y ax (z;f, x (‘.) -Gy
=1 .
Using (A.2) and (A.7), (A.1) is transformed into the following formula:

(A8) =326 -6P
7

- Z‘;{zc, R ga. " ():*, X c.) }'

=3 (r, -T2
3

where
(A9) =z=|:

ax

T x G
(A.10) hj= :

Tl xc,

(A1) r=2¢,
Thus, the problem 1o be solved has been transformed as follows:

Find a (k = 0,..., ¥) that minimize (A.8) under the conditions given by (A.5),
(A.6), and (A.9) through (A.11).



7

Solution

The above problem is equivalent to a quadratic programming problem, stated as follows:

(A12) minz=cTz+ %szz

(A.13) subjectto Az >b
z20

where

(A.14)

(A.15)

(A.16)
0
(A7) D =3 hshT
3
‘This, finally, results in the following linear complementary problem, which can be solved
by the Lemke’s method:

(A18) Mzig=w
(A19) zTw=0
(A20) z20, w20

where
D -AT
(A21) M-(A Py )
(A22) z= (')
v,

()
)

(A24) g = (‘
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