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Abstract

As computers and their networks continue to be developed, our day-to-day lives are being
surrounded by increasingly more complex instruments, and we often have to ask questions
about using them. At the same time, large collections of texts to answer these questions
are being gathered. Therefore, there are potential answers to many of our questions
that exist as texts somewhere. However, there are various gaps between our various
questions and the texts, and these prevent us from accessing appropriate texts to answer
our questions. The gaps are mainly composed of both expression and vagueness gaps.
When we seek texts for answers using conventional keyword-based text retrieval systems,
we often have trouble locating them. In contrast, when we ask experts on instruments or
operators of call centers, they can resolve the various gaps, by interpreting our questions
flexibly, and by producing some ask-backs.

The problem with experts and call centers is that they are not always available. Two
approaches have been studied to resolve the various gaps: the extension of keyword-based
text retrieval systems, and the application of artificial intelligence techniques. However,
these approaches have their respective limitations. The former uses texts or keywords
as methods for ask-back questions, but these methods are not always suitable. The
latter requires a specialized knowledge base described in formal languages, so it cannot
be applied to existing collections with large amount of texts.

This thesis targets real-world the large text collections provided by Microsoft Cor-
poration, and addresses a novel methodology to resolve the gaps between various user
questions and the texts. The methodology consists of two key solutions: precise and
flexible methods of matching user questions with texts based on NLP (natural language
processing) techniques, and ask-back methods using the matching methods. First, the
matching methods, including sentence structure analysis and expression gap resolution,
are described. In addition, these methods are extended into matching through metonymy,

which is frequently observed in natural languages. After that, a solution to make ask-
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backs based on these matching methods, by using two kinds of ask-backs that complement
each other, is proposed. Both ask-backs navigate users from vague questions to specific
answers. Finally, our methodology is evaluated through the real-world operation of a
dialog system, Dialog Navigator, in which all the proposed methods are implemented.

Chapter 1 discusses issues on information retrieval, and present which issues are to be
solved. That is, it examines the question logs from a real-world natural-language-based
text retrieval system, and organizes types and factors of the gaps. The examination
indicates that some gaps between user questions and texts cannot be resolved well by
methods used in previous studies, and suggests that both interactions with users and
applicability to real-world text collections are needed. Based on the discussion, a solution
to deal with these gaps is proposed, by advancing an approach employed in open-domain
question-answering systems, i.e., utilization of recent NLP techniques, into resolving the
various gaps.

Chapter 2 proposes several methods of matching user questions with texts, based
on the NLP techniques. Of these techniques, sentence structure analysis through full-
parsing is essential for two reasons: first, it enables expression gaps to be resolved beyond
the keyword level; second, it is indispensable in resolving vagueness gaps by providing
ask-backs. Our methods include: sentence structure analysis using a Japanese parser
KNP, expression-gap resolution based on two kinds of dictionaries, text-collection selection
through question-type estimates, and score calculations based on sentence structures. An
experimental evaluation on testsets shows significant improvements of performance by our
methods.

Chapter 3 proposes a novel method of processing metonymy, as an extension of the
matching methods proposed in Chapter 2. Metonymy is a figure of speech in which the
name of one thing is substituted for that of something else to which it is related, and this
frequently occurs in both user questions and texts. Namely, this chapter addresses the au-
tomatic acquisition of pairs of metonymic expressions and their interpretative expressions
from large corpora, and applies the acquired pairs to resolving structural gaps caused by
metonymy. Unlike previous studies on metonymy, the method targets both recognition
and interpretation process of metonymy. The method acquired 1,126 pairs from corpora,
and over 80% of the pairs were correct as interpretations of metonymy. Furthermore, an
experimental evaluation on the testsets demonstrated that introducing the acquired pairs

significantly improves matching.
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Chapter 4 presents a strategy of navigating users from vague questions to specific
texts based on the previously discussed matching methods. Of course, it is necessary to
make some use of ask-backs to achieve this, and this strategy involves two approaches:
description extraction as a bottom-up approach, and dialog cards as a top-down approach.
The former extracts the neighborhoods of the part that matches the user question in each
text through matching methods. Such neighborhoods are mostly suitable for ask-backs
that clarify vague user questions. However, if a user’s question is too vague, this approach
often fails. The latter covers vague questions based on the know-how of the call center;
dialog cards systematize procedures for ask-backs to clarify frequently asked questions
that are vague. Matching methods are also applied to match user questions with the
cards. Finally, a comparison of the approaches with those used in other related work
demonstrates the novelty of the approaches.

Chapter 5 describes the architecture for Dialog Navigator, a dialog system in which
all the proposed methods are implemented. The system uses the real-world large text
collections provided by Microsoft Corporation, and it has been open to the public on a
website from April 2002. The methods were evaluated based on the real-world operational
results of the system, because the various gaps to be resolved should reflect those in the
real-world. The evaluation proved the effectiveness of the methods: more than 70% of
all user questions were answered with relevant texts, the behaviors of both users and
the system were reasonable with most dialogs, and most of the extracted descriptions for
ask-backs were suitably matched.

Chapter 6 concludes the thesis.
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Chapter 1

Introduction

Recently, as sophisticated electronic products have become more popular, numerous ques-
tions have been raised on using such products in various situations: we are often perplexed
by mysterious error messages appearing on personal computers, Linux seems mumbo-
jumbo for beginners, the new functions of a cellular phone are not that easy to master,
and setting DVD video recorders to record while we are away needs complex manipula-
tions. Such products are usually equipped with manuals, but these are not always helpful.
In some cases, they contain too much information, and in other cases, they contain many
esoteric technical terms.

Meanwhile, as the capacity of computer storage increases, and as computer networks
continue to grow, large collections of texts to answer such questions have been accu-
mulated. Manufacturers of products have call centers, and they have information on
frequently asked questions and answers to these on large databases. Some heavy users of
products have websites, and they provide tips on use accessible to the public. This means
that there is probably an answer to any question somewhere.

However, we often have trouble finding the appropriate texts that will answer our
questions on using complex products. Consider the case where we are seeking such texts
using text retrieval systems (e.g. web search engines). First, we often have difficulty in
selecting suitable keywords to explain our situations, because we are usually unfamiliar
with the technical terms related to the products (Conversely, if we are familiar with such
terms, i.e., if we were versed in their products, we seldom have questions about them).
Even if we manage to select a keyword, few appropriate texts can be located: in some
cases, there are no relevant texts, in others, there is an impossible number causing us to

give up our search.
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What prevents us from finding appropriate texts to answer our questions? The main
difficulty lies in the frequent gaps between our questions and the texts, such as the gaps
in expression, vagueness, and belief. Usually, contemporary keyword-based text retrieval
systems (including web search engines) have no capabilities for resolving these gaps.

In contrast, the operators of call centers and experts can resolve these interactively.
For example, if we asked the vague question “An error occurred”, they resolve the gaps
through ask-backs: e.g. “What was the error message?”, “How did it occur?”, or “Which
version are you using?” Also, even if we had asked inaccurate questions, they could
interpret these flexibly.

The problem with call centers and experts is that they are not always available. In
addition, the operation costs of maintaining call centers create big problems for manufac-
turers. That is why we need a system that can resolve gaps between our questions and
the answers through interactions, based on existing large text collections.

This thesis addresses Dialog Navigator, a system which has the capability of resolving
these gaps through dialogs based on real-world text collections. To achieve this system,
two key solutions based on NLP (natural language processing) techniques are proposed:
precise and flexible matching of user questions with texts, and ask-backs based on match-

ing.

1.1 Previous Work on Information Retrieval

This section gives an overview of previous work on information retrieval in a broad sense,
including text retrieval and QA (question-answering). First, basic studies on text retrieval
systems and QA systems are described. After that, the contributions NLP techniques have

made to information retrieval are summarized.

1.1.1 Basic Studies

Studies on information retrieval systems began at the end of the 1950s. Luhn proposed
some of the fundamental ideas, e.g. automatic keyword extraction [1]. He found that
keywords that occurred at a medium frequency in a document were usually important to
that document. Then, overwhelmed by the Sputnik shock in 1957, the U.S. government
began to support research on systems to retrieve scientific information [2]. As a result, in

the early to mid 1960s, several systems such as MEDLARS [3] were put into practical use.



1.1. PREVIOUS WORK ON INFORMATION RETRIEVAL 3

In general, those systems were targeted at bibliographic information (e.g. titles, authors,
and keywords).

With the increasing development of computer science in the 1960s, 1970s and 1980s,
systems to retrieve abstracts and full texts were studied. MEDLARS was developed into
MEDLINE (MEDLARS on-LINE) in 1971, and started services on retrieving abstracts for
papers. Salton et al. developed SMART, a full text retrieval system which they had im-
proved over three decades, and assessed several fundamental methods, including TF.IDF,
the vector space model, keyword expansion, and relevance feedback [4]. About this time,
several retrieval models, such as the probabilistic model, extended Boolean model, fuzzy
set model, and network model were also proposed. Most systems automatically extracted
keywords from each text, and approximated each text against a collection of keywords.

In the 1990s, workshops for evaluating text retrieval systems (e.g. TREC [5], CLEF [6],
and NTCIR [7]) began to be held, and large test collections were constructed. Vari-
ous systems were examined at the earlier workshops, including not only those that em-
ployed keyword-based methods, but also those that employed unique methods such as
full-parsing-based methods. However, the outcome was that these innovative approaches
did not perform as well as the keyword-based ones, and therefore participants have con-
verged on keyword-based methods in recent workshops.

With the maturing of the Internet since the latter half of the 1990s, text retrieval
systems have become popular as web search engines. These systems are also based on
keyword-based methods.

As large text collections became available in 1990s, QA systems based on natural
language text collections were actively studied. In the early years, some prototype systems
such as FAQ Finder [8] were developed. After that, open-domain QA systems based on
unstructured texts (e.g. newspapers and web pages) have been actively studied by TREC
QA Track [5] and NTCIR QAC [9].

1.1.2 Application of NLP

Most studies on text retrieval systems have assumed that information in the real world
can be described as texts written in natural language, and that user questions can also
be described in natural language. To conform to both of these, text retrieval systems
should convert both of them into a regular format. These systems have adopted natural

language processing (NLP) techniques for this conversion.
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However, from the 1960s, the contribution of NLP techniques to text retrieval systems
has been limited to keyword extraction. Efforts on applying deeper NLP techniques to
improve text retrieval have already been made on Salton’s SMART system [10], but he
reported that no significant improvements were observed. In 1996, an NLP track was held
at TREC-5, and NLP techniques such as full-parsing were applied by some participants.
The result was that the NLP techniques were useful for text retrieval, but their impact
was limited compared with costs. Contemporary web search engines do not depend on
NLP techniques, except for morphological analysis; the improvements to retrieval have
mainly been achieved by proximity matching, and exploitation of HTML structures and
hyperlinks.

In contrast, unlike text retrieval systems, QA systems have to detect exact answers
from retrieved texts. To do this, recent QA systems have adopted deeper NLP techniques
including sentence structure analysis based on full-parsing. Early text-based QA systems
such as MURAX [11] and FAQ Finder [8] exploited case analysis. Also, most recent open-
domain QA systems [12-14] have adopted sentence structure analysis and question type
analysis to find the relevant answers.

From the viewpoint of gaps between user questions and texts, all the above methods
have limitations; they assume that every user question is specific. If someone asks vague

questions, these methods will not work well.

1.2 Various (Gaps between User Questions and An-
swers

In most cases, a text which contains answer A to question () has an important feature:
the text also contains a part Q" which is similar to @, and ()’ exists near A. As a result,
matching @ to @' mostly leads to A being detected. This feature has been generally
utilized by studies on information retrieval and question answering. However, as the
author indicated at the beginning, there are various gaps that prevent us from accessing
specific texts to answer our various questions. These gaps usually exist between () and
@'. Moreover, they range at various levels, and are caused by various factors.

This section organizes the levels and the factors, reviews previous studies on resolving

the gaps, and proposes a solution to deal with them.
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1.2.1 Types of Gaps

The author preliminarily examined the question logs of a real-world natural-language-
based text retrieval system operated by Microsoft Corporation, and found that there are

many types of the gaps. These are:

1. Expression gaps at the keyword level.

In many cases, a keyword in a user question does not match the keyword in the
answer text, although both keywords indicate the same thing. The following types

of expression gaps have mainly been observed at the keyword level:

e Variant notations. e.g. “000 7 (meru, mail) - “000 "7 (meiru, mail) - “mail”;
‘00000007 (daiaru appu, dial-up) - ‘0 000000 7 (diyaru appu, dial-
up); “000 07 (adaputa, adapter) - “00 0 007 (adaputa, adapter); “0 07
(amaru, be left) - “00 07 (amaru, be left); “O00 07 (otosu, drop) - “O
07 (otosu, drop). Especially in Japanese, these are often caused by multiple
notation systems (e.g. hiragana, katakana, kanji, and Roman characters) and

declensions of kana ending systems.

e Abbreviation. e.g. “00 000 007 (dejitaru kamera, digital camera) - “0 0 0 O
(dejikame, digital camera); “00 0007 (toriatsukai setsumeisho, manual) -

“007 (torisetsu, manual); “Internet Explorer” - “IE”.

e Imported words and native words. e.g. “0 OO OO " (reiauto, imported from
English ‘layout’) - “0 07 (haichi, layout); “00 0 O7 (fomu, imported from
English ‘form’) - “0 07 (shoshiki, form).

e Synonyms. e.g. “0 07 (shogai, disorder) - “00 07 (fuguai, defect); “3 0 0

07 (san-jigen-no, three-dimensional) - “0 0 O O 7 (rittaiteki-na, spacial).

e Hypernyms and hyponyms. e.g. “O000 00007 (wapuro sofuto, word pro-
cessor application) - “Word”; “000 00" (kaihatsu tsuru, development tool)
- “VisualC++".

e Misspellings. e.g. “Perl” (correct) - “Parl” (wrong); “XLS” (correct) - “XSL”

(wrong).

2. Expression gaps beyond the keyword level.
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Expression gaps not only exist at the keyword level, but also beyond the keyword

level. Consider an expression gap at the phrase level as follows:

(1.1) DODODO OO
MEru-wo  Yyomau
mail-acc  read
‘read mail’

(1.2) 0DOO0OO OOO0OO
meru-wo  jushin-sury
mail-acc  receive-(do)
‘receive mail’

These two expressions are nearly equivalent to each other in the personal computer
domain. Note that naive methods by which “0 0" (yomu, read) and “0 0007
(jushin-suru, receive) are regarded as synonyms do not work well, because these two

keywords would have different senses in other contexts.

Here is another expression gap at the phrase level:

(1.3) GIFO 0000
GIF-wo hyoji-suru
GIF-acc display-(do)

‘display a GIF”

(14) GIFO 000 0000
GIF-no gazo-wo  hyoji-suru
GIF-gen image-acc display-(do)
‘display a GIF image’

We can regard (1.3) as metonymy, and (1.4) as its interpretation. Namely, the user

uses “GIF” as a substitution for “GIFO0 00 7 (GIF-no gazo, GIF image).

. Vagueness gaps.

We tend to start with vague questions, not with specific ones. The preliminary
examination of the question logs revealed that more than 30 percent of questions
by users were very vague. Such questions are completely different from the answers

due to vagueness. For example, many users started with the following questions:

(15) 0000 000
era-ga oki-ta
error-nom occur-(did)
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‘An error occurred.’

(1.6) 000000
moji-bake-shita
character-corrupt-(did)
‘Characters were displayed corruptly.’

(1.7) 00O ooooo
henko-wo  hozon-shitas
change-acc save-(want to)

‘(I) want to save the changes.’

By contrast, every answer that corresponds to (1.5-1.7) is described by a specific
situation. Usually, error messages are specified with answers to (1.5), and names of

applications are specified with answers to (1.6) and (1.7).

Note that users’ intentions for (1.5) and (1.6) are also vague: they only described
the symptoms. In (1.5), the user wants to know how to solve the error message

problem, but his/her intentions are not specified externally.

4. Belief gaps.

At times, users may ask questions based on incorrect beliefs.

(1.8) WordO DOOO PDFOOO ooooo
Word-de bunsho-wo PDF-keishiki-de shutsuryoku-shitar
Word-ins document-acc PDF-format-ins output-(want to)

‘(I) want to output a document in PDF format using Word.’

The user seems to believe that Microsoft Word has a function for outputting PDF
files. However, Word does not actually have such a function, and Adobe Acrobat
should be installed to output PDF files. Although there is a text that answers how
to output PDF files using Adobe Acrobat, it does not match the user’s beliefs.

Note that each type of gap intertwines with others, and is caused by various factors.
For example, the expression gaps could be caused both by inherited variety in natural

languages, and by the users’ lack of knowledge.

1.2.2 Factors Responsible for Gaps

To resolve the various gaps between user questions and answer texts, we have to deal

with the factors behind the gaps. The author thinks that these gaps are caused by the
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following factors:

(i)

(i)

(iii)

Inherited variety in natural languages.

There are generally various ways of expressing the one thing in any natural language.

This inevitably causes expression gaps both at and beyond the keyword level.

Lack of knowledge about terms and expressions.

When asking questions about a product, we tend to be unfamiliar with technical
terms and special expressions concerning the product. In such cases, we usually
manage to somehow express our questions using similes, metaphors, metonymies, or
inaccurate expressions that our acquaintances often use. This results in expression
gaps at various levels. We also often frame vague questions because we do not know

what expressions will be specific to our situation.

Lack of knowledge on background information.

When we have questions while using a product, we tend to be unsure about the
background to the question, including the detailed features the product offers, and
the environment and conditions under which the problem occurred. That is, our

knowledge structure on the product is initially unstable.

This mainly causes vagueness gaps. Furthermore, it sometimes leads to our misun-

derstanding, and causes belief gaps.

Ezpectations of person answering.

We have a bias toward reluctance. We often unintentionally ask short and incom-
plete questions, and expect that the person answering will interpret our questions
flexibly, or he/she will ask us to clarify them. When we ask additional questions,
we usually omit already specified information, and expect that he/she will interpret

the question contextually.

This factor also causes many vagueness gaps. If the person answering has no capa-

bilities for dealing with such incomplete questions, it may also lead to belief gaps.

Generally, studies on text retrieval systems and QA systems have taken the first factor

(i) into account. Resolution of the expression gaps at the keyword level caused by the
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inherited variety in natural languages has been studied. We should note that expression
gaps beyond the keyword level can still not be resolved well.

In contrast, not much attention has been paid to the other factors (ii)-(iv), although
these factors are critical for information retrieval. Taylor examined the relationships

between a library system and its users, and categorized levels of user needs as follows [15]:
@1: the actual, but unexpressed need for information (the visceral need);

@Q2: the conscious, within-brain description of the need (the conscious need);

Q@3: the formal statement of the need (the formalized need);

Q4: the question as presented to the information system (the compromised need).

Taylor argued that we always start from (), in which our knowledge structure is very
unstable. As we acquire background information through interactions with our colleagues
and librarians, our knowledge structure gradually becomes stable, and we can proceed to
)2, Q3 and Q4 step by step. Suchman also argued that all human activities including
information retrieval are ad hoc situated actions, in which we cannot determine plans to
reach our goals (answers) beforehand [16].

In summary, Taylor and Suchman insisted that our knowledge for finding answers is
initially insufficient. This means that factors (ii) and (iii) are essential in information re-
trieval. In addition, we often ask incomplete questions, because too much effort is required
to frame complete questions, so factor (iv) is also necessary. To deal with these factors,
not only one response from a system, but also some kind of interaction with the users is
required. Sadek stated that the following interactions are required: negotiation ability,
contextual interpretation and language flexibility, interaction flexibility, and cooperative

reactions [17].

1.2.3 Previous Studies and the Author’s Approach

As the author previously discussed, some sort of interaction with users is required to
resolve the various gaps between user questions and answers. In addition, the author
pointed out that expression gaps beyond the keyword level still cannot be adequately
resolved. This subsection reviews previous work on resolving the various gaps, and the

author’s approach in coping with the problems they encountered.
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Although basic keyword-based text retrieval systems have no capabilities for interac-
tions, some studies have tried to implement the capabilities to systems. These studies
have mainly employed texts, keywords, and clusters as methods for ask-backs. Methods
using texts as ask-backs include relevance feedback, which was examined within SMART
system [18], and those using keywords include the system showing keywords related to
user queries. These methods are also employed by contemporary web search engines such
as Google and Excite. Cluster-based methods are employed by some systems such as
Scatter/Gather [19] and WEBSOM [20], where each cluster is expressed as representative
texts or keywords that are in the cluster. However, all the above have limitations, because
they use either keywords or texts for ask-backs; keywords are too abstract, and texts are
too specific.

In contrast, studies on resolving the gaps based on artificial intelligence techniques
began in the 1980s, and some methods have been implemented as expert systems, in-
cluding the Unix Consultant (UC) [21]. UC has the capability for ask-backs with user
questions using natural languages if the questions are ambiguous. However, such classical
expert systems depend on formal languages to represent knowledge, which require heavy
construction and maintenance costs and make scaling up quite difficult.

Studies on text retrieval systems and QA systems to resolve expression gaps have only
taken notice of gaps at the keyword level. Studies on text retrieval systems have used
query expansion using term clustering [22], thesauri [23], latent semantic indexing [24],
and other techniques. Recent studies on QA systems have also used thesauri or something
approximating them; Harabagiu [25] used WordNet, and Kurohashi et al. [26] used a do-
main ontology. The expression gaps beyond keyword level cannot be adequately resolved
by these methods, because more sophisticated natural language processing, including
analysis of phrases and interpretations of metonymy, is required.

Now let us summarize the above discussion. As the author mentioned at the beginning
of this chapter, there is a potential answer to any of our questions that exists somewhere
in a large text collection; however, various gaps prevent us from accessing the appropriate
texts to answer our questions. The author pointed out that interactions are necessary to
resolve these gaps. Such interactions have mainly been studied through two approaches:
extensions to keyword-based text retrieval systems, and the application of artificial in-
telligence techniques. However, these approaches have had limitations: the former, i.e.,

ask-backs through keywords or texts, has been insufficient to resolve the gaps; while the
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latter has not been able to be applied to existing large text collections. In addition,
expression gaps beyond the keyword level had still not been adequately resolved in the
previous studies.

This thesis proposes a solution to dealing with the various gaps, by advancing an
approach employed in open-domain QA systems; that is, by utilizing NLP techniques
such as full-parsing, various expression gaps at and beyond the keyword level can be
resolved, and a user can be navigated from a vague question to specific answers that meet
his/her situation through interactions. This approach has definite advantages over the
others: unlike extensions to keyword-based text retrieval systems, this approach enables
ask-backs, using phrases, not keywords or texts, and in contrast to the other methods
based on artificial intelligence techniques, this can be applied to real-world large text
collections.

Note that the resolution of some gaps has had to be left as future issues that need to
be addressed; it is still difficult for the current NLP techniques to resolve some expression
gaps beyond the keyword level, including anaphora, ellipses, and metaphors in dialogs.
The resolution of belief gaps will require user modeling, but none of the present studies

on user modeling can be applied to large text collections.

1.3 Overview of Dialog Navigator

Based on the real-world text collections provided by Microsoft Corporation, the author
implemented the proposed methods on a system, the Dialog Navigator, which targeted
common users of Windows PCs. The system started service on April 2002 at Microsoft
Corporation’s website.

Figure 1.1 shows the user interface for the Dialog Navigator. It has two frames: the
upper shows dialog histories between the user and system, with an input box for the next
user utterance; while the lower offers various choices. The user accesses the system with a
web browser, and inputs a question in the input box with the keyboard. Next, the system
does ask-back, by showing some choices in the bottom frame. If the user selects his/her
choice with a mouse, the system displays an answer text, or does other ask-backs.

Now let us look at some dialogs example between users and the Dialog Navigator.

This one clarifies a vague question through dialog:

(1.9) Ul: 0000000 ‘An error occurred’
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Figure 1.1: User interface for Dialog Navigator

S1: 0000000000007 ‘When did the error occur?’
1. Windows 0 0 00 ‘While booting Windows’
2. 000 ‘While printing out’
3. ...

U2: Windowsd OO ‘While booting Windows’

S2: 00000000 WindowsOODOOOOOOO ‘Which version of Windows are
you using?’
1. Windows 95
2. Windows 98
3. ..

U3: Windows 98

S3: 00000000 DO0ODDOOOOD ‘Please select from the following choices.’

1.Ws:ODoDooooooooooooooooooon ‘W98: An error in trying
to load font drivers on start-up’
OJiIsoodooOoOooobooobOooboooooooooooOooooaon
O000D0OD0OO00D0O000 ‘Font loading errors such as “JIS font driver has
not been installed” were caused’

2. WR.OOOODDO<OOOOO >000000000000000000 ‘W98:
The error “[filename] is illegal or not found” occurred on start-up’

3. ..

The system did two ask-backs with the user, clarifying his/her vague question. In addition,
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when the system displayed answer texts as choices, it did not show these texts per se, but

showed kinds of summaries as specific situations.

The following two dialogs are examples where user questions are precisely and flexibly

matched with texts:

(1.10)

(1.11)

Ul: 000000 ‘I want to add columns.’
S1: 00000000000 000D0OO0 ‘Please select from the following choices.’

Ul:
S1:

1.

O000000000O0000000000 ‘Insert or delete columns or rows on

spreadsheets’
ExcelOOOOOOOOOOOOONOD ‘Insert empty cells, columns, or rows in

Excel’

PowerPoint 0 000000 OOO0O ‘Insert columns or rows on tables in Pow-
erPoint’

00000000000000000d ‘Insert empty cells, columns, or rows in
Graph’

00oOooogdno ‘Ican’t add columns.’
00000000 O00DO0O0000 ‘Please select from the following choices.’

1.
2.

Excel: 00 00O ‘Excel: Inserting columns’

XL2002: 0000 00000000000 0O ‘XL2002: Columns are automati-
cally (involuntarily) inserted on a shared file’

XL2000: 000000000000 ExcelOOOODOOODO ‘XL2000: Excel
will crash if copied columns are inserted’

.SQL: 000000000000 D0O00D00000D0O00O00OOg ‘SQL: Du-

plicated columns are inserted on unique non-clustered indexed tables’

5. ...

In these dialogs, a few relevant texts were shown to the user to answer his/her questions:

the two synonymous phrases (“O0 007 (gyo-wo tsuika, add columns) and “0 0 O

07 (gyo-wo sonyu, insert columns)) matched, and coordinations in text sentences were

properly handled. In addition, text collections were selected depending on question types:

in (1.10), on-line help texts were displayed because the user asked how he/she could add

columns, and in (1.11), trouble shooting texts were displayed because the user identified

the symptom.

1.4 Outline of Thesis

As the author pointed out at the beginning, vagueness gaps between user questions and

texts create big problems in many situations around our world. Dialogs that clarify such

vagueness are necessary for the real-world system that will replace call centers and experts.
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To achieve such dialogs using real-world text collections, the thesis proposes a system

based on the following methods:

e Precise and flexible matching methods.

To achieve dialogs that will clarify vague questions, it is necessary to precisely and

flexibly match the user question with the texts.

Chapter 2 described several NLP-oriented methods that would bring such matching

into being:

— analyzing syntactic structures using a fairly accurate Japanese parser KNP [27],

— resolving expression gaps using a dictionary, that contains synonyms, synony-

mous phrases, hypernyms, and hyponyms,

— selecting text collections based on estimates of question types and detection of

product names, and

— matching score calculations based on the dependency structures of both user

questions and text sentences.

Chapter 3 extended these methods, i.e., matching of metonymic expressions. Metonymy
is a figure of speech in which the name of one thing is substituted for that of some-
thing else to which it is related [28]: e.g., in the sentence “GIFO0 00007 (GIF-wo
hyoji-suru, display a GIF), “GIF” virtually indicates “GIFO O 0" (GIF-no gazo,
GIF image). Handling metonymic expressions is very important, because such ex-
pressions frequently occur both in user question and texts, and often raise gaps in

syntactic structures. The extended method consists of:

— automatic acquisition of metonymic expressions and their interpretative ex-
pressions from large corpora, including numerous user questions collected by

Dialog Navigator, and

— resolution of syntactic structure gaps using the acquired expressions.

Both Chapter 2 and Chapter 3 had evaluations with testsets, and proved the effec-

tiveness of the methods.

o A strategy for efficiently clarifying vague questions.



1.4. OUTLINE OF THESIS 15

It is necessary to do ask-backs with the user to clarify his/her vague questions. For
efficient ask-backs, the author proposes a strategy of complementarily using two

methods.

Chapter 4 described those two methods, that is to say:

— Description extraction: a bottom-up approach.
In most cases, the neighborhoods of the part that matches the user question
describe specific symptoms and conditions of the problem that he/she often
encounters. The system automatically extracts such neighborhoods (called

descriptions here) based on syntactic structures.

— Dialog cards: a top-down approach.

If a user’s question is too vague, the bottom-up approach often fails, because
it is difficult to detect parts matching the user’s question. To deal with the
problem, the system uses the know-how of Microsoft Corporation’s call cen-
ter. Namely, the system has dialog cards through which it does ask-backs for

frequently asked questions that are vague.

o Architecture for Real-world Operation.

To integrate these methods into a real-world system, several necessities, such as an
interface for efficient dialogs, robust dialog controls, and user friendly outputs, are

required.

Chapter 5 discussed a total architecture and real-world evaluation of the system,
that is, the Dialog Navigator. It has been accessible to the public on Microsoft
Corporation’s website from April 2002. The proposed methods were evaluated by
analyzing the question logs for Dialog Navigator, in terms of the following three
aspects:

— Does the system return relevant answers?

— How do users and the system behave in each dialog?

— How do the results of description extraction help users?

The results for each evaluation proved the effectiveness of the proposed methods.

Chapter 6 concluded this thesis.






Chapter 2

Precise and Flexible Matching
Methods of User Questions with
Texts

2.1 Introduction

“Information retrieval” in a broad sense is to seek information that satisfies user’s demand
in the real world. However, almost all previous studies on information retrieval have
targeted a problem that a system matches a user question (i.e. sentences or a collection of
keywords) with a lot of texts. That is to say, these studies were based on an assumption
that information queries are described as sentences or collections of keywords, and that
information in the real world is described as texts.

After 1990s, the amount of available texts has rapidly increased as the Internet became
popular, and information retrieval techniques are required more and more. Applications
of the techniques include not only conventional text retrieval systems, but also question
answering systems, dialog systems, and example based machine translation systems.

As we have mentioned in Chapter 1, until 1980s, most of studies on information
retrieval approximated both user questions and texts to collections of keywords. NLP-
oriented approaches, like full parsing and semantic analysis, were also studied, but no
significant improvement was achieved. Salton [10] evaluated several methods on SMART
system, and reported that a simple indexing process based on the assignment of weighted
terms to texts and search requests produced better retrieval results than a more sophis-
ticated content analysis based on syntactic analysis.

In 1990s, along with the improvement of NLP, the applications of NLP techniques for

information retrieval revived.

17
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First, several studies for applying NLP techniques on text retrieval were done in Text
REtrieval Conference! (TREC). In TREC-2, Strzalkowski et al. [29] tried out weighting
on using four types of head-modifier pairs given by a grammar-based parser, and reported
that such weighting improved performance. And then, NLP Track, which provided a more
focused look at how NLP techniques can help in achieving better performance in text re-
trieval, were organized in TREC-5. In this track, GENLP system [30] and CLARIT sys-
tem [31] applied full-parsing-based methods (i.e. using head-modifier pairs), and reported
some improvements of performance. But, that improvements were limited as compared
with costs for deeper syntactic analysis, and fewer studies for applying NLP techniques
have been done in subsequent TREC tracks. Strzalkowski et al. [32] summarized TREC-5
NLP track as follows:

. natural language processing techniques have solid but limited impact on

the quality of text retrieval, particularly precision.

Contemporary web search engines are also in line with the conventional text retrieval
techniques: they do not depend on NLP techniques, excepting morphological analysis.
The improvements of retrieval performance have mainly achieved by proximity matching
techniques, and exploitation of HTML structures or hyperlinks.

Meanwhile, studies on text-based QA systems, which started in the former half of
1990s, have focused on applications of NLP techniques in general: MURAX [11], which
is a QA system based on a encyclopedia, applied predicate-argument matches for answer
re-ranking; FAQ Finder [8] applied case analysis and question type analysis for matching
a user input with “questions” in FAQ files of USENET; and Dialog Help system of CIMS
Kyoto University [26] also analyzed sentence structures for flexible matching of user query
with natural language knowledge base, and realized basic dialog facilities such as asking-
backs and contextual interpretations. This trend was taken over by recent studies on open
domain QA systems of TREC QA tracks [5] and NTCIR QAC [9]. In these tracks, most
of excellent systems adopted sentence structure analysis and question type analysis for
finding relevant answers precisely [12—-14].

Why are the NLP techniques effective not for text retrieval systems, but QA systems?
It comes from the difference of their goals. The target of text retrieval is to find a text

collection that satisfies user’s query, and in most cases it is achieved by approximating

lhttp://trec.nist.gov/
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each text as a collection of keywords. Needless to say, some queries require consideration of
relations between keywords. However, the requirement is generally satisfied by proximity
matching techniques, and the NLP techniques have little part to play. In contrast, the
target of QA is to find “exact” answers from each text: proximity matches is insufficient,
and it requires sentence structure analysis.

Also, the main target of this thesis, i.e., the resolution of the gaps between user
question and texts, requires the sentence structure analysis. First, to resolve expression
gaps on a phrase level, e.g. between (2.1) and (2.2), a matching method based on sentence
structures is required. Naive methods by which “O0 07 (yomu, read) and “0 0007
(jushin-suru, receive) are regarded as synonyms do not work well, because these two

keywords would have different senses in other contexts.

(2.1) 0OOOO0 OO
MEru-wo  Yyomu
mail-acc read

‘read mail’

(22) 0OOOO OOOO
meru-wo  jushin-sury
mail-acc receive

‘receive mail’

Secondly, to resolve vagueness gaps, i.e., to make asking-backs for vague questions, the
sentence structure analysis is also required: in many cases, the neighborhoods of the parts
that match the question in texts are suitable for such asking-backs, because they make
the difference between matched texts more clear (We describe the method for making
such asking-backs in Chapter 4).

This chapter proposes several methods for achieving precise and flexible matching that
satisfies the above purposes, based on full-parsing results of user questions and texts. First,
Section 2.2 describes text collections that we target in this thesis. Next, Section 2.3 gives
basic sentence structure analysis methods, including parsing and question type estimation.
Section 2.4 gives two methods for resolving expression gaps between user questions and
texts: synonymous expression dictionary and ontological dictionary. Section 2.5 shows
indexing methods for retrieving relevant text fast. Section 2.6 shows two selection methods
for finding exact texts: selection by question types and product names. Section 2.7

describes score calculation methods for improving precision, giving large points to matches
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Table 2.1: Text collections

# of # of matching
text collection | texts characters target
Glossary 4,707 700,000 entries
Help texts 11,306 6,000,000 titles
Support KB | 23,323 22,000,000 entire texts

of modifier-head relations of Japanese sentences. And then, Section 2.8 evaluates the
proposed methods on testsets, Section 2.9 compares our methods with those of previous

work. Finally, Section 2.10 concludes this chapter.

2.2 Text Collections

In this thesis, we target three types of text collections provided by Microsoft Corporation
as the knowledge base. Table 2.1 shows the text collections and their scales.

Glossary (Figure 2.1) has definitions of terms related to computers. Help texts (Fig-
ure 2.2) have instructions for Windows, Office, and other Microsoft’s products. Support
KB (Knowledge Base, Figure 2.3) is a large text collection provided by Microsoft Cor-
poration. Mainly this collection consists of frequently asked questions for call centers,
technical information of products, and trouble shooting information.

We limit matching targets of each text collection as follows:

Glossary each entry word is targeted for matching with user questions, because it cor-

responds with “What is” questions (e.g. “What is NET?").

Help Texts the title of each help text is targeted for matching with user questions,
because it corresponds with “How to” questions (e.g. How to send an e-mail by

Outlook?)

Support KB entire texts are targeted for matching with user questions, because situa-
tions or symptoms of each problem are usually explained by the whole sentences of

each text.
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C#
NET Framework 0000000000000 OCDO0OOOOOOOOOOOOOOO
00000000A programming language optimized for programming on the .NET
framework.’

Microsoft .NET
200000 00000000000 DO00O0000OO00O0ODOOOODOODOOOODODOOOO0
00000000000 0000DO0DO0ODOO0d ‘The architecture that provides both
operating and development environments of softwares, comprehensively supporting the
Internet, released by Microsoft in 2000.’

O00O00dogd ‘clustering’
0000000000000 DO0D0OD 1000000000000 ODOOO000d
D0O0D0OO0O00oO0O ‘A technology for operating multiple computers by integrating
them, as if they were one large-scale computer system.’

goo JIS ‘Shift-JIS’
0000000000000 DO0000DO000000 000 ‘One of the Japanese
character encoding schemes mainly used for personal computers.’

Figure 2.1: Glossary

2.3 Sentence Structure Analysis

This section proposes the method for getting sentence structures which are suitable for
the matching, based on modifier-head (M-H) relation structures of Japanese sentences.
This method is applied for both user questions and sentences in texts (We call them text

sentences in the following sections).

2.3.1 Parsing and Keyword Extraction

First of all, both user questions and texts are parsed, using a morphological analyzer
JUMAN [33] and a parser KNP [27] for Japanese. JUMAN segments sentences into words
(words in Japanese sentences are usually not separated by white spaces) and detects their
PsOS. KNP detects dependency relations between bunsetsu units. Bunsetsu is a commonly
used linguistic unit in Japanese traditional grammar, consisting of one or more adjoining
content words and zero or more following functional words 2.

After that, keywords are extracted from each bunsetsu. Words that are detected as

the following PsOS are extracted:

2The English equivalent for bunsetsu would be a small noun phrase, a prepositional phrase, or a verb
phrase consisting of auxiliary verbs and a main verb, and so on.
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Excel D OOOOOODOODOOODOO ‘Inserting
empty cells, columns, or rows in Excel’

1. 00000000000D0000 ‘Carry out one of the following operations:’

000000000 ‘Inserting empty cells’ 0000000000 O0OOOO
U0 OO O ‘Highlight cells where to insert new cells.” OO0 O0O00O0O0OODO
0000000000 ‘The number of the highlighted cells should be same
as that of inserting cells.’

U0 100000 ‘Imserting a column’ D0 000000000 OOO0OODO
01000000 0004 ‘Click on a cell on the column just below the location
toinsert a column.” 0000 5000000000000000O500000
0000000 000 ‘For example, if you want to insert a column above
the fifth column, click on a cell on the fifth column.’

000000000 ‘Inserting multiple columns’ 000000000000
000000000 ‘Highlight the columns just below the location to insert
columns.” 000000000 O0O0O0O0OODOOO OO O The number of the
highlighted columns should be same as that of inserting columns.’

00100000 ‘Imserting arow’ 00000000000 DOOODOODODO1
000000000 ‘Click on a cell on the just right row of the location to
insert arow.” 0000 BOOOOOOOODOOOOODOOOOOBOOOO
000000000 ‘For example, if you want to insert a row on the left of
the row B, click on a cell on the row B.’

000000000 ‘Inserting multiple rows’ 00 000000000000
0000000 ‘Highlight the rows on the just right row of the location to
insert rows.” 000000000 D0O0OOODOOOOOOOO ‘The number of
the highlighted rows should be same as that of inserting rows.’

[00]00000 [00)00]00]00000000000 000 ‘Click on either
of [cell], [column], or [row]| in [insert] menu.’

. 000000000000 oOOU00DOOUO0OO0O[DOOOOO]DOoOO

000000000000 0000000D0O00OO0000000a0 ‘If you want to
move or copy not columns or rows but a cell area, click on the direction to shift
the surrounding cells in [insert/paste| dialog box.’

Figure 2.2: A Help Text
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Recycle Bin Settings Not Retained During Windows 2000 Upgrade
(Q240433)

The information in this article applies to:
e Microsoft Windows 2000, Advanced Server
e Microsoft Windows 2000, Professional

e Microsoft Windows 2000, Server

SYMPTOMS

After you upgrade to Windows 2000, from Microsoft Windows N'T 4.0, Microsoft
Windows 95, or Microsoft Windows 98, your settings for the Recycle Bin may be
different than they were before you upgraded.

CAUSE
This issue can occur because the settings for the Recycle Bin are not migrated
during the upgrade.

RESOLUTION
To resolve this issue, right-click Recycle Bin, click Properties, configure the
settings you want, and then click OK.

MORE INFORMATION
The Recycle Bin settings for Windows 95 and Windows 98 are in the registry.
The Recycle Bin settings for Windows N'T 4.0 are kept on disk.

Figure 2.3: Microsoft Support KB (an English version)

23
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e CcOmmon nouns.
e sahen nouns.

e proper nouns, including person names, place names, and organization names.
e numerals.

e verbs.

e adjectives.

e adjective verbs.

e adverbs.

e katakana words.

e Roman alphabet words.

Conjugations of verbs, adjectives, adjective verbs, adverbs are normalized into original
forms.

Excepting that extremely general verbs are not extracted: “0O0 07 (suru, do), “O
07/“00007 (okonau, do), “0 07 (aru, be), “007/“007 (iky, go), “00 07 /0
007 (dekiru, can do), “0007/“00 00" (kudasary; honorific) and ‘00 0 O0O7

(gozaimasu; honorific).

2.3.2 Unification of Bunsetsu

It is a difficult issue to determine a base unit for the matching of user question with
texts. In most cases the bunsetsu unit annotated by KNP is appropriate, there are some

exceptions. Consider the following two sentences.

(23) OO0 | 00D0OOOO
gamen-wo | copi-deki-nai
screen-acc  copy-(can)-(not)

‘(I) can not copy the screen’

(24) 0OOO0OOO | OO0 | OOO | DOO0
gamen-copi-wo | suru | koto-ga | deki-nai
screen-copy-acc  (do) (matter)-nom  (can)-(not)

‘(I) can not do screen copy’
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[B] merging with oo

amen
the |eft bunsetsu e

ooo |0 oooo 0o 00 o0
@ copi wo suru koto  ga deki nai
[A] division of copy acc (do) (matter) nom(can) (not)
bunsetsu _l [C] assignment of nagation flags
oo oo
deki nai
(can) (not

Figure 2.4: Unification of bunsetsu and assignment of negation flags

(“I” shows a boundary of bunsetsu annotated by KNP.)
These two sentences have almost the same meaning, but the analysis results of KNP are
quite different: (2.3) is divided into two bunsetsu, and (2.4) is divided into four bunsetsu.
To match such sentences correctly, bunsetsu are divided and unified by the following

rules (Figure 2.4):

1. If a bunsetsu has multiple keywords, it is divided into each correspondent single
keyword. For example, a bunsetsu “0 0O (gamen, screen) 00O O (copi, copy) O

)

(wo; acc)” is divided into two bunsetsu: “0 0 (gamen, screen)” and “00 O (cop,
copy) O (wo; acc)” (Figure 2.4 [A]). Note that it is supposed that the divided two
adjacent bunsetsu have an M-H relation, and that the following functional word *

O (wo; acc)” belongs to the latter bunsetsu.

2. If a bunsetsu forms fukugo-ji (compositive ancillary words of Japanese) or has no
keywords, it is merged with the left bunsetsu. For example, “0 0 (suru, do)”, “O
O (koto, matter) O (ga; nom)” and “0 O (deki, can) O O (nai, not)” are merged,
because they have no keywords (Figure 2.4 [B]).

2.3.3 Assignment of Negation Flags

There are several variations of negative expressions in Japanese. For example, “00 07
(nai; adjective), “O7 (nwu; auxiliary verb), “07 (hi; prefix), or “O7 (fu; prefix) mean
negation. To resolve gaps of these negative expressions between user questions and texts,

negation flags are assigned to bunsetsu that contain negative expressions (Figure 2.4 [C]).



26 CHAPTER 2. PRECISE AND FLEXIBLE MATCHING METHODS

Table 2.2: Question types

question type ‘ percentage ‘ description question-pattern rules (e.g.)
what type ~ 10% The wuser asks some | D00 ODOOO ‘What is
fact. L7 000o0o00o0 ‘Make

an explanation about ...’;

OO0O000000 ‘Tell me
what ... mean’

how type ~ 35% The user asks how to |0 000000 ‘Tell me
do something. how to ...; DO OO OO O
0000 ‘What am I going
to do for ...77; OO OO0
‘How to ...7’

symptom type ~ 50% The user shows some | DO OO OO ‘endup ...”; O
symptom since he/she | 0 00 00O ‘I cannot use

want to know how to | ...; DO OO OO ‘I cannot
cope with it. do ...
no type ~ 5% The user asks other | D0 000007 ‘What is

types of questions, in- | your name?’; 000 OO
cluding out-of-domain | ‘Hello’; 00O OO O ‘I want
questions. ’

2.3.4 Question Type Estimation

In order to select text collections (Subsection 2.6.1) appropriately, question types of user
questions are estimated using question-pattern rules.

Table 2.2 shows the four question types that our method employs. These types were
derived by our preliminary examination of the question logs for the natural language
based text retrieval system Hanashi-kotoba Kensaku® serviced by Microsoft Japan.

The estimation of question types is based on the longest matching of question-pattern
rules from the end of user question. Table 2.2 right shows the examples of question-
pattern rules. This method works well in most cases, because Japanese is head-final, and

the final expression shows a question type [26].

3http:/ /www.microsoft.com/japan/enable/nlsearch /
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2.3.5 Removal of Final Expressions

To avoid ineffective matches with texts, some final expressions that match particular
question-pattern rules are removed from user questions. Such final expressions are usually
useless for the matching.

For example, if a user question ends in “0 0000007 (...tte nan-desu-ka, What is
.; what type) or ‘00000007 (... hoho-wo oshiete, Tell me how to ...; how type),

these final expressions are removed.

2.4 Expression Gap Resolution

The expression gaps between user questions and texts are a big problem for the matching.
To cope with this problem, two types of dictionaries are used: synonymous expression

dictionary and ontological dictionary.

2.4.1 Synonymous Expression Dictionary

In addition to synonyms (keyword level), there are a great deal of synonymous phrases
(phrasal level) such as “00 00000007 (pasokon-wo kido-suru, boot a PC), “Win-
dowsO OO 0OO” (Windows-wo kido-suru, boot Windows), and “000 00 O” (dengen-
wo ireru, switch on). Our method resolves such phrasal gaps using the synonymous
expression dictionary.

Figure 2.5 shows a part of synonymous expression dictionary. It groups keywords
and phrases as synonymous expressions (We call these groups as synonymous expression
groups). The groups of synonymous keywords were mainly derived from a synonym dic-
tionary constructed by Microsoft Corporation. In contrast, the groups of synonymous
phrases were made by analyzing the question logs for Hanashi-kotoba Kensaku: to be
exact, we extracted frequently occurred phrases, and then manually grouped them.

Our method utilizes this dictionary as follows:
1. Each expression in the dictionary is analyzed by the method described in Section 2.3.

2. Recursive relations in the dictionary are automatically expanded. Figure 2.6 shows

an example of such relations. Consider the following expression.
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[O0 hassei
00, 000, 000
hassei  okiru okoru
‘occur’  ‘occur’  ‘occur’
OO0 tsukau

oo, 00, 0dOo

tsukau  shiyo tsukaeru

‘use’ ‘use’  ‘can use’
(OO0 yomul

OO0, 0000

yomu  yomikomu

‘read’”  ‘read .. into’

[OO00O meruyl
goo, Oooo, emal
meru meiru e-mail
‘mail’ ‘mail’ ‘e-mail’

(000000 meru-wo yomul

gooooo, Oooboogooog, oobobood, ooobooooooo
MEeru-wo Yyomu MEru-wo jushin-suru messége-wo yomu — messege-wo jushin-suru
‘read a mail’ ‘receive a mail’ ‘read a message’ ‘receive a message’
[DO0O0000000 pasokon-wo kido-surul

Oo00o0ooooog, WindowsOOGOOGO, DOD0DODOO

pasokon-wo kido-suru  Windows-wo kido-suru — dengen-wo ireru

‘boot a PC’ ‘boot Windows’ ‘switch on’

Figure 2.5: Synonymous expression dictionary



2.4. EXPRESSION GAP RESOLUTION 29

(25) ODOOO OO
MEru-wo  Yyomau
mail-acc read

‘read a mail’

It contains two keywords: “O00 07 (meru, mail) and “0 07 (yomu, read). The
former has two synonyms: “0 007 (meiru, mail) and “e-mail”. Also the latter
has a synonym: “00 007 (yomikomu, read ... into). In this case, that phrase is

preliminarily expanded into 3 x 2 = 6 phrases.

Note that each structure of expanded phrase is preserved.

3. Synonymous expression groups are extracted from each analyzed result of a target
sentence (both a user question and text sentence), by looking up the expanded syn-
onymous expression dictionary. This extraction is based on the structures of both
target sentences and phrases of the dictionary. If a part of a target sentence is per-
fectly matched with a phrase of a synonymous expression group (including keywords

in each bunsetsu and M-H relations between bunsetsu), the group is extracted.

In Figure 2.7, four synonymous expression groups [0 O tsukau], [0 00 meéru], [0

O yomu], and [O 00000 meéru-wo yomu] are extracted from a user question.

To reduce response time for a user input, synonymous expression groups are pre-

liminarily extracted from text sentences, and an index is created (see Section 2.5).

4. To match the groups extracted from both a user question and a text sentence at the
score calculation process (see Subsection 2.7.1), the information which bunsetsu and
M-H relations each group is extracted from is kept. For example, in Figure 2.7, the
following information is kept: a group [0 0 00O OO meéru-wo yomu] is extracted

from bunsetsu C, D and the M-H relation between C and D.

2.4.2 Ontological Dictionary

In some cases, the expression gaps between user questions and texts can not be properly
resolved by the synonymous expression dictionary. Consider the following two expression
gaps: ‘00007 (brauza, browser) <= “IE5” (Internet Explorer 5) and ‘0 00 07
(brauza, browser) <= “IE6” (Internet Explorer 6). If the three keywords (‘0 000"
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[ODOCO merul

ooo ][ ogo ] e-mail
meru meiru e-mail
mail mail e

[0O yomu]
00 ][D 00 D]}
yomu yomikomu
r read .. into

CHAPTER 2. PRECISE AND FLEXIBLE MATCHING METHODS

oooo
yomikomu
fead .. into

ooood
yomikomu

read .. into

oopoo
yomikomu
fead .. into

Figure 2.6: Expansion of recursive relations

OutlockD O OO OODOOOODOO.
Outlook-wo tsukatte meru-wo yomenai.
| cannot read mails using Outlook.

Outlook
Outlook
Outlook

T
Exieadiii.{,

<

[0 0O tsukau], [0 OO meru],
[OO yomul,
[DDODDOD0OOCO meru-wo yomu]

Figure 2.7: Extraction of synonymous expression groups from a user question

Synonymous expression database

—
v

[O O tsukau]
oo Y oo Y ooo
tsukau shiyo tsukaeru
use J\__ _use ) Ccan use
[ODO0O0 meru]

ooo \ ooo ‘[ e-mail ]
meru meiru e-mail
mail _ A\__mail ) \_email

[OO yomu]
00 Yoooo)

yomu yomikomu
reed J\Jiead..into)

[DOO0000 neru-woyomu]

ooo ) ooo

mai mai cee
00 og
yomu jushin
read receive
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|
0000 (brauza, browser)

IE Netscape Navigator Mozilla Opera
(Internet Explorer)

IE3 1E4 IE5 IE6

Figure 2.8: Ontological dictionary

(brauza, browser), “IE5”, and “IE6”) are regarded as synonyms, a problem occurs. For a
question about “IFE6”, texts about “IE5” are incorrectly shown.

To cope with this problem, our method uses an ontological dictionary as shown in
Figure 2.8, and expands hypernyms and hyponyms of keywords in texts. If any keyword
of this dictionary occurs in a text, its hypernyms and hyponyms are also regarded as
keywords of the text. For example, if “IE6” occurs in a text, its hypernyms ( “/E” and
‘00007 (brauza, browser)) are also dealt as keywords. If “IE” occurs in a text,
its hypernyms (‘O O O 07 (brauza, browser)) and its hyponyms ( “IE3”, “IE4”, “IE5”,
and “IE6”) are also regarded as keywords. Our method avoids the above problem by

suppressing such expansions for user questions.

2.5 Indexing

To retrieve texts fast, our method creates an index of keywords and synonymous expression
groups in advance.

Our method extracts keywords and entries of synonymous expressions from the user
question, and then looks up them in the inverted index. It selects texts which contain
at least one keyword or synonymous expression. If the number of selected texts exceeds
1000, the best 1000 texts that have more matched keywords or synonymous expressions

are selected.
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Table 2.3: Selection of text collections by question types

question type

text collection what how symptom no
Glossary what type ) 0
Help texts  how type 0 0 0
Support KB symptom type 0 0 0
how type 0 0 0

no type 0 0 0 0

2.6 Selection of Text Collections

To match a user question with texts more exactly, our method selects text collections by

question types and product names.

2.6.1 Selection by Question Types

As we have mentioned in Subsection 2.3.4, our method extracts question types (symptom,
how, or what) of the user input. The text collections can be also classified into those
three types. It seems that Glossary corresponds to what type, Help texts to how type,
and Support KB to how or symptom type. Hence our method can precisely select texts
by those types.

Text collections are selected as shown in Table 2.3, based on question type estimation
described in Subsection 2.3.4. Basically, what type questions are answered by Glossary,
and how type questions are answered by Help texts. About Support KB, our method uses
tags that indicate how type or symptom type.

Note that our method selects all the text collections for what type questions, showing
users Glossary texts first. It is because some what type questions may be interpreted
as other types. For example, a what type question “0 00 0000000O0O0O00O0O0
07 (kontororupaneru-ni tsuite oshiete, Could you tell me about Control Panel?) may be
interpreted that a user asks not about the definition of Control Panel, but how to use

Control Panel.
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2.6.2 Selection by Product Names

Texts are generally classified under products (e.g. Windows, Word, and Excel) as shown
in Figure 2.3. Our method also selects texts by product names occurred in the question.

If product names occur in the question, texts for these products are selected. If
multiple product names occur (e.g. “Ezcel0 00000 WordODODO OO OO” (Ezcel-de
tsukutta hyo-ga Word-de yomikomenai, I can not read a table made by Excel into Word)),

texts tagged with any of the product names are selected.

2.7 Score Calculation

Our method calculates the score of each text that is selected by looking up the index (see
Section 2.5) and then selected by question types and product names (see Section 2.6).
The calculation of each text score are based on similarity between the user question and
a sentence in the text. To improve precision, large points are given to matches of M-H

relations of Japanese sentences.

2.7.1 Sentence Similarity Calculation

Similarity between a user question and a text sentence is calculated as a product of both
sentences’ ratios of which bunsetsu units and head-modifier relations have correspondence
with the other’s bunsetsu units (coverage), based on unified bunsetsu units described in
Section 2.3.

First, our method makes correspondence of bunsetsu units and head-modifier relations
between the two sentences, and gives correspondence score (¢; 0 < ¢ < 1) for each of

them, according to the following conditions:

1. If a keyword in A (a bunsetsu unit of a user question) corresponds with a keyword in
A’ (a bunsetsu unit of a text sentence), our method makes correspondence between

A and A’. The correspondence score ca as is calculated as follows:

(a) If A and A’ have same keywords,

. _ (# of keywords that are in both A and A’) (2.6)
AATT max(# of keywords in A, # of keywords in A’)’ ‘

For example, if A is “Windows 98 SE” (three keywords) and A’ is “Windows
98” (two keywords), ¢ = 2/3(~ 0.67), because two keywords “Windows” “98”
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are in both A and A’. Note that in most cases ca a» = 1.0, because most

bunsetsu has only one keyword.

(b) If a keyword in A matches a hypernym/hyponym of it in A’, caar = 0.9

(discounted score).

(c) If negation flags of A and A’ do not match, ca as is 0.6 times as big as in the

case that the flags match.

2. For an M-H relation in a user question A — B and an M-H relation in a text sentence
A’ — B’ (A, B, A’ and B’ are bunsetsu units, and — shows that the left bunsetsu
depends on the right bunsetsu), if A corresponds A’, and B corresponds B’, our
method makes correspondence between A — B and A’ — B’. The correspondence

score ca_.B A/'—p is calculated as follows:
CA—B,A’'-»B’ = CA A’ * CBB/- (2-7)

3. If a synonymous expression group extracted from a user question is also extracted
from a text sentence, our method makes correspondence between bunsetsu units and
M-H relations from which the groups are extracted (Figure 2.9). The correspondence

score ¢ = 1.0.

As a result, every bunsetsu and M-H relation of both sentences has correspondence score.
If it has no correspondence, its score equals zero. And if it has multiple correspondences,
the maximum score is regarded as its score.

The coverage C' of a sentence (both a user question and a text sentence) is calculated

as follows:

_ ZXEB cx +m- Z(X1—>X2)€IR CX1—X2
n(B) +m - n(R)

where B is the collection of bunsetsu, R is the collection of M-H relations, n() means

C (2.8)

the number of elements (bunsetsu or modifier-head relations) in a collection, and m is a
parameter for weighting on matches of M-H relations (m > 0). Note that we can change
m to improve precision of matching.

Finally, the similarity S between the user question and the text sentence is calculated

as follows:
S=Cy-Cr (2.9)

where Cy is the coverage of the user question, and C7 is the coverage of the text sentence.
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user question text sentence
oooooooooooo Oo0ooooooooooo
meru-wo yomikomu-no-ga 0soi meru-no jushin-ni jikan-ga kakaru
Itisslow to read amail (into It takes a (long) time to receive amail
the computer)

[DDODDO0OOO meru-wo yomu]

[D0O00O0O0 meru-wo yomu]

[DO0O0O000 jikan-gakakaru] «=—[0 00000 jikan-ga kakaru]

Figure 2.9: Making correspondences of synonymous expressions

In Figure 2.10, both the user sentence and the text sentence has three correspondences
of bunsetsu and two correspondences of M-H relations, and all the correspondence scores
c are 1.0. As a result, the coverage is Cyy = 1.0 and C'r = 0.54 respectively, and then the
similarity S = 0.54.

2.7.2 Representative Sentences and Scores of Texts

Our method selects the sentence which has the largest similarity in a text as the repre-
sentative sentence of the text. For Glossary and Help texts, these entries or titles are
selected as the representative sentence, because each of those has only one sentence as

the matching target. The similarity of the sentence is regarded as the score of the text.

2.7.3 Special Score Calculation for Support KB

Because Support KB has very large texts and the whole of them are the matching target

as shown in Table 2.1, our method applies special calculating scores for Support KB as
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user gquestion
OutloockD O OO OO OO
Outlook-de meru-ga kowareru

A mail is broken in Outlook

text sentence

OutloockD OO OO InternetMailD D O OO0
ooooooad

Outlook-ni-oite, Internet Mail-kara soshin-shita
mer u-ga kowareru

A mail send by Internet Mail is broken in Outlook

3.0 — > xep Cx: the sum of correspondences of bunsetsu — 3.0
20 — Z(X1HX2)GR ¢x,-X,: the sum of correspondences of M-H relations — 2.0
3 — n(B): the number of bunsetsu — 5
2 — n(R): the number of M-H relations — 4
1.0 — C: coverage (m = 1.0) — 0.54

S=1.0-0.54=0.54

Figure 2.10: Making correspondences between a user question and a text sentence, and

similarity calculation
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follows: , ‘
/7 /7
. ZXEB c X + m- Z(X1—>X2)ER ¢ X1—X2
n(B) +m - n(R)

where S is the similarity between a user question U and a text sentence T}; Cf; is coverage

S'=p-Cy=p

(2.10)

of U with Tj; p is a factor for considering which part T; is in; c’% and c’%lﬂxz are
respectively correspondences of a bunsetsu X and an M-H relation X; — Xo with those
of T;, which consider proximity matches with neighbor sentences. Each factor has the

following meaning:

e Our method ignores Cl. (coverage of a text sentence Tj), because lengths of text

sentences are not uniform. Namely, S* depends only on CY,.

e Our method considers proximity matches with neighbor sentences, because a phe-
nomenon is often described by more than one sentence. That is, when the system
calculates the similarity between U and Tj, it modifies correspondence scores (ci

and cg(qu2) with the before sentence T;_; and the next sentence T;,; as follows:

. 1. 1.
x = max(gcgzl, s 503{1) (2.11)
1

X o i—1 ) i+1
Cx,5%X, — max(§cxlﬂx270x1—>x2>§CX1HX2) (2.12)

e As shown in Figure 2.3, each text of Support KB has structures: subjects; and
sections such as “0 07 (gaiyo, ABSTRACT), “00" (shojo, SYMPTOMS), “O
07 (gen-in, CAUSE), “00 00" (kaiketsu-hoho, RESOLUTION) and “0 0007
(kanren-joho, MORE INFORMATION). In many cases, subjects and sections such
as “007 (gaiyo, ABSTRACT) and “O0 07 (shojo, SYMPTOMS) corresponds with
frequently asked questions that describe typical situations. Therefore, our method

gives weighting p according to where T; exists as follows:

- subjects and “0 07 (gaiyo, ABSTRACT) p=1.0
- “007 (gensho, PHENOMENON) and “0 07 (shajo, SYMPTOMS) p=0.8
- other sections p=20.6

2.7.4 Limitation of Numbers of Choices

Our method selects a few texts as the candidates for a reply based on scores of texts in
each text collection (Glossary, Help texts, and Support KB).
It sorts texts in order of their scores, and then selects top n texts as the candidates,

provided that all of their scores are not less than ¢. If multiple texts have a same ranking
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Table 2.4: Parameters for selecting candidates for a reply

Text collection n i
Glossary 2 0.8
Help texts 5 0.3
Support KB 10 0.1
<UQ> of Dialog cards | 1 0.8
(see Section 4.3)

in front and behind nth, all of them are selected. Parameters n, t are set for each text
collection, as shown in Table 2.4.
If candidates are selected from more than one text collections, they are shown to the

user in order of Glossary, Help texts, and Support KB.

2.8 Evaluation and Discussion

To evaluate the performance of introducing the proposed methods, we prepared testsets,

and defined a measure for evaluating the output (ranked texts).

2.8.1 Testsets

The testsets were prepared as follows:

1. We randomly selected some user questions collected by Dialog Navigator (see Chap-
ter 5) from each week of November 2002 - September 2003. As a result, 1,290 user

questions were selected.

2. A subject gave relevant texts to each user question, based on exhaustive text re-
trieval through the text collections. Note that some questions have more than one

relevant text, and other questions have no relevant texts.

As a result, two testsets were prepared: 163 user questions which have relevant texts of
Help texts; and 773 user questions which have relevant texts of Support KB. We did not
prepare the testset for Glossary, because almost all of user questions which have relevant
texts of Glossary successfully matched the texts without any sophisticated methods. The

user questions which have no relevant texts were excluded for the evaluation.
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3
ranked texts (not ranked)

@ . relevant texts
Q . irrelevant texts

1/1+1/4

= —0.68
T 11+ 1/2+1/3

Figure 2.11: Calculation of €

2.8.2 Evaluation Rate

We defined the evaluation rate € of the output (ranked texts) for each user question as

follows:

&L=

€= ———7 (2.13)
je{%-:--,n} d

where n is the number of the relevant texts for a user question, and R is the set of ranks of
the relevant texts which our method outputted. Figure 2.11 shows a calculation example
of €. Note that this measure is an extension of MRR (mean reciprocal rank) for evaluating
open-domain QA systems. Usually, a question for an open-domain QA task has only one
answer, but a question for Dialog Navigator often has several answers (relevant texts).
Therefore, we introduced the normalization factor as shown in Equation 2.13.

Each method is evaluated by calculating €, the average of € on a testset:

€
€= — 2.14
=+ (214)

where N is the number of user questions in the testset.

2.8.3 Experiments on Testsets

First, to determine the optimum value for m, i.e., weighting on modifier-head relations,
we increased m from 0 to 3.0, and calculated €, the average of €, for each m on each

testset.
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Figure 2.12 shows the results. Generally, € was improved the most around m = 1.0: €
was gradually improved from m = 0 to 1.0; in contrast, € was gradually worsened beyond
m = 1.4. The best improvement was about 0.06 for Help texts, and about 0.025 for
Support KB.

Based on the above results, we decided to fix m at 1.0 in the following evaluations.

Next, we evaluated effectiveness of the other proposed methods, that is to say, the

following methods:

nflag Assignment of negation flags (Subsection 2.3.3).

final Removal of final expressions (Subsection 2.3.5).

syn Expression gap resolution by synonymous expression dictionary (Subsection 2.4.1).
question Selection by question types (Subsection 2.6.1).

product Selection by product names (Subsection 2.6.2).

To evaluate the effectiveness, we experimented with each condition in which some of the
above methods were disabled, using the testsets. Specifically, we calculated € on each

testset, for each of the following conditions:
e baseline: none of the above methods were used
e baseline+x: only one of the above methods x was used
e all: all of the above methods were used
e all—x: all of the above methods except x were used

where = € {nflag, final, syn, question, product}. In each condition, m was fixed to 1.0.

Table 2.5 and Table 2.6 show the results. Totally, € was significantly improved on both
the testsets: the total improvement of € on Help texts was 0.238, and that on Support
KB was 0.117.

Among the methods, syn improved € the most on both testsets. The other methods
(nflag, final, question, and product) also gave some improvement on €; all of these
methods improved € on Support KB, while only final improved € on Help Texts. This
was because: Help texts had only how type texts; there were no negative expressions in

each Help text; and every Help text had product names.
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084 M
0.83

082 r

081 r

average €

0.80
0.79
0.78

0.77

0.0 0.5 1.0 1.5 20 25 3.0
m (weight on modifier-head relations)

(Help texts: 163 user questions)

0.62

0.60 r

average €

059 ¢

0.58 1 1 1 1 1
0.0 0.5 1.0 1.5 20 25 3.0

m (weight on modifier-head relations)

(Support KB: 773 user questions)

Figure 2.12: Evaluation of the weighting on M-H relations
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Table 2.5: Evaluation of the matching methods (Help texts)

improvement against
condition € | baseline all
baseline 0.602 —0.238
baseline + nflag 0.602 —0.238
baseline + question | 0.602 —0.238
baseline + product | 0.602 —0.238
baseline + final 0.605 +0.003  —0.235
baseline + syn 0.838 +0.236  —0.002
all — syn 0.605 +0.003  —0.235
all — final 0.838 | +0.236 —0.002
all — nflag 0.840 +0.238
all — question 0.840 +0.238
all — product 0.840 +0.238
all 0.840 | +0.238

(163 user questions; m = 1.0)

Table 2.6: Evaluation of the matching methods (Support KB)

improvement against

condition € baseline all

baseline 0.497 —0.117
baseline + question | 0.498 +0.001  —0.116
baseline + final 0.508 4+0.011  —-0.106

baseline + nflag 0.512 +0.015  —0.102
baseline + product | 0.519 +0.022  —0.095

baseline + syn 0.561 +0.064  —0.053
all — syn 0.524 | +40.027  —0.090
all — nflag 0.591 | +0.094 —0.023
all — product 0.592 +0.095 —0.022
all — final 0.604 | +0.107 —0.010
all — question 0.612 +0.115  —0.002
all 0.614 | +0.117

(773 user questions; m = 1.0)
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2.8.4 Discussion on Matching Failures

As we have mentioned in Chapter 1, precise and flexible matching of user questions with

texts is a critical issue for resolving the various gaps between user questions and texts. To

obtain better performance of the matching, we analyzed some of matching failures, i.e.,

user questions that had small € in the testset. As a result, we found that the matching

failures were mainly caused by the following factors:

(a) Insufficiency of the synonymous expression dictionary.

As shown in Table 2.5 and Table 2.6, expression gap resolution by the synonymous

expression dictionary greatly improved the performance. However, there is still

room for further improvement. We found that some of expression gaps were not

resolved by the dictionary:

(2.15) Q:

(2.16) Q :

EREEN gooogo
moji-wo okiku-shitai
character-acc enlarge-(want to)
‘(T) want to enlarge characters’

:00obo guod gdoo

moji-no saizu-wo  henko-suru
character-gen size-acc  change-(do)
‘change size of characters’

WindowsD 0000
Windows-wo  shuryo-suru
Windows-acc shut down-(do)

‘shut down Windows’

- 00oooooo oo oo0o oOd
konpyuta-no dengen-wo ofu-ni  suru
computer-gen power supply-acc off-dat (do)

‘turn off the power supply of the computer’

In each of above examples, the user question (@) did not match the relevant text (A).

Based on analysis of such matching failures in the question logs for Dialog Navigator,

we have continuously revised the synonymous expression dictionary.

Trivial matches.

Sometimes user questions matched irrelevant texts because the questions matched

fragments which were not so important in the texts:
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(217) Q: 00000 0OOO

fonto-wo tsutka-suru
font-acc add-(do)
‘add fonts’

A: 00000 Windows MEQ gooooboono ooodd
fonto-wo Windows ME-ni  insutoru-sezuni font-wo
font-acc Windows ME-dat install-(without) font-acc
0oond goodoooooooooodno oooooo ooo
tsutka-suru apurikeshonsofutowea-wo shiyo-shiteiru  baai,
add-(do)  application software-acc use-(doing)  when
TrueType D OO0 DOOOOOO DOOO goooo
True Type-fontokyasshu-no naiyo-ga hakai-sareru
TrueType font cache-gen content-nom break-(be done)

‘When you use an application software which adds fonts without
installing the fonts in Windows ME, the contents of TrueType font
cache are broken’

In Japanese, mostly, the final part of each sentence is the most important, whereas
other parts are less important. As for (2.17), the matched part “0 0000000
07 (fonto-wo tsuika-suru, add fonts) is not located on the final, and is trivial for

the whole sentence.

To prevent such irrelevant texts from being matched, the matching algorithm should

attach special importance to the final part of each sentence.

Side effects of the weighting on modifier-head relations.

As shown in Figure 2.12, the weighting on modifier-head relations m significantly
improved €. However, sometimes the weighting worsened the performance. We
examined the side effects, and found that they were mainly caused by the following

factors:

(c-1) Parse errors.
Sometimes incorrect modifier-head relations detected by KNP led to matches
of irrelevant texts.

(c-2) Zero anaphora.

In Japanese, arguments of verbs are very often omitted. As for @ of (2.18), the

object case of “O0 07 (hiraku, open) is omitted: a zero pronoun is in the case,
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and the pronoun indicates “0 0 007 (fairu, file). As a result, the modifier-
head relation between “00 OO 7 (fairu, file) and “0 07 (hiraku, open) is not
detected, and @ does not match A at a high score if m is large.
(218) Q: 00000 OUOOODOO OO

fairu-wo kurikku-shite  hiraku

file-acc click-(do) open

‘click a file, and open it’

A: 00000 OO

fairu-wo hiraku
file-acc open
‘open a file’

(c-3) Modifier-head relation gaps caused by metonymies.

Consider the following example:

(219)Q: GIFO 0000

GIF-wo hyoji-suru

GIF-acc display-(do)

‘display a GIF’

A: GIFO god ogogd

GIF-no gazo-wo  hyoji-suru

GIF-gen image-acc display-(do)

‘display a GIF image’
@ and A are almost synonymous, but the matching score is very small when
m is large, because the modifier-head relation between “GIF” and “O0 007

(hyoji-suru, display) in @ does not exist in A. Such matching failures were

often observed in the testset.

@ is regard as a metonymy, that is to say, a figure of speech in which the name
of one thing is substituted for that of something to which it is related [28]; and

A is regarded as the interpretation of the metonymy.

Among those factors, (c) requires our methods to be improved the most. We think
that (c¢) will be resolved by further advancements of NLP techniques: (c-1) will be reduced
by refinements of parsers; the resolution of (c-2) requires case analysis; and (c-3) will be
resolved by processing of metonymy. Chapter 3 will propose a method to cope with (c-2),
based on automatic acquisition of pairs of metonymic expressions and their interpretative

expressions, and its application to the resolution of the modifier-head relation gaps.
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2.9 Related Work

This section compares our methods with previous studies on application of NLP-oriented
techniques for information retrieval in a broad sense (including text retrieval and question

answering), with the following focuses:
(i) precise matching methods based on full parsing, and

(ii) flezible matching methods for resolving expression gaps.

2.9.1 Matching Methods based on Full Parsing

As we have already pointed out at the beginning of this chapter, open-domain QA sys-
tems require NLP-oriented matching methods based on sentence structures of both user
questions and texts. Importance of such methods for open-domain QA systems is incom-
parably greater than that for text retrieval systems.

Some of our methods, e.g. the full-parsing-based matching methods and selection
by question types, were also employed by participant systems of TREC QA Track and
NTCIR QAC. For instance, Harabagiu et al. [12] and Kawahara et al. [34] employed
matching methods based on predicate-argument structures. Also, correlation between
question types and named entities (e.g. Who is ...: person names, Where is ...: place
names, and How tall ...: length) has been generally used.

Strictly speaking, the goal of our methods differs from that of open-domain QA sys-
tems, because it is intended to find not “exact” answers A for each user question @, but
the parts Q' which correspond to ). However, the NLP-oriented matching methods for
our goal are as important as those for the open-domain QA systems. In most cases, each
answer A and @)’ is in a same text, and therefore detection of the parts of @' directly
leads to specification of A. Furthermore, to make asking-backs for vague questions, the
detection of @)’ is required as we have mentioned in Section 2.1. The neighborhoods of
Q' are suitable for such asking-backs, because they make the difference among matched

texts more clear. Chapter 4 will describe detailed methods for making such asking-backs.

2.9.2 Matching Methods for Resolving Expression Gaps

The most ordinary method for resolving expression gaps on text retrieval systems is query

expansion based on thesauri such as Roget’s [35] and WordNet [36]. Salton [10] evaluated
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effectiveness of using a thesaurus on SMART system, and showed that it significantly im-
proved performance on text retrieval. Also, some participant at TREC-5 NLP Track [32]
reported that query expansion improved performance of their systems.

Furthermore, some QA systems employed thesauri or synonym dictionaries for resolv-
ing the expression gaps. For example, FAQ Finder [8] used WordNet, and Dialog Help
System of CIMS at Kyoto University [26] used a domain ontology which defined relations
between concepts or issues.

However, as we have mentioned in Section 2.4, some expression gaps on phrase levels
such as (2.1) and (2.2) are not resolved well only with synonyms, that is, on keyword
levels. It is important to resolve such expression gaps on phrase levels, especially when
novice users are targeted: they are usually unfamiliar with accurate expressions as used
in manuals, so they often use informal expressions.

Several methods for resolving the phrase-level expression gaps have been studied.
Kurohashi et al. [37] proposed a bottom-up approach for resolving such gaps based on
some matching rules, definitions in a Japanese-language dictionary, and a thesaurus [38].
Recently, paraphrasing-based methods have been actively studied [39,40]. However, those
methods employed on-line strategies, so it is not applicable for large text collections
because of high calculation costs.

To cope with the problem, we proposed an off-line strategy for resolving phrase-level
expression gaps, which is applicable for large text collections. The method can resolve such
gaps with low calculation cost, by using a relatively small domain-dependent dictionary
for synonymous phrases.

However, some expression gaps are not resolved well by our method. There are two
major types of such gaps: zero anaphora and metonymy. As we have mentioned in
Subsection 2.8.4, these gaps would raise side effects of the weighting on modifier-head

relations. Next chapter will target one of these types, that is, metonymy type.

2.10 Summary of this Chapter

In this chapter, we proposed several methods for realizing precise and flexible matching

for a user question with texts:

e Basic methods:

— parsing and keyword extraction
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— unification of bunsetsu

— assignment of negation flags
e Methods for precise matching:

— weighting on modifier-head relations
— selection by question types

— selection by product names
e Methods for flexible matching:

— synonymous expression dictionary
— ontological dictionary

— removal of final expressions

The above methods can be applied for real-world text collections.

And then, we showed the effectiveness of the proposed methods by testsets, and dis-
cussed advantage and limitation of our methods. In the next chapter, we proposed an
extension of those methods for resolving the limitation: matching of metonymic expres-

sions, which are very important phenomena of natural language.



Chapter 3

Matching Methods for Metonymic
Expressions

3.1 Introduction

As we have mentioned in the previous chapter, it is critical for a text-based QA system
to match a question with texts precisely. In order to achieve precise matching, recent
systems for question-answering are based on full-parsing of user questions and texts.

In practice, however, when a user uses a metonymy in his/her question, the matching
with texts based on full-parsing often fails. Metonymy is a figure of speech in which the

name of one thing is substituted for that of something to which it is related [28]:
(3.1)  The ham sandwich is waiting for his check.

In this example sentence, “the ham sandwich” indicates “the man who ordered a ham

sandwich”. Metonymies are also used in the domain of personal computers:

(3.2) WordO OO
Word-wo  hiraku
Word-acc open

‘open a Word’

(3.3) WordO 0OOOO0OO0O OO
Word-no  fairu-wo hiraku
Word-gen file-acc open

‘open a Word file’

(34) 0O0OO oo0
dengen-wo reru
power supply-acc turn on

‘turn the power supply on’

49
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user guestion text sentence
GIFOOGOOO GlIFOOOOooooo
GIF-wo hyoji-suru GIF-no gazo-wo hyaji-suru
display aGIF display a GIF image

Figure 3.1: A matching failure because of a metonymy

(3.5) OO OooOoOo ooo
dengen suicchi-wo  ireru
power supply switch-acc turn on

‘turn the power supply switch on’

In the above examples, (3.2) can be interpreted to (3.3), and (3.4) can be interpreted to
(3.5). Namely, “Word” indicates “Word0 00 OO ” (Word-no fairu ,Word file), and
007" (dengen, power supply) indicates “00 0 0007 (dengen suicchi, power supply
switch).

Figure 3.1 shows an example of matching failure. In this example, the user seems to
use “GIF” as a metonymy of “GIF 000 ” (GIF-no gazo, GIF image). If the full-parsing
based matching method is used, this matching score will be lower, because the direct
relation between “GIF” and “00 0 07 (hyoji-suru, display) in the user question does
not exist in the text sentence. As this example shows, metonymic expressions could raise
gaps of syntactic structures.

The above problem is so acute for QA systems for novice users, such as Dialog Naviga-

tor, because novice users often use metonymy in their question for the following reasons:

e their motivation for making short questions is relatively larger compared with that

of experts, and

e they often use abrupt expressions that their acquaintances do, because they are

unfamiliar with accurate expressions used in manuals.
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Moreover, processing metonymy is vital for other NLP tasks such as machine transla-
tion [41].

In early 1990’s, most previous studies on processing metonymy by computers were
based on manually-constructed ontologies, semantic frames, or logical forms [42, 43].
However, such knowledge structures require heavy cost of construction and maintenance,
and makes scaling up quite difficult. Therefore, corpus-based approaches on processing
metonymy were studied recently [44—46).

As Fass [47] pointed out, processing metonymies involves two main steps: recognition
and interpretation. Most previous studies targeted the interpretation process, that is, to
find expressions as interpretations for each expression as a metonymy [45,46]. Namely,
they targeted a problem of finding interpretations for each metonymy that is in textbooks.
In contrast, the recognition process, that is, to judge whether an expression is a metonymy
or not, have almost never studied.

In contrast, for the domain that this thesis targets, that is, question answering for
general users of personal computers, both the recognition process and the interpretation
process should be targeted, because no knowledge for defining the collection of metonymies
exists in the real world.

This chapter proposes a method for automatic acquisition of pairs of metonymic ex-
pressions and their interpretative expressions from large corpora, and a method for apply-
ing the acquired pairs to resolve the gaps of modifier-head relations as shown in Figure 3.1.
The corpora include the text collections provided by Microsoft Corporation (Table 2.1),
and a lot of user questions collected by our system Dialog Navigator (see Chapter 5). First,
Section 3.2 defines metonymic expressions and interpretative expressions that this thesis
targets. Next, Section 3.3 gives the method for automatically acquiring pairs of metonymic
expressions and their interpretative expressions from large corpora, and Section 3.4 de-
scribes a method for applying the acquired pairs to resolve the gaps of modifier-head
relations caused by metonymies. And then, Section 3.5 evaluates the proposed methods
from the following two aspects: one is whether each acquired metonymic expression is
correctly interpreted; and the other is whether the proposed methods work well on the
matching a user question with texts, that is, a testset based evaluation. Finally, Sec-
tion 3.6 compares our methods with those of previous work, and Section 3.7 concludes

this chapter.
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3.2 Metonymic Expressions and Interpretative Ex-
pressions

In this thesis, we target the combination of the following two expressions:
() AP—-YV
(B A@O;n)—BP—-V

where A and B mean nouns, P means a case-marker, V means a predicate, and “—”
means a modifier-head relation'. We ignore whether “0” (no; genitive case marker) exists
or not, because both “A (0 ; no) — B” and “A — B” forms a noun phrase?®. As for the
example of Figure 3.1, A= “GIF”, B=“0 0" (gazo, image), P=“0" (wo; accusative case
marker), and V=“007" (hyoji, display). Namely, («) is “GIFO 00 7 (GIF-wo hyoyi,
display a GIF), and () is “GIF(0 )0 0000 7 (GIF(-no) gazo-wo hyoji, display a GIF
image). In this case, it seems that («) is a metonymy, and () is its interpretation.

We preliminarily extracted the combinations of («) and (3) from corpora, and the
result shows that most of the combinations are correct as metonymies and their interpre-
tations. Therefore, we tried extraction of the combinations of («) and (/3), as an automatic
acquisition of metonymies and their interpretations.

In order to get a lot of metonymic expressions automatically, we use huge corpora: the
text collections provided by Microsoft Corporation (Table 2.1), and a lot of user questions
collected by Dialog Navigator (see Chapter 5) and Hanashi-kotoba Kensaku®. Most of the
user questions are inputted by novice users, so they include plenty of metonymies.

In the following sections, we call () as metonymic expression, and () as interpretative

ETPTesSion.

3.3 Acquisition of Metonymic Expressions and their
Interpretative Expressions

From parse results of all sentences in the corpora, our method automatically acquires

pairs of metonymic expressions and their interpretative expressions as follows:

! Japanese is a head-final language, and the arguments of each predicate are placed left to the predicate.
2407 (no) is similar to the English preposition ‘of’, but has more meanings.
3http://www.microsoft.com/japan/enable/nlsearch/
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1. Collect candidates of metonymic expressions (C,): every phrase which matches the
pattern “A, P, — V_,” is collected, as far as frequency f, is not less than the

threshold t,, that is, f, > t,.

2. Collect candidates of interpretative expressions (Cj): every phrase which matches
the pattern “Ag (no) — Bg Pg — V3" is collected, as far as frequency f3 is not
less than the threshold tg, that is, fz > 3.

3. For each metonymic expression of (', find its interpretative expressions in which

Az = A,, P3 = P, and Vg =V, from Cj.

where A,, Ag and Bg mean nouns, P, and Pg mean case-markers, and V, and Vg

” means a modifier-head relation. In the following paragraphs,

mean predicates, and “—
we omit the indication of “—" to simplify the descriptions of metonymic expressions and
interpretative expressions. In addition, to improve readability of the expressions, we insert
“O7 (no, genitive case marker) according to circumstances.

To avoid acquiring incorrect expressions, out method introduces the thresholds of

frequency (t, and t3). We experimentally set the thresholds of frequency t, =t3 = 3. In

addition, our method excludes the following expressions when it collects C, and Cjg:

e Expressions in which A, or Ag are modified by left bunsetsu are excluded, because

they may be parts of bigger noun phrases. Here is an example:

(3.6) DOODOOOO OCOOoOO 00
desukutoppu-no  hyoji-wo tsutka
desktop-gen display-acc add

‘add “display of the desktop”’

(3.7) * 0ODOO 00
hyoji-wo tsuika
display-acc add

(3.8) OO0 oodo 00
hyoji-no keishiki-wo tsuika
display-gen style-acc add
‘add a display style’

Note that (3.7) is a substring of (3.6). As for this example, the substring (3.7)
matches the pattern for collecting C,,. However, “0 00000 000" (desukutoppu-

no hyoji, display of the desktop) forms a proper noun (i.e. an item name in a menu
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bar), and the fragment “0 07 (hyaji, display) does not indicate the proper noun; if
(3.7) is collected as a candidate of metonymic expressions, (3.8) will be incorrectly
found as its interpretative expression. This condition rules (3.7) out, because the
bunsetsu “0 0 07 (hyoji-wo, display-acc) is modified by left bunsetsu “0 000 O
007 (desukutoppu-no, desktop-gen).

Expressions in which either of parentheses (i.e. O, O, 0, O, O, 0, 0, and
00) occurs are excluded, because occurrences of these parentheses implies that the
expressions forms proper noun phrases in many cases. Usually, such expressions
have no connection with metonymy, and collecting them often leads to incorrect
interpretations of metonymic expressions just as collecting (3.7) does. For instance,

the following expression is ruled out from C,,:

(3.9) DO0OO0OO0 OO
[kensaku/-wo  sakugjo
[search]-acc  remove

‘remove [search] (an item name)’

Expressions in which either of V, or Vg is in passive or causative voice are excluded.
This condition is based on a preliminary examination. For example, the following

expression is ruled out:

(3.10) OO OODOOOOO ODOoooOo
apurikeshon-ga hassei-saseru
application-nom cause-(causative voice)

‘The application causes ...’

Expressions which have long distance modifier-head relations are excluded. Such
relations possibly involve parse errors, which may result in acquiring incorrect ex-
pression pairs. Namely, if either of modifier-head relations in an expression has a
distance of not less than three bunsetsu, that is, the relation puts not less than two

bunsetsu between, the expression is excluded.

We applied the method for 1,351,981 sentences in the corpora, including 762,353 user

questions and 589,628 sentences in the text collections. As a result, we got 1,126 pairs

of metonymic expressions and their interpretative expressions. Table 3.1~3.5 shows the

examples. In these tables, a; are metonymic expressions, and 3;; are interpretative ex-

pressions (the right columns of “pair evaluation”, “B.”, and “group evaluation” will be

Y
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Table 3.1: Acquired metonymic expressions, their interpretations, and evaluation (1)

Aq P, Va fa pair group
Ag Bg Pg Vs fs levaluationB-jevaluation
a ooo O oo 1,681 A
error nom be caused|
era ga deru
‘an error is caused’
G000 oad a oad 68 | correct
era hyoji ga deru
error indication nom be caused
‘an error indication is caused’
B0 00 oad a oad 9 | correct
era hokoku ga deru
error report nom be caused
‘an error report is caused’
G130 00 oad a oad 6 | correct
era gamen ga deru
error screen nom be caused
‘an error screen is caused’
514000 oad a oad 4 | correct
era joho ga deru
error information nom be caused
‘an error information is caused’
G150 00 ooooo O oad 3 | correct
era Messeji ga deru
error message nom be caused
‘an error message is caused’
G160 00 oad O oad 3 | correct
era shomei ga deru
error signature nom be caused
‘an error signature is caused’
Qg oo a aono 290 A
dengen wo reru
power supply acc  turn on
‘turn the power supply on’
B0 O oooo a agoad 5 | correct
dengen suicchi wo mreru
power supply switch acc  turn on

‘turn the power supply switch on’

described in the next section). The result was plenty of interesting examples: i.e. as— a1

and g — 510,1.

In addition, we examined the contribution of each corpus for acquiring the pairs.

Namely, we applied the proposed method to either the user questions or the text collections

respectively, and counted the number of the acquired pairs (Figure 3.2).

The result

suggests that the user questions have more metonymic expressions and interpretative

expressions than the text collections. This is a promising result, because it implies that

more pairs would be acquired if more user questions are collected by continuing the

operation of the systems.
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Table 3.2: Acquired metonymic expressions, their interpretations, and evaluation (2)

A, P, Vo fal pair group
Ag Bg Pg Vs f5 fevaluation|B-jevaluation
Qs O O oo 276 A

moto ni  modoru
former dat turn back|
‘turn back to the former’

G0 O 000 a oag 12| correct
moto sa1zu ni modoru
former  size dat turn back|
‘turn back to the former size’

Bsod O OO0 a oad 10| correct
moto settei ni  modoru
former setting dat turn back
‘turn back to the former setting’

Gss0 O 000 a oad 5 | correct
moto pej ni  modoru
former page dat turn back
‘turn back to the former page’

Gs40 O OO ad oag 4 | correct
moto ichi ni  modoru
former  position dat turn back
‘turn back to the former position’

Gss0 O OO0 a oad 3 | correct
moto gamen ni  modoru
former screen dat turn back
‘turn back to the former screen’

Bsgd O OO O oo 3 | correct
moto jotat ni  modoru
former  status dat turn back
‘turn back to the former status’

Bs0 O 0O 0 oo 3 | correct
moto atai ni modoru
former value dat turn back
‘turn back to the former value’

Bsgd O OO ad oo 3 | correct
moto hyoyji ni  modoru
former indication dat turn back
‘turn back to the former indication’

oy oo 0 oo 141 C

msatsu wo  jikko
printout acc execute
‘execute a printout’

B0 O ooooo O o0 12 [incorrect|
msatsu  prebyu wo  jikko
printout preview acc execute
‘execute a printout preview’

Baod O ooo O ood 4 | correct
msatsu  jobu wo  jikko
printout job acc execute
‘execute a printout job’

Basd O oo O oo 4 | correct
msatsu  shori wo  jikko
printout process acc  execute
‘execute a printout process’

Ba a0 O oooo O oad 3 | correct
msatsu  komando wo  jikko
printout command acc execute
‘execute a printout command’
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Table 3.3: Acquired metonymic expressions, their interpretations, and evaluation (3)

Aq P, Va fal] pair group
Ag Bgs Pg Vs fslevaluation] B, |evaluation
Qs 00 0 oo 123 A
dosa ga 0801,
movement nom slow
‘movement is slow’
Bs1 00 oo O oo 8 | correct
dosa sokudo ga 0801,
movement speed nom slow
‘movement speed is slow’
a6 Doooo O od 107 o E
[puroguTaMU wo kido
program acc  launch
‘launch a program’
Ben D OO0O0 0O OO O oo 4 lincorrect|
puroguramu,  sakujo wo kido
program uninstall acc  launch
‘launch “ uninstall a program”’
a7 oo ooo 97 A
moji ga zurery
character nom slip off
‘characters slip off’
B71 00O 000 O ooo 19| correct
moji ichi ga Zurery
character position  nom  slip off
‘a position of characters slips off’
B72 00O 000 O ooo 4 | correct
moji kankaku  ga 2urery
character spacing nom slip off
‘spacings of characters slip off’
Bz 00O O a oono 3 | correct
moji retsu ga ZUTery
character string nom slip off
‘a character string slips off’
Qg o0 oo 69 A
gazo wo sonyu
image acc  insert
‘insert an image’
Bsa OO gooo O oo 6 | correct
gaz0 fairu wo sonyu
image file acc  insert
‘insert an image file’
Qg 0oodo O g 56 g B
fairu ga hason naiyo
file nom be broken| ‘content’
‘a file is broken’
By D000 0O 00 d o0 3 | correct
fairu ichibu ga hason
file part of nom be broken|
‘a part of a file is broken’
Q10 00 O ood 34 A
kaigyo ga kawaru
line feed nom change
‘a line feed changes’
Br010 O o g O ooad 3 | correct
kaigyo haba ga kawaru
line feed width nom change
‘a width of a line feed changes’
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Table 3.4: Acquired metonymic expressions, their interpretations, and evaluation (4)

Aq P, Va fo] pair group
Ag Bg Pg Vs fslevaluation| B, evaluation

a1 JPG O oo 20 A
JPG de hozon
JPG ins save
‘save ... using JPG’

Bi111JPG oo O oo 13| correct
JPG keishiki de hozon
JPG format ins save
‘save ... using JPG format’

Q19 od O ooog 18 od B
gamen ga kawaru haikei
screen nom change ‘background’

‘a screen changes’

Bi210 0 0O ood 0 aooo 7| correct
gamen kaizodo ga kawaru
screen resolution nom change
‘screen resolution changes’

Bi2,20 0O 0O O 0 aooo 4| correct
gamen iro ga kawaru
screen color nom change
‘screen color changes’

Brag0 O 0000 O 000 |3| correct
gamen saizu ga kawaru
screen size nom change
‘screen size changes’

Bi2,40 0 0Ood 0 oon 3| correct
gamen hyoji ga kawaru
screen display nom change
‘screen display changes’

13 0 o000 O od 7 1) E
domein wo tsuika
domain acc add
‘add a domain (name)’

Bz 0 000 oo 0 oo 3 [incorrect
domein Yyuza wo tsuika
domain user acc add
‘add a domain user’

Q14 o000 O od 4 ) E
adoresu wo hiraku
address acc  open
‘open an address’

Bia00 0O 0 0 0o 43[incorrect
adoresu cho wo hiraku
address book acc  open
‘open an address book’

Bia 00 0 O 0 0 0o 3 [incorrect
adoresu cho wo hiraku
address book acc  open
‘open an address book’

Q15 Ooo O oo 4 ooogo D
Wado ga kieru puroguramu
'Word nom disappear ‘program’

‘Word disappears’ oooo
Bisa 0 00 0O 0ooa 0 ooo 4| correct aikon
Wado menyu ga kieru ‘icon’
'Word menu nom disappear
‘the menu of Word disappears’
Bis2d 00 0O opooag 0 o0oo 4 lincorrect
Wado fonto ga kieru
'Word font nom disappear

‘a font of Word disappears’
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Table 3.5: Acquired metonymic expressions, their interpretations, and evaluation (5)

Aq P, Vo |fd] pair group
Ag Bg Pg Vs |fsevaluation] B, [evaluation
a6 ao 0 RN 3 A
gamen ni  shitaga
screen dat follow
‘follow the screen’
Bi6,10 O Oood a 00O 96| correct
gamen shigi ni  shitaga
screen instruction dat follow
‘follow the instruction in the screen’
Bi6,10 O O ogoooo o 00O 3| correct
gamen messeji nig shitaga
screen message dat follow
‘follow the message in the screen’
a7 nooogdd O od 3 od E
dokyumento wo  hyoji naiyo
document acc display ‘content’
‘display a document’
Giz)d 00000 O 00 0 0o 5 [incorrect
dokyumento shurui wo  hyoji
document type acc display
‘display a document type’
aqg MO 0 oo 3 A
MO wo  shiyo
MO acc use
‘use a MO’
B18,1 MO oo O oo 4| correct
MO sochi wo  shiyo
MO device acc use
‘use a MO device’

207
661 288 pairs acquired from

|_~ the text knowledge base
pairs acquired from (589,628 sentences)
the user questions 631 258

(762,353 sentences) pairs acquired from
|, both the user questions and

the text knowledge base
(1,351,981 sentences)

1,126

Figure 3.2: Numbers of acquired pairs from each corpus
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3.4 Application for Matching

Our method resolves the expression gaps by registering acquired metonymic expressions
and their interpretative expressions in the synonymous expression dictionary. For exam-
ple, by registering “GIF 0 0O 7 (GIF-wo hyaji, display a GIF) and “GIFOODO00O0OO "
(GIF-no gazo-wo hyoji, display a GIF image) as synonymous expressions, the matching
score (Subsection 2.7.1, m = 1.0) in Figure 3.1 increases from 0.27 to 1.0 .

Note that the recursive relation expansion for the synonymous expression dictionary
(see Subsection 2.4.1) is also applied to the pairs of metonymic expressions and interpre-

tative expressions.

3.5 Evaluation and Discussion

In order to examine our method, we made two kinds of evaluations. One is a judgment
whether acquired metonymic expressions are correctly interpreted, and another is the

evaluation of the effects on the testsets of Dialog Navigator.

3.5.1 Evaluation on Interpretations of Acquired Metonymic Ex-
pressions

We randomly selected pairs of metonymic expressions and their interpretative expres-
sions acquired by the proposed method, and we gave each pair a judgment whether the
interpretative expression is correct as an interpretation for the metonymic expression.

First, the 1,126 acquired pairs were divided into groups by each metonymic expression
“An P, V4,”. As a result, they were divided into 847 groups (metonymic expression
groups). There were two types of the metonymic expressions: 679 metonymic expres-
sions were single-interpretation expressions, each of which had only one pair; other 168
metonymic expressions were multiple-interpretation expressions, each of which had mul-
tiple pairs (totally, the 168 expressions had 447 pairs). For instance, ay is a single-
interpretation expression, because it had only one pair with (5;. In contrast, a; is a
multiple-interpretation expression, because it had multiple pairs with the interpretative
expressions (311 ~ (1.

We randomly selected 200 metonymic expression groups among the 847 groups, in-
cluding 163 single-interpretation expressions, and 37 multiple-interpretation expressions

(corresponding with 101 pairs). Totally, the 200 groups had 264 pairs. After that, we
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evaluated each of the 200 groups as follows (examples of the evaluation are shown in the

right side of Table 3.1~3.5):

1. Pair evaluation.
We gave either of the following evaluations to each of the 264 pairs, from the view-
point whether it is correct as an interpretation of the metonymic expression (“pair

evaluation” in Table 3.1~3.5):

correct As for the Windows-family environment, one of the situations imagined
out of the metonymic expression corresponds with that imagined out of the

interpretative expression.

incorrect The pair does not satisfy the above condition.

For instance, from a4, we can imagine a situation that “[print] is selected from a
menu bar of an application, and print data is sent for a printer”. We evaluated the
pairs with 342, 843 and (44 as correct, because the situation can also be imagined
from B2, 843 and By4. In contrast, we evaluated the pair with (4, as incorrect,
because the situation imagined from (41, that is, “[print preview] is selected from a
menu bar of an application, and a preview window is displayed on the screen”, does

not correspond with that of ay.

2. Listing of other interpretations.
If there was any other important interpretative expression “A~ (O ; no) B, P,
V,” for each metonymic expression “Ay P, V4" besides the acquired interpre-
tative expressions, we listed such B, (“B,” in Table 3.1~3.5). Furthermore, if
we judged that “As P, V,” was not a metonymy, we included “¢” in B.,. For
each metonymic expression, we regarded the collection including both correct in-
terpretative expressions and “A~ (O ; no) B, P, V,” as the collection of genuine

nterpretative expressions.

Specifically, only in the case that there were other major situations for the metonymic
expression besides all the situations that could be imagined from the collection of
the corresponding interpretative expressions, we listed B., the interpretative ex-
pressions of which expressed the other major situations. For example, as for a;s,
we could imagine other situations than “Word disappears from the start menu”, so

we listed By as follows:
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E

@ The collection of the obtained interpretarive expressions

] The collection of the genuine interpretative expressions

Figure 3.3: Evaluations of metonymic expression groups

e B,="000007” (puroguramu, program)

the situation: “the program files of Word disappear from the hard disk”
e B,=“0000" (atkon, icon)

the situation: “the icon of Word disappears from the desktop”

3. Group evaluation.
Based on the above results, we categorized each of the metonymic expression groups
into the following evaluations (“group evaluation” in Table 3.1~3.5). Figure 3.3

shows the relations among the evaluations.
A Every pairs in the group was evaluated as correct, and there were no other
major interpretations (B,).

B Every pairs in the group was evaluated as correct, but there were other major

interpretations (B.).

C correct and incorrect were mixed in the group, and there were no other major

interpretations (B.).

D correct and incorrect were mixed in the group, and there were other major

interpretations (B.).

E Every pairs in the group was evaluated as incorrect.

Table 3.6 shows the results of the pair evaluation, and Table 3.7 shows the results of

the group evaluation. More than 80% of the pairs were evaluated as correct, and 65% of
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Table 3.6: Results of the pair evaluation

evaluation # of pairs

correct 222 ( 84%)

incorrect 42 ( 16%)
total 264 (100%)

Table 3.7: Results of the group evaluation

single-interpretation  multiple-interpretation
evaluation expressions expressions all
A 102 ( 63%) 28 ( 76%) 130 ( 65%)
B 27 ( 17%) 3( 8%) 30 ( 15%)
C S 3( 8%) 3( 2%)
D - 1( 3%) 1( 1%)
E 34 ( 21%) 2 ( 5%) 36 ( 18%)
total 163 (100%) 37 (100%) 200 (100%)

the groups were evaluated as A. In contrast, the ratios of C and D were very small, and
the ratio of E was less than 20%.

Note that the boundaries between A and B, and between C and D are essentially am-
biguous, because it is very difficult to list all possible interpretations for each metonymic
expression. As for as, we acquired eight interpretative expressions (31 ~ f35), but we

could also list other interpretative expressions as follows:

(3.11) OO ogoo ogd
moto-no basho-ni modoru
former-gen place-acc turn back

‘turn back to the former place’

(3.12) OO oono 0d
moto-no haichi-ni  modoru
former-gen layout-acc turn back

‘turn back to the former layout’

However, we actually did not list any of them, because we judged that the collection of

B31 ~ [P35 covered all of major situations for as.
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The above ambiguity problem will be resolved by continuing the operation of the
systems, and collecting more user questions. Consider a case that a user question includes
(3.11), and a relevant text for the question includes as: a matching of the question with
the text will fail at first, because of the lack of the pair of a3 and (3.12) in the synonymous
expression dictionary; however, iteration of the matching failure will lead to acquisition
of the pair of a3 and (3.11). Assuming both metonymic expression groups evaluated into
A and B are considered to be interpreted correctly, about 80% of metonymic expressions

are given correct interpretations.

3.5.2 Performance on Testsets

To evaluate the performance of introducing metonymic expressions into the matching
methods, we prepared testsets. We use the same measure € as described in Subsec-
tion 2.8.2.

The testsets were prepared by selecting user questions that satisfies both the following

conditions, from the 1,290 user questions mentioned in Subsection 2.8.1:

(a) The user question includes either of the acquired metonymic expressions or the

acquired interpretative expressions.
(b) The user question has relevant texts either of Help texts or Support KB.

Condition (a) was satisfied 226 out of the 1,290 user questions, and condition (b) was
satisfied 147 out of the 226 user questions. As a result, two testsets were prepared: 31
user questions which have relevant texts of Help texts, and 140 user questions which have
relevant texts of Support KB 4.

To evaluate the effectiveness of our method, we experimented with each of the following

conditions using the testsets:
baseline Using the methods described in Chapter 1.

metonymy Using the methods described in Chapter 1, and incorporated the acquired
metonymic expressions and their interpretative expressions into synonymous expres-

ston dictionary.

424 out of the 147 user questions have relevant texts of both Help texts and Support KB.
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We increased the weight on M-H relations m from 0 to 3.0, and calculated € for each
condition.

Figure 3.4 shows the overall result, and Table 3.8 shows the number of questions on
which € was improved or worsened, where m = 1.0. The result indicates that introducing
metonymic expressions significantly improves the performance. In addition, it also shows
the effectiveness of weighting on M-H relations.

Table 3.9 shows the examples of the pairs that improved €. For example, a metonymic
expression (I1) was included in a user question, and the relevant text contained its in-
terpretative expression. Due to the matching of these expressions, the score of this text
overcame those of irrelevant texts.

Table 3.10 shows all the pairs that worsened e ((W1) worsened € of two user questions).
(W1)-(W4) of the pairs are evidently incorrect as interpretations for metonymy. By
contrast, although (W5)-(W7) are correct as interpretations for metonymy, they worsened
e: they accidentally exposed flaws in other matching methods proposed in Chapter 2. As
for (W5), a user question (3.13) was misguidedly matched with an irrelevant text (3.14):

underlined parts indicate the expressions of the pair.

(3.13) WindowsXPOO WebODODOOD O0O0OO0ODOOOO
WindowsXP-kara Web-foruda-ni  akusesu-deki-nai
WindowsXP-abl ~ Web folder-acc  access-(can)-(not)

‘I can not access Web folder from WindowsXP.’

(3.14) WindowsXP 000 Access0 0O ... UNICODE 0z00A50
WindowsXP kankyo-no Access-wa, ... UNICODE 0x00A5-wo
WindowsXP environment-gen Access-TM, ... UNICODE 0x00A5-acc
ooooo

shiyo-shimasu
use-(politeness)
‘Access on WindowsXP environment uses UNICODE 0x00A5 ...’

The reasons for the mismatch were as follows: the recursive relation between “00 00O O7
(akusesu, access) and “Access” (a database application produced by Microsoft Corpora-
tion) had been unsuitably expanded (see Subsection 2.4.1); and the matching algorithm
for synonymous expressions ignored the difference of the case markers P,=“0 0" (kara,

ablative case marker) and Pg=“0" (no, genitive case marker).
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Figure 3.4: Evaluation of the performance of the metonymic expressions on testsets
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Table 3.8: Number of questions on which e was improved or worsened

testset improved worsened
Help texts 6 (1) 0 (0)
Support KB 13 (2) 3 (2)

(Numbers in brackets means the cases that the user questions include interpretative ex-
pressions, and corresponding metonymic expressions are in matched texts)

3.6 Related Work

As we have pointed out at the beginning of this chapter, processing metonymy is very
important for various NLP applications. As for machine translation, Kamei et al. [41]
indicated that the following sentence (and its literal translation) is fully acceptable in

English and Japanese, but it is unacceptable in Chinese:
(3.15) He read Mao.

To make English-Chinese or Japanese-Chinese translation of (3.15), it is inevitable to
recognize that (3.15) is a metonymic expression. Furthermore, Harabagiu [25] pointed
out that processing metonymy is useful for anaphora resolution. In the following passage,
recognizing that “The White House” is used to refer “administration” validates the co-

reference link.

(3.16) The White House sent its health case proposal to the Congress yesterday.

Senator Dole said the administration’s bill had little chance of passing.

Most of previous studies on recognition and processing of metonymy were based on
manually constructed ontologies, semantic frames, or logical forms. Fass [42] proposed
the met* method, which recognizes semantic relations (e.g. metonymy, metaphor, and so
on) between pairs of word senses in given sentences, based on some rules for the relations
and sense-frames for verbs and nouns. As for (3.17), the method judges that it is not
literal, by detecting violation of contextual constraints based on two sense-frames for play
and Bach. After that, it tests the relation between play and Bach with each rule, and the
rule for ARTIST FOR ART FORM is satisfied.

(3.17) Ted played Bach.



68

CHAPTER 3. MATCHING METHODS FOR METONYMIC EXPRESSIONS

Table 3.9: Pairs which improved e

met onymic expressions

mterpretative expressions

el o Va B P,B V,B
[user question] [Help text]

(I1) | LAN O ood LAN od O 0od
LAN de  setsuzoku LAN keiyu de  setsuzoku
LAN ins  connect LAN through ins  connect
‘connect by LAN’ ‘connect through LAN’

[user question] [Help text]

(I12) 0000 a goooo oood 0 oo a goooo
fairu ni  kanrendukeru | fairu shurui ni  kanrendukeru
file dat associate file typ dat associate
‘associate with files’ ‘agsociate with a file type’

[user question] [Help text]

(13) 0 ogoooo oo g oagad 0 gooon
moji wo  ookiku-suru moji saizu wo  ookiku-suru
character acc enlarge character size acc enlarge
‘enlarge characters’ ‘enlarge character size’

[user question] [Support KB]

(I14) | HTML O oo HTML oo O 00d
HTML de  hozon HTML keishiki de  hozon
HTML ins  save HTML format ins  save
‘save as an HTML’ ‘save in HTML format’

[user question] [Support KB]

(I5) | OO O od od oooo O 0od
gazo wo  hiraku gazo fairu wo  hiraku
gazo acc open image file acc open
‘open an image’ ‘open an image file’

[user question] [Support KB]

(Is) | 000D O ood oooo oog O od
yuza wo  toroku Yuza joho wo  toroku
user acc register user information acc register
‘register a user’ ‘register user information’

[user question] [Support KB]

(I | 0O O od od Ooooo O od
meishi wo  sakusei meishi dezain wo  sakusei
visiting card acc make visiting card design acc make
‘make visiting cards’ ‘make visiting card design’

[user question] [Support KB]

(I8) 000D O ooog oooo O0o0 O oogo
shisutemu ga  fuantei-da shisutemu dosa ga  fuantei-da
system nom unstable system operation nom unstable
‘a system is unstable’ ‘system operation is unstable’

[Support KB] [user question]

(I9) |00o0O00OO00O0 O oo ogooooooo o oo a aad
apurikeshon ga 0801 apurikeshon kido ga  0s0i
application nom slow application launch nom slow
‘an application is slow’ ‘a launch of an application is slow’

[Support KB] [user question]

(110) | OO 0 oo oo 0 oo 0 ao
rireks wo  sakujo rireki joho wo  sakujo
history acc delete history information acc delete

‘delete the history’

‘delete the history information’
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Table 3.10: Pairs which worsened ¢
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metonymic expressions

terpretative expressions

a o a s B Ps Vg
[user question] [Support KB]

(W1) | 00O oo aod o od 0 0o
peji wo  hyoji peji bango wo  hyoji
page acc display page number acc display
‘display a page’ ‘display page numbers’

[user question] [Support KB]

(W2) | DNS 0 00 DNS 00000 0O OO
DNS wo  tsukau DNS doteki-koshin ~ wo  tsukau
DNS acc use DNS dynamic update acc use
‘use DNS’ ‘use DNS dynamic update’

[user question] [Support KB]

(W3) |00 0Oooooo o o0 00000000 O oooog O o0
apurikeshon wo  hiraku apurikeshon fairu wo  hiraku
application acc open application file acc open
‘open an application’ ‘open an application file’

[Support KB] [user question]

(W4) | DOOO O od oood od O od
fairu wo  insatsu fairu risuto wo  insatsu
file acc print out | file list acc print out
‘print out a file’ ‘print out a list of files’

[user question] [Support KB]

(W5) | Windows XP OO0 0000 | Windows XP oo OO0 0000
Windows XP kara akusesu Windows XP kankyo kara akusesu
Windows XP abl  access Windows XP environment abl  access
‘access from Windows XP’ ‘access from Windows XP environment’

[user question] [Support KB]

(W6) | OO O od od O O 00
mogi wo  kakomu mogi retsu wo  kakomu
character acc circle character string acc circle
‘circle characters’ ‘circle a character string’

[Support KB] [user question]

(W7) | XP 0 OO 0 0ooo 0 00
XP de  soshin XP pasokon de  soshin
XP ins  submit XP PC ins  submit

‘submit ... by (Windows) XP’

‘submit ... by (Windows) XP PC’
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Stallard [43] proposed a method based on logical forms, for distinction between two
kinds of metonymy: “referential” metonymy, in which the referent of a nominal predi-
cate argument requires coercion (e.g. (3.18)), and “predicable” metonymy, featuring the

coercion of the predicate usually corresponding to a verbal lexicalization (e.g. (3.19)).
(3.18) Which wide-body jets serve dinner?
(3.19) Which airlines fly from Boston to Denver?

Murata et al. [44] proposed a method based on manually-constructed case frames [38].
As for (3.20), the case frame for “0 07 (yomu, read) is looked up, and “0 0 00 O
(torusutoi, Tolstoy) is recognized as a metonymic word, because it does not satisfy the
semantic restriction by the case frame. After that, examples in the forms of “Noun A
(0 ; no) Noun B” are gathered from a corpus. As a result, the examples such as (3.21)

are gathered, and “0 07 (shosetsu, novel) is found as the interpretation.

(3.20) OO gooogog 0o.
boku-ga torusutoi-wo yomau.
I-nom  Tolstoy (a novelist)-acc read

‘I read Tolstoy.’

(3.21) opooogo Og
torusutoi-no  shosetsu
Tolstoy-gen  novel

‘Tolstoy’s novel’

Some methods were based on lexical database. Harabagiu [25] proposed a method for
deriving metonymic coercions based on WordNet [36] and operations of logical forms. As
for (3.16), the method detects the co-reference between “The White House” and “admin-
istration” using relations in WordNet. Peters [48] explored sets of concepts comprising
possible metonymic relations in EuroWordNet [49].

However, the above methods have a critical problem: their knowledge structures re-
quire heavy cost of construction and maintenance, and makes scaling up quite difficult.
Therefore, recent studies on processing metonymy adopted corpus-based approaches.

Utiyama et al. [45] proposed a method for giving interpretations for inputted metonymies
in the form of “Noun A Case-Marker R Predicate V7, using statistical measures on a
large corpus. As for (3.22), “O7 (yu, hot water), “0 0" (oyu, hot water), and “0 0"

(netto, boiling water) are given as the interpretations.
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(3.22) DOOO 00
yakan-ga  waku
kettle-nom boil

‘the kettle is boiling’

Also, Lapata et al. [46] proposed a method for interpreting logical metonymy based
on a probabilistic model on a large corpus. For example, it gives “tell” for (3.23), and

“solve” for (3.24) as their interpretations.
(3.23) John began the story.
(3.24) easy problem

Our study has some advantage over these previous studies. First, this study revealed
a critical problem caused by metonymy with full-parsing-based matching methods, which
are generally important for information retrieval and question-answering. Second, this
study proposed a method which can be applied to matching metonymic expressions on
real-world applications, and demonstrated that the method was effective on a concrete
application. In addition, this study treated both recognition and interpretation process
of metonymy. The type of metonymy this study handled was very similar to those of
Utiyama et al. [45] and Lapata et al. [46]; however, their works targeted only on the

interpretation process of metonymy, and left the recognition process for a future work.

3.7 Summary of this Chapter

This chapter proposed a method of acquiring metonymic expressions and their interpreta-
tive expressions from the corpora, including a lot of questions of novice users collected by
our system. Furthermore, we applied the acquired metonymic expressions into matching
user questions with texts, and showed the effectiveness of our method.

Our method also extracts some wrong interpretations of metonymy, and sometimes
they worsen the performance. Moreover, our method treated only a part of the metonymic

world. To cope with such problem, we have to study a synthetic model of metonymy.






Chapter 4

User Navigation

4.1 Introduction

Chapter 2 and Chapter 3 have described the methods for matching a user question with
relevant texts, based on several NLP techniques, including sentence structure analysis.
However, even if a user ordinarily says what he/she wants to know, it is rare that one
relevant text is unambiguously determined. Consider a user question “An error has oc-
curred while booting Windows 98”: this question is relatively specific, however, there are
multiple causes and solutions for his/her problem, and each cause and solution has a text.
If a user question is even vaguer, much more texts are selected. Anyway, a user has to
select one best text that fits his/her situation, from multiple texts as candidates.

We preliminarily examined the question logs for the natural language based text re-
trieval system Hanashi-kotoba Kensaku' serviced by Microsoft Japan, and categorized
questions. The examination shows that about 30% of the user questions are vague. The
application of proposed matching methods for such vague questions without any supports
will result in a pile of matched texts. If all the texts are shown at once, it is hard for a
user to find a relevant one for the situation he/she is coming up with. To cope with the
problem, asking-backs for clarifying vague questions are required.

Some web search engines help a user’s selection of a text, by showing the part that
contains the query keywords, as a context. Advancing this methodology, based on the
flexible and precise matching methods described in Chapter 2, we proposes a novel method
of making asking-backs, extracting descriptions that clarify situations of user questions

(encountered problems), and making asking-backs by showing such descriptions as candi-

thttp://www.microsoft.com/japan/enable/nlsearch/
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User questions
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Figure 4.1: User navigation

dates.

However, if a user question is very vague, the above method often fails, because it
is too difficult to extract such descriptions. Moreover, such a vague question will match
too many texts, so the user will have to pay his/her labor on finding a relevant text.
Therefore, we systematized procedures for making asking-backs to clarify frequently asked
vague questions, that is, Dialog cards. Using the cards, a user’s problem will be specified
through a dialog, with some asking-backs. Note that the matching methods described in
Chapter 2 are also applied for matching a user question with the dialog cards.

Figure 4.1 shows a strategy for navigating a user from vague questions to specific texts
efficiently, by using the above two methodologies complementarily. The biggest triangle
in the figure means the collection of user questions which have a variety of vagueness: the
upper part of the triangle corresponds to vaguer questions; the lower part of the triangle
corresponds to more specific questions; and the text collections place at the bottom of
the triangle, because every text is very specific. For slightly vague questions such as
“An error has occurred while booting Window 98”, the question is matched with texts
by our proposed methods described in Chapter 2 and Chapter 3, and the description
extraction method is applied for each matched text. By contrast, for vaguer questions

such as “An error has occurred”, those questions are clarified step-by-step, by making
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asking backs such as “When?” and “Which Windows are you using?”, and then the
description extraction method is also applied.
In other words, our strategy for clarifying vague questions consists of two approaches:
a top-down approach as dialog cards, and a bottom-up approach as description extraction.
This chapter describes the above two methods in the following two sections: Section 4.2
gives the method of description extraction, and Section 4.3 gives the method for making
asking-backs using Dialog cards. And then, Section 4.4 compares our methods with those

of previous work. Finally, Section 4.5 concludes this chapter.

4.2 Asking-Backs by Description Extraction

In most cases, the neighborhood of the part that matches a user question describes specific
symptoms and conditions of the problems users often encounter. Note that the word
neighborhood is used to indicate a part that places next to the matching part, but that does
not match with a user question itself. For example, when a user question “A page fault
occurs” is matched with a text sentence “A page fault occurs while launching TE5”, the
neighborhood part “while launching TE5” specifies the user’s situation. Extraction of such
neighborhood from each text that matches a user question will support a user’s selection,
especially if several texts are matched with the question. We define the neighborhood as
description, and such extraction as description extraction.

Our method of description extraction is applied to each sentence that matches a user

question as follows:

Y

1. Remove frequently occurred verbose expressions such as “00 0000 ...” (kono
shiryo-dewa ..., in this article, ...), ©...0 0000000000007 (... mondai-ni
tsuite setsumei-shite-imasu, describes the problem that ...), and “000 ..."” (ika-no

..., the following ...) by pattern matches.

2. Segment each sentence into a few parts (segments) based on some linguistic criteria.

Our method considers the following points as a boundary for segmentation:

e After a verb indicating a subordinate clause.

Japanese is a head-final language, and arguments of each verb are placed left
to the verb. If the conjugation of a verb indicates that it modifies a verb, it

means that the verb is a head of a subordinate clause.
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e After a noun indicating a conditional clause.

“O07 (toki, in time of), “07 (sai, in case of), “0 0" (baai, in case of) and

007 (saichu, in the course of) are regarded as such nouns.

e After a postposition “O 7 (de) with a comma.

The postposition “07 (de) is an ambiguous case marker indicating place,
method or reason. However, whatever it indicates, the case components of

place/method/reason have a relatively weak connection to the main verb.

e Coordinations are separated into conjuncts.

3. Remove segments of which every bunsetsu has correspondence with that of a user

question (see Subsection 2.7.1).
4. Select the last segment (excluding deleted segments) as a nucleus of the description.

5. Select the nucleus itself and segments that directly modify the nucleus as the de-

scription.

Figure 4.2 shows an application of the above algorithm for two sentences as answer
candidates. First, the left sentence is divided into two segments A - B, and the right
sentence is divided into three segments C - D - E. Next, B in the left sentence and C -
E in the right sentence are removed, because every bunsetsu of them has correspondence
with the user question. As a result, A and D each is selected as a nucleus of a description.
Finally, “/E50 000 0007 (IE5-wo kido-shita sai-ni, while launching IE5) and “0 O
000000000007 (tasukusukejura-wo tsukau-to, when the task scheduler is used)
are outputted as descriptions of matched texts.

The above method is applied only to representative sentences (see Subsection 2.7.2) of
texts of Support KB. As to Glossary and Help texts, the method is not applied, because

their entries or titles themselves are brief descriptions.

4.3 Asking-Backs by Dialog Cards

If the user question is too vague, it is too difficult to detect matching parts with the
user question, and then the description extraction often fails. Moreover, such a question

matches many texts, so users have to pay their labor on finding a relevant one.
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User question; IES00000000000000000000
| E5-wo insutor u-suru-to pgi-ihan-ga hassei-shita
After IE5 wasinstalled, a page fault has occurred

IESO00000000000bO00ObDOn
ooo0oopoooooooo

|E5-wo insutoru-go tasukusukejura-wo tsukau-to
peji-ihan-ga hassei-suru

After IES isinstalled, a page fault occurs when
the task scheduler is used

IES0 000000000000 0000

IE5-wo kido-shita-sai-ni peji-ihan-ga
hassei-suru
A page fault occurs while launching |E5

Joooooooog
tasukusukejura-wo

N ‘task scheduler’
A D
poooog, ood
kido-shita-sai-ni tsukau-to [T
use
IES0 000000 ooooooooooooo
|E5-wo kido-shita-sai-ni tasukusukej ara-wo tsukau-to

while launching IE5 when the task scheduler is used

shows that the keyword in it is also in the user question.

Figure 4.2: Description extraction from matched text sentences
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<CARD>
<ID> [Error]
<uQ> 00000000 ‘An error is caused’

<REPLY> 0000000000007 ‘“When is the error caused?’
<SEL action=CARD card_id=[Error/Booting Windows]>
Windows 0 O O ‘while booting Windows’
<SEL action=CARD card_id=[Error/Printing Out]>
000 ‘while printing out’
<SEL action=CARD card_id=[Error/Launching Applications|>
00000000000 ‘while launching applications’

< /CARD>
<CARD>
<ID> [Error/Booting Windows]
<uQ> WindowsO OO OOOOOOOOODO “An error is caused while

booting Windows’
<REPLY> [0O0000000O WindowsOOODO OO OO O‘Which Windows
are you using?’
<SEL action=RET phrase=Windows 950 000000000000 ‘An
error is caused while booting Windows 957>
Windows 95
<SEL action=RET phrase=Windows 980 000000000000 ‘An
error is caused while booting Windows 98’ >
Windows 98
<SEL action=RET phrase=Windows MEOOOOOOOOOOOOO ‘An
error is caused while booting Windows ME’>
Windows MFE

</CARD>

Figure 4.3: Dialog cards

We therefore systematized procedures for interactively clarifying frequently asked
vague questions as dialog cards. The cards were constructed based on the manuals for
the operators of the call center in Microsoft Corporation. Figure 4.3 shows two examples
of dialog cards. A dialog card describes how to make asking-backs for a user question,

including the following elements:

<ID>: An ID of the dialog card.

<UQ>: If this part is matched with a user question, this dialog card is used for making
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0000000 ‘An error was caused.’

000000000000 ¢ ‘When was the error caused’

1. WindowsO O O ‘while booting Windows’

2. 000 ‘while printing out’

3. ..

Windows 0 0 O ‘while booting Windows’

00000000 WindowsOODDODOODOOO ‘Which Windows are you using?’

1. Windows 95

2. Windows 98

3. ..

Windows 98

O000D00CDOOOO00000O0QR ‘Please select the following choices.’

1. wes:000000o000oooooooonoooon ‘W98: An
error in trying to load font drivers on start-up’
0JiS000oooooooooooooooooogoogooo
00000000D00000D000000 ‘Font loading errors such
as “The JIS font driver has not been installed” were caused’

2. Wes.Oo0odo0d<dooood >00000000000000000d
‘W98: About an error “[filename] is illegal or not found” on
start-up’

Figure 4.4: A dialog using dialog cards

an asking-back.

<REPLY>: An asking-back for a user.

<SEL action=CARD/SHOW/RET ...

79

>: A Choice with the asking-back. Each choice

describes the next action that a system has to do when a user selects this choice:

action=CARD means that the dialog card indicated by card_id should be used

next; action=SHOW means that a web page on the Microsoft’s site indicated by

url or a text of the text collections indicated by text_id should be displayed; and

action=RET means that the matching of a question indicated by phrase with texts

should be done.

Our method uses the dialog cards based on the matching of a user question with

<UQ> parts, using the method described in Chapter 2: if dialog cards are matched at

high scores (> 0.8), the card that has the highest score is used for making an asking-back

(see Subsection 2.7.4 and Table 2.4).

Figure 4.4 shows an dialog using the two dialog cards in Figure 4.3. First, a matching

user question “00 000007 (era-ni natta, An error was caused) with each <UQ> part
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of every dialog card by the method described in Chapter 2 selected the above dialog card
in Figure 4.3. Next, following the dialog card, the first asking-back “00 000000
00007 (era-wa itsu hassei-shimasu-ka?, When was the error caused?) was made
with some choices. After the user selected “Windows O O O7 (Windows kido-chu, while
booting Windows), following the below dialog card in Figure 4.3 as indicated by this
choice, the another asking-back “0 0000000 WindowsOD OO DO OO ODO” (anata-
ga otsukai-no Windows-wo erande-kudasai, Which Windows are you using?) was made.
Finally, after the user selected “Windows 987, as indicated by this choice, a matching of
the query “Windows 980 0000000000007 (Windows 98-wo kido-ji-ni era-ga
hassei-suru, An error is caused while booting Windows 98) with the text collections were
made, and the result of the matching was showed.

As the example shows, the dialog cards have a hierarchical structure, and the <UQ>
of every dialog card is targeted of the matching with each user question: that is, the
structure of the dialog cards was designed to cover various user questions which have
a variety of vagueness as shown in Figure 4.1. For example, if a user asked a question
“Windows0 0000000000007 (Windows 98-wo kido-ji-ni era-ga hassei-suru,
An error is caused while booting Windows), the asking-back using the bottom dialog card
in Figure 4.3 is made first.

In addition, the framework of dialog cards is also applied for making exceptional
responses which are out of the target domain, such as U:“00 0 00" (konnichiwa,
Hello) S:“00 0007 (konnichiwa, Hello) and U:*0 00 000000000007 (kono
shisutemu tsukai-yasui-desu-ne, This system is easy to use) S:“0 0000000007
(arigato-gozai-masu, Thank you). In such cases, dialog cards that have no <SEL> are
used. Such responses are very important for keeping proper dialogs: without such re-
sponses, a matching of a user question “0 00 000000000007 (kono shisutemu
tsukai-yasui-desu-ne, This system is easy to use) would result in showing irrelevant texts
that have general keywords such as “0 00O 07 (shisutemu, system) and “0 07 (tsukau,

use). In the next chapter, we evaluate such exceptional dialogs as out-of-domain ones.

4.4 Related Work

As we have mentioned in Subsection 1.2.3, efforts on realizing some sort of interactions

with users have been done from the following two approaches: extensions of text re-
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trieval systems, and application of artificial intelligence techniques. This section gives an
overview of these former studies and some other related work, and compared them with
our approach (Table 4.1).

Although basic keyword-based text retrieval systems have no capability of making
such asking backs, some studies have tried to implement the capability to the systems.

These studies involve the following methods:

e Asking-backs by texts.

A lot of previous systems including SMART [18] were based on a method that
requests a user to select relevant texts, and feedbacks the result into modification of
a query?. This method is also adopted some contemporary web search engines such
as Google?: each retrieved text has a button “similar pages”, that seems a method

for asking a user for a relevant text.

e Asking-backs by related keywords.

Several systems such as RCAAU [50], DualNAVT [51], and Excite 4 use a method
that shows keywords related to a query, and request a user to select one (some) of

them.

e Asking-backs by both texts and related keywords.

THOMAS [52] uses the following method: a user’s query is kept as an image, that
is, a collection of keywords; the system gradually modifies the image, by repeating a
process that requests the user to select one relevant text and related texts. However,

the system was proposed in 1970s, and it is applicable only to small text collections.

e Clustering.

Some systems including Scatter/Gather [19] and WEBSOM [20] use a method that
shows clusters as choices, based on automatic classification algorithms. The clusters
are usually represented by texts that belong to the cluster, or lists of representative

keywords.

2Qrdinarily, this method is called as relevance feedback. However, taking this word in a wide sense, it
indicates the whole methods that request a user some information. Therefore, we do not use the word
here.

3http://www.google.com/

‘http://www.excite.com/
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Table 4.1: Various types of information retrieval systems

methods or systems ‘user questions outputs asking-backs scales
basic keyword-based text a collection a collection N/A large
retrieval systems of keywords of texts
asking-backs using texts a collection a collections texts large
(SMART, web search engines) of keywords of texts
asking-backs by keywords a collection a collection related large
(RCAAU, DualNAVI, Excite)| of keywords of texts keywords
asking-backs by both texts |collections of a text texts and small
and keywords (THOMAS) keywords keywords
clustering a collection a collection clusters large
(Scatter/Gather, WebSOM) | of keywords of texts represented
by texts or
keywords
exploitation of a body of natural natural natural very
knowledge described in languages languages languages  small
formal languages (UC) (answers)
exploitation of FAQ texts natural natural N/A small
(FAQ Finder) languages languages
(answers)
exploitation of natural natural N/A large
open-domain texts languages languages
(TREC QA/NTCIR QAC) (answers)
Dialog Help system of natural natural natural small
CIMS, Kyoto University languages languages languages
(answers)
our approach natural natural natural large
languages languages languages

(descriptions)
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The above methods use texts or keywords as media for making asking-backs. However,
these media are not always suitable because of their limitations: keywords have less power
of expression, because they are too abstract; in contrast, texts are too specific.

By contrast, some systems based on the artificial intelligence techniques in 1980s
had the capability of making appropriate asking-backs. For example, UC (Unix Consul-
tant) [21] was equipped with an ability of making asking-backs using natural languages
if user questions were not specific. However, these systems were not applicable to ex-
isting large text collections, because they required specialized knowledge base described
in formal languages. It was too difficult to design an almighty formal language, and
construction and maintenance of such knowledge base required heavy cost.

Meanwhile, as large electronic text collections became available from 1990s, QA sys-
tems that exploit such collections as knowledge base have been studied. Generally, they
adopt deeper NLP techniques including sentence structure analysis based on full parsing
in order to find exact answers. For example, FAQ Finder [8] exploits a lot of FAQ texts
on the USENET, and applies case analysis on the texts. Recently, open-domain ques-
tion answering systems that exploits unstructured texts such as newspapers have been
actively studied in TREC QA Track [5] or NTCIR QAC [9] ( [12-14,34]). These systems
also adopted sentence structure analysis and question type analysis for extracting exact
answers. However, the above systems have no capability of making asking-backs: they
only reply an answer for each user question, based on the assumption that every user
question is specific.

Dialog Help System of CIMS at Kyoto University [26] is a system that has capabilities
of making asking-backs using natural language, based on a flexible matching of a user
question with knowledge base described in natural language. However, it requires knowl-
edge base described in uniform and limited expressions, so it seems a prototype system
for asking-backs for vague questions.

In contrast, our approach realizes asking-backs for vague questions, based on real-world
large text collections. The major novelty of our approach is derived from the method of
description extraction. By proposing the method, we showed that the methodology of
QA systems, i.e., extraction of exact answers based on full parsing, is also applicable to
making asking-backs for vague questions. Although the description extraction may result
in insufficient asking-backs especially in case of so many matched texts, we think that the

method will be an important basis of making more sophisticated asking-backs.
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Another method of our approach, asking-backs by dialog cards, also has some orig-
inality. Unlike the methods based on artificial intelligence techniques, the dialog cards
describe knowledge structures of making appropriate asking-backs like experts by natural
languages. As a result of using natural languages, the dialog cards have several advan-
tages: they work reasonably without rigid descriptions; user questions at various levels of
vagueness are subject to be asked by the dialog cards which have a hierarchical structure;
a variety of expressions in user questions are resolved by the flexible matching methods

described in Chapter 2 and Chapter 3.

4.5 Summary of this Chapter

At the beginning of this chapter, we pointed out the importance of making asking-backs
for vague questions for real-world information retrieval systems. After that, we proposed
the strategy for realizing such asking-backs by combining the two approaches: description
extraction as the bottom-up approach and dialog cards as the top-down approach. Both
approaches are based on the precise and flexible matching methods described in Chapter 2.
In addition, we discussed the difference between our method and those of previous studies
on making asking-backs, and showed the novelties of our method.

The next chapter will propose a specific architecture to realize the proposed method,

and will show results on a real-world operation.



Chapter 5

Dialog Navigator

5.1 Introduction

Most of previous studies on information retrieval systems mainly evaluated the systems
by precision and recall on test collections. However, test collections are not available
for evaluating systems that involve interactions with users. To evaluate such systems,
task-oriented evaluations should be done.

The task-oriented evaluations were mainly based on a strategy that showed subjects
some scenarios and made them ask questions in accordance with the scenarios. However,
to evaluate our method of making asking-backs for vague user questions in line with the
discussions in Chapter 1, the strategy is unsatisfactory. It is too difficult to determine
collections of scenarios that reflect situations on the real world, including vague questions
about troubles with industrial products. Once a scenario is given, a subject’s artificial
question inevitably becomes specific, without vagueness. To deal with the dilemma, a
real-world evaluation is required. That is, the system should be evaluated by motivated
users who have troubles on using products and seek for solutions.

To achieve such real-world evaluation, we implemented the proposed methods on a
dialog system based on the real-world text collections provided by Microsoft Corporation:
Dialog Navigator, which targets ordinary users who use Windows operating systems on
personal computers. And then, we got a lot of ordinary Windows users to use the system,
and evaluated the system based on the real-world operation results, that is, the stored
logs of user questions and system responses.

Dialog Navigator started its service on the web site of Microsoft Corporation
(http://www.microsoft.com/japan/navigator/) in April 2002, and all conversation

logs of user questions and system responses have been stored as a dialog database.
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Figure 5.1: User interface for Dialog Navigator

This chapter describes the real-world operation of our methods proposed in the pre-
vious chapters. First, Section 5.2 gives an interface of Dialog Navigator, which enables
users to make efficient dialogs. Next, Section 5.3 shows a specific architecture for realizing
the method described in Chapter 4, which makes asking-backs for vague user questions.
And then, Section 5.4 shows evaluations of the dialog database of Dialog Navigator as
the effectiveness of our proposed methods, from a couple of aspects. Finally, Section 5.5

concludes this chapter.

5.2 User Interface

To get a lot of user accesses, we adopted a web-based interface for Dialog Navigator.
Users can easily access the system by common web browsers, without installing any addi-
tional software in personal computers. As Figure 5.1 showed, the user interface of Dialog
Navigator has two frames: the upper frame shows dialog histories between a user and
the system, with a text box for inputting user questions by a keyboard; the lower frame

shows some choices when the system makes an asking-back, and a user selects one of the
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choices by a mouse.
The system uses several devices to improve the usability:
o Size of the text box:
The text box for inputting user question has larger size than usual web search
engines. It induces users to input not keywords, but sentences.
e [cons with matched texts:

When the system shows matched texts as choices, each text is displayed with a
colored bar graph, which indicates the matching score by its length and the type of
the text by its color (red means Glossary, yellow means Help texts, and blue means

Support KB). It enables users to know the information about each text intuitively.

e Ordering of matched texts:
Matched texts are shown in order of easiness, that is, Glossary, Help texts, and
Support KB. Texts of Support KB are especially difficult for novice users, so the
order reduces confusion for such users.

e Special treatment for what type questions:
If a question type estimation of a user question (see Subsection 2.3.4) is what type,
and the question is matched to one entry of Glossary with the maximum score
(= 1.0), the definition is directly displayed in the upper frame.

o A pop-up window for displaying texts:

When one of matched texts is clicked, the content of the text is displayed on a

pop-up window.

5.3 Architecture

Figure 5.2 shows the flow chart of Dialog Nawvigator, including internal processes of the

system and user actions. Basically, the following three steps are taken in order:

1. The user question is clarified through a dialog with the user based on dialog cards

(the left side loop of Figure 5.2).
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. The clarified user question is matched with the text collections (moving to the right

side of Figure 5.2).

. Descriptions of the matched texts are extracted automatically, and those are shown

to the user as choices.

Note that if the user question is specific, the matching result with text collections is

directly displayed, skipping the dialog processes with dialog cards.

Each component in Figure 5.2 works as follows:

o Input Analyzer:

It applies the sentence structure analysis methods described in Section 2.3 to each
user question. As a result, each user question is parsed into a dependency structure
between bunsetsu, keywords are extracted from, assigned negation flags and one
of question types (i.e. what type, how type, symptom type, and no type), and
verbose final expressions are removed from. In addition, synonymous expressions

are extracted from each question (see Subsection 2.4.1).

Text Matcher:

Based on the method described in Section 2.6 and Section 2.7, it matches the user
question with the text collections or the dialog cards, and returns texts (or cards)
that have high scores. Expression gaps between the user question and the texts (or
cards) are resolved by the synonymous expression dictionary and the ontological

dictionary (see Section 2.4).

Description FExtractor:

Based on the method described in Section 4.2, it shows brief choices to the user,
by extracting neighborhoods of the part that matches the user question, from each

matched text.

5.4 Evaluation and Discussion

To evaluate the proposed methods on Dialog Navigator, we randomly selected some dialogs

from the dialog database, and examined them from the following three aspects:
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Figure 5.2: The flow chart of Dialog Navigator
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e Does the system return relevant answers? (Subsection 5.4.1)

We divided the dialogs into session units, and a subject judged whether each session
has relevant matched texts, based on estimation of user intentions. This subsection
defines detailed criteria for the examination, and compares the results with dialog

cards to those without dialog cards.

e How do users and the system behave in each dialog? (Subsection 5.4.2)

We validated the strategy for making asking-backs, based on frequency distribution
of behaviors of users and the system, and relations between length of user questions
and system responses. In addition, we checked whether numbers of choices were

appropriate for users or not.

e How do the results of description extraction help users? (Subsection 5.4.3)

A subject evaluated the effectiveness of description extraction, based on some cri-

teria.

5.4.1 Evaluation of Dialog Sessions

As the target for the examination, we randomly selected 300 accesses from a part of the
dialog database: 1st - 31st August 2002. Next, we manually segmented each accesses
into task-oriented units (we call the units a dialog session). As a result, we got 378
dialog sessions. On average, one dialog session had 1.42 utterance pairs (each utterance
pair means a combination of a user question input and a system response). The average
length of user questions was 2.5 bunsetsu: it showed that the users usually inputted
questions rather as sentences than as keywords. We think that the users were induced to
input longer questions by the larger size of the text box.

For each dialog session, a subject gave either of the following evaluations, by estimating

the user’s intention:

e success:text

The system showed at least one relevant text as choices.

e success:no_text
The system had no relevant texts, and answered that no relevant texts were found.
We regard this evaluation as successful one, because it is appropriate for the system

to answer so.
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Table 5.1: Evaluations of dialog sessions (session type A(1))
A-1| U: ExcelDOODOODOO ‘I want to add columns in Excel’
S: ODO000O00O00OO0OO0O0OO0O0O0OOO ‘Please select the following choices.’
1l.o ExcelOOOODOOOOOODODOODADO ‘Inserting empty cells, columns, or rows in
Excel’
2.0 EXCEL: 0000 ‘EXCEL: insertion of columns’
3. 0O
evaluation success:text
A-2|U: OODOOO ‘boot disk’

S: DO0OO0O0OODOOOOOO0O0OOO ‘Please select the following choices.’
1. 0 W98 PC98000 0000000000000 O0O0O0O0O0O ‘W98: boot menu of
the boot disk for PC-9800 series’
2. 0 Windows XPOOOOOOOOOOOOOOOODOOOOOOOODOOOOOOdOd
0000000 ‘How to get a floppy disk to boot a computer for installing Win-
dows XP’

3. 0O ..

Windows 20000 DD 0000000 O0DODODO ? ‘How to make a boot disk on Windows 20007’

0000000000000 000 ‘Please select the following choices.’

1. o Windows NTO OOOOOOODOOODODOO0O0O0O0O0OO0OO ‘How to use a Win-
dows boot disk to prevent boot failure in Windows NT”

2. O Windows 2000 Server D00 O00D0OD0OO0OOODODOOO ‘Perform a clean instal-
lation in Windows 2000 Server’
CD-ROMO 00D O0O0O0OO0OOOODODODOOODDDOOWIindows 20000 OO
00000000000 ‘If your computer cannot boot from the CD-ROM drive,
create Windows 2000 boot disks.’

el

3.0

evaluation success:text

failure:text

Although the system had relevant texts, it could not show any of the texts.

failure:no_text

Although the system had no relevant texts, it showed other irrelevant texts.

misc:proper
The user question was out-of-domain, and the system replied to the question prop-

erly.

misc:improper
The user question was out-of-domain, and the system replied to the question im-

properly.
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Table 5.2: Evaluations of dialog sessions (session type A(2))
A-3| U: USB1.10O0O USB2.000000000O°7 ‘Can I replace USB1.1 with USB2.07’
S: 0000000000000 DO0D0000DODOO0DODOO000DO0 ‘No relevant infor-
mation was found for your question.’
evaluation success:no_text
A-4|U: DODODODODODOODO ‘Iwant to use macros’
S: DO0OO0O0OD0ODOOO0OO0OO0OO0O0O000 ‘Please select the following choices.’
1. 0 Access00000D00O0DO0DOODODOODODOON ‘Setting properties using macros in
Access’
2. O Access Visual BasicO OO OO OO0OO00O000O0O00OO ‘Setting properties using
macros in Access Visual Basic’
3.0 ..
U: ExcelO O ‘T use Excel’
S: 00000000000 0OO0000 ‘Please select the following choices.’
1. 0 Excel200000000000000000000 ‘How to open a particular on
launching Excel 2000’
2. O Excel: WebO 0O Excel0 0000000 00O ‘Excel: How to save Excel data on
the Web’
3.0 ..
proper text Excel0OOOOODOO ‘about Excel macros’
evaluation  failure:text
A5|U: DO0ODOO0O0OXPOODODOOOOOOOOOO? ‘How to remove Windows XP?’
S: 00000D0O0O0DO0O0000DODO0O000000D0O00000000 ‘No relevant infor-
mation was found for your question.’
proper text Windows XPO OO OO OO OOOODOO ‘How to uninstall Windows XP’
evaluation  failure:text
A6|U: DODO0O0ODO0O0O O0OOOO0O0O0OO0O0O00O0O0OOO0O0O ‘The screen is not displayed properly

in Rally Sports Challenge’
S: OD00000D0OO0OO0O00O00000 ‘Please select the following choices.’
1. 0O W9SSE: 00000000 [ESClDU0O0O0N0DO0OON ‘W9I8SE: the initial set-
ting screen is displayed incorrectly if [ESC] is typed repeatedly’
2. 0 [CHT2]000000000000000O0O0 ¢[CHT?] in case that characters
are not displayed correctly’

3. 0O

evaluation failure:no_text
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Table 5.3: Evaluations of dialog sessions (session type B)
B-1| U: OO0OODOOCO ‘I want to draw a table’
S: 00000D000D00000DODOD0000000D000000000 ‘No relevant infor-
mation was found for your question.’
U: OOOOOO ‘Iwant to make a table’
S: OD00000D00O0OO00O00000 ‘Please select the following choices.’
1. o PowerPoint 0 00 0000 ‘Making a table in PowerPoint’
2.0 WordOOOOOOO ‘Making a table in Word’
3.0
evaluation success:text
B-2| U:. O0OO0OOOQO ‘forced termination’
S: DO0OO0O0OD0ODOOO0OO0OD0OO0OO000 ‘Please select the following choices.’
l.o EXCEL:ODOO0000O000000000D0OCO0O00O00 ‘EXCEL: check-ups in
case of forced termination or hang-up’
2.0 EXCEL: 000000000000 0000000D00000000000  “‘EX-
CEL: how to recover a file which is not normally saved because of forced ter-
mination’
3.0 .
evaluation success:text
B-3| U: Linux
S: DO0OO0O0OD0ODOOO0OO0OD0OO0OO000 ‘Please select the following choices.’
1.0 LinuxO00O0O0O Windows 2000000 NTOOOOOOOOOOO ‘How to re-
move Linux and install Windows 2000 or NT”
2.0 Lnux RPCOOO0O0O0OODODOOO0OOOODOOOOOOO0O0DOOOO0O
‘Denial-of-Service attack possible from Linux RPC client’
3.0 .
evaluation success:text
B-4| U: FreeBSD
S: 00000D000D00000D0O0OD0000000D000000000 ‘No relevant infor-
mation was found for your question.’
evaluation success:no_text
B-5|U:. OOOO0OOOOOOO ‘Iwant to cancel the spell checker’
S: 00000D00O0D00000D0OD0000000D000000000 ‘No relevant infor-
mation was found for your question.’
proper text (WD9S| DO D O0OUOO Q&A ‘[WDI8] Q&A about the text checker’
evaluation failure:text
B-6| U: O0O0OOOOOOODODOOO ‘Characters on homepages are too large’
S: 00000000 D0O0ODOO0000O0 ‘Please select the following choices.’
1. O HOWTO|OUOOOUODOOOOOOODOOOHOW TO] How to initialize large
arrays of strings’
2. 0 [SNA] 127000000000 NvRunCmd 00000000000 ‘[SNA]
Characters above 127 were incorrectly mapped by NvRunCmd’
3.0 ..
apropertext OOO0O0O WebOOOODODOOOOOOOOOO ‘Change character size on dis-
played web pages’
evaluation failure:text
B-7/ U: CcADOOODOOOO ‘A CAD software does not work’

S: 0DO00O00O0O0O0OO0OO0O0O00000 ‘Please select the following choices.’
1. O [OFFXP]Office00000000OO DVDOOOOODOODOOODOOODODO ‘[OF-
FXP] DVD softwares are not worked after Office is set up’

evaluation failure:no_text
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Table 5.4: Evaluations of dialog sessions (session type C)

C-1

U: O0000D0O0OD0OCO0OO0 ‘An error was caused.’
S: 0000000000007 ‘When was the error caused?’
1. O Windows O OO ‘while booting Windows’
2. 0O 000 ‘while printing out’
3.0 ..
U: Windows 0 00O ‘while booting Windows’
S: 0O000O000O0 WindowsODOOOOOOODO ‘Which Windows are you using?’
1. O Windows 95
2. O Windows 98
3.0 ..
U: Windows 98
S: 00000000000 000O0OOO ‘Please select the following choices.’

l.o WOOODODODODODODODODOOODOOOO0O00O0O ‘W98: An error in trying to
load font drivers on start-up’
oJisodoo0oo0ooDoDoooDooooU0ooOooooDoooooooogn
0000000000000 ‘Font loading errors such as “The JIS font driver has
not been installed” were caused’

2.0 woR:O OO0 <O0O0o0o00O >000000000000000000“‘W98:
About an error “[filename] is illegal or not found” on start-up’

3. 0

evaluation success:text

C-2| U XBOXOOOODOOO ‘Tell me about XBOX’

S: Microsoft 0 D00 O0O0O0O0O0OCOOOODODO ‘A next-generation video game machine de-
veloped by Microsoft.” 00 D0 0000000000 OO0OOOO ‘For more details please
refer to the following hyperlinks.’

1. o XBOX
2.0 00000000O0ODOO ‘game titles to be scheduled to go on sale’
3.0
evaluation success:text
Table 5.5: Evaluations of dialog sessions (session type D)
D-1|U:. ODOO0OO0OO0OOOODO ‘Who are you?’
S:  Dialog Navigator 0 0 0 ‘I'm Dialog Navigator.’
evaluation misc:proper
D-2| U O00000O0O0OO0COO0O ‘Please tell me the weather information during the summer holidays.’

S: 000000000 0O0DO0D0O0000DO0D00D0O0ODDOO0OD0OD0O0O0d ‘No relevant infor-
mation was found for your question.’

evaluation misc:proper

D-3| U 00000 ‘What’s your name?’

S: 0O00D0OO0OC0CO0ODODODOODOO ‘Please select the following choices.’
1. O OO0000O: 00 ‘glossary: name’
2. 0 Access0100000D0000OO0OOODODOODOODOODOOOODODOQO ‘About
names of fields, controls, and objects in Access’

3. 0O

evaluation misc:improper
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Note that the above evaluations exactly grasp behaviors of the system in real situ-
ations, in contrast to evaluation based on text collections. However, it is impossible to
estimate user intentions exactly: all the users of the system are anonymous, because they
can access the system on the web without any registrations. To cope with the problem,
we categorized the dialog sessions into the following four session types, and defined a

guideline to evaluate dialog sessions for each session type:

e session type A:
Dialog sessions in which user questions were specific, that is, all information for
determining relevant texts was specified (Table 5.1 and Table 5.2). Texts that had

all of the specified information are judged to be relevant.

If a session had shown relevant texts as the choices, it is judged to be success:text
(A-1 and A-2). If not, the judge depends on exhaustive search of the text collections
by the subject, using a keyword-based text retrieval system!: if relevant texts are
found, the session is judged to be failure:text (A-4 and A-5); if relevant texts are
not found, and the system answered that no relevant texts were found, the session is
judged to be success:no_text (A-3); if relevant texts are not found, and the system

showed other irrelevant texts, the session is judged to be failure:no_text (A-6).

Note that regardless of that a user asked some vague questions at the beginning of
a session, the session in which all information for determining relevant texts was

specified is categorized into this type (A-2 and A-4).

e session type B:
Dialog sessions in which user questions are vague, that is, some information for
determining relevant texts is not specified, excluding sessions in which dialog cards
are used (Table 5.3). For dialog sessions of this type, it is impossible to judge which
texts agreed with user situations. Therefore, texts that had all of the specified

information are judged to be relevant.
If a user question was expressed as only one keyword, every text which has the

keyword is judged to be relevant (B-3 and B-4).

e session type C:

Dialog sessions in which dialog cards are used (Table 5.4). If user selections reached

LA dedicated system which retrieves all matched texts with inputted keywords.



96 CHAPTER 5. DIALOG NAVIGATOR

the bottom of the hierarchical structures of the dialog cards, and relevant texts
were shown, the session is judged to be success:text. It is seldom that no relevant
text were shown, because we have continuously checked whether relevant texts were

shown for each choice of a dialog card.

e session type D:
Dialog sessions in which user questions are out of the system domain (Table 5.5). If
the question was answered with a dialog card (D-1), or if the system answered that
no relevant texts were found as a result of matching with the text collections (D-2),
the session is judged to be misc:proper. If matched irrelevant texts were shown

(D-2), the session is judged to be misc:improper.

Table 5.1~5.5 shows examples of evaluations of dialog sessions for each session type. In

each table, “U:” indicates an utterance (a question or a choice) of a user, “S:” indicates a

b} 4

response by the system, and “o ” shows a text that is evaluated as a “relevant text” by
the subject.

The right side (the column of “sum”) of Table 5.6 shows the results of the evaluation
of the dialog sessions. The total success ratio to the 230 dialog sessions (excluding misc
sessions) was 76%.

The left side of Table 5.6 shows the relation between the evaluations of each dialog
session and whether were dialog cards used in the session. At the time of the evaluation,
there were 216 dialog cards, and those had a hierarchical structure of not more than
three levels. The total ratio of dialog sessions in which dialog cards were used to the 230
dialog sessions was 17% (= 38/230), and all of the dialog sessions were successful. In
addition, the dialog cards also worked well for out-of-domain (misc) user questions that
were ranged by those cards. We therefore conclude that the strategy of using the dialog
cards generally works well.

Most of the failures of dialog sessions were caused by the lack of the text collections and
the synonymous expression dictionary. If there are no relevant texts for a user question
in the text collections, it is difficult for the system to answer that it can find no relevant
texts, such as A-3; in many cases, it shows irrelevant texts such as A-6 and B-7. Suppose
that the parameter ¢ for ignoring texts which had small scores (Table 2.4) were increased,

such failures (failure:no_text) would be reduced; but in compensation for the reduction,

about dialog sessions for which relevant texts existed in the text collections, success:text
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Table 5.6: Evaluation of dialog sessions, with the usages of dialog cards

Whether were
dialog cards used?
evaluation Yes | No sum
text 38 (100%) 111 (58%) | 149 ( 65% / 39%)
success: no_text 0( 0%)| 25 ( 13%)| 25 ( 1%/ 7%)
(sum) 38 (100%) 136 (71%) | 174 ( 76% / 46%)
text 0( 0%)| 15( 8%)| 15( 7%/ 4%)
failure: no_text 0( 0%)| 41 ( 21%)| 41 ( 18% / 11%)
(sum) 0( 0%)| 56 (29%)| 56 ( 24% / 15%)
subtotal (without misc) | 38 (100%) | 192 (100%) | 230 (100% / 61%)
proper 57(——)| O0(——)| 57 ( —/ 15%)
misc: improper 3(—)| 8 (—)| 91 ( ——/ 24%)
(sum) 60 (——)| 88 (——)| 148 ( —— / 39%)
fotal 98 ()| 280 ()| 378( ]/ 100%)

unit: # of dialog sessions)

would be reduced, and failure:text would be increased. To cope with the trade-off,
failure:text such as A-5 and B-6 should be reduced by matching relevant texts with user
questions by enriching the synonymous expression dictionary.

Some sessions as A-4 failed because of the lack of exploiting dialog contexts. To reduce
such failures, matching methods that take dialog contexts into account are needed.

The success ratio at the time of the release of Dialog Navigator was about 60%.
To improve the performance, we have continuously modified the synonymous expression
dictionary and the dialog cards, by analyzing obvious failures in the dialog database. As

a result, the success ratio has increased over 70% until now, as shown in Table 5.6.

5.4.2 Analysis of Behaviors of Users and the System

To verify effectiveness of the architecture of Dialog Navigator, we examined the 378 dialog
sessions described in the previous subsection, for how users acted, and for how the system
responded to the users (Figure 5.3).

In the 378 dialog sessions, there were 518 user question inputs by keyboards, 19%
(= (32+66)/518) of which were responded by the dialog cards. In addition, an examina-

tion of relations between lengths of user questions and the system responses (Table 5.7)
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518

User questions
inputted by

keyboards

32 261 159

responses by responses by matched with the matched with the
dialog cards dialog cards text collections text collections

(complete) (with choices) -> with texts -> without texts

(U: Hellot) (U: Anerror has (U: How toadd alinein (U: How toinstall a
S: Hello. occurred.) Excel?) service pack?)
S: When does the error S: Select the following S: No relevant texts
occurs? choices. were found.
average # of choic average # of texts:
3.2 14.4

showing texts

Figure 5.3: Frequency distribution of user actions and system responses

Table 5.7: Lengths of user questions and system responses

# of responses by matching with
bunsetsu in dialog cards text collections
user questions | complete with choices with texts | no texts total
1 29 (13%) | 17 ( 8%) 115 (52%) 59 (27%) | 220 (100%)
2 ( 2%)| 37 ( 28%)| 46 (35%)| 47 (35%) 133 (100%)
3 ( )| 10 ( 14%)| 33 (45%)| 30 (41%)| 73 (100%)
4 ( )| 2 ( 6%)| 22 (65%) 0 (29%) | 34 (100%)
>5 ( ) ( )| 45 (78%) 3 (22%) | 58 (100%)
total 32 ( 6%)| 66 ( 13%) | 261 (50%) 159 (31%) | 518 (100%)
(unit: frequency)
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Table 5.8: Lengths of user questions and matched texts

# of bunsetsu average # of | percentages of
in user questions | matched texts | relevant texts
1 (115 times) 18.2 49%
2 (46 times) 9.1 28%
3 (33 times) 16.0 22%
4 (22 times) 10.5 10%
>5( 45 times) 10.6 11%
total( 261 times) 144 35%

showed that the dialog cards mainly corresponded to shorter user questions (< 3 bun-
setsu). Typically, the shorter a user question is, the vaguer it is. We can therefore conclude
that our strategy of making asking backs for vaguer user questions (the upper part of the
triangle in Figure 4.1) by the dialog cards works efficiently.

Another evaluation of relations between lengths of user questions and matching results
with the text collections (Table 5.8) showed that percentages of relevant texts became
worse as user questions became longer. Typically, the longer a user question is, the more
technical it is. Therefore, the text collections may not cover such user questions enough.

As for the relations between lengths of user questions and average numbers of matched
texts, the user questions that consisted of only one bunsetsu matched especially a lot of
texts. It was mainly caused by a lot of one keyword inputs by users, such as B-3 in
Table 5.3. By contrast, user questions which had a certain lengths matched appropriate
numbers of texts, due to the parameters for limiting the number of choices shown in

Table 2.4.

5.4.3 Evaluation of Description Extraction

To examine the results of the description extraction method, we randomly selected 100
user questions that were replied with not less than five choices of matched texts, from the
part of the dialog database (1st - 31st August 2002). Next, a subject gave evaluations
for each description of the text that was ranked as top five choices, and was extracted
from texts of Support KB. In case of the evaluation, we excluded 152 texts the titles or

entries of which were selected as the representative sentences (including all of Glossary
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and Help texts, and some texts of Support KB in which their titles had the largest score;
see Subsection 2.7.2), because each of the texts had the title as a description. As a result,
348 (= 100 x 5 — 152) descriptions were evaluated.

Each extracted description was evaluated from the viewpoint whether the extracted
descriptions had helpful, necessary, and successful information for users’ choices. Specifi-
cally, the subject firstly compared each five choice (description) for a user question with
each other, and the subject judged which information was the most important for the
user’s choice (we call the information as MII: Most Important Information). After that,

the subject gave either of the following evaluations for each description:

e proper:

The description had MII just enough.

e insufficient:

The description did not have MII enough.

e verbose:
The description had other lots of information than MII. Roughly, the subject gave
this evaluation if the number of characters that expressed other information than

MII was more than half of the number of characters that expressed MII.

Table 5.9 shows the result of the evaluation on description extraction. The ratio of
proper descriptions to the all evaluated descriptions was 61%. Assuming that every title
or entry selected as a representative sentence were proper, 73% of extracted descriptions
would be proper. In addition, the average length (number of characters) of extracted
description was 68.9, and that of original sentences was 81.6. Therefore, the compression

ratio of the method was as follows:

(1 _ the average length of extracted descriptions) <100 — <1 B @) %100 = 15.6(%)

the average length of original sentences 81.6

Table 5.10 shows examples of the evaluations of the extracted descriptions. In the
table, “U:” indicates an utterance (a question or a choice) of a user, “S:” indicates a
response by the system. Firstly, the subject judged that “specific environments in which
a computer does not sound” as MII. After that, the subject gave either of the evaluations
for each extracted descriptions: the descriptions of No. 2 and No. 5 were given proper,

because they had enough information about types of played sound files; in contrast, the
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Table 5.9: Evaluation on description extraction

evaluation # of choices
proper 213 (61%)
insufficient 27 (8%)
verbose 108 (31%)
total 348 (100%)
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Table 5.10: Examples of the evaluations on the extracted descriptions

extracted descriptions | original sentences | evaluation

U: 00000 ‘No sound’

S:0000000000000000 ‘Please select the following choices.’

1. [NT] Crystal Audio O Sound- | (the title)

Blaster AWE32 0000000
00 ‘[NT] No audio with Crystal
Audio or SoundBlaster AWE32’

2. 000U00O0OU0OO0OO0O [0D0O0 |0DOUOO0OO0OO0O ODoOo O oo proper
0]00 CHIMES WAV OOO |0O]00 CHIMESWAVOOOO
0o0o0opoDo0o0o0oooob0OD |ODoOddooooooooooo
00000000 If you test | DODOOOOOOODODODO ‘If
the CHIMES.WAYV file from the | you test the CHIMES.WAV file
Control Panel Sound applet, re- | from the Control Panel Sound
gardless of the volume setting’ applet, regardless of the volume

setting, there is no sound.’

3. DOO0OO0ODO0OO USBOOOODO | (the title)
000dooood ‘When you
are listening to audio over USB
speakers, you may hear a pop’

4. YAMAHA YSTMS55D USB O | YAMAHA YSTMS55D USB O | verbose
Oo000o0oDoOoOOodoOoooOD|000 Doboooooooog
ogoooooobooboobob |Jdoooooboo ooooo
oggooooobooodounD (0 gobbbbboobooooboobo
000000000000 ‘Af- | 00D000000DOO0O00OOOO0O
ter you install the Yamaha | 0000 OO ‘After you install
YSTMS55D USB speaker set, | the Yamaha YSTMS55D USB
the speakers have extremely lit- | speaker set, the speakers may
tle or no volume when you at- | have extremely little or no vol-
tempt to use the volume control | ume when you attempt to use
knob on the speakers.’ the volume control knob on the

speakers.’

5. WindowsOOOO ((WAV)OOO | Windows 0000 (\WAV) OO proper
000000 ‘Whenyouplaya | O0O0OO0OOOODOOOCOO
Windows Sound (.wav) file’ ‘When you play a Windows

Sound (.wav) file, you hear
static.’
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description of No. 4 were given verbose, because it had extra information such as other
conditions, although it had the name of the sound device as the environment.

The relatively small compression ration of the proposed method was mainly caused by
the high ratio of verbose descriptions. Specifically, the method often left extra segments
which had no important information for users’ choices, such as in the No. 4 description
of Table 5.10. To improve the result, the system should recognize important segments
based on mutual comparison of all choices, and it should exclude other segments. In
addition, recognition of coordination structures is required. As for the No. 4 description
of Table 5.10, both “000 00 000" (hijo-ni oto-ga chisai, extremely little volume)
and “00 0007 (oto-ga de-nai, no volume) should be removed: those two clauses form
coordination, and both clauses are verbose for asking-backs.

Most of insufficient extracted descriptions were caused by unsatisfactory selections of
representative sentences, each of which was the original sentence for the description. Such
original sentences did not represent entire texts. To get proper descriptions, the matching
methods of user questions with texts should be improved. However, the limitation that
only one representative sentence for each text often caused unsatisfactory descriptions.
For example, our method did not work well if each of separate two sentences had encoun-
tered problems (e.g. “an error has occurred”) or specific situations (e.g. displayed error
messages) respectively. To cope with the problem, sophisticated linguistic analysis such

as discourse analysis is required.

5.5 Summary of this Chapter

This chapter described the real-world application of our proposed methods on the practical
dialog system Dialog Navigator, and showed the results and effectiveness of our methods.

To evaluate our methods in the real world, we proposed specific user interface and
system architecture to realize the asking-backs strategy described in Chapter 4, and sev-
eral devices to get a lot of user accesses by improving the usability of the system. The
evaluation of the system consisted of three types of examinations. The first examination
was based on the dialog session units, and showed that 76% of the dialog sessions were
successful. The second examination analyzed the behaviors of the users and the system,
and validated the strategy for clarifying vague questions based on the two types of asking-

backs, i.e., description extraction and dialog cards. The last examination evaluated the
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outputs of the description extraction, and showed that 61% of extracted descriptions were

proper.






Chapter 6

Conclusion

When we have to find answers for our questions on using complicated instruments with-
out aids of others, various gaps between the questions and the answers prevent us from
reaching the answers. Although a lot of previous studies on information retrieval have
tackled this problem, some of the gaps have not been satisfactorily solved. This thesis
proposed a solution to resolve such gaps, based on real-world text collections. The solu-
tion consists of two strategies: precise and flexible matching of user questions with texts,
and two kinds of asking-backs based on the matching. To evaluate the solution, we imple-
mented the proposed solution on a dialog system, Dialog Navigator, based on real-world
text collections.

This chapter demonstrates the author’s contributions toward realization of a system
which acts as experts or call centers, by summarizing the author’s achievements. Finally,

this chapter concludes with the future directions of this study.

6.1 Contributions

Chapter 1 showed a survey of previous studies on information retrieval firstly, and a
detailed examination of question logs collected by an existing text retrieval system. The
examination indicated that there are some types of gaps between user questions and
answers. The gaps mainly consist of expression gaps and vagueness gaps. Methods
of matching user questions with texts are required for resolving the expression gaps,
and methods of interacting with users are required for resolving the vagueness gaps and
the belief gaps. Moreover, these methods should be applicable to large text collections.
However, almost all of the previous studies do not satisfy either of these requirements.

To satisfy all of the requirements, this chapter proposed a solution based on precise and

105
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flexible matching methods as application of natural language processing techniques: the
expression gaps are resolved by the matching methods themselves; and the vagueness gaps

are resolved by two kinds of asking-backs based on the matching methods.

Chapter 2 described the methods which realize the precise and flexible matching of user
question with texts. To satisfy the requirements for achieving the goal of this thesis, the
methods based on full-parsing results of user questions and texts were developed. To be
exact, all these methods were founded on sentence stricture analysis using a robust fairly
accurate Japanese parser KNP: expression gaps are resolved using synonymous expression
dictionary and ontological dictionary, in consideration of modifier-head relations; and the
similarity score between user questions and texts is calculated based on analyzed sentence
structures, giving large points to matches of modifier-head relations. In addition, several
devices to improve the performance were proposed: question type estimation for selecting
text collections, text selection by product names, removal of verbose final expressions,
assignment of negation flags, and indexing for quick retrieval of texts.

An evaluation on these methods using testsets demonstrated that the weighting on
modifier-head relations significantly improved the performance, and other devices were
also effective. This chapter also discussed the matching failures in the testsets, and
indicated that further advancements of natural language processing techniques would be
required.

Finally, this chapter compared the author’s methods with previous studies on infor-
mation retrieval. The comparison focused on full-parsing-based matching indicated that
the author’s methods are an extension of methods of open-domain question answering
systems, rather than that of text retrieval systems. Another comparison focused on re-
solving expression gaps showed that the author’s methods have important advantages
over other methods: capability of resolving phrase-level gaps, and applicability to large

text collections.

Chapter 3 extended the methods described in the previous chapter toward processing
metonymy. Metonymy is a figure of speech in which the name of one thing is substituted
for that of something to which it is related, and it appears frequently in both user questions
and texts. It is critical for the goal of this thesis to process metonymy, because metonymy

often causes gaps of modifier-head relations between user questions and texts.
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To solve the problem, this chapter proposed a method for automatic acquisition of
pairs of metonymic expressions and their interpretative expressions, and a method for
using the acquired pairs to resolve the gaps of modifier-head relations. Firstly, the acqui-
sition method was applied to corpora which consisted of a lot of user questions and text
collections, and 1,126 pairs of metonymic expressions and their interpretative expressions
were derived. An evaluation showed that more than 80% of the pairs were correct. An-
other evaluation on the effectiveness of introducing the acquired pairs into the matching
methods descried in Chapter 2 using testsets demonstrated significant improvements over
the baseline methods.

Finally, this chapter showed the advantage of the author’s method over other ones em-
ployed by previous studies on processing metonymy: this method works without manually
constructed knowledge structures, which require heavy cost of construction and mainte-
nance; and this method treats both recognition and interpretation process of metonymy,

although the recognition process has been left by the previous studies.

Chapter 4 tackled the resolution of another important type of the gaps, i.e., the
vagueness gaps, by exploiting the matching methods. Firstly, a preliminary examination
of question logs of a natural language based text retrieval system showed that about 30%
of the user questions were vague, and matches of such questions with texts resulted in
a pile of matched texts. Based on this fact, this chapter emphasized that clarification
of such vague questions is required. To realize that, this chapter proposed a strategy of
making two types of asking-backs complementarily: description extraction as a bottom-up
approach, and dialog cards as a top-down approach.

The former approach works based on the fact that the neighborhoods of the part that
match user questions describe specific symptoms and conditions of problems which users
often encounter. The extraction of the neighborhoods usually helps users to find relevant
texts. Note that the extraction would not be possible without the precise and flexible
matching methods proposed in the previous chapters.

However, if a user question is too vague, the extraction often does not work, because
such vague question will match too many texts. The latter approach, i.e., the dialog cards,
covers the inadequacy of the description extraction. The dialog cards were constructed
based on the manual for the operators of the call center in Microsoft Corporation, and

systematized procedures for interactively clarifying frequently asked vague questions. The
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matching methods in the previous chapters are also helpful in selecting appropriate dialog
cards.

Finally, this chapter compared the author’s strategy with those of previous studies,
and showed the advantages over them. Generally, asking-back methods employed by
text retrieval systems are not suitable for the resolution of the vagueness gaps; artificial-
intelligence-based approaches have no scalability; the dialog help system of Kyoto Uni-
versity are based on knowledge base written in natural language, but the knowledge base
should be described using uniform and limited expressions. In contrast, the author’s strat-

egy realizes asking-backs for vague questions, based on real-world large text collections.

Chapter 5 described the real-world operation of the methods described in the previ-
ous chapters, and evaluations of the results. Firstly, this chapter pointed out that it is
inevitable for methods of resolving the vagueness gaps to be evaluated by motivated users
in the real world. To perform the evaluation, all the methods were implemented on a
dialog system based on the real-world text collections provided by Microsoft Corporation:
Dialog Navigator, which targets ordinary users of Windows operating systems on personal
computers. To be exact, a specific architecture which realizes the methods proposed in
this thesis and a user interface which improves usability were devised. The service of
the system was started on the website of Microsoft Corporation in April 2002, and all
conversation logs of user questions and system responses have been stored as a dialog
database.

Based on the database, three types of examinations were performed. The first exam-
ination evaluated each dialog session, and showed that 76% of the dialog sessions were
successful. The result suggests that the matching methods work well overall. The second
examination analyzed the behaviors of the users and the system, and validated the pro-
posed strategy for clarifying vague questions based on the two types of asking-backs, i.e.,
description extraction and dialog cards. The last examination evaluated the outputs of

the description extraction, and showed that 61% of extracted descriptions were proper.

Now let us summarize the contributions of this study. This thesis proposed a concrete
solution to cope with circumstance surrounding users of recent complicated instruments:
the users often have questions on using the instruments, and large text collections for

answering the questions have been gathers; however, various gaps between the questions
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and texts, chiefly expression gaps and vagueness gaps, prevent us from reaching appro-
priate texts. Previous studies on information retrieval had troubles with resolving the
gaps: some studies (e.g. ask-backs by keywords, texts, or clusters based on conventional
keyword-based text retrieval systems) were insufficient to resolve the vagueness gaps, and
other studies (e.g. application of artificial intelligence techniques) were not applicable to
large text collections. In contrast, this study proposed a solution of combining the fol-
lowing two methods: resolution of the expression gaps by flexible and precise matching
methods of user questions with texts; and resolution of the vagueness gaps by making

asking-backs based on the precise and flexible matching methods.

6.2 Future Directions

This thesis proposed a solution to resolve various gaps between user questions and their
answers. However, there are still gaps to be resolved. For example, some of expression
gaps beyond keyword level are left as future issues. Resolution of vagueness gaps is the
main topic of this thesis, but it is still required to be improved. Resolution of belief
gaps are left behind, although it will be critical for novice users. Moreover, it is a big
problem that the author’s methods depend on some manually constructed knowledge
structures, such as the synonymous expression dictionary and the dialog cards. The costs
of constructing them are relatively small than that of previous studies, but are still large
when we construct the knowledge structures which cover targeted domains sufficiently. In
addition, the keyboard-based user interface requires users to pay a large amount of labor
for rephrasing their questions, although rephrasing is vital for efficient dialogs between
users and the system. The author thinks that a speech interface is suitable for rephrasing.

To cope with the above issues, the author would like to study for the following direc-

tions, based on recent developments in natural language processing techniques:

e Further improvements of expression gap resolution.

As mentioned at the end of Section 1.2, some of expression gaps beyond sentence
level, including anaphora and ellipses, are left as future issues, even though the res-
olution of such gaps is essential for contextual interpretations of user questions [26].
The anaphora and ellipses resolution requires case frames which cover the diversity
of verb usages. In the past, the coverage has been unsatisfactory, because the case

frames have been constructed manually. However, automatic construction of case
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frames, and its application to the anaphora and ellipses resolution are becoming
available [53]. The author would like to tackle the contextual interpretations of user
questions, based on the techniques, and examination of the question logs collected

by Dialog Navigator.

Application of paraphrasing techniques to resolve the expression gaps will be another
topic. The coverage of the synonymous expression dictionary is currently bound by
the cost of constructing it. It is desirable that paraphrasing techniques which are

applicable to large text collections are developed.

Further improvements of vagueness gap resolution.

Construction of the dialog card collection which sufficiently covers vague user ques-
tions requires a large cost. The author would like to improve the method of descrip-
tion extraction, by introducing generalization of similar descriptions among matched

texts.

User modeling.

To cope with the belief gaps, a model which simulates users’ beliefs is required. For
example, if a user makes a question based on incorrect beliefs, the system should
make asking-backs which correct the beliefs, by detecting inconsistency of the beliefs

with answer texts using the model.

Interactive instructions of answer texts based on a user model are also important.
This thesis covers only the process of finding answer texts, and leaves the instruction
process, which is another important role of call centers and experts. To realize
the instruction process, user modeling is also required, because favorable ways of
the instructions could vary with experience, skills, or circumstances of users. For
example, novice users may prefer to be told each action step by step. By contrast,

experts may favor brief instructions.

Speech interface.

This thesis emphasized the importance of interactions between users and systems in
resolving the various gaps between questions and answers. The author thinks that
introduction of a speech interface will promote the interactions, because rephrasing

on the speech interface is less difficult than that on the keyboard-based interface.
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Currently, Dialog Navigator has been extended for speech input [54]. The most
critical issue for the speech interface is recognition errors. To cope with the issue,
two criteria of making asking-backs for fixing the errors were introduced. The service
of speech-based Dialog Navigator was started on April 2004. The author would like

to improve the system by examining the collected user questions.
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