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Abstract

The dictionary look-up of unknown words is particularly difficult in Japanese due to the compli-
cated writing system. In this thesis we describe FOKS, a system which allows learners of Japanese to
look up words according to their expected, but not necessarily correct, reading. This is an improve-
ment from previous systems which provide no handling of incorrect readings. Instead of relying on
learner’s absolute knowledge of the readings we try to predict what readings a learner might associate
with the target word and offer access to the translations based on these readings.

In preprocessing, we calculate the possible readings each kanji character can take and different
types of phonological and conjugational changes that can occur, and associate a probability with each.
Using these probabilities and corpus-based frequencies we exhaustively generate a set of predictable
readings and calculate a plausibility measure for each generated reading given a dictionary entry based
on the naive Bayes model. In response to a user-entered reading, we calculate the plausibility of each
dictionary entry corresponding to the reading and display a list of candidates for the user to choose
from.

We implemented the FOKS system in a web-based environment and opened it to general public.
The system performance was evaluated on Japanese Proficiency Test data and naturally occurring
misreading data. In these experiments, we were able to demonstrate the ability of our system to reduce
the number of unsuccessful dictionary queries up to 67% when queried with incorrect readings. This
is a major improvement over the conventional systems. Furthermore, through analysis of generated
reading sets we concluded that the number of candidates returned to user queries is not overwhelming.
Consequently we feel that the system should prove itself helpful to learners of Japanese.
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Conventions

Transcription

In order to make the content of this thesis more accessible to readers not proficient in Japanese
we give transcriptions using the Hepburn system. This transcription system was designed to resem-
ble English pronunciation and as such should be easier to understand than the Kunrei-shiki system
which closely corresponds to Japanese syllabaries. We only deviate from the Hepburn system in our
transcription of long vowels. Given a word containing a long vowel we transcribe each kana char-
acter directly regardless of phonemic realization. For example, using this convention, 8B E x 9
“exaggerated” is transcribed as oogyou and not as oogyoo.

Broad phonemic transcriptions are given in the International Phonetic Alphabet (IPA).



Chapter 1

Introduction: The need for a better
dictionary interface

1.1 System Objectives and Outline

1.1.1 Unknown words and foreign language learning

Learning a foreign language is a time consuming and painstaking process. However, in today’s high
paced and highly mixed society learning and knowing a foreign language has become a necessity. The
process of acquisition of a language, both native and second, has received a lot of attention both
in linguistic and educational circles (Pinker 1995; NLI 1984a). While there are lot of aspects of a
language that need to be mastered on the road to proficiency, unknown words are often cited as a
major bottleneck for foreign learners of any language (Groot 2000).

A large number of words that need to be acquired presents a problem in itself and the mare size
of the task scares off many learners in the early stages of language learning. Educators have tried to
alleviate this problem by seeking better ways to learn and remember new words (Laufer and Hulstijn
2001). However, rather than word learning, of greater interest to us is the problem of dictionary
lookup. Due to lack of a fast and easy way of looking unknown words up in a dictionary, learners
experience high time overhead and frustration impeding the learning process (Humble 2001). The
problem of dictionary lookup is particularly evident for non-alphabetic languages such as Japanese
where the complex writing system poses an additional difficulty in front of the learner.

1.1.2 Dictionary lookup for Japanese

Japanese dictionaries are usually indexed on the phonemic realization of words. Such dictionaries
are known as kana dictionaries. The phonemic ordering convention makes it easy to look up words
once the reading is known. However, in many cases it is not straight-forward to extract the phonemic
information given the graphemic presentation of the word as present in target text. The problem
is mostly due to the fact that Japanese writing system includes a large number (1,945 prescribed
by the government for daily use, and up to 3,000 appearing in newspapers and formal publications
(NLI 1986)) of kanji characters (ideograms) whose phoneme realization cannot be easily identified.
Generally, each character’s reading needs to be learned individually before a word can be looked up in
the dictionary. For example, to look up &% sen’ “transition” the user must know that & and % take
on readings sen and 14, respectively. Things are even more complicated as characters frequently have
several (commonly) unrelated readings which appear depending on the context (e.g. readings sen and
utsuru of &, i and utsuru of ) making it difficult to postulate a correct reading of the word even
in a case when some reading of the each character in a word is know. Consequently, direct lookup of
words containing kanji characters in a kana dictionary if often insufficient. When direct lookup fails
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Figure 1.1 Sample page from The Kanji Dictionary

words need to be looked up using a different approach.

The remainder of Japanese dictionaries is ordered on kanji characters employing a complicated
system of wushu or kanji radicals and number of stroke counts for classification. These dictionaries are
usually referred to as kanji dictionaries. Figure 1.1 gives a sample page from The Kanji Dictionary
(Spahn and Hadamitzky 1996) . In cases where the correct reading is not directly available, unknown
word is looked up in the following manner

1. Look up the first character of the word in a kanji dictionary by using the radical or stroke count
to find the character. Using our example from above, one would look up #& either by using its
radical  or its stroke count 15

2. Search through the index of common words including this character for the target word

3. If the word is not listed in the index, repeat steps 1 and 2 for each additional kanji character
present in the word (i.e. look up # by its radical  or stroke count 11)
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4. If the word cannot be found through any of the indices, postulate a reading for the whole word
based on individual character readings (e.g. sen’i et ) and search for this reading in a dictionary
indexed on phonemic realization of the word

From the above description it should not be hard to imagine that this process is highly time
consuming and troublesome for a learner. To make things worse, the kanji radical and number of
strokes system leaves a lot of room for user errors as it is frequently hard to pinpoint the radical of
the character or correctly count the number of strokes . For example, #& also contains radicals  and

, whereas % also contains a radical  potentially making it difficult to select the proper radical
of the character in question. On the other hand, both characters and consist of one stroke,
while this is not immediately obvious. Such confusion results in further burdening the lookup task. In
some cases lexicographers have tried to expedite the process by devising additional forms of indexing
kanji dictionaries (e.g. Helpern (1998) boasts six different ways of looking up a character) but these
indexing schemes are rarely standardized and in all cases need to be learned to be used. Clearly, a
system allowing direct and straight-forward lookup of words containing kanji characters would greatly
assist the learner by removing or at least ameliorating the difficulties associated with the process of
learning new words.

1. Statement o purpose

Learners often possess only limited knowledge of the readings of characters and the phonological and
conjugational processes governing word formation. This makes it difficult to identify the correct read-
ing for a string, and the boolean match mechanism adopted by conventional dictionaries discourages
the user from attempting to look up a word in the case that s/he is uncertain of the reading. We
believe that if we can imitate the manner in which learners acquire and classify the different readings
of characters and the rules governing overall reading formation, we should be able to decipher which
dictionary entry the user was after even when queried with a (predictably) wrong reading.

Thus, the purpose of this research is to develop a comprehensive and efficient dictionary interface
allowing the learners of Japanese to look up Japanese words in a error resilient and intuitive manner.
We are interested in removing the burden placed on the learner by other dictionary interfaces to possess
correct reading knowledge of the word to be looked up. Ultimately, we are interested in developing a
working and usable dictionary interface, that is, we hope that that users will be able to look up the
desired words with efficiency and ease but still not be overwhelmed with the large number of results
to their queries. In the process, we would like to allow for maximal use of available reading knowledge
and encourage the user to try to query the system with plausible readings derived based on available
knowledge and intuition.

To achieve these goals, we need to (machine) learn the set of possible readings for each character
as well as the phonological and conjugational rules governing word formation as to be able to infer
the base set of readings and rules. Furthermore, we need the information on any common error types
that can affect the user-estimated readings. Given this information, we need a mechanism to order the
candidates by a likeliness measure favoring more plausible readings and reducing the effects of rare or
endemic readings on the results displayed to the user. Finally, we need to provide an accessible and
user friendly access mechanism to the obtained data and the dictionaries behind it.
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1. System outline

With the above statement of purpose as the guideline we have implemented the FOKS (Forgiving
Online Kanji Search) system. This system allows a learner to lookup unknown words according to
their expected, but not necessarily correct, reading in the web based environment.

Our system is intended to handle both strings in the form they appear in texts or as they are read
(with the reading expressed in hiragana). Given a reading as an input, the system tries to establish a
relationship between the reading and one or more dictionary entries, and rate the plausibility of each
entry being realized with the entered reading. Any relevant dictionary entries are then presented to
the user.

In a sense this problem is analogous to kana—kanji conversion (see, e.g., (Ichimura et a 2000)
and (Takahashi et ¢ 1996)), in that we seek to determine a ranked listing of kanji strings that could
correspond to the input kana string. There is one major difference, however. Kana—kanji conversion
systems are designed for native speakers of Japanese and as such expect accurate input. In cases
when the correct or standardized reading is not available, kanji characters have to be converted one
by one. This can be a painstaking process due to the large number of characters taking on identical
readings, resulting in large lists of characters for the user to choose from.

Our system, on the other hand, does not assume absolutely accurate knowledge of readings, but
instead expects readings to be predictably derived from the source kanji. We do assume that the user
will only try to lookup words that we have the knowledge of (i.e. words that are contained in the
base dictionary) and we base our analysis on the collection of such words. If any dictionary entries
are found to be plausibly associated with the entered query, they are displayed to the user. In this
thesis we will explain how the FOKS system was implemented and how it helps a learner of Japanese
language obtain access to translations of unknown words in a systematic and time-efficient manner.

1. Outline o t et esis

The remainder of this thesis is organized as follows. Chapter 2 gives a short introduction to the
Japanese writing system and discusses reading errors common in learners of Japanese. It also gives a
survey of research related to existing dictionary interfaces and methodologies employed in our system.
Chapter 3 describes the processing steps necessary for generating and scoring the probable readings.
Each of the stages involved is described in sequential order with the emphasis on the modularity of
the processing. Chapter 4 gives the details of the system implementation and tries to exemplify some
of the benefits for the learner. The evaluation of the system and the discussion of the results are given
in Chapter 5. Finally, Chapter 6 gives conclusions and points out possible future research directions.




Chapter 2

Background Information

d s ort introduction to apanese ritin system

We presume that most of our readers are familiar with Japanese writing system at least to some
extent. However, since this subject is fundamental to our research we will dedicate a few paragraphs
to a short review of its peculiarities. Along the way we will point out some aspects that often cause
difficulties for the learner.

2.1.1 ylla aries

Japanese writing system consists of the three orthographies of hiragana, katakana and kanji, which
appear intermingled in modern-day texts (NLI 1986). The hiragana and katakana syllabaries, collec-
tively referred to as kana, are relatively small (46 basic characters each), and most characters take a
unique and mutually exclusive reading which can easily be memorized. The exception to the exclusive
reading rule are kana characters  and  which are realized as /zu/ and characters and  which
are realized as/ i/ .

Generally speaking the function of hiragana and katakana is distinct although a wide range of
variation is allowed and present. Hiragana is mostly (but not exclusively) used for function words,
conjugational endings of verbs and adjectives and for words that were written with difficult non-
standard kanji characters in the past. Katakana, on the other hand, is mostly (but not exclusively)
used for words of foreign origin, onomatopoeic and stressed expressions and to some extent for plant
and animal names. It is important to distinguish that the term “foreign origin” stands for words
recently borrowed from European languages (mostly English) and does not refer to a large number
of words of Chinese origin which are commonplace in Japanese. Katakana characters are also quite
commonly used as pronunciation guides for words whose reading is not obvious (i.e. uncommon proper
names written in kanji or foreign words written in alphabet) (Knight and Graehl 1998).

Each kana character or mora is made up of one or two consonants and a single vowel phoneme.
Exceptions are five stand alone vowels (a, i, u, e, and o) and a single stand alone consonant
(n ). Furthermore, a broad phonemic transcription is associated with each kana character such that
the step to fully phonemic representation is a straight-forward one. The only exception to the unique
broad transcription rule is character 9 which can be realized either as /u/ or /o/ depending on the
preceding context and part of speech of word the character appears in. The /o/ realization occurs in
cases where the preceding kana ends with an /o/ sound and the word in question does not inflect, thus
enabling the disambiguation when given the preceding context and part of speech information. Figure
2.1 depicts the set of hiragana characters with their broad phonemic transcription and romanization.
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a /a/ ka /ka/ sa /sa/ ta /ta/ na /na/
i/i/ ki /ki/ shi / i/ chi / i/ ni /ni/

2 u /u/ ku /ku/ su /su/ tsu / u/ nu /nu/
e /e/ ke /ke/ se /se/ te /te/ ne /ne/
B o Jo/ ko /ko/ so /so/ to /to/ no /no/
ha /ha/ ma /ma/ ya /ja/ ra / a/ wa /wa/

hi /hi/ mi /mi/ ri/ i/
fu/ u/ mu /mu/ yu /ju/ ru / u/ n /n/
he /he/ me /me/ re / e/
ho /ho/ mo /mo/ yo /jo/ ro/ o/ o /o/

Figure 2.1 Basic hiragana set with the corresponding romanization and IPA broad phonemic tran-
scription given in / /

this paper we will use Due to their limited number and strict correspondence between individual
characters and readings, kana syllabaries do not present a major difficulty for the learner.

2.1.2 an i ¢ aracters

Kanji characters, on the other hand, present a much bigger obstacle for a learner. Literally, “kanji”
stands for hinese hara ters reflecting the fact that kanji had been brought from China over the
Sea of Japan starting from around the 3rd century. Some characters were modified over time and
some additional ones appeared only on the Japanese side, but the majority still closely correspond to
characters used in China and as such are readable to Chinese speakers. Unlike Chinese, where char-
acters are characterized as morphosyllabic (DeFrancis 1984) or representing one morpheme lexically
and one syllable phonologically, in Japanese kanji often subsume several syllables phonologically (e.g.
% omote “front” is trisyllabic).

The high number of these characters (up to 3,000 appearing in newspapers) in itself presents a
challenge, but the matter is further complicated by the fact that each character can and often does
take on several different and frequently unrelated readings. These readings are divided into on or
the readings of Chinese origin and kun or readings of Japanese origin. The kanji ¥&, for example,
has readings including on reading hatsu and kun reading ta tsu , whereas 3 has readings including
on reading hyou and kun readings omote and ara a reru . Based on simple combinatorics, therefore,
the kanji compound %2 happyou “announcement” can take at least 6 basic readings, and when
one considers phonological and conjugational variation, this number becomes much greater. Learners
presented with the string F&3% for the first time will, therefore, have a possibly large number of potential
readings (conditioned on the number of component character readings they know) to choose from. The
problem is further complicated due to frequent cases where character combinations do not take on
compositional readings. For example, ka e “common cold” is formed from the combination of
ka e wu “wind” and yokoshima ja “evil” whereas that is not obvious from the resulting reading.
Proper names are often pointed out for this problem of non-compositional compound readings due
to archaic and/or unusual kanji-compound readings appearing only in names. Consequently, proper
name reading in some cases represents a problem even for native speakers of Japanese.
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. ommon lin uistic p enomena overnin compound readin or
mation

Japanese is one of the world’s major languages in availability of language resources and linguistic study.
However, we point the readers to Tsujimura (1996) for a good introductory overview of Japanese lin-
guistic phenomena completely written in English. Here, we will introduce the two types of phenomena,
that are prevalent in compound formation and as such are of great interest to our research. These
phenomena are sequential voicing (rendaku) and sound euphony (on in).

2.2.1 e uential oicing

endaku or sequential voicing is the process of voicing the first consonant of the trailing segment
when segments are combined in a binary fashion to produce words. The initial segment remains
unaltered. While sequential voicing is very common, there are several conditions that need to be
fulfilled for it to occur. Among the factors are the origin of the second segment and the length of the
resulting compound. Also, if a second segment in the compound contains a voiced obstruent, voicing
is prevented. This constraint is known as ymans a (Vance 1987; Ito and Mester 1995).
Examples of sequential voicing are

hon “book” tana “shelf” hondana “bookshelf”

ta ¢ “travel” hito “person” ta 1_ito “traveler”

Note that sequential voicing produces two voicing possibilities for the consonant /h/ full voicing (/b/)
and semi-voicing (/p/). Assuming that we know that sequential voicing has taken place, however, it is
generally possible to uniquely recreate the base form of the reading. Exceptions to this generalization
are /p/ (possible base forms /h/ and /b/), /zu/ (possible base forms / u/ and /su/) and / i/.
(possible base forms / i/ and /i/).

2.2.2 ound up ony

n in or sound euphony, similarly occurs in binary word formation, and is the process of replacing the
last mora (kana character) in the leading segment with a mora in phonetic harmony with the first mora
of the trailing segment (see Frellesvig (1995) for detailed discussion). It has several different sub-forms
limited to verbal and adjectival conjugational forms including 7 on in or velar vocalization and hatsu
on in or nasalization. However, the most common form, assimilatory gemination or soku on in, is a
morphological process which occurs in word formation. The occurrence of sound euphony depends on
voicing and the manner of articulation of the following segment. Notice that sound euphony occurs
only when the base reading is made up of at least two morae, whereas sequential voicing occurs for
readings of all lengths. Examples of gemination are

koku “country” kyou “boundary” kokkyou “(national) border”
datsu “remove” shutsu “leave,exit” dasshutsu “escape”
D du “say”  te itte “say(ing)”

For simplicity, we will refer to the various forms of conjugation-related sound euphony (e.g. the third
example above) as “conjugation”, and the morphological process of assimilatory gemination (e.g.
the first and second examples above) as “gemination” for the remainder of this paper. Note that
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conjugating endings are included within the conjugating segment along with the verb stem (i.e.

itte “say(ing)” above is considered to be a single segment), and that there are non-geminating forms

of conjugation (e.g. conjunctive conjugation D qu “say” i1). Furthermore, conjugational

segments can further undergo gemination ( hiki “pull(ing)” koshi “go(ing) beyond”
hikkoshi “moving (house)”).

Unlike sequential voicing, the simple knowledge that sound euphony has taken place is generally
not sufficient to uniquely recreate the base form of the geminated consonant, even when the type of
the proceeding consonant (which the geminated consonant is in harmony with) is taken into account.
For example, in the first example above, the base form of  kok “country” given the right context of
/k/ could be, e.g., koki, koku, kotsu, each of which has equivalent phonological plausibility.

. ommon problems learners o apanese encounter

From the above introduction to the Japanese writing system it should be evident that learning how
to read and write Japanese is not a trivial task, especially as a second language. Indeed, there is a
long history of research documenting the problems Japanese learners have in reading texts containing
kanji (NLI 1986; MELJI 1997). We compiled some commonly-listed problems to obtain the following
list of major error types

1. wutip e readings or a gi en kanji In some cases the learner is aware of the different readings
a kanji character can take, but unable to decide on the proper reading in the given context. For
example, can be read as tat, dai and oo kit depending on the context, so the string
taikai “convention, congress”’ could feasibly be misread as ookai or daikas.

2. nsu ient kno edge o readings In some cases, learners are only aware of a proper subset of
the readings a given kanji can take, and are thus forced into making wrong reading predictions
when faced with new words drawing on a novel reading for that kanji. In the previous example,
a user aware only of the oo ki reading for  would almost certainly try to read as ookai.

3. onusion due to ord e e oo wurren e When two characters occur together in a common
word their readings can be substituted when appearing with other characters. For example, the

common string soshou “lawsuit” can give rise to erroneous reading kisyou for kiso
“(to) charge”. Also common is the superimposition of a known reading onto a word occurring
with a common kana suffix, e.g. nagusameru “comfort, console” being read as osameru
(due to knowledge of the string osameru “study, cultivate”).

4. n orre t app i ation o phono ogi a and onjugationa ru es go erning reading ormation For
example, F& hatsu and 2% hyou form the compound FZ happyou “announcement”, but readings
such as hatsuhyou or hahhyou could equally arise from the component character readings.

5. on usion due to graphi simi arity o di erent kanji Learners who have had limited contact
with kanji can easily confuse characters. For example, ki “foundation” and o “grave” are
visually similar, resulting in the transfer of the reading of one kanji onto the other.

6. on usion due to semanti simiarity o di erent kanji Characters like — migi “right” and
hidari “left” have a similar meaning and as such are often substituted for each other, resulting
in an erroneous reading. Semantic confusion sometimes occurs on word rather than character
level as is case between kaji “fire” and kasai “(disastrous) fire”.

7. onusion as to ength o o0 es or onsonants For example, shusai “organization, spon-
sorship” can be mistakenly read as shuusai, or mottomo “most, extremely” as motomo.
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This is a very common error for learners whose native language has no distinction between short
and long vowels or short and long consonants.

8. on usion as to e isten e o onsonant usters Learners sometimes have a tendency to break
up consonant clusters in kanji readings. For example, ryokou “trip,travel” can become
riyokou and so on.

9. andom errors These are errors that do not belong to any of the above groups and are very
hard to classify and/or predict. As such, it is hard to imagine a system being able to handle
this type of error.

While several reading aids and electronic dictionaries handling correct readings exist (see below), to
our knowledge previously there has not been an attempt to handle a wide variety of possible user
errors in a single dictionary interface. We have analyzed a list of possible common errors given above
and constructed a system that accounts for errors in systematic, linguistically and statistically sound
manner.

. urrently available dictionaries and readin aides

In the introductory chapter, we have painted a bleak picture of dictionary lookup for Japanese using
paper dictionaries. However, with the advent of computers and electronic dictionaries, dictionary
lookup has become somewhat more efficient. Electronic Japanese dictionaries have become increasingly
popular during the last decade both in portable and server-based form due to their superior usability
over paper dictionaries. One reason for this is that several different dictionaries (e.g. kanji, monolingual
Japanese and bilingual Japanese-English) can be accessed through a single interface, and navigated
between easily.

More significant, however, has been the introduction of several new search methods that enable
faster lookups. For example, it is possible to copy/paste strings and get the translation directly
when the source text is available in electronic form (Breen 2000). Also, most dictionaries support
regular expression-based searches allowing for the lookup of words from partial information, such as
one component kanji which the user knows the reading for and can hence input (using a kana-kanji
conversion system) into the system interface. In another development, it has become possible to look
up kanji characters via the readings of meaningful sub-units (other than radicals) contained in the
character (using, e.g., the Sharp Electronic Dictionary PW-9100 or Canon Word Tank IDF4000).

2. .1 pen do ain syste s

Also in the last decade, several interactive reading aides aimed at Japanese as a second language
learners have become available. A pioneer in this field was the DL system (Tera et a 1996) capable of
performing the morphological analysis of the sentence entered and providing translations from EDICT
dictionary. Later, MOKO system (Kitamura and Kawamura 1998) added to DL the ability to display
the stroke order of kanji in a desired word thus providing an assistance for writing as well. Reading
Tutor (Kawamura et a 2000; Kawamura 2000) is a website providing a collection of reading aides
including the world and kanji level checkers (Kawamura 1999) and a collection of dictionaries and
thesauri both English and German (Kawamura 2001). The system performs the text segmentation
and then provides translation and semantic information at the word level (Kitamura and Kawamura
2000). Asunaro (Nishina et a 2000; Nishina et a 2002), on the other hand, provides a multi-lingual
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English, Chinese and Thai interface capable of sentence segmentation and displaying the sentence
syntax trees as well as the word level translations. The Rikai system, on the other hand, displays
the reading and translation of words pointed at with the mouse directly in the browser window. All
of these systems aim at helping the learner by removing the burden of breaking the sentence in words
and converting them into a form suitable for dictionary searches. Syntax trees, semantic information,
etc. are added to improve the sentence level comprehension of the target text.

2. .2 ortco ings of currently a aila le syste s

While we feel that the above described dictionaries and reading aides are a valuable addition to a
repertoire of a learner, they work best when the target text is available in electronic form and needs
not be re-entered into the interface. However, in the instance that the text is available only in hard
copy, the current systems offer very little or no user support. Here, current systems still require that
the user has absolute knowledge of the full reading of the word in order to achieve direct lookup. In
some cases, regular expression-based searches allow the word to be looked up indirectly via a portion
of the reading, or by inputing and converting each character of the word separately using a kana—
kanji conversion system. While this is acceptable for proficient Japanese language users who posses
significant knowledge of kanji characters and can read the word correctly, it remains to be a major
handicap for learners of the language.

. elated esearc

In the remainder of this chapter we will introduce several research areas that are not directly related
to the problem of dictionary lookups and language learning. Instead, the topics covered and the
methodologies used are directly related to the approach we are taking to this problem. Hence, we
would like to give some background information.

2. .1 rap e e to one e align ent

Grapheme-to-Phoneme alignment and translation are a necessary part of any text-to-speech (TTS) sys-
tem and as such have received significant attention by researchers. In European languages, grapheme-
to-phoneme translation has been mostly approached through dictionary lookups amended with letter-
to-sound rules designed to recreate words missing from the dictionary (Divay and Vitale 1997; Ainsworth
1973). However, the development of such knowledge-rich expert systems requires significant resources
and is highly language specific. Consequently, recently more attention has been given to automatic
techniques based on machine-learning methodologies. Among these data-driven methods are pronun-
ciation by analogy (Dedina and Nusbaum 1991), a back-propagation neural network (Sejnowski and
Rosenberg 1987), hidden Markov models (Parfitt and Sharman 1991), transformation-based error-
driven learning (Huang et a 1994), decision tree learning (Jansche 2001; Black et a 1998) and
memory-based learning (Daelemans and van den Bosch 1996; Daelemans et ¢ 1997) methods. In
some cases alignment has been implemented in opposite direction, that is phoneme-to-grapheme
(Rentzepopoulos and Kokkinakis 1996) and some systems provide for bidirectional alignment (Meng
1995).

For an overview of data-driven techniques see Damper (1995) and for a recent performance compar-
ison of different systems see Damper et a  (1999). Even with a significant number of projects exploring
data-driven methodologies, rule driven methods still seem to be achieving better results (Divay and
Vitale 1997; Damper et a 1999). This is greatly due to the fact that the correspondence between
graphemes and phonemes are structural for most European languages so rule-driven techniques are
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highly effective. However in Asian languages using ideographic scripts, such as Japanese and Chinese,
the correspondence is not nearly as clearly structured and different methods need to be explored.

In our system we are interested in extracting the grapheme—phoneme correspondences as they
appear in a dictionary. This is achieved by way of grapheme—phoneme alignment between kanji
(grapheme) strings and their readings in the form of hiragana (phoneme) strings analogous to the
method used in (Divay and Vitale 1997). As we have stated above hiragana characters are not
phonemes but phoneme clusters such as ka and u. Nonetheless, once phonemic description in
hiragana characters is available it is a straight-forward procedure to get a truly phonemic description
and since we are not directly interested in application in a T'TS system we can postpone this final
step for later research.

2. .2 ord eg entation

Word segmentation has received lot of attention in non-segmenting languages like Japanese and Chi-
nese. This is mainly due to the fact that most language processing requires world level tokens as
input. Therefore, an additional preprocessing step dividing sentences into words is necessary if word
delimiters are not contained in text.

For Chinese, in the early 1990s several dictionary lookup methods based mostly on variations of
greedy matching were proposed (see Wu and Tseng (1993) for a survey of methods). However, recently
a compression algorithm based system (Teahan et a 2000) and a knowledge free probabilistic system
(Brent and Tao 2001; Brent 1999) proved superior to previous methods with both recall and precision
reaching over 98%. Of particular interest is work of Sproat et a (1996) who also implemented a
separate model for proper names and foreign words to supplement their weighted transducer based
segmentation model.

In case of Japanese, due to the rich morphology, direct dictionary lookup methods were never
considered feasible. Instead, with the exception of a few purely statistical models (Nagata 1994) most
systems take the rule based approach (Hisamitsu and Nitta 1990; Kurohashi et a 1994). In this
approach a connectivity matrix between parts-of-speech and word probabilities is searched for a path
with a least connective cost. The search space is reduced through application of heuristics such as the
longest-string match, least-number of phrases, etc. Various statistical (Takeuchi and Matsumoto 1997)
and learning based supplements (Nakagawa et a 2001) have been proposed to the basic least-cost
method to improve the accuracy. Recently, Suzuki et a (2000) proposed a hybrid word-segmenter
parser approach selecting the appropriate word segmentation only while trying to build a syntactic
tree of the sentence.

Nonetheless, the two of the best known Japanese morphological analysis systems are JUMAN
(Sadao and Nagao 1998) and ChaSen (Matumoto et a 2002). Both of these systems employ a rule
based approach whereas the latter one employs a probabilistic model to select the best analysis when
several are available after initial rule application.

It can be argued that the problem of segmentation is distinct from the dictionary lookup task.
Indeed, in our system we put the burden on the user to determine word boundaries and convert the
words to a dictionary form. However, our work of aligning kanji characters with their respective read-
ings can be viewed as subword—level segmentation as we are trying to segment the grapheme—phoneme
tuples to minimal morpho-phonemic units. Therefore we can draw on experience and methodologies
used in word level segmentation.



Chapter 3

From one dictionary to another, the
methodology

In the previous chapter we introduced some aspects of the Japanese writing system and pointed out
how it might cause problems to a learner of the language. In this chapter we explain how we go about
deciding what erroneous readings are probable and how we score various readings.

1 onstructin an ntelli ent nter ace

d.1 i ple approac

To be able to generate plausible readings for a given kanji string, the first requirement is to know all
the readings each individual kanji in the string can possibly take. While kanji dictionaries list the
most common readings each character can take, they give very little additional information that would
be useful in our task. For example, most dictionaries provide no information on relative frequencies
of various readings of the character but just give a list of readings a character can take. Also, while
several publications discuss the phonological phenomena affecting the compound reading formation
(Tsujimura 1996; NLI 1984b), they do not provide a quantitative analysis which could be used as a
starting point for our system.

Clearly, given the common readings of the characters it is straight-forward to generate compound
readings based on the simple concatenation of unit readings. However, if we were to proceed in this
manner we would fail to reflect the relationship between the pervasiveness of some readings over the
others or the phonological effects of compound word reading formation. Nonetheless, this relationship
is paramount to the way a user with limited knowledge of Japanese might try to read an unknown
word. Hence, this simple approach fails to accomplish our initial goal of modeling the manner in which
learners of Japanese are likely to form a candidate reading for a compound word they are not familiar
with.

1.2 odular approac

Instead of relying on the data provided in kanji dictionaries, we extract the data directly from the
dictionary we are implementing the interface for. We employ a modular approach dividing the overall
problem into several smaller problems. Each of the problems is analyzed separately and then the
solution is implemented. Given the solution and the modularity of the system, each part of the
system can be tested separately. The modular nature of our approach is depicted in Figure 3.1. The
process is as follows

1. In the first step we extract the complete set of readings associated with a given segment through

12
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Dictionary entry-reading pairs
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Segmented dictionary
entry-reading
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Dictionary entry-reading pairs,

score
Readings Database

Figure 3.1 Modular structure of FOKS system. Each module is implemented and tested independently

a process of alignment. In order to get the reading data we take a set of kanji-reading string
pairs from the dictionary and automatically align atomic segments of the kanji string with their
corresponding readings in the reading string. Note that “atomic segments” cannot be further
segmented up into smaller parts which correspond meaningfully to partitions of the reading
string, and can potentially extend over multiple kanji (see below) and include combinations of
kanji characters and kana.

2. After obtaining the reading data, we try to minimize the reading set by separating the genuine
differences in readings from those which are phonological and/or conjugational derivations of
underlying base readings. We analyze each reading for phonological and conjugational changes
and then standardize the reading set in the process of canonization.

3. Finally, using the data obtained in the previous steps we exhaustively generate new readings for
each dictionary entry and calculate their overall probability based on the frequencies of segment
readings . This value is combined with corpus frequency to give a final plausibility measure of a
given reading being entered when searching for the dictionary entry from which it was derived.

In the following sections we describe each of the modules in detail.

. rap eme p oneme ali nment

Given a dictionary entry and its reading given in hiragana, we want to extract the part of the hiragana
reading resulting from each kanji character, that is align the kanji with their readings. The particular
dictionary used here and throughout the research is the publicly-available EDICT dictionary (EDICT
2001). Following the same alignment procedure for all dictionary entries containing a given kanji,
we can extract a complete set of phonemic realizations of the kanji. Previously, Bilac et a (1999)
applied a rule based method to the same problem but the method exploited some dictionary dependent
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pyo-u ha-p-pyo

Figure 3.2 All possible alignments for % happyou “announcement”. Segment markers are allowed
only between whole hiragana characters

information. Baldwin and Tanaka (2000), on the other hand, give a comparison of several machine-
learning based methods as applied to unsupervised alignment. The method described below proved
superior in accuracy when no alignment training data is available.

2.1 lign ent algorit

Alignment is achieved by way of grapheme—phoneme alignment between kanji (grapheme) strings and
their readings in the form of hiragana (phoneme) strings. Here again, we remind the reader that
hiragana characters are not strictly phonemes, but phoneme clusters. Nonetheless, in our application
the leap is permissible. In the alignment process, we attempt to extract the complete set of phoneme
realizations (component readings) for each grapheme segment (kanji segment). Our method requires
no supervision and could be applied to other languages in which the phonetic realization is not clearly
derivable from the grapheme presentation. The alignment process proceeds as follows

1. For each grapheme—phoneme string pair, generate a complete set of candidate alignment map-
pings. We constrain the alignment process by requiring that each grapheme character aligns
to at least one character in the phonemic representation and that the alignment is strictly lin-
ear (without crossing lines). We also disallow characters from being divided into two segments
(characters are indivisible) and enforce full coverage of both grapheme and phoneme string in
the alignment. Figure 3.2 gives the possible alignments for string 3.

2. Prune candidate alignments through the application of linguistic constraints. These constraints
are the only component of the alignment process which is specific to the Japanese language
(Baldwin and Tanaka 1999).

(a) require segment boundaries at script boundaries (except for kanji-hiragana boundaries).
The exceptional treatment of kanji-hiragana boundaries is necessary due to conjugative
suffices of verbs and adjectives which are always expressed in hiragana (i.e. okurigana) but
form a single lexical unit together with the head kanji character.

(b) when there are multiple alignment candidates to chose from, prune the candidates with more
than one voiced obstruent in each reading segment. This constraint is an application of
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previously mentioned Lyman’s Law. In exceptional cases when there is only one alignment
candidate (e.g. o itadasii “abundantly”), we do not apply this constraint.

(¢) kana in the grapheme string needs to align with a direct kana equivalent in the phoneme
string. As kana characters appear in both grapheme and phoneme strings we require strict
correspondence of the two.

(d) disallow segment boundaries dividing syllables across segments. This is equivalent to saying
that the sole consonant n can never be the beginning character in a segment due to the
fact that it can never start a valid Japanese syllable.

Through application of these constraints we significantly reduce the number of candidates under
consideration, thus improving the run time greatly. More importantly, we are able to extract a
large number of unique candidate alignments that can be used to seed the scoring part of the
alignment process.

3. Score each alignment by a variant of the TF-IDF model (Salton and Buckley 1990). TD-IDF
algorithm was developed for term weighing in information retrieval (IR). The basic modification
we made to this algorithm pertains to how the frequencies are counted. For the cases of alignment
where application of above constraints did not result in a unique alignment paradigm we modify
the frequencies in the following manner. Counts are updated to reflect existence in any one of still
ambiguous alignment candidates rather than existence in disambiguated alignment pairs. That
is, rather than committing to one alignment and counting that particular occurrence we count all
appearances in candidate alignments. In this manner we are able to process all alignment tuples
in parallel and avoid committing to a particular candidate before its plausibility is determined
iteratively (see below).

For each alignment candidate, we also perform a preprocessing step to establish verbal and
adjectival derivations based on the kana suffix to a given stem. When the concordance to
a verbal /adjectival paradigm is established, we count the stem frequencies only rather than
stem suffix frequencies. This deviation from the basic TF-IDF model allows for better han-
dling of affixes and verbal/adjectival conjugation so as to not over-penalize commonly occurring
grapheme—phoneme pairs.

4. Tteratively work through the data selecting a single grapheme—phoneme string pair to align ac-
cording to the highest-scoring candidate alignment at each iteration, and updating the statistical
model accordingly (to filter out disallowed candidate alignments and score up the selected align-
ment mapping). By selecting the single best candidate at each iteration we limit the probability
that noisy, incorrect alignments outweigh correct grapheme—phoneme pairs.

Examples of several alignments extracted by our algorithm are

FF happyou “anouncement” ¥ & hap pyou
ari tki  “discount” ari ki

ka equsuri “cold medicine” ka e gqusuri

Notice that in some cases, grapheme segments can be made up of more than one kanji character, as
occurs for ka e “common cold” above.
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. eadin anoni ation

Based on the alignment data, we can read off a set of readings for each kanji segment present in the
dictionary. These readings are subject to both phonological and conjugational alternation, however,
such that the phonological variants of hyou and you could be produced for 3 “chart”, and the
conjugational variants of yomsi and yomu could be produced for the verb “read”.

When considering alternation, in particular we focus on sequential voicing (rendaku) and sound
euphony (on in), which we have seen to be very common in Japanese.

1 anoni ation

The alignment data contains all possible readings for a given grapheme segment as were available in the
context of a dictionary used for alignment. These readings include alternates due to sequential voicing,
sound euphony and conjugation, and possibly (but not necessarily) the base form of each reading. We
would like to canonize the readings to separate the base reading data apart from the alternation
derived data. By doing so, we are minimizing the number of reading types and maximally extracting
instances of alternation. This provides a means of overcoming data sparseness. At the same time it
allows us to produce unobserved segment-level readings through novel alternation combinations over
the base readings. When producing unobserved reading combinations through novel segment readings
we increase the coverage of predicted readings that a Japanese learner may come up with.

When introducing the two types of alternation before, we observed that sequential voicing occurs
only when the given segment has left lexical context, and that sound euphony occurs only in the
presence of right lexical context. Additionally, sequential voicing affects only the initial mora of the
segment reading, and sound euphony only the final mora of the reading. In the case that the reading is
made up of a single mora, only sequential voicing can occur. To detect the two phenomena, therefore,
we can classify segments according to the presence of left and right lexical context. We later compare
readings occurring in different contexts to determine whether an analysis exists whereby multiple
reading alternates can be explained by way of a single base reading (Okumura 2001; Baldwin et a
2002).

Based on the presence of left and right lexical context, we classify segment readings into 4 groups

a) Level 0 ( left, right context) no possibility of conjugation or phonological alternation

( (

(b) Level 1 ( left, right context) possibility of gemination or conjugation

(c¢) Level 2 ( left, right context) possibility of sequential voicing
(

(d) Level 3

voicing

left, right context) possibility of all of gemination or conjugation, and sequential

Level 0 singleton segments can be assumed to comprise the base readings, from which readings at
other levels are derived. Quite commonly, readings are derived through zero-derivation, whereby no
phonetic alternation takes place.

verall Strategy

We work through the various levels in decreasing numeric order, and determine whether a unique base
reading exists for each grapheme segment from which the observed reading has been derived. In the
case that such an analysis is possible, we record the type of alternation and update its frequency.
When updating the frequency, we increment the frequency of the alternation by the frequency of the




READIN CANONI ATION 17

Level 0
Canonical Form H

Level 2
Sequential
voicing possible

Level 1
Gemination
possible

Level 3

Sequential voicing and
gemination possible

Figure 3.3 Canonization flowchart

string in which the alternation was found to occur, and combine the frequency of the derived reading
with that of the base reading. The canonization process is depicted in Figure 3.3.

For each level we employ a slightly different procedure. First, we perform conjugational analysis
(Baldwin 1998) at Levels 1 to 3 to establish whether it is possible to analyze each segment as having
an underlying verbal or adjectival form. At each step, we then perform a match over both the original
form and the base conjugational form(s) of the reading.

In the case that multiple matches are found for variants of the original reading with identical
kanji content, the frequency of the original kanji-reading string is distributed equally between all
matching entries. This distribution of frequency extends to any phonological alternation or conjugation
associated with each match.

evel 3 rocessing

Level 3 entries are treated in two passes. First we try to merge Level 3 entries with those at Levels
1 and 2, respectively, based on boolean match over the original reading. If we fail the simple match,
we proceed by analyzing for possibility of gemination and sequential voicing, respectively. In the case
of gemination, we make no assumptions about the possible range of base forms of the segment-final
mora. Instead we allow matches to any reading for the given kanji segment, which differ from the
Level 3 reading only in the final mora. The analysis of sequential voicing is rather more constrained
since the maximum number of possible base forms for a voiced initial mora is two (see Section 2.2).
All readings for the given kanji segment are therefore searched over, and a match is returned if the
reading string consists of a string-initial devoiced variant of the Level 3 segment reading. In the case
of multiple matches at Levels 1 and 2, the original frequency of the kanji-reading pair is distributed
equally between all matching strings. Note that, despite Level 3 kanji-reading pairs being sandwiched
between two segments, it is perfectly possible (and indeed more likely) that no alternation has taken
place, or that only one of gemination and sequential voicing has occurred.

If no merge with a Level 1 or 2 entry was possible, we proceed to carry out combined analysis of
sequential voicing and gemination against Level 0 entries. If a match is found, the frequency of the
original kanji reading pair is distributed equally between all matching entries. If no match is found,
we directly create a new Level 0 entry and carry over the frequency from the original entry.
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evel 2 rocessing

For Level 2, we first look for an identical entry at Level 0 and merge the two if possible. In the
case that simple match fails, if the reading contains a segment-initial voiced consonant, we replace
the consonant in question with the underlying form(s), and look for a match at Level 0. If a match
is found, we merge to Level 0. In the case that no sequential voicing-based analysis is immediately
apparent for the given reading kanji pair, we also look for a canonical form in the Level 1 data,
allowing for the possibility of the segment-final mora having been geminated in the Level 1 string at
the same time as the segment-initial mora in the Level 2 string having been voiced. Assuming that
a match is achieved, the two readings are merged together at Level 0, using the canonical reading
and combining the respective frequencies. In instances where no match is possible at any level, the
kanji-reading segment pair is promoted to Level 0 as is and the original frequency is carried over.

evel 1 rocessing

Turning finally to Level 1, we first look to merge to an identical entry at Level 0. Failing this, we
carry out a gemination-based analysis of the original reading, and search for canonical forms at Level
0. In the instance that no match is possible, the kanji reading segment pair is promoted to Level 0 as
is with the frequency of the original pair.

2 ro a ility alculation

While canonizing the readings, we keep track of cases where genuine alternation took place (cases
where entries at different levels were successfully merged together based on a conjugation, gemination
and/or sequential voicing analysis), so as to enable us to calculate probabilities according to Equation

(3.1)

Number of observed alternations

() (3.1)

Number entries satisfying the conditions on

where sequential_voicing gemination conjugation . For each segment, we tease apart the fre-
quencies for sequential voicing, gemination and conjugation so as to be able to reapply them as
independent probabilities below.

Both sequential voicing and gemination have received significant attention in the literature and
several rules governing/predicting their occurrence have been proposed. However, as we are attempting
to model the knowledge of a Japanese learner, we want to assume as little linguistic knowledge as
possible. Prediction of the two phenomena is thus based on only the immediate lexical context
of the segment reading in question, that is the segment potentially undergoing alternation and the
neighboring mora in the adjacent segment. Given the reading of segment in question we generate the
probabilities of it undergoing sequential voicing if segment initial mora is unvoiced and there exist a
previous segment with at least one mora in it. Let us refer to this probability of a segment becoming
voiced as () from now on. In the case of sequential voicing taking place on the consonant h
(pronounced as /h/ or / / depending on context) we make a three way distinction between no voicing,
semi-voicing and full voicing. Given the reading segment in question we generate the probabilities of
gemination occurring if the segment-final mora can undergo gemination, if the segment is at least 2
morae in length and if there exist an another segment in the right lexical context. Let us refer to this
probability of a segment reading undergoing gemination as ().

After canonization, our data from above would look as follows
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¥ & hap pyou hatsu hyou
gemination voicing

art ki ari  hiki
voicing
ka e gusuri ka e kusuri
voicing

Once we have the canonized data, it is trivial to count the number of occurrences of each reading for
a given kanji segment and convert this number into the probability of the given kanji segment taking
each reading. This probability we will designate as (). Notice that this probability depends only
on the kanji character in question, unlike the () and () which depend only on the reading
realization of the segment in question. Below we will explain how these probabilities are used to
generate and score readings.

. eadin eneration and Scorin

d tring eg entation

Through steps of alignment and canonization we were able to extract a set of readings for each segment
as well as derived the probabilities for a different types of reading alternation that can occur. In order
to generate probabilities for different readings for a given kanji string, however, we must decide how
to partition that string up into segments. Note that this differs from grapheme—phoneme alignment
in that we do not consider the reading of the string at all, but are after a (probabilistic) model of how
a user might partition a given grapheme string into segments in order to generate an overall reading
for it. Only after we have such a segmentation can we apply the component readings and probabilities
for each segment to obtain a complete reading and its probability. We have considered two different
ways of segmenting strings bigram probability based and character script boundary based.

Bigram robabilities

Bigrams are a well know technique to establish the level of relationship among adjacent segments. Here
we employ the technique in rating the likelihood of the given bigram being split into two segments as
opposed to being chunked together into a single segment.

As noted above, katakana and hiragana strings take a unique kana-based reading, irrespective
of how we segment them up. We thus chunk all contiguous hiragana and katakana characters (and
alpha-numeric strings) together into a unigram unit and focus on kanji character units only. For
example, given a dictionary entry hikia aseru “introduce”, when calculating segmentation
probabilities, we only consider the following segmentation options

1.
2.
3.
4.
The grapheme-alignment data provides an explicit description of kanji string segmentation informa-

tion, which we can read off directly to feed into the bigram probability based unit. Thus, the calculated
probabilities correspond closely to the alignment output data.
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