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Abstract
We launched a 5-year-project in 2006 to develop a Japanese-Chinese machine translation system for translating scientific and technical
papers. As part of that project, we are currently building a Japanese-Chinese translation dictionary based on the EDR Japanese-English
bilingual dictionary. This paper presents the design and construction of the Japanese-Chinese translation dictionary, including
specifications for translating Japanese information into Chinese and annotating related information, tools developed for assisting

manual annotation, and some result that have already been achieved.

1 Introduction

Translation dictionaries are an essential language
resource in machine translation and cross-language
information retrieval. A 5-year-project to develop a
Japanese-Chinese machine translation system for
translating scientific and technical papers was launched at
NICT (National Institute of Information and
Communication Technology) in 2006.

Since the project adopts an example-based approach,
extracting translation knowledge from parallel corpora
through alignment is an important task. Translation
dictionaries are indispensable for aligning words or
phrases. Therefore, we are developing a Japanese-
Chinese translation dictionary that is based on the EDR
Japanese-English Bilingual Dictionary, which contains
detailed grammatical and semantic information about
Japanese words. As the achievement of the work, a
trilingual dictionary of Japanese-English-Chinese will be
obtained.

2 EDR Japanese-English Bilingual
Dictionary

The EDR Electronic Dictionary (NICT, 2002) was
developed for the advanced processing of natural
language by computers from fiscal 1986 to fiscal 1994.
The EDR Electronic Dictionary is composed of concept
dictionaries, word dictionaries, bilingual dictionaries and
corpora. The EDR Japanese-English Bilingual Dictionary
is one of the bilingual dictionaries. The EDR Electronic
Dictionary is the culmination of a nine-year project. Its
intellectual property rights are owned by NICT.

The EDR Japanese-English Bilingual Dictionary
contains almost the entire vocabulary of the Japanese
language and therefore has high coverage. Each meaning
of each Japanese word is stored as one record and the
corresponding English translations are stored in the
record. The dictionary describes the correspondence
between each meaning of each Japanese word and its
English translation. There are a total of 364,430 records
in the dictionary. The records are arranged alphabetically
according to the Japanese syllabary.

One record consists of 6 items: Record Number,
Headword Information, Grammatical Information,

Semantic Information, English Translation Information,
and Management Information. The  Headword
Information has two sub-items, Grammatical Information
has one sub-item, Semantic Information has 5 sub-items,
and English Translation Information has 3 sub-items. The
data structure of a record is shown in Figure 1.

<Record Number>
<Headword Information> : <Kanji Notation >
<Kana Notation >
<Grammatical Information> : <Part of Speech >
<Semantic Information> : <Concept Identifier>
<Japanese Headconcept>
<English Headconcept>
<Japanese Concept Explication>
<English Concept Explication>
<English Translation Information>:
< English Word Category>
< English Word Notation>
<English Word Part of Speech >
< Management Information >

Figure 1 Data structure of EDR Japanese-English
Bilingual Dictionary.

Each record is given a concept identifier. The
<Concept Identifier> is a number that uniquely identifies
the concept. The concept provides the information
necessary to discriminate between the various meanings
of the words contained in the Japanese-English Bilingual
Dictionary. Using the concept identifier, you can retrieve
the concept dictionaries to obtain detailed information
about the concept and super/sub concept.

<Japanese Headconcept> (<English Headconcept>) is
a headword in Japanese (English) that best represents the
concept and therefore allows people to easily form an
image of the concept. Some special concepts in Japanese
do not exist in English. In these cases, the <English
Headconcept> is nil.

<Japanese Concept Explication> (<English Concept
Explication>) is a written explanation of the concept in
Japanese (English) words. Concept explications are
provided in order to help people distinguish one concept
from another concept.

Most <Japanese Headconcepts> are single words,
while most <Japanese Concept Explications> are phrases
or sentences.




Since different meanings of one Japanese word are
arranged in different records, a word that has more than
one meaning will have a few records in which
<Headword Information> are identical but <Semantic
Information> and <English Translation Information>
contain different contents. Figure 2 shows an example of
a record.

< Record Number > JEB0368581

< Kanji Notation >Zx9%

< Kana Notation > HITX-/L

< Part of Speech > Eh&dl (verh)

< Concept Identifier > 3bbd74

< Japanese Headconcept > &% 3 3[H T X-)L]

< English Headconcept >

<Japanese Concept Explication>E 2 (ZH ULV T, BAzkT 5

<English Concept Explication> in Japanese court dance and
music, to recite

< English Word Category > 0

< English Word Notation> recite

<English Word Part of Speech> EiZ7 & '8 G (verb and

verb phrase)
< Management Information > DATE="95/2/15"

Figure 2 Example of record in EDR Japanese-English
Bilingual Dictionary.

3 Automatic Acquisition of Chinese
Translation

We developed a method to automatically construct a
Japanese-Chinese translation dictionary. Many electronic
bilingual dictionaries that translate between English and
another language have been thoroughly developed;
however, bilingual dictionaries that translate between two
languages that do not include English have not been
thoroughly developed. Recently, the amount of electronic
data written in languages other than English has
significantly increased and bilingual dictionaries for pairs
of languages that do not include English are therefore
needed urgently for machine translation. However, the
development of an electronic translation dictionary is
expensive and time consuming. Automatically
constructing a translation dictionary for new language
pairs using existing electronic resources is a possible
solution because it saves time and money. Here we
briefly describe our work on automatically constructing a
Japanese-Chinese translation dictionary using English as
an intermediary (Zhang, et al, 2005).

We used two existing electronic dictionaries: the EDR
Japanese-English Bilingual Dictionary and the LDC
English-Chinese dictionary (LDC, 2002). The LDC
English-Chinese dictionary has 110,830 records and each
record is composed of an English word and its Chinese
translation. There is no grammatical or semantic
information. An example of a record is shown in Example
1.

[Example 1] stout [ A % ] 64 /1% i ) e FE
B/ 55 B R B IR R D 32 s B B s R A ) s/

Although the idea of automatically acquiring bilingual
lexicons through English is not novel, the problem of how
to select correct translations from among a large number
of candidates remained unresolved. We developed a
ranking method in which candidate Chinese translations

are ranked by utilizing three sources of information: the
intersection degree of the English translations between
the Japanese word and the candidate Chinese translation,
the matching of the parts of speech between the Japanese
word and the candidate Chinese translation, and the
translation correspondence between the Japanese word in
kanji and the Chinese characters of the candidate Chinese
translation.

Candidate Chinese translations were obtained for
144,002 records. All the candidate Chinese translations of
each record were ranked using the above ranking method.
An evaluation was carried out on the Japanese records
that had more than 20 candidate Chinese translations.
There were 37,528 such records. We randomly selected
3% of records and obtained 109 records for our test data.
The experimental result showed that 81.4% precision was
achieved for the top ranked candidate Chinese
translations.

Some examples of the ranked candidate Chinese
translations (within top 3) are shown in Table 1 of the
appendix. The examples are arranged in descending order
of the number of candidate Chinese translations. The
candidate Chinese translations that are underlined are the
correct translations. In addition, we investigated 64
Japanese records of the test data in which the
orthographies of the Japanese words were different from
the ones of the corresponding Chinese translations. We
investigated using a Japanese-Chinese translation
dictionary from the Japanese Yahoo website. We found
that 22 Japanese words exist in that dictionary, while the
remaining 42 Japanese words did not (they are enclosed
in a square in Table 1 in appendix). We therefore found
that the approach obtained Japanese-Chinese bilingual
lexicons that were not in the existing electronic dictionary.

In this way, candidate Chinese translations for 144,002
records were automatically obtained (about 40% of the
EDR Japanese-English  Bilingual Dictionary). The
remaining 220,428 records (about 60% of the records) did
not have candidate Chinese translations because the
corresponding English translations were not single words,
but phrases or sentences. Human translation was therefore
needed.

The automatically obtained candidate Chinese
translations in this section will be examined manually to
provide Chinese translation variations. We will describe
the manual selection in the next section.

4 Manual Annotation

Manual annotation means (1) human translation of
Japanese into Chinese, (2) tagging of related information
such as parts of speech, and (3) human selection of
correct translations from the ranked candidate Chinese
translations described in Section 3. (1) and (2) are
conducted on all records and (3) is conducted on the
records for which the ranked candidate Chinese
translations were obtained using automatic acquisition.

4.1 Annotation Contents

Each record of the EDR Japanese-English Bilingual
Translation is annotated manually with the following
information.

(1) <Chinese Translation>



(2) <Part of Speech> or <Grammatical Category >
Each Chinese translation is annotated.

(3) <Register Information>
Each Chinese translation is annotated.

(4) <Chinese Headconcept>
Chinese translation of <Japanese Headconcept>

(5) < Chinese Concept Explication >
Chinese  translation of <Japanese
Explication>

Concept

(6) <Chinese Translation Variation>
In addition to <Chinese Translation>, variant Chinese
translations are also annotated in order to increase
recall rate in word alignment.

4.2 Specification for <Chinese Translation>

<Chinese Translation> is annotated according to the
meaning defined by the <Japanese Headconcept> and
<Japanese Concept Explication> in its record.

If the concept of the record exists in the Chinese
language, the Chinese word that represents the concept is
annotated. When there is more than one Chinese
translation, all of them are annotated. In this case, the
order of the Chinese translations is arranged by the
translators based on their experience of how frequently
the translations are used.

There is a special case in which one Japanese concept
has semantically different Chinese translations. For
example, the Japanese word “#X4(uncle)” has different
Chinese translations “fU( (the brother of the father) ™
and “5 5 (the brother of the mother )”. In this case,
distinguishing information for the different translations is
also annotated. For such kinds of Japanese words, we
therefore annotate different Chinese translations and
corresponding supplementary information in order to
indicate these types of conceptual differences.

Records whose concepts do not exist in the Chinese
language are translated into Chinese in one of the
following ways.

Literal translation (i.e. word for word translation)

Paraphrase
Paraphrase the Japanese concept before translating it
into Chinese. If the final Chinese translation has the
same meaning as the original Japanese concept, it is
deemed a good translation.

Transliteration using Roman alphabet
Convert the kana notation into the Roman alphabet
and then represent the Roman alphabet using Chinese
phonograms.

Explanation
Explain the concept in Chinese sentences.

Proper noun (place name, person’s name, and
organization name)
(1) Kanji expression: Since some kanji have the same
orthographies as Chinese characters, they are translated
in the following ways. (i) If the kanji have the same

orthographies as the simplified Chinese characters,
they are used in the Chinese translation. (ii) If the kanji
have the same orthographies as traditional Chinese
characters, the corresponding simplified Chinese
characters are wused. (iii) If the kanji have no
orthographies that are the same either as simplified
Chinese characters or as traditional Chinese characters,
the kanji is used as a Chinese character and the
pronunciation in Japanese is adopted. A list of new
Chinese characters is used to record such adopted kanji
along with pinyin expressions indicating their
pronunciation in Japanese.

(2) Katakana expressions: If the Japanese words
originated from other languages, like English or
German, their pronunciations in the original languages
are represented using Chinese phonograms.

4.3 Specification for <Chinese Headconcept> and
<Chinese Concept Explication >

Usually a <Japanese Headconcept> is a single word. It is
translated into <Chinese Headconcept> according to the
meaning defined by <Japanese Concept Explication>.
Usually a <Japanese Concept Explication> is either
sentences or phrases with a modification clause. By
translating <Japanese Concept Explication> into Chinese,
we can also acquire a parallel Japanese-Chinese corpus.
In human translations, the syntactic patterns of the
Japanese expressions are used in the corresponding
Chinese translation as much as possible if the Chinese
translation is natural.

4.4 Specification for <Register Information>

We annotate each <Chinese Translation> with the

following register information.

<Translation Category>
Indicates the way in which the Japanese word is
translated into Chinese. It has four labels: Literal,
Paraphrase, Transliteration and Explanation.

<Style>
Indicates the style level of the translation in the
Chinese language. It has five labels: Archaic, Daily
Speech, Literature and Slang.

<Formality>
Indicates the level of formality of the translation in the
Chinese language. It has three labels: Honorific,
Humble and Contempt.

4.5 Specification for <Part of
<Grammatical Category>

In machine translations, grammatical information about
words in the target language is required for generating
grammatically correct sentences. To do this, we annotate
each Chinese translation with the part of speech for single
words and grammatical categories for phrases. Each
Chinese translation should be recognized as a single word
or phrase at first and then annotated with the
corresponding category. We determined 18 parts of
speech and 11 grammatical categories as follows (Yu, et
al, 1997).

Parts of Speech: Noun, Temporal, Spatial, Direction,
Pronoun, Verb, Adjective, Status, Adverb, Preposition,
Conjunction, Auxiliary, Emphatic, Distinction, Numeral,
Quantity, Interjection, and Onomatopoeia.

Speech> and



Grammatical Categories: Noun Phrase, Verb Phrase,
Adjective Phrase, Preposition Phrase, Quantifying
Phrase, Temporal Phrase, Spatial Phrase, Distinction
Phrase, Adverb Phrase, Independent Phrase (include
idioms), and Sentence (having subject and predicate).
The annotation of part of speech or grammatical
category is conducted after the <Japanese Concept
Explication> has been translated into Chinese. The
available <Chinese Concept Explication> can help
annotators who do not know Japanese to understand the
meaning of the Japanese words and therefore to decide
the role of the Chinese translation. In addition, the parts
of speech of both Japanese words and the corresponding
English translations can be used as reference. Therefore,
Chinese annotators who do not know Japanese are able to
undertake this task. In this way, the experience of the
experts engaged in the Chinese language resource
construction can be used.

4.6 Specification for <Chinese Translation Variation>
We have described the automatic acquisition of candidate
Chinese translations in Section 3. Here, we select correct
Chinese translations from the ranked candidate Chinese
translations and annotate them in the record as <Chinese
Translation  Variation>. Each candidate Chinese
translation is annotated with one of the following three
labels: Correct Translation, Probable Translation and
Incorrect Translation. The candidate Chinese translations
within the top 10 are labeled. Then the candidate Chinese
translations labeled as Correct Translation or Probable

Translation are taken as <Chinese Translation Variation>.

5 Assistant Tools

As described above, there are basically two types of
annotations. The work of the first type is to translate a
Japanese word (<Kanji  Notation>), <Japanese
Headconcept>, and <Japanese Concept Explication> into
Chinese. In this work, the bilingual annotators read
Japanese information and then edit Chinese translations.
The work of the second type is to annotate the part of
speech on Chinese translations. In this work, the
annotators read Chinese information only and then select
a tag. Accordingly, we designed and implemented two
types of assistant tools.

5.1 Assistant tool for translation

The graphical interface of the tool is shown in Figure 3.
The tool has the following functions.

(1) When a file is selected, the list of <Kanji Notation>
of the records in the file is shown on the left side of the
interface. When a <Kanji Notation> is selected, the
information of the record is displayed, including <Kanji
Notation>, <Kana Notation>, <Part of Speech>,
<Concept Identifier>, <Japanese Headconcept>, <English
Headconcept>, <Japanese Concept Explication> and
<English Concept Explication>.

(2) The translators can edit the content of the <Chinese
Translation> and annotate the corresponding register
information in the upper blank boxes. Each blank line has
five boxes. The first box is used for editing the <Chinese
Translation>. The second box displays the annotated part
of speech of the <Chinese Translation>. The annotation
of part of speech is conduced using the second assistant
tool (See 5.2). The boxes from the third to the fifth are

used for assigning <Register Information>, i.e.
<Translation Category>, <Style> and <Formality>,
respectively. If there is more than one Chinese translation,
the corresponding information can be edited in the
downward blank boxes.

(3) The translators can edit the content of the <Chinese
Headconcept> in the blank box below the displayed
content of the <Japanese Headconcept>. In the same way,
the translators can edit the content of the <Chinese
Concept Explication> in the blank box below the
displayed content of the <Japanese Concept Explication >.
(4) Two kinds of searches can be conducted. The first is
to search for records that have the same <Concept
Identifier>. When records have the same <Concept
Identifier>, their <Japanese Headconcept> and <Japanese
Concept Explication> usually have the same contents.
The Chinese translations that have been annotated early
can be searched for later reference. The second is to
search the records that have the same <Kanji Notation>.
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Figure 3 Graphical interface of assistant tool for human
translation.

5.2 Assistant tool for part of speech annotation

The graphical interface of the assistant tool for annotation
of parts of speech is shown in Figure 4. The tool mainly
has the functions as follows.

(1) Information for reference is displayed. In addition to
<Chinese Translation>, <Chinese Concept Explication>,
<Part of Speech> of the Japanese word, <English Word
Notation>, and <English Word Part of Speech> are also
displayed.

(2) For each Chinese translation, the annotator decides
whether it is a single word or a phrase and then selects
one category from the corresponding menu of parts of
speech or grammatical category.

(3) The tool can search out records that have been
annotated with the same <Chinese Translation>. Using
the search results, the annotator is able to annotate or
modify the parts of speech of the same <Chinese
Translation> in multiple records at the same time.

(4) In order to reduce the cost of manual annotation,
automatic annotation of parts of speech (Zhou and Yu,
1994) is first conducted. The tool displays the
automatically annotated results in a gray area on the
interface and prevents them from being modified by an
annotator. The automatic annotation is conducted in this



way: if the Chinese translation exists in the Grammatical
Knowledge Base of Contemporary Chinese (about 70,000
Chinese words) and only has one part of speech, the part
of speech is annotated. If the Chinese translation has
more than one part of speech in the knowledge base, the
probable parts of speech will replace the items on the
parts of speech menu (18 parts of speech in total). Since
the number of probable parts of speech is fewer than 18,
the time for the annotator to select one part of speech
from the updated menu is greatly reduced.
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Figure 4 Graphical interface of assistant tool for part of
speech annotation.

6 Annotation Results Achieved

The manual annotation of all records began in 2005. To
achieve high quality and reduce costs, we are depending
on the domestic experts in China, including skilled
translators and experts in Chinese language processing.

Before the manual annotation, we sorted 364,430
records based on the contents of their <Concept
Identifier>,  <Japanese = Headconcept>,  <English
Headconcept>, <Japanese Concept Explication>, and
<English Concept Explication>. As a result, we obtained
265,306 different records. The manual annotation is only
being conducted on these 265,306 records, and the
manually annotated information will be automatically
copied to other records that have the same contents in the
above five sub-items but different content in <Kanji
Notation>.

To achieve high quality, the manually translated
<Chinese Translation>, <Chinese Headconcept> and
<Chinese Concept Explication> are revised by other high
level translators.

The human translation and revision of 40,374 records
were finished in 2005. The obtained <Chinese
translation>, <Chinese Headconcept> and <Chinese
Concept Explication> are 255,013, 171,760 and 565,588
Chinese characters, respectively. One Japanese word is
annotated with three Chinese translations on average if
we assume one Chinese translation has two Chinese
characters. The average sentence length of the <Chinese
Concept Explication> is about 14 Chinese characters,
indicating one aspect of the obtained Japanese-Chinese
parallel corpus.

In 2006, we selected high frequency Japanese words
from the remaining records and annotated them. The
selected Japanese words are those words that also exist in
the word list of JUMAN (JUMAN, 2005), a famous
Japanese morphological analyzer. This word list contains
about 30,000 words. In 2006, a total of 93,759 records
were manually translated and reviewed. The annotation of
parts of speech was started in the same year.

A few examples of annotated records are shown in
Examples 2, 3, and 4. The contents of <Kanji Notation>,
<Chinese Translation>, <English Word Notation>,
<Japanese Headconcept>, <Chinese Headconcept>, <
English Headconcept>, < Japanese Concept Explication >,
<Chinese Concept Explication> and <English Concept
Explication > are shown in each line, respectively.
[Example 2]

2
BRER

R &gl & SR
scholarship society
BER
GES
nil
BREEVD AMERO-OICHBIEN -5
—NTF S I R IR AN T A SN SR ) [ A
an organization to foster education called scholarship
society
[Example 3]
EORE
aslnl
consensus; many people saying the same thing; united
voices; common consent
EORT
S 1 [F]
nil
BEEVAREILIEEESTE
IAENGLIR R B Gl
the action where many people say the same thing at the
same time
[Example 4]
Bi#END
HFEAG NZ AT
overflow; be filled to overflowing; be overflowing
Bi#ENS
PFAHE, NZBATT
nil
(HBGEMIIANKBEEY AYEHAL
FEHMRETTZN, CEFATT
the condition of not being able to get in to a place
because it is too crowded
[Example 5]
ADRAToLay
REENFFIE A FFUR T R R e
extension courses
IHRToavd—R
KEFNTT YRR T FEDF 8
extension courses
—BDARIZAFIN TS KRFEDEE
R B ) A FE IR
university courses that are open to the general public

In addition to <Chinese Translation>, we also added
<Chinese Translation Variation>. The Chinese translation
variations are selected from the automatically acquired
candidate Chinese translations within the top 10 by
manually labeling each of them with the labels Correct



Translation, Probable Translation or Incorrect
Translation. The candidate Chinese translations labeled
with Correct Translation or Probable Translation are
taken as Chinese translation variations. We analyzed the
obtained <Chinese Translation Variation> by comparing
them with the <Chinese Translation> made by human
translation. These results showed us that the simple
manual labeling of the automatically obtained candidate
Chinese translations provide variant Chinese translations.
Three examples are given in Examples 6, 7, and 8. The
meanings of the Japanese words and the Chinese
translations in English are shown in parenthesis.
[Example 6]
<Kanji Notation>7 —7 t 7 ¢ ¥ V72
(artificial)
<Chinese Translation> A 4jf#
(artificial; man—made)
<Chinese Translation Variation>
Correct Translation Ni&ERT;
(man-made; artificial; imitation)
NI
(man—made; artificial)
NN
(artificial; man—made)
Probable Translation @434 1 ;
(affected; artificial)
&
(invent; fabricate)
ENEENL)
(not naturally)
[Example 7]
<Kanji Notation> FH# % 5
(join forces; team up; cooperate; work together;
collaborate)
<Chinese Translation>  PpME
(cooperate with; cooperation )
<Chinese Translation Variation>
Correct Translation &1k
(cooperate; collaborate; work together)
M
(cooperate with; cooperation)
i
(unit efforts; join in a common effort)
Probable Translation &1k ;
(form a partnership)
A ;
(help each other)
IR
(coordination; teamwork; synergism;)
H 7
(join forces; pool
concerted effort)
[Example 8]
<Kanji Notation> 5V [
(knife; dagger; dirk)
<Chinese Translation> b1
(dagger; stiletto)
<Chinese Translation Variation>
Correct Translation LE;
(dagger; stiletto)
YIRS

efforts; make a

(small knife; pocketknife)
5kl
(dirk; dagger; half-sword)
Probable Translation %JJ;
(table knife)

K,

(kitchen knife; cook chopper)
VIR

(knife; pocket knife; small sword)
FARJI

(scalpel; surgical knife)

7 Conclusion

We are building a Japanese-Chinese translation dictionary
by annotating Chinese translations and related
information to the EDR Japanese-English Bilingual
Dictionary. This paper presents the specifications for
human translation and annotation of the related
information, such as parts of speech. The finished part of
the Japanese-Chinese translation dictionary has been
applied for word alignment and the Japanese-Chinese
machine translation of the project. Related results will be
reported in other papers. The construction of the
Japanese-Chinese translation dictionary will be finished
in 2008 and will be available to the public in the near
future.
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Appendix

Candidate Chinese Translations (underlining indicates correct translation)

Japanese Word #Candidate Top 1 Top 2 Top 3
T 79 [ ] Dk, kS
[2E 2111 59 i fies biiE
RS 5| 55 [N EINYON TSN
7] 51 2, [ W, T
&S 53 i TA, 224 R
e P ERE T fr {HE B
TEER 19 S, BT etk Bk
Vi " R i 11 S0, AR
x5 16 U, W Hebir [0
T 15 a i SEAtHl
ELETH 9 Je# P HoH,
Bl xS 1 i @5, %25 AN
TUERSS 39 [ Hebk, Bt ZIT, #
e 9 % 37 % oy Fhi, ¥
ZIFAND 37 23 2, %5 5
B 36 fi R, il ], A8
ET % a5 AL, i e Ak HHA

Table 1 Evaluation of ranking method on Japanese words that have over 20 candidate Chinese

translations.




