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Abstract
We present a method for constructing a Japanese-Chinese bilingual dictionary from a Japanese-English dictionary and an English-Chinese dictionary, using English as an intermediate language. To select appropriate Chinese translations, we rank the obtained Chinese translations candidates by utilizing two sources of information. Our experimental results showed that the proposed method is a feasible way of constructing a bilingual dictionary of any two languages.  

1.  Introduction
Bilingual dictionaries are important in machine translation (MT) and cross-language information retrieval. Here, we describe our work on the automatic construction of a Japanese-Chinese bilingual dictionary. 

 Many studies have been conducted on the automatic acquisition of bilingual dictionaries because manually construction requires considerable investment. The studies can be classified into two types according to whether there is a basic translation dictionary available. When a basic bilingual dictionary is available, the issue is how to acquire translations for unknown words or terms in some domains by using the basic bilingual dictionary and bilingual corpora [4]. When no bilingual dictionary is available, the issue is how to construct a bilingual dictionary using either parallel corpora [2] or two bilingual dictionaries [1,7,8]. No matter which type the studies are, there are two main steps in the acquisition of translations. The first step is to obtain or collect translation candidates for a given source word. The second step is to select the correct translations using heuristic linguistic knowledge or statistical information obtained from the corpora.

   MT research has a long history, mostly involving translation between English and one other language. There is therefore an abundance of language resources between English and one other language, such as Japanese-English bilingual dictionary, English-Chinese bilingual dictionary. In order to reduce the cost of constructing a bilingual dictionary for a new language pair, an important issue is how to make use of the developed electronic data between English and other languages [5]. This paper describes the research on constructing a Japanese-Chinese bilingual dictionary from two existing bilingual dictionaries.  

2. Acquisition of Japanese-Chinese Translation Candidates

One method has been proposed to construct a bilingual dictionary using a third language as an intermediary [1,7,8]. We use the same idea to construct a Japanese-Chinese bilingual dictionary by using English as an intermediary and put the emphasis on how to select correct translations. The two bilingual dictionaries used here are the EDR Japanese-English translation dictionary [3] and the LDC English-Chinese wordlists [6]. Our task is to give Chinese translations to the Japanese words in the EDR dictionary.

2.1 EDR Dictionary 

The EDR dictionary contains 364,430 records. Each record consists of the record number, headword, part of speech, concept identifier, English translations, and so on. The English translation may be single word, phrase, or explanatory sentence. Here is an example.

[2.1-1] JEB0387675 アーミンJN1 3bf389  “an   animal, called ermine”  オコジョという動物    “Mustela erminea <scientific name>”|stout |ermine|  

In the example, the Japanese word (headword)  “アーミン”  has a part of speech “JN1”, indicating a common noun, a concept identifier “3bf389”, and three English translations, “Mustela erminea <scientific name>”, “stout” and “ermine”. The English translations in a single word are “stout” and “ermine”
Different records may have the same headwords but different concept identifiers. Conversely, different records may have the same concept identifiers but different headwords.

2.2   LDC English-Chinese Wordlists

There are 110,834 entries in the LDC English-Chinese wordlist and 128,366 entries in the LDC Chinese-English wordlist. Each entry in both wordlists consists only of the source word and corresponding target words. There is no information about grammar or semantics. Correspondence words are mainly words or phrases. Here are two examples.　　　　　　　　　

[2.2-1] ermine
/貂/貂的白毛皮/
[2.2-2] stout
/强壮的/坚固的/坚强的/稳重的/勇敢的/激烈的/胖胖的/丰富的/烈啤酒/肥硕的/肥硕/

2.3 Acquiring Translation Candidates

The first step is to obtain Chinese translation candidates. For each EDR record, the procedure is as follows. First, collect the English translations that are single words. Secondly, for each collected English translation, look up the LDC English-Chinese wordlist and obtain Chinese translations. Then make all the obtained Chinese translations as the Chinese translation candidate set of the Japanese record.

  For example, for the Japanese word  “アーミン” in [2.1-1], the Chinese translations candidate set “/貂/貂的白毛皮/肥硕/强壮的/坚固的/坚强的/稳重的/勇敢的/激烈的/胖胖的/丰富的/烈啤酒/肥硕的” is obtained by searching for the English words “stout” and “ermine” in the LDC English-Chinese wordlist. The entries of “stout” and “ermine” are listed in [2.2-1] and [2.2-2] respectively.

As a result of this process, about 40% of the EDR records obtained Chinese translation candidate sets. The remaining 60% of the records didn’t obtain Chinese translation candidate, among them 3% of the records didn’t find Chinese translations in the LDC English-Chinese wordlist, and the other 57% has no English translations in the form of single word. A detailed analysis is given below.　

2.4   Obtained Chinese Translation Candidates

144,002 records obtained their Chinese translation candidates sets. There are 49.6% of the records whose numbers of Chinese translation candidates are larger than 10 and the largest number is 256.  Examples of the Chinese translation candidates are listed in Table 1. We found the following things.

(a) Almost all the candidate sets contain correct translations. In Table 2, the ones marked with underline are correct translations
(b) For different meanings of a Japanese word, corresponding Chinese translations are obtained. As shown in Example 4 and 5, for the meaning　“foreigner” and “a member of an uncivilized or undeveloped tribe or group” the corresponding Chinese translation “外国人” and “乡下人” are found respectively. 
(c) As shown in Example 6 and 7, some Japanese words that do not appear in the published bilingual dictionaries also obtained correct translations. 

At the same time, it is obvious that there are many inappropriate translations in the obtained candidates. 

2.5   Variation of English Translations 

11,381 records didn’t get Chinese translation candidates because their English translations were not found in the LDC English-Chinese wordlist. Through analysis, we found that the English translations appear in the one form of the following:
(1) The plural form: for example, earthworks.

(2) Nominalization: for example, pitifulness

(3) Compound noun: for example, icewall

(4) Acronym: for example, IGF

(5) Place-name: for example, Awa

(6) Rare word: for example, argyle

   For the cases of (1), (2) and (3), it can be resolved by conducting an English morphological analysis first and then searching for the LDC bilingual dictionary. For other cases, translations can be manually defined. 

	Example
	Japanese
	Chinese

	1
	エニシダ(genista)
	金雀花(genista)

	2
	選び直す(reelect)
	改选(reelect), 重选(reelect)

	3
	受流す(elude, parry)
	避开(parry), 逃避(escape), 规避(evade),

使困惑(puzzle)

	4
	夷1(foreigner, alien)
	外国人(foreigner), 侨民(alien residents),

相反的(opposite), 外国货(foreign goods),……

	5
	夷2(countryman)
	乡下人(country folk), 农民(peasant),国的(of the state),偏狭(biased and narrow-minded),……

	6
	足輪(anklet)
	脚镯(anklet),脚镣(fetter),短袜(socks, anklet)

	7
	アジ―ル(asylum)
	避难所(asylum),庇护(shelter),收容所(temporary),……

	Table 1.    Examples of Chinese translation candidates


2.6   Non-single Word English Translations 

209,047 records didn’t get Chinese translation candidates because their English translations are phrases or sentences. We found that the majority of the Japanese words are compound nouns. This task can be regarded as the problem of acquiring compound noun translations, which has been studied by many researchers. 

3.  Ranking　Chinese  Translation Candidates

Among the Chinese translation candidates, some candidates are far removed from the meaning of the original Japanese words. The inappropriate translations were brought about for the following reasons. 

(1) Although the English translations of the EDR records are completely equivalent to the Japanese words in meaning, the English translations probably also have other meanings or play other parts of speech. These ambiguities result in inappropriate Chinese translations when looking up the English-Chinese wordlist.

(2) When the concept of the Japanese word does not exist in English, English translations are given using a paraphrase, or Romanization of the headword. Because the intermediate English translations are not complete equivalence, the resultant Chinese translation candidates misinterpret the meaning of the original Japanese word. 

To select correct translations, we consider ranking candidates according to their possibilities as appropriate translations. First, we introduce information used in ranking, and then explain the ranking method. 

3.1 Part of Speech

  When looking up a published Japanese-Chinese dictionary, it is found that the Japanese words and the corresponding Chinese translations have some similarities in syntactic function. We therefore investigated the relationship in parts of speech between the Japanese words and the corresponding Chinese translation candidates. 

  There are 37 categories in the part of speech set of the EDR Japanese words and 39 categories in the part of speech set of the Chinese tagger [9]. By pairing each Japanese word with every candidate of the corresponding Chinese translation candidate set, pairs of categories of the Japanese word and that of the Chinese candidates were obtained. If the Chinese translation candidates consisted of more than one word, the category of the last word was taken. The patterns of the category pairs were classified and counted. As a result, 222 patterns of category pairs were obtained. Table 2 lists four patterns.

	Count

(Order)
	Category Pair 

(Japanese : Chinese)

	446,941 (1)
	Common Noun : Noun

	97,003 (5)
	Adjective Noun: Auxiliary Word

	77,964 (6)
	Common Noun: Auxiliary Word

	67,074 (8)
	Common Noun: Noun Morpheme

	Table 2. Distribution of Patterns of Category Pairs.


See Table 2. The most patterns are the category pairs in which the Japanese words are Common Noun and the Chinese translation candidates are Noun.  The patterns of order 5 are pairs of Adjective Noun and Auxiliary Word. In such cases, the Chinese translation candidates mainly end in “的” and the grammatical properties of this kind of Chinese phrase are similar to the attributive form of the Adjective Noun in Japanese. So we can regard the Chinese phrases that end with “的” as  a category  similar to the Adjective Noun of Japanese. The patterns of order 8 are pairs of Common Noun and Noun Morpheme. In such cases, the last words of the Chinese translation candidates have the category of Noun Morpheme. Chinese phrases ending in a Noun Morpheme can be regarded as a category similar to the Common Noun of Japanese. In a summary, quite a large proportion of the Chinese translation candidates have categories similar or nearly similar to the categories of the original Japanese words.

On the other hand, there are also patterns in which the categories of the candidates have little in common with the categories of the Japanese words, like the patterns of order 6. It is found that in such cases the candidates are almost inappropriate ones. For  example, in [2.1-1] the word “アーミン” with the category of Common Noun obtained the candidates “貂(ermine)”, “貂的白毛皮(white fur of the ermine)”,  “肥硕(big and flesh)” and  “强大的(big and powerful)”, and so on. The candidates “貂” and   “貂的白毛皮” that belong to the Noun category are appropriate translations, while “肥硕” and  “强大的” that belong to the Adjective category are inappropriate ones.  In fact, the candidates of the Adjective category occurred as a result of the English translations “stout”, which is an adjective, and therefore misinterprets the Japanese word of the Common Noun category. 

Above investigation revealed one reason for the occurrences of inappropriate translations. That is, the categories of the candidates mismatched the categories of the original Japanese words because of the ambiguities of the intermediate English translations. Based on this observation, we propose to select candidates whose categories are similar or nearly similar to the category of the original Japanese word. 

   To do this, we defined restriction rules of part of speech based on the obtained 222 patterns. A rule is composed of three fields: pattern of categories pairs, a check function, and a similarity value. Two kinds of check functions are designed to check Chinese translation candidates: one is  to check whether the last word is “的” or “地”,  the other is to check whether there is a verb in the Chinese candidate. If a Chinese phrase ends in “地” , it usually functions  as an adverb. The phrase therefore can be regarded as a category similar to Adverb of Japanese. The similarity value has four values: “similar”, “nearly similar”, “not similar”, and “unknown”. Examples of the restriction rules are listed in Table 3.

	Rule
	Pattern of 

Category Pair
	Check 

Function
	Similarity

Value

	1
	Common Noun:

Noun
	
	Similar

	2
	Adjective Noun:
Auxiliary Word
	The Last  word 

is “的”.
	Similar

	3
	Adjective: Idiom
	
	Nearly Similar

	4
	Common Noun:
Auxiliary Word
	
	Not 

Similar

	5
	Common Noun: Quantifier
	
	Unknown

	Table 3.  Examples of Restriction Rules


In application, a rule is applied to the pairs of Japanese word and Chinese translation candidate whose category pairs have the same pattern. If there is no check function, the pairs are assigned the corresponding similarity value. If there is a check function, the candidates are checked. If the candidates satisfy the condition, the pairs are assigned the value “similar”. Otherwise, the pairs are assigned “Not Similar”. 

3.2 Number of English Translations in Common

 In distinguishing appropriate translations from inappropriate ones, an approach of inverse consultation is effective [1,8]. We explain the idea in this way. If a Chinese translation candidate and a Japanese word share more English translations, the two words may be considered nearer to each other in meaning, and therefore the candidate may be regarded as more proper. Here we obtained English translations of the Chinese translation candidates by looking up the LDC Chinese-English wordlist. So the degree of intersection of English translation sets of the Japanese word and that of the candidates is used to measure the appropriateness of the candidates. 

3.3 Ranking Method

  We adopt penalty to measure the appropriateness of the candidates. The penalty for a Chinese translation candidate C being the translation of a Japanese word J is computed using the following formula (1). The smaller the value of the Pen (J, C) is, the larger the possibility is. 
Pen(J, C) = k1*F1 (J, C)  – k2*F2(J, C)           (1)

In formula (1), F1 and F2 (see below) are defined based on the two sources of information described in the above subsections, k1 and  k2 are weights.  

 The value of F1 is determined according to the similarity value of the pair of J and C and the case of “similar”, “nearly similar”, “not similar”, and “unknown” are set as 1, 2, 3, and 4, respectively. The more similar the category of C is to the category of J, the smaller the value of F1 and therefore the smaller the value of Pen. The value of F2 is calculated according to the formula (2), where E(J) and E(C)  are the set of English translations of J and C respectively. 

F2(J,C)=2*(|E(J) ⋂E(C)|)/( |E(J)|+ |E(C)|)     (2)

The more the two sets intersect, the larger the value of F2 is and therefore the smaller the value of Pen is.
4.  Experiment

In order to evaluate the proposed method, we carried out a few experiments. Test data were selected from Japanese words that have more than 20 Chinese translation candidates. 172 Japanese words were randomly selected, in which the Japanese word “重大だ” (major) has the most candidates, in total 145. For the 172 Japanese words, a bilingual expert manually labeled each candidate as “correct ” or “wrong”. 

To see the effect of each source of information on selecting correct translations, we used F1 and F2 separately and then a combinations of them in the penalty computation formula (1). When two sources of information are combined, the weights k1 and k2 were set as 3 and 10 respectively based on the results of preliminary experiments.

 　The Chinese translation candidates of each Japanese word were ranked according to the calculated penalty values. The ranked results were evaluated in terms of OneRecall, Accuracy and F-measure. OneRecall is defined as the percentage of the test Japanese words whose top n candidates include at least one correct translation. Since each Japanese word in the EDR has very narrow meaning, the corresponding Chinese translations can be assumed to be similar to each other in meaning. We therefore think it is enough if we can obtain one of them. Precision is defined as the percentage of top n candidates that are correct translations. F-measure is defined as follows. 

F-measure=

2*Precision*OneRecall/(Precision+OneRecall). 

	Penalty Computation
	OneRecall

(%)
	Precision

(%)
	F-measure

(%)

	None
	100
	48.27
	65.11

	 F1
	96.33
	55.74
	70.62

	 F2
	80.73
	66.67
	73.03

	k1F1-k2F2
	81.65
	70.12
	75.45

	Table 4. Evaluation results of top 1 translations produced by different ways of penalty computation


Table 4 shows the evaluation results of top 1. The results of using any one of the two sources of information are better than that of no ranking, and the information of the English translations in common  (F2) is more effective in terms of F-measure. We also found that the combinations k1F1-k2F2 obtained better result than that of using only F2, in terms of all three measures. This result confirmed that the restriction of part of speech achieved a meaningful effect on selecting correct translations. When the two sources of information were combined, about 81.7% of the test Japanese words could find one correct Chinese translation in the top results, with an accuracy of 70.12%.

The ranked results of the 145 candidates for the Japanese word  “重大だ(major)” are shown in Table 5. There are two candidates in the top rank and both are correct. Verbs “归结(sum up)”, “铭刻(engrave)” and nouns “钥匙(key)”, “竟争者(competitor)” were ranked into lower rank 7 and 8 respectively owing to the restriction of part of speech. 
	Rank
	# Chinese- Translation
	Chinese Translation

	1
	2
	重大(major),严重(critical)

	2
	3
	重要(important),沉重(serious),大(great)

	7
	16
	归结(sum up),铭刻(engrave),主修(major),

终结(end),……

	8
	33
	钥匙(key),大小(size),

竟争者(competitor),……

	Table 5. Result of ranking the Chinese translation candidates  of the Japanese word “重大だ(major)”.


5.  Conclusion

    In this paper, we present a method for constructing a Japanese-Chinese bilingual dictionary using English as intermediate. In order to choose the most appropriate translations, we propose to rank candidates utilizing the restriction of part of speech and the information of English translations in common. We design a penalty computation formula to combine the two sources of information in ranking. Using the proposed method, we obtained the ranked Chinese translation candidates for 140,002 EDR records. The evaluation results showed that 81.7% of the test Japanese words could find one correct translation in the top results, with an accuracy of 70.12%. It is verified the proposed method is feasible in constructing a Japanese-Chinese translation dictionary. The proposed method can also be applied to other language pairs.
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