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Abstract. The large-scale bilingual parallel resource is significant to statistical learn-
ing and deep learning in natural language processing. This paper addresses the auto-
matic construction issue of the Korean-Chinese domain dictionary, and presents a
novel unsupervised construction method based on the natural annotation in the raw
corpus. We firstly extract all Korean-Chinese word pairs from Korean texts according
to natural annotations, secondly transform the traditional Chinese characters into the
simplified ones, and finally distill out a bilingual domain dictionary after retrieving the
simplified Chinese words in an extra Chinese domain dictionary. The experimental re-
sults show that our method can automatically build multiple Korean-Chinese domain
dictionaries efficiently.

1. Introduction

The fast-paced development of deep learning and statistical learning makes the large-scale language
resource is particularly important in natural language processing [[1]]. On one hand, the explosion of
language big data has increased the complexity of multilingual information processing [[2]]. On the
other hand, it will bring a new opportunity to build language resources automatically [[3]].

Currently, the single-language resource [[4]] and the bilingual parallel resource [[5]] are two kinds
of widely used resources. Comparing with the construction of the bilingual parallel resource, that of
the single-language resource is relatively straightforward [[6]]. How to build the bilingual parallel re-
source efficiently from language big data has become a significant scientific problem [[7]].

The bilingual domain dictionary is one of the basic parallel lexical resources, which is important to
machine translation [[8]] and literary translation. In this paper, we investigate the automatic construc-
tion issue [[9]] of the Korean-Chinese domain dictionary. Previous investigations have found that
there were a lot of annotations written by traditional Chinese characters in parentheses after a Hangeul
word or phrase [[10]]. Motivated by this, we propose an unsupervised construction architecture based
on the natural annotation in a large-scale Korean text corpus.

2. Unsupervised Construction Architecture
Figure 1 shows our unsupervised construction architecture, which mainly includes four processing
units. The Preprocessor Unit receives many Korean text documents in their chronological sequence
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from a Korean text corpus, and splits each text document into several candidate segments which must
include Hangeul letters, Chinese characters, and parentheses. The Word Pair Extractor Unit receives
the candidate Korean text segments, and separates each Chinese word from its relevant Hangeul word
to form a Korean-Chinese word pair. All the word pairs will be collected into a Korean-Chinese dic-
tionary. If our task were just to build a Korean-Chinese dictionary from a Korean text corpus, the final
Korean-Chinese dictionary would be a perfect ending. Actually, the Korean-Chinese domain diction-
ary is our ultimate target indeed. Because the Chinese word of each word pair is mostly composed by
traditional Chinese characters, the Chinese Simplifier Unit has to transform the traditional Chinese
word into the simplified one. Ultimately, the Distiller Unit will distill out a Korean-Chinese domain
dictionary after retrieving the simplified Chinese words in an extra Chinese domain dictionary. More-
over, if you have multiple Chinese dictionaries from different domains, you will obtain multiple Kore-

an-Chinese domain dictionaries.
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Figure 1. Unsupervised Construction Architecture.

The Korean text corpus and the Chinese domain dictionary in the unsupervised construction archi-
tecture are both single-language resources, which can be easily obtained from the Internet in the era of
big data. While the Korean-Chinese dictionary and the Korean-Chinese domain dictionaries in the ar-
chitecture are all bilingual parallel lexical resources, which can be automatically generated without
any manual intervention.

3. Unsupervised Construction Algorithm
Within the unsupervised construction architecture, we design a detailed unsupervised construction al-
gorithm, which is shown in Figure 2. In the algorithm, there are also four functions corresponding to
the above four processing units.

Normally, a Korean text mainly uses the words consisting of Hangul letters, and occasionally be-
tween these Hangul words, there are some annotations written by Chinese characters. The most com-

mon format is “_HangulWord(ChineseWord)_”, which can be regarded as a natural annotation. We can
use a regular expression in the algorithm (line 12 in Figure 2) to match the natural annotation. But the
matching is so strict to rule out many non-standard Korean-Chinese co-occurrence representations,
which is an unavoidable sacrifice to the unsupervised learning. In order to save these candidate repre-
sentations, a supervised-based or semi-supervised-based manual intervention will be essential.
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1./ Unsupervised Construction Algorithm

2.Input:  String[] ktc; // Korean Text Corpus

3. String[] cdd; // Chinese Domain Dictionary

4.0utput:<String, String>[] kcdd; // Korean-Chinese Domain Dictionary
5.Function String[]: preprocessing(String[] ktc)

6.String[] kts;

7.For Integer i € 1 To ktc.size Do

8. String ktd < ktc[i];
9. String[] segs < ktd.split(" ");
10. For Integer j €< 1 To segs.size Do
11. String seg < segs|j];
12. If
(seg.contains(HangeulLetter&ChineseCharacter&Parentheses))
13. Then kts.add(seg);
14, End If
15. End For
16.End For

17.Return kts.

18.Function <String, String>[]: wordpairextracting(String[] segs)
19.<String, String>[] ked;

20.For Integer i < 1 To segs.size Do

21. String seg < segs[i];

22. String kw € seg.substring(0, index("("));

23. String cw € seg.substring(index("(")+1, index(")"));
24. ked[i] € <kw, cw>;

25.End For

26.Return kcd.

27.Function String: chinesesimplifing(String cw)

28.For Integer i € 1 To cw.charlen Do

29. cw.char(i) € traditionaltosimplified(cw.char(i));

30.End For

31.Return cw.

32.Function <String, String>[]: distilling(<String, String>[] kcd; String[]
cdd)

33.<String, String>[] kcdd;

34.For Integer i < 1 To kcd.size Do

35. String cw € chinesesimplifing(kcd[i].chineseword);
36. If (cdd.contains(cw))

37. Then kedd.add(ked[i]);

38. End If

39.End For

40.Return kcdd.
Figure 2. Unsupervised Construction Algorithm.

During the process of the algorithm implementation, the space overhead is mainly used to store dic-
tionaries, which is negligible for the current memory capacity. Though the main time overhead is pro-
portional to the size of the Korean text corpus. The stream processing method, only one-pass scanning
for each text document, will make it time-efficient. The space-time complexity of the unsupervised
construction algorithm is acceptable in practical applications.

4. Experiment
In order to validate the effectiveness of our unsupervised construction architecture and algorithm, we
firstly prepare a large-scale Korean text corpus and several Chinese domain dictionaries. Supported by
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the Wiki Dump tool, we download the Korean Wikipedia dataset (kowiki-20170101-pages-
articles.xml.bz2) on the Internet. From the dataset, the Wikipedia Extractor software extracts 368646
Korean plain-text documents, which will be treated as the Korean text corpus. Furthermore, we al-
ready have 21 Chinese dictionaries from the following 21 domains in Table 2. We will use them as the
Chinese domain dictionaries. Secondly, we implement the unsupervised construction algorithm, and
run it in the above corpus and domain dictionaries. Finally, we analyze the experimental results and
suggest some discussions.

4.1 Rusult and Discussion about Korean-Chinese Dictionary

After running of our unsupervised construction algorithm, we have extracted 178,354 Korean-Chinese
word pairs to form a Korean-Chinese dictionary. The effectiveness of our method depends on the natu-
ral annotations written by traditional Chinese characters in raw Korean Wikipedia dataset. These tradi-
tional Chinese characters can be transformed into simplified Chinese ones straightforwardly, and
therefore they can be regarded as a natural bridge across the two languages of Korean and Chinese.

Table 1. Partial Examples of Korean Homonym.
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We also calculate and analyze the phenomenon of Korean homonym in the Korean-Chinese dic-
tionary. The experimental result shows that there are 17,408 Korean words with more than two mean-
ings mapping to different Chinese words. Table 1 shows the partial examples of Korean homonym
with more than 15 meanings. We can at least find that each pair of [H1/<, s&HL], [, KM, [Eiz,
s zE], and [XI)3&, XIJ¥5] will have a same Hangul word. But unfortunately, the meanings of the two
Chinese words in each pair are completely different. So, many Korean words only represented by
Hangeul letters without any Chinese annotation will cause serious semantic confusions.
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4.2 Rusult and Discussion about Korean-Chinese Domain Dictionary

Supported by our 21 Chinese domain dictionaries, the distilling function of the unsupervised construc-
tion algorithm has selected out 21 Korean-Chinese domain dictionaries from the Korean-Chinese dic-
tionary with 178,354 words. Table 2 shows the detailed number of word pairs in each Korean-Chinese
domain dictionary. The experimental result shows that the Chinese word is not only a bridge to con-
nect Korean and Chinese, but also a bridge to connect single-language classified dictionary and bilin-
gual classified one.

Table 2. Number of Word Pairs.

Domain NUM- |5 main NUM- 5 main Num-

ber ber ber
YA
Geography (1 1) 1139 |ECoNOmy&Trade( %45 A stronomy(530) 199
as

PlaceName(}14%) 1806 |Military(% %) 613 |Physics(#JFH) 789

Law(72:43) 451 |History(J/j %) 3461 |Medicine(E 2%) 1315

Buddhism( %) 3052 |Agronomy(1£< %) 370 |Art(ZK) 1735

Sinology([%%%) 1401 |PersonName(A\44) 2189 [Film&Television(GZHL) 2515

Mechanics&Electronics( Biology&Chemistry( . 3

BL10) 788 |-y 884 |Philosophy(¥2%) 1319

Architecture(%41) 592 [Mathematics(%{2%) 653 gaél)tlonaIChmeseMedlmne( 526

In order to further elucidate the effect of Korean-Chinese domain dictionary construction, we
choose the Korean-Chinese Economy&Trade dictionary for a specific analysis. Although the total
number (192) of word pairs in the dictionary is not too much, the auto-generated domain dictionary is
splendid enough to be used as a seed dictionary to snowball an incremental construction.

Moreover, some interesting conclusions can be drawn from the above dictionary. We firstly find
out two groups of synonymous expressions [7Fs4d, 521 and [4238, A= Z]. The former
means POSSIBILITY (R]fgft), and the latter means TRIANGLE (—#f/%). Secondly, we find out
three groups of variant characters [ #5 e, BI#5Be], [5%, Bi9, and [JE3091:, B3] There is no
doubt that the variant characters are understandable and acceptable by Korean readers. Finally, there is
a slightest blemish about the pair of <% %}, *147> within the economy and trade domain. Because
there are two meanings about “*147”. One is an ancient surname and is pronounced as “zhdng xing”.
The other is an abbreviation for BANK OF CHINA (' [E#17, T=-=3)), and is pronounced as
“zhong hang”. Although there is no any mistake about <z &, H117> and <z 3, F117>, the <z,
17> is more appropriate in the Economy&Trade dictionary standing with <-&-3, T.47>, <8}, %%
17>, and other banks.

5. Conclusion

This paper presents an unsupervised architecture and a relevant algorithm for Korean-Chinese domain
dictionary construction. The experimental results show that our method can automatically construct
bilingual domain dictionaries efficiently from language big data, and whose effectiveness depends on
the natural annotations in the raw corpus.

Further research will concern the influence of manual interventions. It is undeniable that manual
work is indispensable for language experts to obtain a more precision bilingual dictionary. Therefore,
the supervised learning and semi-supervised learning will be more expected for optimal bilingual do-
main dictionary construction. We will also transfer above research productions to other suitable orien-
tal languages like Japanese, Vietnamese, and so on.
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