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Progress in Machine Translation in Mainland of China

Chengging ZONG Bo XU
Institute of Automation, Chinese Academy of Sciences (CASIA)

cqong@nlpr.ia.ac.cn xubo@hitic.ia.ac.cn

Abstract This paper summarizes the progress in research and development (R&D) of machine translation (MT)
in mainland of China over the past decades. The research activities on MT in Institute of Automation of Chinese
Academy of Sciences (CASIA) are also introduced. The authors kindly hope to draw more attention and support
to R&D of MT technology in China.

Keywords: Machine translation, Progress in machine translation, Spoken language translation

1. Introduction

As we know that machine translation (MT) is an earliest and persistent research topic in the area of natural language
processing (NLP). NLP research was de facto started from MT. Almost at the same time when MT was studied in the world
in 1950s, investigation on MT was did in mainland of China. During the past decades, the situation of MT research has been
significantly changed, both in theory and application.

In the recent years, with the fast development of networking and the quick increasing of international intercommunion, the
market of MT becomes larger and larger, which attracts more and more enterprisers to dive into the competition of MT
technology. Especially, with the rapid development of Chinese economy, the Chinese language draws more and more
attention. The language pair of Chinese and one of other languages has become the first choice for machine translation
research. In the most important evaluations of MT in the recent years, including NIST Open MT evaluation' and IWSLT
(International Workshop on Spoken Language Translation), the number of participants to Chinese-to-English MT evaluation
is always the biggest. Meanwhile, the quick progress of statistical machine translation strongly promotes the R&D of MT,
and the Chinese related MT certainly benefits from the period of quick changing.

After reviewing the history of R&D of MT in China, this paper presents some current work on MT R&D in China. The
work on MT in Institute of Automation of Chinese Academy of Sciences (CASIA), is specially introduced. Finally, the

concluding remarks are given.

2. History of MT in China

Almost at the same time when Georgetown University studied the first experimental MT system in 1950s, MT investigation
was supported by the Chinese government and the project was listed in the planning program of science development in 1956
named as Machine Translation, Development of Natural Language Translation Rules, and Research on Mathematic Theory of
NLP. Under support of the project, Russian-Chinese MT was studied in 1957 by the Institute of Computing Technology (ICT)
in cooperation with the Institute of Linguistics (IL), Chinese Academy of Sciences (CAS). In 1959, the first experiment of
Russian-Chinese translation was done with computer system of type 104 made in China. In the experiment, nine different
types of complex sentences were translated. In that period, some research teams of MT were built in Beijing Language

College, Beijing Russian Language College, South China Institute of Technology, and Harbin Institute of Technology as well,

' http://www.nist.gov/speech/tests/mt/



and Russian-Chinese and English-Chinese translation have been studied and experimented since that time (Feng, 2004).

During the ten years from 1966 to1975, research on MT experienced a drowsy period in China for some special reasons
like in other counties because of the report of ALPAC given by the American Academy of Sciences. However, it has been
revived since 1975. A new research team of MT was established in the Institute of Science and Technology Information of
China (ISTIC) and a translation system was studied and experimented based on the corpora of metallurgy area.

MT has come into a flourishing period in China since 1980s. The system of Science Translator NO. 1 became a landmark
in the early of 1980s, which was developed by the Military Science Academy of China oriented to the translation of full text
and title from English to Chinese. Professor Zhendong DONG proposed the concept of logical semantic structure at that time.
Meanwhile, Gao-Li English-to-Chinese MT system was developed by Gao-Li Computer Company in cooperation with the
Institute of Linguistics, Chinese Academy of Social Sciences.

Professor Qingshi GAO, academician of CAS, and his research team in ICT, CAS, have been engaged with research of MT
since 1980 and experienced several stages from the theory research, system experiment, and development of practical system.
The intelligent English-to-Chinese MT system (IMT/EC-863) developed by his research team was appraised in 1992 (Chen et
al., 1992). Afterward, the first pocket English-to-Chinese translation machine in the world was successfully developed by Dr.
Zhaoxiong CHEN and his colleagues. The usufruct of the technology was transferred for US$740,000, which was the biggest
charge in the area of software transferring in China at that time. IMT/EC-863 system gained the first-class National Award of
Science and Technology Progress of China in 1995. Based on the MT technology, Dr. CHEN and his colleagues founded the
Huajian Group Co., Ltd®., and established the Research Center of Computer & Language Information Engineering, CAS.
Huajian Group developed quickly and has become a big corporation which not only develops the products of MT, but also
successfully takes a big market of multi-lingual translation service. Now Huajian is mainly engaged in technological research,
product development, application integration and technical services in the field of computer and language information
processing, to provide the government, businesses and individuals with solutions to computer information system
applications such as computer information processing, systems integration and information services.

During 1980s, multi-lingual translation had been investigated for eight years by the five Asian counties including Japan,
China, Indonesia, Thailand, and Malaysia under ODA program of European Economic Community (EEC), which was
presided by the Center of the International Cooperation for Computerization (CICC) of Japan and 6000 millions Japanese
yens were supported by Japanese government. Some Chinese universities, companies and institutes, including China National
Software & Service Company Limited (CS&S), Information R&D Center of Ministry of Mechanics and Electronics of China,
Beijing Language College, ISTIC, Northeast University, Tsinghua University, Nanjing University, and Renmin University of
China and so on, joined in this international project (Yao ef al., 2002).

After the end of 1980s, especially after coming into 1990s, some new MT companies have been established, such as
Kingsoft’, and Global View* etc. The research and development of MT has come into a flourishing period in China.

The speech-to-speech (S2S) translation, sometime saying spoken language translation (SLT), has been studied in mainland
of China since 1990s started. The first experimental speech-to-speech translation system was developed by Sichuan
University at the beginning of 1990s (Yang et al., 1992). CASIA has studied the S2S translation since the middle of 1990s
and became a partner of C-STAR (Consortium for Speech Translation Advanced Research International®) in 2000. Afterward,
CASIA has been engaged in SLT research more than decade, joined so many important international activities on SLT, and
made much achievement.

So many scientists, linguists and engineers devoted their life into R&D of MT in mainland of China and made much

contribution to progress of MT technology, such as Yongquan LIU, Zhuo LIU, Qingshi GAO, Zhendong DONG, Zhiwei

http://www.hjtek.com/en/index.html
http://www.kingsoftresearch.com/
http://www.gvlinux.com/
http://www.c-star.org/
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FENG, Tianshun YAO, Qi YUAN, Huilin WANG etc.

3. Current MT in China

At present, there are so many universities, institutes and companies conducting with MT R&D in China, including the
following ones:

e Harbin Institute of Technology (HIT)

e Institute of Automation, CAS

e Institute of Computing Technology, CAS

o Institute of Software, CAS

*  Inner-Mongolia University

e ISTIC, CAS

e  Nanjing University

e Northeast University

¢ Research Center of Computer & Language Information Engineering, CAS

e  Sinkiang University

e Tsinghua University

e Xiamen University

e Huajian Group Co., Ltd.*

*  China National Software & Service Company Limited

In the recent years, the Chinese government funds more and more for R&D of MT technology. Almost all national programs
support this work, including the national key fundamental research program (“973" Program), the national natural science
foundation of China (NSFC), the national hi-tech research and development program (“863" Program) of China, and the
national key technology R&D program as well.

In 2001, the Chinese government gained the qualification to hold 2008 Olympic Games in Beijing. The Hi-Tech R&D
Program of China (“863" Program) funded a big project named as “Research and Development of Multi-lingual Intelligent
Information Service System and Application Demonstration System” (Grant No. 2002AA 117010 ) in 2002, whose purpose
was to study and develop the human language technology oriented to 2008 Olympic Games to provide the technical support
to reach the goal of “Digital Olympic, Personalized Olympic”. The main tasks included (1) development of information
service system on networking and kiosk; (2) development of computer-aided multi-lingual translation system (off-line); (3)
development of real-time multi-lingual translation system (on site / on line); and (4) development of multi-lingual service

system for mobile terminals. The framework is shown in the following Figure 1.

® http://www.hjtek.com/en/index.html
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Fig. 1. Frame of Olympic Project

Caplnfo Co. Ltd., CASIA, Huajian Group, Beijing University of Post and Telecommunication, and some other universities
and companies joined the project. During Beijing Olympic Games, computer-assisted MT technology was successfully
applied for multi-lingual information service centre, kiosk service, call-centre and post office to help human interpreters to
translate the various types of documents, athletes’ resumes, records and all background information, schedules of activities,

and the dialogues between clerks and customers in the post offices.

In the recent years, the statistical machine translation (SMT) has been more addressed. Especially, CASIA and ICT of CAS,
HIT, and Xiamen University have much achievement on SMT research. The novel translation model based on tree-to-string
alignment template (TAT) was proposed by Dr. Yang LIU and his colleague (Liu er al., 2006; Liu, 2007). (Liu ef al., 2006)
received the Best Asian Language Paper Award conferred by the Asian Federation for Natural Language Processing (AFNLP)
in ACL-COLING joint conference, Sydney. The spoken Chinese-to-English MT system developed by CASIA participated in
IWSLT evaluations. According to the subjective evaluation results, CASIA system was the best one in IWSLT, 2007 and
2008 (Fordyce, 2007; He er al., 2008).

4. Study on MT in CASIA

The CASIA, as a partner of C-STAR, has studied speech-to-speech translation since the middle of 1990s, and joined in many
important activities, including the international workshop on spoken language translation (IWSLT) (Zong et al., 2005). Some

landmarks are given as follows:

e 1996, CASIA joined C-STAR as affiliate member

e 2000, CASIA became a C-STAR partner

e 2000, Development of prototype of Chinese-Japanese-English SLT pocket machine in cooperation with Panasonic

e 2002, Development and demonstration of experimental system of Chinese-Korean SLT in common used mobile
phone

e 2003, Establishment of Chinese Language Data Consortium (Chinese LDC)” in cooperation with other
universities and institutes

e 2004, Demonstration of PDA-based Chinese-English bi-directional S28 translation system separately in Beijing

International Exposition of Sciences and Technology (May 22-26, 2004) and Spanish International Culture Forum

" www.chineseldc.org



(July 16-18, 2004, Barcelona).

e 2007, According to the subjective evaluation results of IWSLT 2007, CASIA Chinese-to-English SLT system was
the best one

e 2008, According to the subjective evaluation results of IWSLT 2008, CASIA Chinese-to-English SLT system is

the best one (Please refer to Fig. 2 for the system architecture)

Since 2005, CASIA has extended her research interests.

Besides SLT, text-to-text MT is also focused. In NIST Open MT

Evaluation® in 2008, the CASIA Chinese- to-English MT Y

system was the best one among the Chinese participants. | Preprocess the data |
Now CASIA is mainly engaged in SMT methods and has Multiplci:rkunslmion

proposed many novel approaches, including the new approached systems

to named entity translation (Chen er al., 2008), extraction of

translation template (Hu et al., 2006), word alignment (He et al.,
2008c¢), reordering models (Zhang et al., 2008; He ef al., 2008b), |_System combination |

and system combination (Li er al., 2008) as well.
i L

I Rescroing l

5. Conclusion
In this paper we review the history of MT R&D and introduce

some achievements in the past five decades of China. The Postprocess the
translation results
4

Final translation

Fig. 2. Architecture of CASIA SLT system

following two points may be summarized: (1) Much progress in

MT research has been made, but the original models, algorithms,

and grammars, especially the effective models and methods

regarding Chinese understanding and translation, are wishfully
expected; (2) The Chinese government has established so many
foundations to support R&D of MT technology, and there is a

very large market of MT in China. The high quality MT systems are imminently necessitated.
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Towards a High-quality Korean-English MT

Munpyo Hong Chang-Hyun Kim & Young-Gil Kim
Sungkyunkwan University, Korea ETRI, Korea
skkhmp(@skku.edu {chkim, kimyk } @etri.re.kr

1. Introduction

Since early 2000, MT has been paid much attention in Korea due to the fast growth of the Internet. However,
most of the efforts to bring out the off-the-shelf products into the market have failed mainly because of the
relatively poor quality of the MT. One of the few MT systems actively used not only in Korea but also in foreign
countries is the Korean-English Patent MT system.' The performance of the patent MT system is reported to be
good enough for foreign patent examiners to retrieve and read the Korean patent documents in which they are
interested in English. (cf. Hong et al. (2005))

The quality of the Korean-English patent MT might be just good enough for the cross-lingual information
retrieval, however not good enough, if it is to be used for other purposes like English scientific paper authoring.
If an MT system is to be employed for academic paper writing in English, the quality of the translation must be
far superior to that of the patent MT system. However, we are well aware of the difficulties and obstacles in
improving the quality of Korean-English MT in a short period of time.

This paper addresses two issues in developing the Korean-English scientific paper MT system based on the
Korean-English patent MT system. Given the assumption that the authors will inevitably have to post-edit the
MT results in order to submit an English paper to a conference or an academic journal, the reduction of the time
and the efforts for the post-editing is very important for the success of the system.

One way to reduce the cost for the post-editing is to employ a controlled language for MT. One might argue that
using a controlled language for MT is just to shift the load from the post-editing to pre-editing. However,
empirical studies on controlled language show that the load for the pre-editing based on a controlled language is
generally less than that for the post-editing where a controlled language is not employed. (cf. Lehrndorfer &
Mangold(1997), Lehrndorfer & Schachtl(1998))

The other way is to allow the users to interact with the MT system to get the better translation result. By
allowing the users to have an access to each of the intermediate results of the translation, i.e. morphological-,
syntactic analysis, and target word selection, the maximum use of the MT system can be made. However, a
question arises in this respect whether a user might want to intervene in the system at all.

In section 2, we will introduce the concept of the Controlled Korean. We will share our experience in designing
the Controlled Korean for Korean-English MT. In Section 3, the interactive MT system and the relevant issues
will be discussed. In section 4, we will report about the beta service of the scientific paper MT system. In section
5 we will discuss about the future works.

2. Controlled Korean

Controlled Language is a sublanguage of a natural language designed to improve the readability and the
translatability of a text. Originally, the concept of a controlled language was introduced in the field of technical
documentations to prevent the misunderstanding of texts. In the last couple of years the necessity of a controlled
language has increased significantly, especially in the technical documentation domain, as the number of pages
to be translated has increased enormously.

To design a controlled language for MT, the purpose of the application must be properly understood. Most of the
controlled languages introduced so far have without exceptions limited lexicons and writing rules. (cf.
AECMA(1995)) This is possible and useful, when the controlled language and the MT system are used by a
homogeneous group of users like employees in a company. However, in the academic paper authoring setting, it
is almost impossible to enforce the distributed users to use only the allowed lexicon and not to use any words
they like. We therefore gave up introducing the restricted Korean lexicon and rather focused on the writing rules
which impact on the translation quality most.

To do this, we manually checked 40,000 Korean-English machine translation pairs. We scored all the machine
translated results from O(poor) to 4(very good). The translations above 3 points(good) were excluded. We
assumed that the syntactic analysis and the transfer of those sentences succeeded without fatal errors. Then we
focused on the translations that were scored below 3. Many of them failed in the morphological or syntactic

1 Korean-Japanese MT system is the most widely used MT system in Korea



analysis for some reasons. We were only interested in those cases where, though the morphological and the
syntactic analysis succeeded, the translation was awkward. In such cases generally the so-called *Konglish
(English in Korean style)” was produced. We assumed that the reason why such "Konglish’ was generated was
that the source Korean sentence was stylistically poor.
We found out 8 most frequent writing errors that Korean authors commit and that have the most significant
effects on the quality of MT:
® Subject-Predicate Mismatch: Semantic mismatches between the subject and the predicates in a
sentence
® Topic Markers in the Sentence Initial Position: Sentence initial NPs with topic markers are
underspecified w.r.t. their case
Ambiguous Functional expressions: Use of specific ambiguous function words
Spoken language expressions: Use of spoken language type expressions
Double subject/object construction: Though these constructions are legitimate in Korean grammar,
they are difficult to analyze correctly
® Punctuation: If a sentence is long, the correct punctuation helps the anlaysis
® Minor grammatical errors: Though the grammatical errors are not supposed to be treated by a
controlled language checker, some grammatical errors are so frequent and not recognized by the
authors that they have to be checked before the syntactic analysis
® Light-verb expressions: Frequent use of light-verb contructions that can be substituted by a single
verb

The philosophy in designing the Controlled Korean was to give the authors as much freedom as possible. The
authors write sentences that will be automatically checked against Controlled Korean writing rules by a
Controlled Korean Checker: cf. Fig.1
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Fig. 1: Controlled Korean Checker

The learnability of the controlled language is a very important issue in designing a controlled language.
Lehrndorfer(1996), for example, criticized the AECMA Simplified English for its poor learnability. Especially, in
the academic paper authoring setting, it will be very difficult to teach the users the Controlled Korean. Therefore,
the application of the above rules must be automated with a Controlled Korean Checker. However, the
formalization of above rules is not always simple. For example, the semantic mismatch of the subject and the
predicates in a sentence is very difficult to detect automatically. It would be very difficult without deep semantic
processing. However, the deep semantic processing technique is currently not available. Therefore we collected
lexical clues with which we can detect the semantic mismatches on the surface level. Currently about 6,000
manually constructed lexical rules and metarules are stored in the Controlled Korean Checker.

Our experiment with 200 test sentences revealed that by employing the Controlled Korean, the translation
accuracy could be improved for 4.25%. Considering that only the style errors that were automatically detected
by the Controlled Korean Checker were corrected, the translation quality is expected to improve significantly in
the future, as we build more lexical rules for the checker. Among the 8 writing error types, “the ambiguous
functional expression”, "subject-predicate mismatch™ and “double subject/object” errors were 3 most significant
error types that effect on the translation quality most.



3. Interactive MT

The current Korean-English academic paper MT system is customized from the Korean-English Patent MT
system. The initial academic paper MT system was equipped only with a Controlled Korean Checker. The MT
system has been open to beta testers for six months and the feedbacks from the testers have been collected.
Overall the beta testers were satisfied with the MT output, however, many of them wanted to know what caused
the mistranslations and how could they fix them. Besides, the MT outputs still contained many errors, even
though the source Korean sentences were rewritten guided by the Controlled Korean rules.

The idea of interactive MT is not new in the MT research history. For example, in Foster et al (1997) and
Langlais et al (2000), the target sentence under construction serves as the medium of communication between an
MT system and its user. In such an environment, human translators interact with a translation system that
functions as an assistance tool and dynamically provides a list of translation candidates. To extend a type of
translation models, a hybrid approach was suggested. (cf. Yamabana(1997))

We revised the initial paper MT system reflecting the most frequent user feedbacks: the maximization of user’s
engine control, the control level management by the users, the offering of sufficient information for error
corrections, and the user-friendly interface. For the advanced paper MT users, we allowed them to control the
intermediate steps of the translation. They can intervene in the morphological- as well as syntactic analysis. If
they find something is wrong in the analysis, they can fix it by themselves in a user-friendly interface. Fig.2, for
example, shows the window displaying the morphological analysis result. If a user doesn’t like the translation,
he/she can backtrack and revise the analysis error, if there is one. If the error lies in the POS tagging, the user can
fix it and retry the translation as shown in Fig.2.
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Fig. 2: Interactive Morphological Analysis Window
They can even access to the target word selection step. The correct target word selection is based on the correct

word sense disambiguation (WSD). However, the correct WSD is not always possible. The user can select the
appropriate target word by himself, if he doesn’t like the one suggested by the system as in Fig.3.
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By allowing the advanced users to have the access to the intermediate steps, they can make full use of the MT
system and thus have the best possible translation result that the MT system can offer.

While some users might want to have the full control of the translation steps, some others might not need it.
They might just want to have their source text get translated simply by clicking on the button or after just
examining the POS tagging result. Thus the users are given the right to choose the control level they want. If a
user is relatively poor in English, he/she may depend more on rewriting of the Korean sentence or the correction
of Korean analysis error. If the user is relatively good at English, he/she can intervene in the target word
selection step.

4. The Analysis of the Beta Service

We have run the paper MT server for the employees of ETRI for 6 months. The total number of the users who
have visited the site at least once was 694. Considering that the total number of the researchers at ETRI is around
1,000, the needs for the paper MT system seem to be high. 694 users have translated 39,506 sentences with the
MT system. The average number of the translated sentences per user is thus about 56. Among those 694 users
there must be the users who just tried the system for fun or just for trial. We were interested in finding out which
function of the system do the users find most useful. We thus narrowed our attention only to those users who
have at least once tried the additional functions of the MT system such as the Controlled Korean Checker. We
will call such users as “active users”.

The number of the active users was 344, comprising around 50% of the whole users. The number of the
sentences that the active users translated with the system was 38,096. Among the 38,096 sentences, 30,954
sentences (81.25%) were translated without using any additional functions. The active users simply accepted the
translation results generated by the MT system. Only when translating 7,142 sentences (18.75%), the additional
functions were put into use.

Among the additional functions of the MT system, the users accessed to the Controlled Korean Checker most
frequently. In section 2 we showed that by employing the Controlled Korean Checker the accuracy can be
improved for 4.5%. The function that the users used second most frequently was the case structure revision
function. In the Korean syntactic analysis, the normalization of the topic markers, or in other words, the case
disambiguation of the topic markers is very critical to the correct analysis of the case structure. In 236 sentences,
the users corrected the case structure analysis error in the intermediate step. Although the users were provided
with a user-friendly interface for the interaction with the system, the other functions were not so frequently used
by the users contrary to our expectation. cf. Tablel

Total number of | Controlled Morphological | Dependency Case Structure | Target  Word

re-translation Korean Analysis Structure Revision Generation
Checking Revision Revision Revision

7,142 6,725 37 47 236 97

Table 1: The number of the re-translated sentences
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5. Conclusion

In this paper we presented our approach to develop a high-quality Korean-English MT system for scientific
paper translation. In order to improve the translation quality enough for the scientific paper authoring in English,
we proposed the concept of the ‘Controlled Korean® and the ‘Interactive MT". In designing the Controlled
Korean we didn’t introduce the controlled lexicon as done in other related researches, but rather focused on the
writing rules. As the learnability and the usability are very important factors for the acceptance by the users, we
tried to formalize the Controlled Korean rules as much as possible for the automatization. We have built around
6,000 rules for the Controlled Korean Checker. As a result, we could improve the translation accuracy of the
Korean-English MT system for 4.25% by employing the Controlled Korean Checker.

At the same time, by allowing the users to interact with the system in the analysis as well as in the target word
selection step, we gave the users the chance to reflect his/her linguistic intuition on the translation result,
However, on the contrary to our expectation, most of the active users didn’t use the interactive functions quite
often except the Controlled Korean Checker. It could imply that the users were satisfied with the raw translation
result on one hand. On the other hand, it could mean that the user interface for the interactive MT is still not
user-friendly enough for the users to take advantage of the interactive system. Among the interactive functions,
the active users found the case structure revision function most useful after the Controlled Korean Checking.

The improvement of the coverage of the Controlled Korean Checker seems to have the biggest impact on the
overall translation quality at the current stage of the development. Also the user-interface of the interactive
functions must be reconsidered as the users don’t actively make use of them. In order to find out if the interactive
functions are really useful as the researchers may expect or hope, a more thorough user study must be

performed.
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