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Abstract
In this paper, we introduce our machine translation system, Piramid, that utilizes rich linguistic knowledge to translate two low-resource languages: Bahasa Indonesia and Bahasa Malaysia. To ensure high fluency in the translated texts, the system extracts syntactically informed parallel segments or terms from comparable corpora as translation resource on top of a linguistically annotated dictionary. This approach provides the system with more accurate translation of in-domain technical terms and enables our system to adapt and scale up rapidly to different domains. Our system supports bidirectional translation of both languages. It supports the Malay-English translation in A-STAR (The Asian Speech Translation Advanced Research) project.
1 Introduction
Bahasa Malaysia is a language spoken mostly by the Malay people in Peninsular Malaysia, Brunei, Singapore and other areas in Southeast Asia, while Bahasa Indonesia is the official language in Indonesia. The two languages are largely mutually intelligible from the viewpoint of grammar, but have significant differences in general and domain-specific terminology, vocabulary, and usage. There are also differences in pronunciation and spelling. Both languages are considered as languages of low resource, where large amounts of bilingual texts are not readily available for the research and development of statistical-based translation systems. To create and accumulate such bilingual corpora is both time-consuming and expensive. This paper describes a rule-based translation system involving these two languages that exploits comparable corpora to address the issue of inadequate bilingual resource. The set of comparable corpora functions as a basis from which syntactically-informed, same domain parallel segments or bilingual terms are extracted, facilitating the improvement in coverage and performance of our system in large-scale translations.
Over the recent years, there has been an increasing amount of research effort (Fatiha et al., 2003; Cheung and Fung, 2004, Tao and Zhai, 2005; Toumas et al., 2007; Raghavendra et al., 2008) that focuses on extracting useful resources from comparable corpora. These works exemplify various approaches including statistics, linguistics, transliteration, date information and document alignment approaches. They aim at providing alternate bilingual resources for cross-language research such as machine translation and information retrieval. 
Our system is based on the work of (Vu et al. 2008) that uses termhood and unithood to extract monolingual terms from the different language daily news publications of the Singapore Press Holdings (SPH). From each set of monolingual news corpus, these extracted terms are further used to help in the alignment of documents with similar content across two different language corpora (Vu et al. 2009). We further extend their work by automatically extracting bilingual terms (or syntactically informed phrases) from the aligned documents to supplement the linguistic, manually annotated translation table of our Bahasa Malaysia and Bahasa Indonesia rule-based translation systems. Most of these automatically extracted bilingual units are phrases with well-defined semantic concepts and specific referents in the real world. These units are also much longer (in  terms of number of words per term unit) than those captured in our manually annotated translation table. Using these extracted terms as additional resources to our system can help to reduce the ambiguities and complexities that exist within the source text during analysis and improve the fluency of the translated text. Our system supports the translation of Bahasa Malaysia and Indonesia to and from English using the same system architecture and framework.

The following sections of this paper describe the system architecture and the individual components. 
2 Piramid System
Figure 1 depicts the overall structure of the Piramid system. There are two main processes: the extraction of the bilingual terms and the translation of the Bahasa Malaysia/Indonesia to English or vice versa.
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Fig. 1 System flow of bilingual terms extraction and machine translation. 
2.1 Bilingual Term Extraction
Bilingual term extraction is an offline process that aligns terms (from two aligned documents) which are potentially translation equivalents of each other. The terms are extracted using three methods: (1) Expectation maximization (EM) algorithm to find the maximum likelihood alignment of two extracted monolingual terms – one term from each language corpora; (2) Recursive segment matching (RSM), to calculate the translation score of two terms based on the weighted sum of partial translation scores of their segments; and (3) Prior Knowledge-based (PK) method, to search for potential translations without the constraint of document alignment using simple lexical permutation.
The above process creates a bilingual term database for each language pair. This database is then used as an add-on resource to the linguistic, manually annotated translation table of the translation engine.

2.2 Machine Translation 
The translation engine used is a rule-based system that performs morphological analysis and syntactic parsing on the source text to derive various linguistic information necessary for syntax-sensitive translation and word reordering. Words are reordered using two different transformations. They are (1) Lexical Transformation, to capture local reordering based on morpho-syntactic features of a phrase segment; and (2) Structural Transformation, to provide longer distance, higher-level reordering based on both structural and lexical information of a parse tree. Both types of reordering are carried out using manually written, linguistic transformational rules. A final synthesis process puts the translated text in its correct morphological form.
Each of the automatically extracted bilingual terms is tagged with a single morpho-syntactic category regardless of the number of words in that term. These terms are treated as a single unit in the translation engine, without further analysis or local reordering. There are several advantages both in the translation processing and translation quality results. 

Using the generated bilingual term database, the processing of longer terms is now simplified, as they are identical to a single words that do not require any linguistic processing. Apart from that, as exemplified in the examples in Table 1, there is significant effect in the translation output quality with the use of the bilingual database.  
The table illustrates translations of 4 sentences (in grey background): One for M-E (Bahasa Malaysia to English), 2 for E-M (English to Bahasa Malaysia), and one for I-E (Bahasa Indonesia to English). BT output is the resulting translation of the respective source sentences using bilingual term extraction, while WBT reflects the output without its use. In each sentence, the terms present in the bilingual database are indicated in bold, italics. In the WBT output, items in bold indicate the translated portions of the bold elements in the source sentence, without the use of the bilingual term extraction database.
	M-E
	MUIS telah mendermakan dua buah mesin dialisis kepada Yayasan Dialisis Buah Pinggang (KDF) pada 27 Jun.

	BT output
	MUIS donated two machines of dialysis to Kidney Dialysis Foundation (KDF) on 27 June.

	WBT output
	MUIS donated two machines of dialysis to Dialysis Foundation of Kidney (KDF) on 27 June.

	I-E
	Badan Meteorologi, Klimatologi dan Geofisika meramalkan bahwa sebagian besar wilayah Indonesia akan diguyur pada Senin ini.

	BT output
	The Agency for Meteorology, Climatology and Geophysics predicts that the majority of territories of Indonesia will rain this Monday.

	WBT output
	The Meteorology body, Klimatologi, and Geophysics predict that the majority of territories of Indonesia will rain this Monday.

	E-M
	Similar markings will be done on other junctions such as between Eu Tong Sen Street and Upper Cross Street, Selegie Road and Bukit Timah Road, and New Bridge Road and Upper Pickering Street.

	BT output
	Tanda serupa akan dibuat di atas persimpangan lain seperti di antara Eu Tong Sen Street dan Upper Cross Street, Selegie Road dan Bukit Timah Road, dan New Bridge Road dan Upper Pickering Street.

	WBT output
	Tanda serupa akan dibuat di atas persimpangan lain seperti di antara Eu Tong Sen Street dan Atasan Seberang Jalan, Selegie Road dan Bukit Timah Road, dan Jambatan Jalan yang Baru dan Petik Jalan yang Bahagian Atas.

	E-M
	He also announced the release of the publication Kampong Glam Historic District and the launch of the URA Architectural Heritage Awards Scheme.

	BT output
	Dia juga mengumumkan kelepasan Daerah Bersejarah Kampong Glam penerbitan itu dan permulaan Skim Anugerah Warisan Seni Bina URA.

	WBT output
	Dia juga mengumumkan  kelepasan Daerah Bersejarah Kampong Glam penerbitan itu dan  permulaan URA itu Warisan Anugerah Skim yang Seni Bina.


Table 1. Translation results with(BT) and without(WBT) bilingual term database. 

Overall, it can be seen in the examples that more accurate translations of the terms are present in the BT outputs. The main reason being the fact that the term “translations” from the bilingual term database have been gathered from actual comparable corpora, not created from a list of glossary devoid of any context. This is highly desirable for less-resourced languages like these.
Apart from accuracy of translation and the more efficient processing of longer-word terms mentioned above, a more detailed analysis of the translation results reveals that the database contributes to improved translation of terms between Bahasa Malaysia/Indonesia and English in the following ways:

· Preventing mistranslations of terms that do not require translations (e.g. street names)

· Preventing undesirable mis-orderings or/and insertions of function words that would apply to regular (non-term) phrasal processing

3 Conclusion
This paper describes the Piramid translation system utilizing both manually annotated bilingual dictionary and automatically extracted bilingual terms to translate Bahasa Malaysia and Bahasa Indonesia into English, and vice versa. The automatically extracted terms are able to reduce the ambiguities typically faced in the analysis of source text. They provide better translations for domain-specific terms and can improve the fluency of the translated text within the term boundary as well as throughout the clause.

Our future work will look into the extraction of phrases that cannot be defined using a syntactic category and a more holistic approach in integrating the extracted terms and transformation rules.
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