
 

 

Clause Alignment for Bilingual Hong Kong Legal Texts with 

Available Lexical Resources* 
 

Chunyu Kit  Jonathan J. Webster  King Kui Sin  Haihua Pan  Heng Li 
Department of Chinese, Translation & Linguistics, City University of HK, Tat Chee Ave., Kowloon, Hong Kong 

E-mail: {ctckit, ctjjw, ctsinkk, cthpan, ctliheng}@cityu.edu.hk 

 

Abstract: This paper reports on our recent work in clause alignment for English-Chinese legal texts using available 

bilingual lexical resources, for the purpose of acquiring examples at various linguistic levels for EBMT. It formulates 

similarity measures for candidate clause pairs in terms of matched lexical items and presents the implementation of a 

clause alignment algorithm using these measures. Experimental results show that this approach achieves a perform-

ance of 94.6% alignment accuracy. It confirms that lexical information gives a reliable indication of correct align-

ment. The significance of this lexical-based approach lies in both its simplicity and effectiveness. 

Keywords: Clause alignment, lexical-based text alignment, example-based machine translation, similarity measure 

 

1  Introduction 

 

Text alignment is a critical task in current MT technology. It serves various purposes, e.g., con-

structing statistical translation models (Brown et al. 1990, Brown et al. 1993) and acquiring exam-

ples for EBMT (Kay 1980, Nagao 1984). Basically, text alignment approaches can be classified into 

two categories. The statistical-based approaches rely on non-lexical information, such as sentence 

length, sentence position, co-occurrence frequency, sentence length ratio in two languages, etc., as 

illustrated in previous research (Gale and Church 1991, Church 1993, Dagan et al. 1993, Kay and 

Roscheisen 1993). The attraction of these resource-poor approaches arises from the sharp contrast 

between their poor resources and their rich outcomes. On the other hand, resource-rich approaches, 

such as lexical-based text alignment, rely on existing lexical resources such as large-scale bilingual 

dictionaries and glossaries. As more and more bilingual lexical resources become available, it is 

worth investing more research effort to explore the effectiveness of lexical-based approaches.  

In this paper we report on our recent work in clause alignment using available lexical resources. 

It is part of the example acquisition phase of an ongoing EBMT project, aimed at acquiring exam-

ples at various linguistic levels, including clause, phrase, and word. By the term “example” we mean  
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a pair of texts in two languages that translate each other. The legal corpus in use contains many long 

sentences that are broken into segments by various types of numbering and punctuation. In general, 

we refer to such naturally-occurring segments as clauses.  

The remaining sections are organized as follows. Section 2 introduces the BLIS Corpus on 

which we have based our research, the lexical resources used to facilitate the clause alignment, and 

our punctuation-based approach to clause identification. Section 3 formulates similarity measures 

for candidate clause pairs in terms of lexical and non-lexical factors. Section 4 presents an alignment 

algorithm that selects a minimal optimal set of scores in a similarity matrix covering all clauses in an 

input bitext corpus. Section 5 presents our evaluation strategy and experimental results. It shows that 

this lexical based approach achieves a performance of 94.6% alignment accuracy. Section 6 con-

cludes the paper, with briefly discussion of our future work.  

 

2  Corpus and Lexical Resources 

 

The bilingual corpus used for our research is a text collection of the statutory laws of Hong 

Kong extracted from the Bilingual Laws Information System (BLIS)1. The statutory laws consist of 

564 public ordinances, 166 private ordinances and 12 miscellaneous ordinances, adding up to a total 

of 742 ordinances, of approximately 9 million English words and 5 million Chinese characters. The 

ordinances are arranged by chapters, each of which is identified by an assigned number (official or 

unofficial2) and a short title. The content of an ordinance, exclusive of its long title, is divided and 

identified according to a rigid numbering system. Parts are identified by uppercase Roman numerals 

(I, II, III ... etc.), sections by Arabic numerals (1, 2, 3 ... etc.), subsections by Arabic numerals in 

brackets ((1), (2), (3) ... etc.), paragraphs by lowercase letters in brackets ((a), (b), (c) ... etc.) and 

subparagraphs by lowercase Roman numerals ((i), (ii), (iii) ... etc.). The Chinese version of an ordi-

nance follows the same numbering as its English counterpart. Accordingly, the BLIS corpus is per-

fectly aligned in terms of chapters (�), parts (�), sections (�), subsections (�), paragraphs (�) and 

subparagraphs (�). It is particularly suitable for our research, because a well-aligned corpus of this 

size is seldom readily available. Excerpts from the corpus are illustrated in Table 1. 
Proper identification of clauses is the first step towards clause alignment. The essential informa-

tion that we can utilize to identify clauses is punctuation marks. The punctuation pairs “;/�” and “./�” 

are reliable for sentence identification, for they mark sentence ends in both languages, respectively. The 
pair “,/�” is useful for clause identification, but may be problematic. An English comma does not nec-

essarily mark the end of a clause, especially when it appears in a coordinate structure, whereas a 
Chinese comma is a reliable clause ending in most cases. In Figure 1, the underlined English commas 
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each match a slight-pause mark “�” in Chinese coordinate structure, and the commas preceding “or” (�) 
and “and” (�) match nothing.  

Some prepositional and adverbial phrases are identified as clauses by this punctuation-based ap-
proach. We allow them, because we aim at acquiring examples not only at the clause level but also at 
sub-clause, phrase and word levels in later stages. It is entirely acceptable if some structures 
finer-grained than clauses are properly aligned at the clause alignment stage. 

The resources used in our clause alignment include a large-scale English-Chinese bilingual dic-

tionary and a bilingual glossary of HK law3. Their size information is presented in Table 2, together 

with a number of example entries of the dictionary and glossary. An entry (or item, interchangeably) 

is an English-Chinese pair of words or terms that translate each other. However, the glossary and the 

dictionary do overlap. Many items, e.g., “solicitor/��”, “abuse/ � � ”, appear as an entry in 

both the glossary and the dictionary. They are considered glossary items, instead of dictionary items, 

in our alignment algorithm. 

 

 

 

 
 

3  Similarity Measures 

 

Clause alignment is aimed at identifying pairs of clauses that are translations of each other in 

the two languages in question. Since translation is intended to reserve semantic and pragmatic 

equivalence in both source and target language, any two paired clauses, also referred to as a true pair, 

are assumed to be more similar to each other than any other arbitrary clause pair with respect to their 
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meaning and interpretation. This section defines similarity measures for our lexical-based clause 

alignment. 

In a lexical-based approach, we can use both lexical and non-lexical information to formulate a 

reliable semantic similarity measure based on lexical correspondence. For example, we can compute 

a similarity score for a clause pair in terms of the number of matched lexical items in the clauses in 

question. In defining an effective similarity measure for lexical-based clause alignment, we consider 

the following four factors as most important: the lexical factors of (1) matched dictionary items and 

(2) matched glossary items, and the non-lexical factors of (3) clause length ratio and (4) clause posi-

tion. In general, for a candidate pair of clauses, the more their lexical items match and the less they 

differ in clause length and position, the more similar they are. 

However, it is necessary to differentiate between dictionary and glossary items, because a pair 

of matched glossary items, in general, gives a much stronger indication of the similarity of two 

clauses than a pair of matched dictionary items. With regard to the impact of the four factors on the 

similarity of clause pairs, we propose the following empirical formula for measuring the similarity 

of a candidate pair of clauses P=<si ,sj> in a given bilingual corpus:  
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where i and j are clause positions, f (·) is an evaluation function for the significance of a pair of 
matched items, d and g are matched dictionary and glossary items, respectively, W is a weight indi-
cating the significance of a matched glossary item in comparison to a dictionary item, r is the text 
length ratio of the two languages, and | · | is the length of a string. The simplest evaluation function is 
f (·) = | · |c or | · |w, i.e., the length of matched lexical items in the number of characters or words. 
Variants of (1) used in our experiments are listed in Table 3.   

The weight W in (1) must be determined empirically for a particular corpus through experi-

ments. According to our experiments on clause alignment in the BLIS corpus, as presented in Figure 

2, the optimal value for W is 3, indicating that a matched glossary item is, in general, 3 times as 

significant as a matched dictionary item. Formulae 3 and 4 are not tested, for W is not involved. 

 

4  Algorithm 

 

With each formula in Table 3, we can calculate the similarity score for any candidate clause pair, 

resulting in a similarity matrix for a bilingual corpus. For a bitext of m English clauses and n Chi-

nese clauses, we have an m×n similarity matrix, as illustrated in Table 4, where ai = sim(ci, ej). 

With a given similarity matrix, a clause alignment algorithm can be implemented straightfor-

wardly in two steps:  

1. Pick the greatest score in each row and in each column from the similarity matrix;  

2. Transform this set of scores into alignments.  



Our experimental results show this algorithm to be highly effective. It has the capacity to cap-

ture not only one-to-one alignment but also one-to-many and many-to-many (usually, two-to-two) 

alignments. Most mistakes have to do with one-to-many clause correspondence, where clause length 

information has a negative effect. Interestingly, dropping the clause length factor in the similarity 

measure eliminates many such errors. Even so, a significant number of such errors still remain in the 

output, leading to a total error rate of 5.4%. 

The time complexity of this algorithm is O(m+n). On a PIII PC of 1GHz and 256MB memory, 

it runs at a speed of aligning 4.73K words (i.e., 2.46K Chinese and 2.27K English words) per second. 

Accordingly, it takes less than 21 minutes to finish the clause alignment (including similarity calcu-

lation) for the BLIS corpus, whose size information is presented in Table 5. 

 

 

 

 

 

 

 

 

5  Evaluation 

 

Since it is a laborious task to manually build a large-scale precisely clause-aligned bilingual 

corpus for testing, we took a more realistic approach to evaluating our clause alignment work. 

1. Randomly pick about 1,000 English clauses from the entire corpus. 

2. Locate their Chinese counterparts in the alignment output by a similarity measure that we 

believe, intuitively, to be the best. 

3. Manually check the correctness of all these clause pairs: If any clause in this set involves 

many-to-many alignment and some of its counterpart clauses are not included, add them in, 



resulting in an evaluation set slightly more than 1,000 clauses.  

4. For each similarity measure, compare its alignment output for this evaluation set against 

the standard answers, yielding an estimation of alignment accuracy.  

The performance of our 7 similarity formulas is presented in Table 3. The best alignment accuracy 

achieved is 94.6%, with Formula 5.      

In addition to alignment accuracy, we also consider correct word ratio and correct character ra-

tio in our comprehensive evaluation. A “correct word/character” is a word/character in a correctly 

aligned clause pair. The correct word/character ratio is defined as the proportion of correct words/ 

characters in the evaluation set. The purpose of having these two ratios as additional evaluation 

measures is to remedy a certain roughness in the alignment accuracy, which gives the same credit to 

correctly aligned clauses of different length. 

 We have observed from Table 3 that both these two ratios are consistently significantly lower 

than the alignment accuracy over all similarity measures. This fact seems to suggest that shorter 

clauses have a better chance to find their counterparts than longer clauses within this lexical-based 

alignment approach. This observation goes counter to the intuition that longer clauses have a better 

chance of correct alignment, because there seems to be a better chance for them to have more 

matched word pairs and, consequently, higher similarity scores. However, our experiments turned 

out differently, indicating that there are still issues within this simple and effective approach that 

invite more thorough review. 

 

3  Conclusion 

 

We have presented a lexical-based approach to clause alignment using available lexical resources 

and reported the experimental results on the BLIS corpus of HK legislation. The similarity measure 

in use is defined in terms of matched lexical items, clause length and position. The alignment algo-

rithm we implemented is as straightforward as collecting the highest scores from rows and columns 

in a similarity matrix. It carries out not only one-to-one but also one-to-many and many-to-many 

alignments, and achieves an alignment accuracy of 94.6% on the BLIS corpus.  

Surprisingly, non-lexical information like clause length lowers the alignment accuracy signifi-

cantly, indicating the necessity for a better way to harmonize the roles of lexical and non-lexical in-

formation than simply integrating them into a similarity formula. Previous studies showed that 

non-lexical information is effective when little lexical information is available. Thus, there seems to 

be room for performance enhancement by applying non-lexical information to infer more correct 

alignments where lexical resources have been exhausted. 

Since inadequate lexical resources continue to the most critical problem in a lexical-based ap-

proach to text alignment, it is necessary to make a fuller use of existing lexical resources. For exam-

ples, “payable” exists in our lexical resource with the translation “�� � (�)”, but not with other 

translation variants such as “�� � (�)” and “�� � (�)”, resulting in the inaccurate alignment for 



clauses involving the variants. If the core of the term “ � � ” (pay) could have a match, the clauses 

involving such variants would have at least a pair of partially matched lexical items, rather than 

none, and consequently more correct alignments could be produced. Therefore, how to utilize exist-

ing lexical resources to a greater extent via partial match for performance enhance becomes another 

interesting issue for our future research. 
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