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Abstract data of this kind are indispensable for construct-
ing statistical translation models (Brown et al.,

In this paper we presentour recentwork ~ 1993; Melamed, 2000), acquiring bilingual lex-
on harvesting English-Chinese bitexts  icon (Gale and Church, 1991; Melamed, 1997),

of the laws of Hong Kong from the and building example-based machine translation
Web and aligning them to the subpara-  (EBMT) systems (Nagao, 1984; Carl and Way,

graph level via utilizing the number- 2003; Way and Gough, 2003). They also provide
ing System in the |ega| text hierarchy_ a basis for inferring lexical connection between

Basic methodology and practical tech- vocabularies in cross-languages information re-
niques are reported in detail. The re-  trieval (Davis and Dunning, 1995).

sultant bilingual corpus, 10.4M English Existing parallel corpora have illustrated their

words and 18.3M Chinese characters,  particular value in empirical NLP research, e.g.,
is an authoritative and comprehensive  Canadian Hansard Corpus (Gale and Church,
text collection covering the specific and 1991b), HK Hansard (Wu, 1994)NTERSECT

special domain of HK laws. It is par- (Salkie, 1995)ENPC (Ebeling, 1998), the Bible
ticularly valuable to empirical MT re- parallel corpus (Resnik et al., 1999) and many
search. This piece of work has also laid  others. The Web is being explored not only as a
a foundation for exploring and harvest-  syper corpus for NLP and linguistic research (Kil-
ing English-Chinese bitexts in a larger garriff and Grefenstette, 2003) but also, more im-
volume from the Web. portantly to MT research, as a treasure for mining

bitexts of various language pairs (Resnik, 1999;
. Chen and Nie, 2000; Nie and Cai, 2001; Nie
1 Introduction and Chen, 2002; Resnik and Smith, 2003; Way
Bitexts also referred to aparallel textsor bilin- and Gough, 2003). The Web has been the play-
gual corpora collections of bilingual text pairs 9round for many NLPers. More and more Web
aligned at various levels of granularity, have beer (€S are found to ha\{e ploned their Web pagesin
playing a critical role in the current developmentsfeveral Ianguaggs, aiming at conveying |r_1for_ma-
of machine translation technology. It is suchtionto audience in different languages. This gives

large data sets that give rise to the plausibility'S€ 0 @ huge volume of wonderful bilingual or

of empirical approaches to machine translationmum'"ngual resources freely available from the
most of which involve the application of a variety Web for research. What we need to do is to har-

of machine learning techniques to infer various”est the right resources for the right applications.

types of translation knowledge from bitext data In this paper we present our recent work on
to facilitate automatic translation and enhanceharvesting English-Chinese parallel texts of the
translation quality. Large volumes of training laws of Hong Kong from the Web and construct-
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ing a subparagraph-aligned bilingual corpus of  » s semsmaizm
about 20 million words. The bilingual texts of the  » s e s

S H . H H » BEA3E ERAEIEPRAR
laws is introduced in Section 2, with an emphasis - o woara iz

, . . . ; * SHE B i

on _HKs legislation text hlera_r_chy and its num- S U A A A — A0 R B MR

bering system that can be utilized for text align- e L s il

ment to subparagraph level. Section 3 present : TIN5l
. . H 3 * BSEEE FIAGHY

basic methodology and technical details for har e s o T AT

vesting and aligning bilingual Web page pairs, ex-  * s stmizen
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tracting content texts from the pages, and align
. . . ¥ Chapter 1 INTERPRETATION AND GENERAL CLAUSES ORDINANCE
ing text structures in terms of the text hierarchy »cuge: popuic evance oromasce

H ilioi H H H H H ¥ Chapter 3 JURY ORDINANCE
via utilizing consistent intrinsic features in the , " corrommasce

Web pages and content texts. Section 4 presen ~cpts OFFICIAL LANGUAGES ORDNANCE

} CAP 5 OFFICIAL LANGUAGES ORDINANCE

XML schema for encoding the alignment results  vcapsamsmicr COURT CIVIL PROCEDURE (GENERAL) (USE OF LANGUAGE) RULES

: H H Cap SA Fmpowering section 301061997
ar_1d |IIustr_a_tes the display mode_for browsing the 2 biioss
aligned bilingual corpus. Section 5 concludes Cip 34 52 ntetprtaion 300671997

. . . . Cap SA 53 Use of language in procecdings 30106/1997
the paper, highlighting the value of the corpus in e s orcian LavcuAGE (rRaNSLATION) RULES

H H H HY i » CAP 5C HIGH COURT CIVIL PROCEDURE (USE OF LANGUAGE) RULES
term of its volume, translation quality, SPeCIfiCity , s umnrrrcs oromasce
and comprehensweness, and a||gnment granu|a ¥ Chapter 7 LANDLORD AND TENANT (CONSOLIDATION) ORDINANCE
ity. Our future work to explore the Web for har- _ _ _
vesting more quantities of parallel bitexts is also ~ Figure 1: lllustration of BLIS hierarchy

briefly outlined.

BLIS legal texts contains approximately 10 mil-
lion English words and 18 million Chinese char-
The laws of Hong Kong (HK) before 1987 were acters. Lexical resources of this kind are particu-
exclusively enacted in English. They were transdarly useful in bilingual legal terminology studies
lated into Chinese in the run-up to the handoveand text alignment work.
in 1997. Since then all HK laws have been en- )
acted in both English and Chinese, both versioné-2 Text Hierarchy
being equally authentic. This gives rise to a valu-BLIS organizes the legal texts in terms of the
able set of bitexts in large quantity and high qual-hierarchy of the Loose-Leaf Edition of the Laws
ity that can be utilized to facilitate empirical MT of Hong Kong. At the top level, the ordinances
research. are arranged by chapters, each of which is identi-
fied by anassigned numbeand ashort title e.g.,

2.1 BLIS Corpus Chapter 5 OFFI Cl AL LANGUAGES ORDI NANCE /
The bilingual texts of the laws of Hong Kong ##5% ikt scfkfl. The assigned number for a
have been made available to the public in resubsidiary legislation chapter consists of a chap-
cent years by the Justice Department of the HKter number and a following uppercase letter, e.g.,
SAR through the bilingual laws information sys- CAP 5C HI GH COURT Cl VI L PROCEDURE ( USE
tem (BLIS). All these texts are freely accessibleOF LANGUAGE) RULES / #5CHE 25k bt IR i 2
fromhttp://ww. j ustice. gov. hk/. Fe( $RATRESC) SR

BLIS provides the most comprehensive docu- The content of an ordinance, exclusive of its
mentation of HK legislation. It contains all statute long title, is divided and identified according to a
laws of Hong Kong currently in operation, includ- very rigid numbering system which encodes the
ing all ordinances and subsidiary legislation ofhierarchy of the texts of the laws. Both the Chi-
HK (and some of their past versions dating backnese and English versions of an ordinance fol-
to 60 June 1997), the Basic Law and the Sinolow exactly the same hierarchical structures such
British Joint Declaration, the constitution of PRC as chapterszf), parts {), sections ), sub-
and national laws that apply in HK, and other rel-sections #k), paragraphsgf) and subparagraphs
evant instruments. The entire bilingual corpus of(&fi). This allows us to align the bitexts along

2 Bilingual Texts of the Laws of HK
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Chapter: 5A Title: DISTRICT COURT  Gazette

CIVIL PROCEDURE Number:
(GENERAL) (USE OF
LANGUAGE) RULES

Section: 3 Heading Useoflanguagein Version  30/06/1997 pairs. The second phase is to align finer-grained
proceedings Date: . . .
text structures within each text pair.

(1) A judge may use either or both of the official languages in any proceedings or
a part of any proceedings before him as he considers appropriate for the just and
expeditious disposal of the proceedings before him. H

(2) The decision of the judge under subrule (1) is final. 3 . l Download | ng B LIS Web Pages
(3) A party to or a witness in any proceedings or a part of any proceedings before
the court may-

A BLIS Web page does not necessarily corre-

(a) use either or both of the official languages; and

) adress the court or testi in any langaiage spond to any particular text structure such as a
(4) A legal representative in any proceedings or a part of any proceedings before . .
the court may use cither or both of the official languages. _ o chapter, a part, a section, a subsection, or a para-
) Doeuments prepared for use by the court in any proceedings may be in either ) .
official language. graph in the BLIS hierarchy. A chapter, espe-
cially a short one, may be organized into a few
Figure 2: BLIS texts in pair sections in a Web page or in several contiguous

pages. Some sections, e.g., the long ones, are di-
his hi hical h q vided into several pages. In general, BLIS does
this hierarchical structure, once they are doWnyqt majntain any reliable match between its Web

loaded from th? BLIS ‘_Jf_f'c'a' site. To our knovv] pages and any particular text hierarchical struc-
edge, a well-aligned bilingual corpus of this SIZ€ res

covering a special domain so comprehensively is Fortunately, in most cases a BLIS page always

seldom readily available for the Chinese- EngllshhaS a counterpart in the other language. There is
language pair. _ a “switch language” button on each page to link
Excerpts from the BLIS corpus are |Ilustrated,[O the counterpart page. Such linkage allows us

in Figure 1 and 2, one illustrating its hierarchy and,[0 download the Web pages in pairs and, conse-
the other a pair of BLIS bitexts. From the excerpts quently, harvest a list of page-to-page aligned bi-
we can see that not everything has an exact matc['%xts

between a pair of BLIS Web pages. For example, In addition to the pair link, each BLIS page also

the Chinese side has a gazette number “25 of 1998 " - P
, ) . . carries links for the “next” and the “previous sec-
s. 2" and a piece of “remarks” at the beginning of

. . tion of enactment”. These two kinds of linkage
content text, whereas its English counterpart ha§
none of thern urn the pages into two double linked lists, each

in a language, as illustrated in Figure 3, with each
page as a node. Nodes in pairs are also double
linked between the two lists.

Basically two phases are involved in construct- However, the pairwise linkage is not reliable
ing the bilingual corpus of the laws of HK. The in the BLIS site, because there are missing Web
first phase is to harvest the monolingual texts opages in one of the two languages in question
HK laws from the BLIS site and align them into (see Table 3 below for more details). In order to
pairs. It involves the following steps: (1) down- download all bitexts of legislation from the site,
loading Web pages one by one with the aid of ave need to go through one linked list and down-
Web crawler, (2) extracting the texts from themload each page and its counterpart, if there is one,
by filtering out the HTML markup, and (3) align- in the other language. Such scanning gives a list
ing the extracted monolingual texts into bilingual of text pairs, where some pages may have a null

3 Harvesting Bitexts from the Web

73



Total time  Downloaded files Files English Chinese

English 17 hours 50,638 (429MB) Aligned 50,506 (62.3MB) 50,506 (38.5MB)
Chinese 18 hours 50,510 (460MB) Missing 132 4
_ _ Total 50,638 50,510
Table 1: File downloading Sizd  10.4M words 18.3M char.s
#The size of extracted texts.
File name bExclusive of punctuation marks.
BLIS HTML page titte  Chinese English
Cap 5A ... SAc.txt SAe. txt Table 3: The number of aligned and missing files
Cap 5A's 1 ... 5A-1c.txt 5A-1e.txt
Cap 5A's 2 ... 5A-2c.txt 5A-2_e. txt
DpOASS SAsctx Shseld This feature is utilized to align BLIS pages: all
Table 2: Naming downloaded files in terms of gownloaded files are named in terms of the num-
BLIS numbering bering information extracted from their HTML ti-

tles, as illustrated in Table 2. Consequently, all

: , files are naturally aligned in pairs by their names.

counterpar_t - An altemative strategy is to OIOWn'Any file names not in a pair indicate the missing
load each list separately, and then maich the pag%%unterparts in the other language. The statistics

into pairs sequentially with the aid of numbering f file alignment are given in Table 3
information in the header of each page — see 3.3 '

below. These two strategies verify one another3.3 Text Extraction

making sure that all pages are downloaded ang,jcally. this task involves two aspects, namely,

putin the right pairs. _ filtering HTML markup and extracting content
The downloading is carried out by a Webyey A straightforward strategy is that we first

cr_awler implemented |n_ Jav_a. In order to accoM-jaan up HTML tags in each page and then the

plish the above strategies, it also has to handle g, |egal content. The tags are in brackets, and

number of technical issues. non-legal content in a consistent pattern through-

« It sleeps for a while (e.g., 10 seconds) wherPut all BLIS pages. However, a more convenient

it finishes downloading a certain number of W& t0 do itis to make use of a reliable feature

pages (e.g., 50 pages), because the BLIS sit8 the BLIS pages: legal cont_ent is placeq in be-
refuses continuous access from one site for AVE€N two —the only two — horizontal bars in each
page. Accordingly, we implement a strategy to

first extract every thing in between the two bars
e When an error occurs, it remembers the curand then clean up remaining HTML tags. The
rent URL. Then it re-starts from where it output from this procedure includes
stops.

too long time.

e a header as a fixed set of items, including
The data about the file downloading from BLIS chapter number, title, heading, etc., and

site is given in Table 1. One can conceive that . .
. h . ) e a piece of content text as a list of numbered
if the time intervals for sleep and downloading . o

items eachin aline. (See the header and con-

could be automatically tuned by the crawler to -

- . e . tent text in Figure 2.)
maximize the downloading efficiency, it would
get the job done significantly more quickly. Our The textin a BLIS page is displayed as a sequence
option for 10 seconds sleep between every 50 filesf hierarchically numbered items, such as subsec-
is based on error records of a number of test runsions, paragraphs and subparagraphs.

3.2 Aligning Web Pages 3.4 Text Alignment within Text Pairs

Every BLIS Web page is identified by a subti- After page (or file) alignment, each page finds its
tle that carries numbering information about thecounterpart in the other language. After text ex-
page, as illustrated in Figure 1. Such a subtitldraction, a page gives a content text consisting of
is exactly retained in the page as its HTML title. a list of numbered items, each in a line. A such
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Remarks: , 4 XML Markup for the Aligned Corpus
Adapt ati on anendnents retroactively made - see

26 of 1999 s.3//? . . .
(1) All Odinances shall be enacted and published XML is applied to encode the text alignment

in both official |anguages.// H _
(2) Nothing in subsection (1) shall require an outcomes output from the above alignment pro

Qrdinance to be enacted and published in cedure. It has been a standard for data repre-

both official |anguages where that Ordinance .

anends another Qrdinance and-// sentation and exchange on the Web, and also
@ el g;“ﬁ;h;{,gggagﬁfy?ﬁgng;‘?# ed in the accepted by the NLP community as a standard
(b) no authentic text of that Ordinance has been for linguistic data annotation and representation

publ i shed in the Chinese |anguage under i

section 4B(1).// (Ide et al., 2000; Mengel and Lezius, 2000;
(3) Nothing in subsection (1) shall require an . .

Ordinance to be enacted and published in both Kim et aI., 2001) There are a series of yearly

of ficial |anguages where the Chief Executive i i -

T Counci |- {Aaended 26 of 190 & 311 NLPXML workshops for it since 2001. It pro

vides a platform-independent flexible and sophis-
ticated plain text format for data encoding and
Table 4: Anchors in a sample text manipulation. It is particularly suitable for hier-
archical linguistic data such as the hierarchically-
item can be divided into a numbering item and thea“gm:,3d bilingual corpus that we have produced,
remaining content text in the line, as illustrated inWhatS more, converting data to XML format not

Table 4. The Chinese counterpart of this text car® nly significantly reduces the complexity of data

ries similar lines, if no missing line in any page of exchange among different cqmputer styst-e_ms but
the pair also enhances data transmission reliability and

L . eases Web browsing.
Unfortunately, missing lines are found in some

S . There have been many corpora that are anno-
BLIS pages, as exempllfl'ed in Flgure 2. There IS.ated with XML, e.g., HCRC Map Task Corpus
no guarantee that matching text lines one by on

. . ?Anderson et al., 1991), American National Cor-
n sequence would carry out the expected allgn- us (lde and Macleod, 2001), the La Republica
ment within a page pair. However, the numberlngpOrpus (Baroni et al ’2004) ’Below we present
items at the beginning of each line can be utilize he XML schema fo.r, our Sljbparagraph-aligned

asanchorsto_ fapllltgte .the alignment. The strat- BLIS bitexts, with sample annotation, and nec-
egy along this line is given as follows. .
essary Web browsing.

4Indicating a text line break.

1. Anchor identification: numbering itemet 4.1 XML Schema
the beginning of each linare recognized thea cyrrent version of the XML schema for the
as anchors, with the beginning and the end,jjing,al BLIS corpus, as given in Figure 4, fo-
of the whole content text as two special an-¢;ses on encoding all text structures in the BLIS
chors, resulting in a list of anchors for e""Chhierarchy, including all elements in each BLIS
page, Web page. It is to be extended to cover finer-

_ _ grained structures such as clauses, phrases and

2. Anchor alignment: match the two lists of an-\yqrds, as we proceed to align the BLIS bitexts
chors sequentially. If a pair of anchors doesy; these linguistic levels. For simplicity, we al-
not match, give up the smaller one (in termsjqy; har 4 to subsume all types of text line, be
of the BLIS numbering hierarchy) and move ihey 4 section, subsection, paragraph or subpara-
on to the next possible pair, working in €x- granh The annotation of a sample bitext with this
actly the same procedure as matching idengchema is illustrated in Figure 5. Annotation of
tical anchor pairs between two sorted lists Ofthis kind is carried out by a Java program auto-
anchors. matically for the entire bitext corpus.

3. Text line alignment: a pair of matched an-4.2 Corpus Browsing
chors give a pair of matched lines; an un-A number of display modes are designed for
matched anchor indicates a missing line inbrowsing the subparagraph-aligned bitexts, in-
the other language. cluding bilingual modes and monolingual modes.
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<7uml version="1.0" encoding="150-8859-1" 7>
- <xsischema kming: ws="http:/ /www.wi.org/2001/XMLSchema'>
- «xzcomplexType name="paraType'>
- <5 sequence:
ausielament name="sourceValua" type="ws:string" minOccurs="0" />
«xs:element name="target¥alue" type="x¢s:string" minCccurs="0" /»
</ns:sequences
</us complexTypes
- «xsisimpleType name="docidType">
- <¥sirestriction base="xks:string">
aus:pattern value="[0-0]{4}-[0-9]{4}" />
<fusirastrictionz
</ussimpleTypes
- cusicomplexType name="header's
- <xsiseqUence:
«xs:element name="sourceLabel" type="s:string" />
<usielement name="targetLabel" type="ws:string" />
<xsielement name="value" type="xs:string" minOccurs="0" />
«xsielement name="sourceValue" type="xs:string’ minOccurs="0" />
<wsielement name="targetvalue" type="xs:string" minOccurs="0" />
<fvzizBguUEnCEs
«/xs: complesTypes
- <usielement name="biCorpus">
- <xzicomplexTypes
- <reisROUBNCE>
~ <xsielement name="document">
- exs complexTypes
- s seqUence:
<xs:element name="chapter" type="header' />
<sielement name="title" type="header" />
<xs:element name="gazetteNo" type="header" />
<xs:element name="article’ type="header" />
<us:element name="heading" type="header" />
<xsiglement name="verdate" type="header' />
- <xs:element name="content">
- <usicamplenTypes
- <xsizeqUences
<xsielement name="para" type="paraType" mazCccurs="unbounded" />
& /yssEquences
</ complexTypes
<frsielBments
</xs: sequences
<us:attribute name="No" type="docidType" use="required" />
«xs:attribute name="sourceLanguage' type="xs:string" use="required" />
<xs: attribute name="targetLanguage" type="xs:string’ use="required" />
s complexTypes
/x5 element
«fnsisequUences
</fus:complexTypes
<fxs element>
«fusischemas

Figure 4: XML schema for aligned BLIS bitexts

In a bilingual mode, text line pairs are displayed
in sequence. Switch of language order or from
one mode to another is allowed any time during
browsing. The bilingual display mode is illus-
trated in Figure 6.

<7l version="1.0" encoding="Bigs" 7

~ <hiCorpus xmins: xsi="http://vvew w3 .org/2001/XMLSchema-i i ocation="corpus.xsd’s

- erbcument No="2101-0062" sourceLanguage="english" targetl anguage="chinese's
~ <thapters
<sturceLzbelsChapter</sourceLabels
<targetLasel>F</targetLabel>
<valle>2101</valugs
<fohapters
- <title
«<sourcelebel=Title</sourcel abel>
«<targetLael =R </targetLabel>
<saurceValue>THE BASIC LAW OF THE HONG KONG SPECIAL ADMINISTRATIVE REGION OF THE PEOPLE'S REFUBLIC OF
CHINA</sourceyalues
<targetValue> PEA BRI EEREHTREEFE </ targetvalues
<itle>
- cgazetteNo>
esaurcelzbel>Gazette Numbere/saurceLabel>
<targetlaelERRIE</targetLabels
<saurcevalie />
<targetvalue />
</gazettenns
- cartitles
<sourceLebel>Articles/sourcelabels
«<targetLasel>#</targetLabel>
<valuez62¢/valuez
</article>
- cheading>
<sourcelzbel»Heading</sourcelabel>
<targetlasel-#E3CEE </ targetLabel>
<sourcevalue />
<targetValue> A+ 2H </ targetvalue>
</heading>
- cverdates
esaurceLzbel>Version Date</sourcel abel>
<targetlacel>fRar Hiff</targetLabel>
<value>01/07/1997/value>
<Juerdates
- ccantent>
- <paras
<sourceValues Article 62 The Government of the Hong Kong Special Administrative Region shall exercise the
following powers and functions:</sourevalues
<targetvalie>BA+ 28 EERHTRERFTHTARE: </targetvaluer
<jparaz
- <para>
<sourcevalue>(1) To formulate and implement policies;</sourcevalue>
<targetyaluex(—) MEWMTHE; </targetvalue>
<fpara>
- <para>

2) To conduct admini affairs;,
<targetValue>(Z) ERBBTRFY: </targetValues
</para>
- cpara>
<sourceValue>(3) To conduct external affairs as authorized by the Central People's Government under this
Lawi;</sourceValie>
ctargetvalues(Z) WHASLER R LA RRASBUSIGIT: </tsroetvalues
</parax
- <paraz
«<sourceValuex(4) To draw up and introduce budgets and final accounts;</sourceval.e>
«<targetvalue> () SHERHYUBRE. #E; </targetvalue:
<jparaz
- <paraz
<sourcevalue=(5) To draft and introduce bills, motions and i islation; ands;
<targetvalue=(Ti) R EHR. BF. HESH; <targetvalue
<fpara>
- <para>
<courceValues(6) To designate officials to sit in on the meetings of the Legislative Council and to speak an behalf of
the government.</sourceValues
<targetyalue>(77) BEE RMMLESURERRR S </targetvabes
</paras
</eontents
<fdocument:s
</biCorpus>

Figure 5: Sample bitext in XML encoding

Translation quality All texts of the corpus are
5 Conclusion prepared by the Law Drafting Division of
the Department of Justice, Hong Kong Gov-
We have presented in the above sections our re-  ernment. Legal texts are known to be more
cent work on harvesting and aligning the bitexts precise and less ambiguous than most other
of the laws of Hong Kong, including basic tech- types of text.
niques for downloading English-Chinese bilin-
gual legal texts from BLIS official site, sound
strategies for aligning the bitexts by utilizing the
numbering system in the legal texts, and neces-
sary XML annotation for the alignment results.
The value of the outcomes, i.e., the subparagraph-
aligned bilingual corpus, can be evaluated in
terms of the following aspects.

Specificity and comprehensivenes3he corpus
covers specifically the domain of Hong Kong
legislation. It is the most authoritative and
complete text collection of the laws of Hong
Kong.

Alignment granularity The entire corpus is
Corpus size The entire corpus is of 10.4M En- aligned precisely to the subparagraph level.
glish words and 18.3M Chinese characters, Most subparagraphs in the legal texts are
several times larger than the well-known phrases, fragments of a clause, or clauses; as
Penn Treebank Corpus in size. shown in Table 4.
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