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Abstract

We presenta systemfor extracting an
Englishtranslationof a given Japanese
technicalterm by collecting and scor
ing translatiorcandidatefrom theweh
Wefirst shaw thattherearea lot of par
tially bilingual documentsin the web
thatcouldbeusefulfor termtranslation,
discoveredby usingacommerciakech-
nical term dictionary and an Internet
searchengine. We then presentan al-
gorithmfor obtainingtranslationcandi-
dateshasedn thedistanceof Japanese
and English termsin web documents,
andreportthe resultsof a preliminary
experiment.

1 Intr oduction

In thefield of computationalinguistics,theterm
‘bilingual text’ is often usedas a synorym for
‘parallel text’, which is a pair of texts written in
two differentlanguageswith the samesemantic
contents. In Asian languagesuchas Japanese,
Chineseand Korean,however, thereare a large
numberof ‘partially bilingualtexts’, in whichthe
monolingualtext of an Asian languagecontains
several sporadicallyinterlacedEnglishwords as
follows:

“HRNBEEDS LR I & - TR B
RIFRE Iro =28, HEZHE (macu-
lar degeneration))® S [E DR S E
DERFREL Y DDH B, ”
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The above sentences taken from a Japanese
medicaldocumentwhich says“Since glaucoma
is now manageabléf diagnosedearly macular
degenerations becominga majorcauseof visual
impairmentin developednations”. Thesepar
tially bilingual texts aretypically foundin tech-
nicaldocumentswheretheoriginal Englishtech-
nical termsareindicated(usuallyin parenthesis)
just after the first usageof the Japaneseechni-
calterms.Evenif you don't know Japanesgjou
caneasilyguess EHZ M is the translationof
‘maculardegeneration’.

Partially bilingual texts can be usedfor ma-
chinetranslationand crosslanguagenformation
retrieval, as well as bilingual lexicon construc-
tion, becausé¢hey notonly give a correspondence
betweenJapaneseand English terms, but also
give the contet in which the Japanesdéerm is
translatedo the Englishterm. For example,the
Japanesword‘ 2P’ canbetranslatednto mary
English words, suchas ‘degeneration’,'"denatu-
ration’, and‘conversion’. However, the wordsin
the Japaneseontext suchas‘JH&, (disease)and
‘B2 (impairment)’ can be usedas informants
guidingthe selectionof the mostappropriateEn-
glishword.

In this paper we investigatethe possibility
of usingweb-sourcedartially bilingual texts as
a continually-updatd, wide-coverage bilingual
technicaltermdictionary

Extracting the English translationof a given
Japanes¢echnicalterm from the web on the fly
is differentfrom collectinga setof arbitrarymary
pairs of English and Japanesdechnicalterms.
The former can be thought of example-based



translation,while the latteris atool for bilingual
lexicon construction.

Internet portals are starting to provide on-
line bilingual dictionaryandtranslationservices.
However, technicaltermsandnew wordsareun-
likely to bewell coveredbecauséhey aretoo spe-
cific or too new. The proposederm translation
extractorcould be an useful Internettool for hu-
man translatorsto complementhe weaknessof
existing on-line dictionariesand translationser
vices.

In the following sections,we first investigate
the coverageprovided by partially bilingual texts
in the web asdiscoveredby usinga commercial
technicalterm dictionary and an Internetsearch
engine. We then presenta simple algorithm
for extracting Englishtranslationcandidate®f a
givenJapanestechnicalterm. Finally, we report
the resultsof a preliminary experimentand dis-
cussfuturework.

2 Partially Bilingual Textin the Web

2.1 Coverageof Fields

It is very difficult to measurepreciselyin what
field of sciencethereare a large numberof par
tially bilingual text in the weh However, it is
possibleto get a rough estimateon the relative
amountin different fields, by asking a search
enginefor documentscontainingboth Japanese
and Englishtechnicaltermsin eachfield several
times.

For this purpose, we used a Japanese-to-
English technicalterm dictionary licensedfrom
NOVA, a maker of commercialmachinetransla-
tion systems.The dictionaryis classifiedinto 19
catgyories rangingfrom aeronautic$o ecologyto
trade,asshavn in Tablel. Thereare 1,082,594
pairsof JapanesandEnglishtechnicalterms.

We randomly selected30 pairs of Japanese
and English termsfrom eachcateyory and sent
gueriesto an Internet searchengine, Google
(Google,2001),to seewhetherthereareary doc-
umentsthat contain both Japanesend English
technicalterms. The fourth columnin Table 1
shaws the percentageof queries(J-E pairs) re-
turnedby atleastonedocument.

Thedictionarycanbesearchedh theirwebsite (NOVA
Inc.,2000).

It is very encouragindhat,on average 42% of
the queriesreturnedat leastone document. The
resultsshowv that the web is worth mining for
bilingual lexicon, in fields such as aeronautics,
computerandlaw.

2.2 Classificationof Format

In orderto implementatermtranslatiorextractor
we have to analyzethe format, or structuralpat-
tern of the partially bilingual documents.There
areat leastthreetypical formatsin theweh Fig-
ure 1l shavs examples.

e alignedparagraptormat
e tableformat
e plaintext format

In ‘aligned paragraphformat, eachparagraph
containsone languageand the paragraphswith
differentlanguagesare interlaced. This format
is often found in web pagesdesignedfor both
Japaneseand foreigners, such as official docu-
mentsby governmentsand academicpapersby
researcher@usuallytitle andabstraconly).

In ‘table’ format, eachrow containsa pair
of equivalentterms. They are not necessarily
marked by the TABLE tag of HTML. This for-
matis oftenfoundin bilingual glossarie®f which
therearemary in theweh Someportalsoffer hy-
perlinks to suchbilingual glossariessuchasko-
toba.ne.jpkotoba.ne.jp2000).

In ‘plain text’ format, phraseof differentlan-
guageare interlacedin the monolingualtext of
the baselindlanguage.The vastmajority of par
tially bilingual documentsn the web belongsto
this catagory:.

The formats of the web documentsare so
wildly differentthatit is impossibleto automat-
ically classifythemto estimatetherelative quan-
titiesbelongingto eachformat. Insteadwe exam-
inedthedistancdin bytes)from a Japanestech-
nical termto its correspondindenglishtechnical
termin the documentsetrieved from theweb by
theexperimentdescribedn the Section2.1

Figure 2 shows the results. Positive distance
indicatesthatthe Englishterm appearedfterthe
Japanes¢erm, while negative distanceindicates
the reverse. It is obsened that the Englishand
Japaneséermsarelikely to appearvery closeto



Regi stration for Foreign Residents and Birth Registration
MNZCAE DB LyosENnEY
SENEER L HA ST
The official nane for registration for foreign residents in Japan, as
determined by the Mnistry of Justice, is “Alien Registration”.

Anyone staying in Japan for nore than 90 days, chil -
dren born in Japan, ...
90 HUAEHARICHAET 2L &, TN HATEEhELE, ..

(http://ww. pref.akita.jp/life/g090. htm
(a) An exampleof ‘alignedparagraptormat’ takenfrom alife guidefor foreigners.

HARR SRS - FHiESE 1(F15E)

(]

X IEI% gaspi ng respiration

YHhSYY achal asi a

B MR E P ONIRZ subacut e bacterial endocarditis
(]

% stomach

H gastric juice

F4L catabolism

(http://apollo.mehine-u.ac.jp/ GHDNet/ 98/ waei . ht m)
(b) An exampleof ‘table format’ takenfrom a medicalglossary

[ Miti=3 (o e
BT, AROEENERIC R 21 >0 T TEEEN A1 DREKHICK
B 3, HIERSEROSEERED BB EDN VHBDTWBERODZ L 2V
¥9, REHFICHEICEEN 2 8RR (CR). A& (CH4). HELER
(N20), 7OV iREN, \BEWFEHS X (Geen House Gases : GHGs) L \Wwhh T
WwWEd,

(http://ww. eic.or.jp/cop3/ondan/ ondan. ht ni)
(c) An exampleof ‘plain text format’ takenfrom adocumenbn globalworming.

Figurel: Threetypical formatsof partially bilingual documentsn theweb



Tablel: The percentagef documentsncluding both JapanesandEnglishwords

Number of occurrences

fields words | samples| found | Exampleof Japanese-Englighair
aeronauticendspace 17862 30| 57% | EEPEEE ecliptic coordinates
architecture 32049 30| 30% | fifii/7 loadcapacity
biotechnology 59766 30| 50% | RHEFELE 2 phylogery

business 50201 30| 57% | A5 58Y shortselling

chemicals 122232 30| 43% | ¥ A F )V methylformate
computers 117456 30| 57%| OSO—4& — OSloader

defense 4787 30| 17% | #B4FE signature

ecology 32440 30| 40% | AKABKTJE permafrost
electronics 87942 30| 47% | NEEIR Y 7 internalgearpump
enegy 15804 30| 50% | ¥ 1 b O ji#k cyclotronheating
finance 57097 30| 37% | EZERE operatingexpenses

law 36033 30| 60% | $R3EA sponsor

mathandphysics 76304 30| 40% | BT X )LF — deformatiorenegy
mechanicakngineering 86371 30| 30% | IEJi &% tetragonakystem
medical 135158 30| 27% | #H R orthopedics

metals 25595 30| 37% | BEIT electrochemicamachining
ocean 13215 30| 43% | f&E4E#x mooringtrial
(industrial)plant 95756 30| 53% | HEPHXEER plotter

trade 16526 30| 20% | FREAfi#& remuneratie price

total 1082594 570| 42%
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Figure 2: Distancefrom Japanes¢ermsto En-
glishterms

eachother 28% (=233/847)of Englishtermsap-

pearedustafter(within 10 bytes)thecorrespond-
ing Japaneséerms. 58% (=490/847)of English

termsappearedavithin + 50 bytes.They probably
reflecteithertableor plain text format.

Although there are 28% (=237/847)English
terms appearedoutside the window of + 200
bytes,we find this ‘distanceheuristics'very pow-
erful, soit wasusedin the termtranslationalgo-
rithm describedn the next section.

3 Term Translation Extraction
Algorithm

Let 5 and e be Japanesand English technical
termswhich aretranslationsof eachother Letd
beadocumentandlet D(;) beasetof documents
which includesthe Japaneséermj. Let P;(j,e)
be a statisticaltranslationmodelwhich givesthe
likelihood(or score)that j ande aretranslations
of eachother

Figure 3 shavs the basic (conceptual)algo-
rithm for extracting the English translationof a
givenJapanestechnicakermfromtheweh First,
we retrieve all documentsD(5) that containthe



foreachd in D(j)
if d is abilingualdocumenthen
foreachein d
computeP;(j, e)
end
endif
end
outputé = arg max P;(j, e)

O~NO O A WN -

Figure3: Conceptuablgorithmfor extractingEn-
glishtranslationof Japanesterm

givenJapanestechnicaterm; usingasearcten-
gine. We theneliminatethe Japanesenly doc-
uments. For eachEnglish term e containedin

the (partially) bilingual documentswe compute
the translationprobability P,(j, e), andselectthe
Englishterm é which hasthe highesttranslation
probability

In practise|t is often prohibitive to down load
all documentsthat include the Japanesderm.
Moreover, a reliable Japanese-EnglisBtatisti-
cal translationmodelis not available at the mo-
mentbecausef the scarcityof parallelcorpora.
Ratheroneof theaim of thisresearchs to collect
the resourcedor building suchtranslationmod-
els. We thereforeemployed a very simplistic ap-
proach.

Insteadof using all documentsincluding the
Japanesé¢erm, we usedonly the predetermined
numberof documentgtop 100 documentsased
ontherankgivenby thesearchengine).This en-
tails the risk of missingthe documentsncluding
the Englishtermswe arelooking for.

Insteadof usinga statisticaltranslationmodel,
we useda scoringfunctionin the form of a geo-
metricdistribution asshavn in Equation(1).

w(j, e) = p(l _ p)floor(d(j,e)/lo) (1)

Here, d(j,e) is the byte distance between
Japanes&ermj andEnglishterme. It is divided
by 10andtheintegerpartof thequotientis usedas
the variablein the geometricdistribution (floor
indicatesflooring operation).The paramete(the
average)of the geometricdistribution p is setto
0.6in our experiment.

Thereis notheoreticabackgroundo the scor
ing function Equation(1). It was designed af-
teratrial anderror, sothatthelikelihoodof can-

Table 3: Term translation extraction accurag
testedby 34 Japanesterms

exact
()
(10)
(16)
19)
(21)

rank
1] 15%

5| 29%
10 | 47%
50 | 56%
all | 62%

partial-1
15% (5)
29% (19)
53% (18)
71% (24)
76% (26)

partial-2
18% (6)
41% (14)
62% (21)
79% (27)
91% (31)

didatespairsbeingtranslationsof eachotherde-
creasegxponentiallyasthe distancebetweerthe
two termsincreases.Startingfrom the scoreof
0.6,it decreased0%for every 10 bytes.

If we obsened the samepair of Japanesand
Englishtermsmore thanonce, it is morelikely
thatthey arevalid translationsThereforewe sum
the scoreof Equation(1) for eachoccurrenceof
pair (j,e) andselectthe highestscoringEnglish
termé asthetranslationof the Japanestermj.

4 Experiments

4.1 TestTerms

In orderto factor out the characteristicof the
searchengineand the proposedterm extraction
algorithm,we used,asatestset,thosewordsthat
areguaranteedo have atleaseoneretrieveddoc-
umentthat includesboth Japanesand English
terms.

First, we randomly selected50 pairs of such
Japanesand Englishterms,from the pairsused
in the experimentdescribedn Section2.1. They
are shavn in Figure 2. We then sent each
Japanestermasaqueryto aninternetsearchen-
gine, Google,and down loadedthe top 100 web
documents.“0” indicatesthat at leastoneof the
down loadeddocumentsncludedbothterms.“x”
indicatesthat no documentincludedboth terms.
This resultedin atestsetof 34 pairsof Japanese
andEnglishterms.

For example, althoughthereare a lot of doc-
umentswhich include both“7g” and“west”, the
top 100documentsetrievedby “PE” asthequery
did not contain“west” since“7&” is a highly fre-
quentJapaneseord.



Table2: A list of JapanesandEnglishtechnicaltermsusedin the experiment.

x FLAmEE specificstrength
07 —Ar =T ) earthcable

0T X7V Vi tenuazoniacid
o ByWTENF: ethology

ovaiyvayFArVa-vry

job shopscheduling

0 %‘%ﬁﬁ%@ NationallnformationInfrastructure
o HUBREYZR L terrestrialplanet

o T A1 load capacity

o B+ multiple factor

o R PERLRE radionuclide

o BURFIRIZ GovernmentPrinting Office
X X S expensereporting
oxXv NDU—ZX4—L network game
07V VRA Phoenix

X MA& first day of winter

0 EFiHE half duplex circuit

o NERER Y 7 internalgearpump
oA /o hOvin# cyclotronheating

X fE Al well-being

x f3#% faith

PR EAALE treatise

07KV R address

o MRS SRR geomagneticeversal
o W density

o BRI orthopedics

x @Y knob

ofSE& -t low pressureurbine
XX stay

X & total pressure

x SME S foreignexchangerate

4.2 Extraction Accuracy

Table 3 shows the extractionaccurag of the En-
glish translationof Japanesderm. Since both
JapanesandEnglishtermscouldoccurasa sub-
partof morelongerterms,we needto considelo-
calalignmentto extractthe Englishsubpartorre-
spondingto the Japanesguery Insteadof doing
this alignment,we introducedtwo partial match
measureaswell asexactmatching.

In Table 3, ‘exact’ indicatesthat the output
is exactly matchedto the correctanswer while
‘partial-1’ indicatesthatthe correctanswemwasa
subpartof the output; ‘partial-2’ indicatesthat at
leastone word of the outputis a subpartof the
correctanswer

For example, the eye disease‘# B 224,
whosetranslationis ‘macular degeneration’,is
sometimesmore formally refereedto as ‘il
MEMZE M, whosetranslationis ‘age-related
maculardegeneration’. ‘Partial-1' holdsif ‘age-
relatedmaculardegeneration’is extractedwhen
the queryis ‘E=BZME. ‘Partial-2’ holdsif ‘de-
generation’is includedin the output when the
queryis ‘ B

It is encouragindhatusefuloutputs(eitherex-
actor partial matcheshareincludedin thetop 10

o FGTLEE launcher
OXERAF IV methylformate
ovA—4—Lh war game

X 78 west

oAV IVEAL cycletime

o %L market research
oL NV —T closedlioop

X ERREE operatingexpenses
o RS world marlet

o IREE courtroom

X GRAEA sponsor

X KAFEHHTE climatestudy
XWE edge

o HEIR endartery

x BT 0 2 steelmakingrocess
o fRHE mooringtrial
ogIav/ petcock

o MiATY AT I navigationsystem
o &% debit
oXT7AN— opticalfiber

candidateswith the probability of around60%.
Since we usedsimple string matchingto mea-
suretheaccurag automaticallytheevaluationre-
portedin Table 3 is very conserative. Because
the outputcontainsacroryms, synoryms, andre-
lated words, the overall performanceof the sys-
temis fairly credible.

For example,the extractedtranslationgor the
query‘ EFRE#HIE (National InformationIn-
frastructure)were as follows, wherethe second
candidatds the correctanswer

18.721123: nii

13.912146: national inforna-
tion infrastructure
2.137008: gqii

1.398144: wunii

NIl (nii) is the acrorym for NationalInforma-
tion Infrastructurehile Gl (gii) andUNII (unii)
standfor Global Information Infrastructureand
UnlicensedNational Information Infrastructure,
respectiely.

If the queryis achemicalsubstancefs molec-
ular formula, insteadof acrorym, is often ex-
tracted,suchas ‘HCOOCHS3’ for ‘¥ XA F )1’
(methylformate).

1.801008: nethyl formate

0. 840786: hcooch3
0.84: hcooh



As for synoryms, althoughwe took ‘operating
expensesto bethecorrecttranslatiorfor * =3£1%
& thefollowing third candidateéoperatingcost’
is alsoa legitimatetranslation.This is countedas
‘partial-2' becauseoperating’is a subpartof the
correctanswer
1.8: fa
0. 606144: ohr
0. 6: operating cost

For your information,OHR (Over HeadRatio)
is a managemenindex and equalsto the operat-
ing costdividedby thegrossoperatingprofit. ‘Fa’
happenedo be usedthreetimesin atutorial doc-
umenton accountingto standfor ‘operatingex-
penses’suchas* =2 E (Fa)3Fli (E)*23%”,
where' Jiffi’ meanscost'.

Thefollowing exampleis a combinationof the
acroryms,synorymsandrelatedwords,whichis,
in a sensea typical outputof the proposedsys-
tem. Thequeryis ‘ & fEHFZE, and‘climate study’
is thetranslationwe assumedo be correct.

10. 736611: wcrp

. 282483: wno

.220275: no

.2 werp

.72: igbp

6: sparc

.6: wep

6: applied clinmatol ogy

.2784: world clinmte research progranme

o000 ORREN

A subpartof the 9th candidate‘climate re-
search’is alsoa legitimate translation. ‘WCRP’
is theacrorym for ‘World ClimateResearclPro-
gramme’,which s the 9th candidateandis trans-
latedto ‘ A SAEHFZEETE which includesthe
originalJapanesquery ‘WMQ’ standgor World
MeteorologicalOrganizationwhich hoststhisin-
ternationaprogram.

In short, if you look at the extractedtransla-
tions togetherwith the context from which they
are extracted,you canlearna lot aboutthe rele-
vantinformationof the querytermandits trans-
lation candidates.We think this is a usefultool
for humantranslatorsandit could provide ause-
ful resourcdor statisticaimachineranslatiorand
crosslanguageanformationretrieval.

5 Discussionand Related Works

Previous studieson bilingual text mainly focused
oneitherparalleltexts, non-paralletexts, or com-
parabletexts, in which a pair of texts arewritten

in two differentlanguagegVeronis,2000). How-

ever, except for governmentaldocumentsfrom

Canada(English/French)and Hong Kong (Chi-

nese/English)bilingual texts are usually subject
to such limitations as licensing conditions, us-
agefees,domains,languagepairs, etc. Oneap-
proachthat partially overcomegheselimitations
is to collectparalleltexts from theweb (Nie etal.,

1999;Resnik,1999).

To provide bettercoveragewith fewer restric-
tions,we focusedon partially bilingual text. Con-
sideringthe enormousvolume of suchtexts and
the variety of fields covered,we believe they are
the bestresourceo minefor MT-relatedapplica-
tionsthatinvolve EnglishandAsianlanguages.

The currentsystemfor extracting the transla-
tion of a given term is more similar to the in-
formationextractionsystenfor termdescriptions
(Fujii and Ishikava, 2000) than arny other ma-
chinetranslationsystems.In orderto collectde-
scriptionsfor technicakerm X, suchas‘datamin-
ing’, (Fujii andlshikawa, 2000)collectedphrases
like “X is Y" and“X is definedasY”, from the
weh As oursystemusedascoringfunctionbased
solely on byte distance,introducingthis kind of
patternmatchingmightimprove its accurag.

Practically speaking,the factor that mostin-
fluencesthe accurayg of the term translationex-
tractoris the setof documentseturnedfrom the
searclengine.ln orderto evaluatethesystemwe
useda testsetthat guaranteeso containat least
onedocumentvith boththe Japanestermandits
Englishtranslation;this is a ratheroptimistic as-
sumption.

Since the searchengineis an uncontrollable
factor onepossiblesolutionis to make your own
searchengine.We arevery interestedn combin-
ing suchideasasfocusedcrawling (Chakrabarti
etal., 1999)anddomain-specifidnternetportals
(McCallum et al., 2000) with the proposederm
translationextractorto developa domain-specific
on-linedictionaryservice.

6 Conclusion

We investigatedhe possibility of usingthe web
asabilingual dictionary andreportedthe prelim-
inary resultsof an experimenton extracting the
English translationsof given Japanesdechnical
termsfrom theweh



Oneinterestingapproacho extendingthe cur Conference on Research and Devel opment in Infor-
rentsystemis to introducea statisticattranslation mation Retrieval, pages74-81.
model(Brown etal., 1993)to filter outirrelevant  \ova  Inc. 2000. Technical term dic-
translationcandidatesindto extractthe mostap- tionary lookup service (in  Japanese).
propriatesubpartfrom a long English sequence  http://wwad. nova. co. j p/ webdi ¢/ webdi c. ht i .

asthetranslatiorby locally aligningthe Japanese Rhilip Resnik. 1999. Mining the web for bilingual

andEnglishsequences. text. In Proceedings of the 37th Annual Meeting
Unlike ordinary machine translation which of the Association for Computational Linguistics,

generate€nglish sentencesrom Japanessen- pagess27-534.

tences, this is a recognition-type application  jeanveronis. editor 2000. Parallel Text Process-

which identifieswhetheror not a Japanes¢erm ing: Alignment and Use of Trandation Corpora,

andanEnglishtermaretranslationsf eachother volume13 of Text, Speech, and Language Technol-

Consideringhefactthatwhatthestatisticatrans- ogy. Kluwer AcademicPublishers.

lation model providesis the joint probability of
Japanese&nd English phrases,this could be a
morenaturalandprospectie applicationof statis-
tical translationmodelthansentence-to-senteac
translation.
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