Chapter 1

| ntroduction and Overview

1.1 Introduction

Thetopic of thebookis theartor scienceof Automatic Transation, or Machine Trans-
lation (MT) asit is generallyknown — the attemptto automateall, or partof the process
of translatingfrom one humanlanguageo another The aim of the bookis to introduce
this topic to the generalreader— arnyone interestedn humanlanguage translation,or
computersTheideais to give thereadera clearbasicunderstandingf the stateof theart,
bothin termsof whatis currentlypossible,andhowit is achieved, andof whatdevelop-
mentsareonthehorizon. Thisshouldbeespeciallyinterestingo anyonewhois associated
with what are sometimegalled “the languagendustries”; particularlytranslatorsthose
trainingto betranslatorsandthosewho commissioror usetranslationsextensvely. But
thetopicsthebookdealswith areof generakndlastinginterestaswe hopethebookwill
demonstrateandno specialistkknowledgeis presupposed- no backgroundn Computer
ScienceArtificial Intelligence(Al), Linguistics,or TranslationStudies.

Thoughthe purposeof this bookis introductory it is not just introductory For onething,
wewill, in Chapterl0, bring thereaderp to datewith the mostrecentdevelopmentsFor
anotheraswell asgiving an accuratepicture of the stateof the art, both practicallyand
theoretically we have takena positionon someof whatseemto usto bethe key issuesn
MT today— thefactis thatwe have someaxesto grind.

Fromtheearliestdays,MT hasbeenbedeilled by grandioseclaimsandexaggerateax-

pectations.MT researcheranddevelopersshouldstop over-selling. The generalpublic

shouldstopover-expecting.Oneof the mainaimsof this bookis thatthereadercomesto

appreciatavherewe aretodayin termsof actualachiezementreasonablexpectationand
unreasonablaype. Thisis notthekind of thing thatonecansumup in a catchyheadline
(“No Prospecfor MT” or “MT Remoresthe LanguageBarrier”), but it is somethingone
canabsorb,and which one canthereafteruseto distill the essencef truth thatwill lie

behindreportsof productsandresearch.
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With all this in mind, we begin (after someintroductoryremarksin this chapter)with a

descriptiorof whatit mightbelik eto work with ahypotheticaktateof theart MT system.
This shouldallow the readerto getan overall picture of whatis involved, anda realistic
notion of whatis actually possible. The context we have chosenfor this descriptionis

that of a large organizationwhererelatively sophisticatedools are usedin the prepara-
tion of documentsandwheretranslationis integratedinto documenfreparation.This is

partly becauseve think this context shavs MT atits mostuseful. In any casethereader
unfamiliar with this situationshouldhave no troubleunderstandingvhatis involved.

The aim of the following chaptersis to ‘lift the lid’ on the core componentof an MT
systento give anideaof whatgoesoninside— or rather sincetherearesereraldifferent
basicdesignsfor MT system— to give anideaof whatthe mainapproachesare,andto
point outtheir strengthsandweaknesses.

Unfortunately evena basicunderstandingf whatgoeson insidean MT systemrequires
a graspof somerelatively simple ideasand terminology mainly from Linguistics and
ComputationalLinguistics, and this hasto be given ‘up front’. This is the purposeof
Chapter3. In this chapterwe describesomefundamentaldeasabouthow the mostbasic
sort of knowledgethatis requiredfor translationcanbe representedn, and usedby, a
computer

In Chapted we look athow themainkindsof MT systemactuallytranslateby describing
the operationof the ‘TranslationEngine’. We begin by describingthe simplestdesign,
which we call the transformer architecture.Thoughnow somevhat old hat asregards
theresearclcommunity thisis still the designusedin mostcommercialMT systems.In
the secondpartof the chapterwe describeapproachesvhich involve moreextensive and
sophisticatekinds of linguistic knowledge. We call theseL inguistic Knowledge (LK)
systems.They include the two approacheshat have dominatedMT researctover most
of the pasttwenty years. Thefirst is the so-calledinterlingual approachwheretransla-
tion proceedsn two stagespy analyzinginput sentenceito someabstractandideally
languagendependenteaningrepresentatiorfrom which translationsn severaldifferent
languagesan potentially be produced. The secondis the so-calledtransfer approach,
wheretranslationproceedsn threestagesanalyzinginput sentencefto arepresentation
whichsstill retainscharacteristicef theoriginal, sourcdanguagdext. Thisis theninputto
aspecialcomponen{calledatransfercomponentwhich producesarepresentatiomwhich
hascharacteristicef the tamget (output) language andfrom which a target sentencean
beproduced.

The still somavhat schematigicture thatthis provideswill be amplifiedin the two fol-
lowing chapters.In Chapter5, we focuson whatis probablythe single mostimportant
componenin an MT system, the dictionary anddescribethe sortsof issuethat arisein
designing constructingpr modifying the sortof dictionaryoneis likely to find in anMT
system.

Chapter6 will gointo moredetailaboutsomeof the problemsthatarisein designingand
building MT systemsand,wherepossible describenow they are,or couldbesolved. This
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chaptewill give anideaof why MT is ‘hard’, of the limitations of currenttechnology It
alsobeginsto introducesomeof the openquestiondor MT researchhatarethe topic of
thefinal chapter

Suchquestionsarealsointroducedn Chapter7. Herewe returnto questionf represen-
tation and processingwhich we beganto look at in Chapter3, but whereaswe focused
previously on morphological syntactic,andrelatvely superficialsemantiassuesjn this

chapterwe turn to more abstract,deeper’representations— representationsf various
kinds of representationf meaning.

Oneof thefeatureof thescenariove imaginein Chapter2 is thattexts aremainly created,
stored,and manipulatecelectronically(for example,by word processors)In Chapter8
we look in moredetail at whatthis involves(or ideally would involve), andhow it canbe
exploitedto yield furtherbenefitsfrom MT. In particular we will describenow standard-
ization of electronicdocumentformatsandthe generalnotion of standardizednarkup
(which separatethe contentof adocumenfrom detailsof its realization,sothata writer,
for example specifiegshatawordis to beemphasisedjut neednotspecifywhichtypeface
mustbeusedfor this) canbeexploitedwhenoneis dealingwith documentandtheirtrans-
lations. Thiswill go beyondwhatsomereaderswill immediatelyneedto know. However,
we consideiits inclusionimportantsincetheintegrationof MT into thedocumenprocess-
ing ervironmentis animportantsteptowardsthe successfuliseof MT. In this chaptewe
will alsolook atthebenefitsandpracticalitiesof usingcontrolled languages — specially
simplified versionsof, for example,English,andsublanguages — specializedanguages
of sub-domains Although thesenotionsare not centralto a properunderstandingf the
principlesof MT, they arewidely thoughtto be critical for the successfulpplicationof
MT in practice.

Continuingthe orientationtowardsmattersof more practicalthantheoreticaimportance,
Chapter9 addresseshe issueof the evaluation of MT systems— of how to tell if an
MT systemis ‘good’. We will go into somedetail aboutthis, partly becauset is such
anobvious andimportantquestionto ask,andpartly becausehereis no otheraccessible
discussiorof the standardmethodsfor evaluatingMT systemshat an interestedreader
canreferto.

By thistime, thereadershouldhave areasonablygoodideaof whatthe ‘stateof theart’ of

MT is. Theaimof thefinal chapteChapterl0)is to try to give thereadetanideaof what
thefutureholdsby describingwhereMT researchs goingandwhatarecurrentlythought
to bethemostpromisinglinesof research.

Throughoutthe book, the readermay encounterterms and conceptswith which sheis
unfamiliar. If necessarthereadercanreferto the Glossaryatthe backof thebook,where
suchtermsaredefined.
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1.2 Why MT Matters

Thetopic of MT is onethatwe have found suficiently interestingto spendmostof our
professionalives investigating,and we hopethe readerwill cometo share,or at least
understandthis interest. But whatever one may think aboutits intrinsic interest, it is
undoubtedlyan importanttopic — socially politically, commercially scientifically and
intellectuallyor philosophically— andonewhoseimportances likely to increaseasthe
20th Centuryends,andthe 21stbegins.

The social or political importanceof MT arisesfrom the socio-politicalimportanceof
translationin communitiesvheremorethanonelanguages generallyspolen. Herethe
only viable alternatve to ratherwidespreadiseof translationis the adoptionof a single
common'‘lingua franca’, which (despitewhat one might first think) is not a particularly
attractve alternatve, becauset involves the dominanceof the chosenlanguage o the
disadwantageof spealersof the otherlanguagesandraisesthe prospecbf the otherlan-
guagedecomingsecond-classandultimately disappearingSincethelossof alanguage
ofteninvolvesthe disappearancef a distinctive culture,anda way of thinking, thisis a
lossthatshouldmatterto everyone.Sotranslationis necessaryor communication— for
ordinaryhumaninteraction andfor gatheringheinformationoneneedgo play afull part
in society Beingallowedto expressyourselfin your own languageandto receve infor-
mationthat directly affectsyou in the samemedium,seemdo be animportant,if often
violated,right. And it is onethatdepend®ntheavailability of translation.The problemis
thatthedemandor translationin themodernworld far outstripsary possiblesupply Part
of the problemis thattherearetoo few humantranslatorsandthatthereis alimit onhow
far their productvity canbe increasedvithout automation.In short,it seemsasthough
automatiorof translationis a socialandpolitical necessityffor modernsocietiesvhich do
notwish to imposea commonlanguageon their members.

This is a point that is often missedby peoplewho live in communitieswhereone lan-

guageis dominant,andwho speakthe dominantlanguage Spealersof Englishin places
like Britain, andthe NorthernUSA are examples. However, even they rapidly cometo

appreciatet whenthey visit anareawhereEnglishis not dominant(for example,Welsh
speakingareasof Britain, partsof the USA wherethe majority languagds Spanishnot

to mentionmostothercountriesn theworld). For countriedike CanadaandSwitzerland,
andorganizationdik e the EuropeanCommunityandthe UN, for whom multilingualism
is botha basicprincipleandafactof every daylife, thepointis obvious.

The commecial importanceof MT is a resultof relatedfactors. First, translationitself
is commerciallyimportant: facedwith a choice betweena productwith an instruction
manualin English,andonewhosemanualis written in JapanesenostEnglishspealers
will buy the former— andin the caseof a repairmanualfor a pieceof manufcturing
machineryor the manualfor a safetycritical systemthisis not justa matterof taste.Sec-
ondly, translationis expensve. Translationis a highly skilled job, requiringmuchmore
thanmereknowledgeof anumberof languagesandin somecountriesatleast translators’
salariesarecomparabldo otherhighly trainedprofessionalsMoreover, delaysin transla-
tion arecostly Estimatessary, but producinghigh quality translation®f difficult material,
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aprofessionatranslatormayaverageno morethanabout4-6 pageof translationperhaps
2000words)perday, andit is quite easyfor delaysin translatingproductdocumentation
to erodethe market leadtime of a new product. It hasbeenestimatedhatsome40-45%
of the running costsof EuropeanCommunityinstitutionsare ‘languagecosts’, of which
translationand interpretingare the main element. This would give a costof something
like £ 300 million perannum. This figure relatesto translationsactuallydone,andis a
tiny fraction of the costthatwould beinvolvedin doingall thetranslationghat could, or
shouldbedone?

Scientifically MT is interesting,becausat is an obvious applicationandtestingground
for mary ideasin ComputerScienceArtificial Intelligence andLinguistics,andsomeof
the mostimportantdevelopmentsn thesefields have begunin MT. To illustratethis: the
originsof Prolog,thefirst widely availablelogic programmindanguagewhich formeda
key partof the Japanes#&-ifth Generationprogrammeof researchn the late 1980s,can
befoundin the‘Q-Systems’languageopriginally developedfor MT.

Philosophically MT is interesting becauset representsin attemptto automatean activ-

ity thatcanrequirethe full rangeof humanknowledge— thatis, for arny pieceof human
knowledge,it is possibleto think of a context wheretheknowledgeis required.For exam-
ple, gettingthe correcttranslationof negativelychargedelectionsandprotonsinto French
dependon knowing that protonsare positively chaged, so the interpretationcannotbe
somethinglike “negatively chaged electronsand negatively chaiged protons”. In this
sensethe extentto which one canautomatedranslationis anindication of the extent to

which onecanautomatéthinking'.

Despitethis, very few people gventhosewho areinvolvedin producingor commissioning
translationshave muchideaof whatis involvedin MT today eitheratthepracticallevel of
whatit meando have anduseanMT systemor atthelevel of whatis technicallyfeasible,
andwhatis sciencefiction. In thewhole of the UK thereareperhapdive companiesvho
useMT for makingcommerciakranslationsn a day-to-daybasis.In continentaEurope,
wherethe needfor commercialtranslationis for historicalreasongjreaterthe numberis
larger, but it still representanextremelysmall proportionof the overall translationeffort
thatis actuallyundertalen. In Japanwherethereis an enormouseedfor translationof
Japanesmto English,MT is justbeginningto becomeestablishe@dnacommerciakcale,
andsomefamiliarity with MT is becominga standargartof thetrainingof aprofessional
translator

Of course theorists,developers,andsellersof MT systemamustbe mainly responsible
for thislevel of ignoranceandlack of uptake, andwe hopethis bookwill helphere— one

motivationfor writing this bookwasour beliefthatanunderstandingf MT is anessential
part of the equipmenof a professionatranslator andthe knowledgethat no otherbook

providedthisin accessibléorm.

We areremindedof this scaleof ignoranceevery time we admit to working in the field
of MT. After initial explanationsof whatMT is, thetypical reactionis oneof two contra-

Theseestimate®f CECtranslationcostsarefrom Pattersor(1982).
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dictory responsegsometimesne getsboth together). Oneis “But that's impossible—

no machinecould ever translateShalespearé. The otheris “Yes,| sav one of thosein

the Duty FreeShopwhenl wenton holidaylastsummef Thesereactionsarebasedon a
numberof misconceptionghatareworth exposing.We will look attheseaswell assome
correctconceptionsin the next section.

1.3 Popular Conceptions and Misconceptions

SomepopularmisconceptiongaboutMT arelisted on page7. We will discussthemin
turn.

¢ “MT is awasteof time becausgouwill nevermake a machinethatcantranslateShale-
Speare”.

ThecriticismthatMT systemscannot,andwill never, producetranslationsof greatliter-
atureof ary greatmerit is probablycorrect,but quite besidethe point. It certainlydoes
not shav thatMT is impossible.First, translatingliteraturerequiresspecialliterary skill
— it is not the kind of thing that the averageprofessionatranslatornormally attempts.
Soacceptinghe criticism doesnot shav thatautomatidranslationof non-literarytextsis
impossible.Secondliterary translationis a small proportionof the translationthat hasto
be done,so acceptingthe criticism doesnot meanthat MT is useless.Finally, onemay
wonderwho would ever wantto translateShalespeardoy machine— it is ajob thathu-
mantranslatordind challengingandrewarding,andit is nota job thatMT systemshave
beendesignedor. ThecriticismthatMT systemsannotranslateShalespearés abit like
criticism of industrialrobotsfor not beingableto danceSwan Lake.

e “Therewas/isanMT systemwhich translatedlhespirit is willing, but thefleshis weak
into the Russiarequivalentof Thevodkais good,but the steakis lousy, andhydraulic ram
into the Frenchequivalentof watergoat MT is useless.

The'‘spirit is willing’ storyis amusing.andit really is a pity thatit is not true. However,
likemostMT ‘howlers’it is afabrication.In fact,for themostpart,they werein circulation
long beforeary MT systemcould have producedthem (variantsof the ‘spirit is willing’
examplecanbe foundin the Americanpressasearly as 1956, but sadly theredoesnot
seemto have beenan MT systemin Americawhich could translatefrom Englishinto
Russianuntil much morerecently— for soundstrateic reasonswork in the USA had
concentratedn the translationof Russianinto English, not the otherway round). Of
coursetherearereal MT howlers. Two of the nicestarethe translationof Frenchavocat
(‘fadvocate’, ‘lawyer’ or ‘barrister’) as avocadg andthe translationof Les soldatssont
dansle cafe asThesoldiers are in the coffee However, they arenot aseasyto find asthe
reademightthink, andthey certainlydo notshav thatMT is useless.

¢ “Generally the quality of translationyou cangetfrom anMT systemis very low. This
makesthemuselessn practice.
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Some Popular Misconceptions about M T

e False: MT is awasteof time becausgouwill never make amachine
thatcantranslateShalespeare.

e False: Therewas/isanMT systemwhichtranslatedlhespirit is will-
ing, but thefleshis weakinto the Russiarequivalentof Thevodka
is good,but the steakis lousy, andhydraulic raminto the French
equivalentof watergoat MT is useless.

e False: Generally the quality of translationyou cangetfrom an MT
systemis very low. This makesthemuseless$n practice.

e False: MT threatenshejobsof translators.

e False: TheJapanesbave developeda systemthatyou cantalk to on
thephone.lt translatesvhatyou sayinto Japanesendtranslates
the otherspealer’s repliesinto English.

e False: Thereis anamazingSouthAmericanindianlanguagewith a
structureof suchlogical perfectionthatit solvesthe problemof
designingMT systems.

e Falsee MT systemsaremachinesandbuying an MT systemshould
bevery muchlike buyingacar.

Farfrom beinguselesstherearesereral MT systemsn day-to-dayusearoundtheworld.
ExamplesncludeMETEO (in daily sincel977useat the CanadiarMeteorologicalCen-
terin Dorval, Montreal),SYSTRAN (in useatthe CEC,andelsavhere),LOGOS,ALPS,
ENGSRAN (andSFANAM), METAL, GLOBALINK. It is true thatthe numberof orga-
nizationsthatuseMT on a daily basisis relatvely small, but thosethatdo useit benefit
considerably For example,asof 1990,METEO wasregularly translatingaround45 000
wordsof weatherbulletins every day from Englishinto Frenchfor transmissiono press,
radio, andtelevision. In the 1980s,the dieselenginemanutcturersPerkinsEngineswas
saving around£ 4 000 on eachdieselenginemanualtranslatedusinga PC versionof
WEIDNER system).Moreover, overall translationtime permanualwasmorethanhalved
from around26 weeksto 9-12weeks— thistime saving canbevery significantcommer
cially, because productlike anenginecannoteasilybe marketedwithout usermanuals.

Of coursejt is truethatthe quality of mary MT systemss low, andprobablyno existing
systemcanproducereally perfecttranslationg. However, this doesnotmake MT useless.

2In fact, onecanget perfecttranslationsrom onekind of system but at the costof radically restricting
what an authorcan say so one shouldperhapsthink of suchsystemsas (multilingual) text creationaids,
ratherthanMT systems.The basicideais similar to that of a phrasebook, which providesthe userwith a
collectionof ‘canned’phrasego use. This s fine, provided the cannedext containswhatthe userwantsto

7
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First, not every translationhasto be perfect. Imagineyou have in front of you a Chinese
newspapemwhich you suspecmay containsomeinformationof crucialimportanceo you
oryourcompary. Evenaveryroughtranslationwould helpyou. Apartfrom anythingelse,
you would be ableto work out which, if ary, partsof the paperwould be worth getting
translatedoroperly Seconda humantranslatomormally doesnotimmediatelyproduce
a perfecttranslation. It is normalto divide the job of translatinga documentinto two
stages.Thefirst stageis to producea draft translation,.e. a pieceof runningtext in the
tamgetlanguagewhich hasthe mostobvious translationproblemssolved (e.g. choiceof
terminology etc.), but which is not necessarilyperfect. This is thenrevised— eitherby
the sametranslatoyor in somelarge organizationdy anothertranslator— with aview to
producingsomethinghatis up to standardor thejob in hand.This mightinvolve nomore
thanchecking,or it mightinvolve quiteradicalrevision aimedat producingsomethinghat
readsasthoughwritten originally in thetargetlanguage For the mostpart,theaim of MT
is only to automatehefirst, drafttranslationprocess.

¢ “MT threatenshejobsof translators.

Thequality of translationthatis currentlypossiblewith MT is onereasorwhy it is wrong
tothink of MT systemsasdehumanizingnonstersvhichwill eliminatehumantranslators,
or enslae them. It will not eliminatethem, simply becausdhe volume of translationto
beperformeds sohuge,andconstantlygrowing, andbecausef thelimitationsof current
andforseeabldMT systems.While not animmediateprospect,t could, of course,turn
outthatMT enslaeshumantranslatorshy controllingthetranslationprocessandforcing
themto work on the problemsit throws up, atits speed.Thereareno doubtexamplesof
this happeningo otherprofessionsHowever, therearenot mary suchexamplesandit is
not likely to happenwith MT. Whatis morelikely is thatthe processof producingdraft
translationsalongwith the oftentediousbusinesof looking up unknovn wordsin dictio-
naries,and ensuringterminologicalconsisteny, will becomeautomated|eaving human
translatordree to spendtime on increasingclarity andimproving style, andto translate
more importantandinterestingdocuments— editorialsratherthan weatherreports,for
example. This ideaborneout in practice:the job satishctionof the humantranslatorsn
the CanadiarMeteorologicalCenterimpreed when METEO wasinstalled,andtheir job
becameoneof checkingandtrying to find waysto improve the systemoutput,ratherthan
translatingtheweatherbulletinsby hand(the concreteeffect of this wasagreatlyreduced
turnoverin translationstaf atthe Center).

¢ “The Japanesbave developeda systemthatyou cantalk to on the phone.lIt translates
whatyou sayinto Japanesgndtranslateshe otherspealer’s repliesinto English’

The claim thatthe Japanes@ave a speechio speechranslationsystem,of the kind de-
scribedabove, is pure sciencefiction. It is true that speech-to-speecinanslationis a
topic of currentresearchandthereare laboratoryprototypesthat can dealwith a very
restrictedrangeof questions.But this researchs mainly aimedat investigatinghow the

say Fortunatelytherearesomesituationswherethisis the case.
30f coursethesortsof errorsonefindsin drafttranslationgroducedby a humantranslatomwill berather
differentfrom thosethatonefindsin translationgproducedoy machine.

8
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varioustechnologiesnvolvedin speeclandlanguagerocessinganbeintegrated,andis
limited to very restricteddomains(hotel bookings,for example),and messageoffering
little morethana phrasebookin thesedomains).It will be severalyearsbeforeeventhis
sort of systemwill bein ary sortof realuse. This is partly becauseof the limitations
of speechsystemswhich are currentlyfine for recognizingisolatedwords, utteredby a
single spealer, for which the systemhasbeenspeciallytrained,in quiet conditions,but
which do not go far beyondthis. However, it is alsobecause®f the limitations of the MT
system(seelaterchapters).

¢ “Thereis anamazingSouthAmericanindianlanguagewith a structureof suchlogical
perfectionthatit solvesthe problemof designingMT systems.

TheSouthAmericanindianlanguagestoryis amongthemostirritating for MT researchers.
First, the point abouthaving a ‘perfectly logical structure’is almostcertainlycompletely
false.Suchperfectionis mainly in the eye of the beholder— Diderotwascorvincedthat
the word order of Frenchexactly reflectedthe order of thought,a suggestiorthat non-
Frenchspealkrsdo not find very corvincing. Whatpeoplegenerallymeanby this is that
alanguages very simpleto describe Now, asfar asanyonecantell all humanlanguages
areprettymuchascomplicatecaseachother It's hardto be definite,sincetheideaof sim-
plicity is difficult to pin down, but the generaimpressioris thatif alanguagenasa very
simplesyntax,for example,it will compensatéy having amorecomplicatednorphology
(word structure),or phonology(soundstructureft However, evenif onehada very neat
logical languageit is hardto seethatthis would solve the MT problem,sinceonewould
still have to performautomaticranslationinto, andout of, thislanguage.

¢ “MT systemsaremachinesandbuyinganMT systemshouldbevery muchlike buying
acar’

Therearereally two partsto this misconception.The first relatesto the sensen which
MT systemsare machines.They are,of course,but only in the sensehat modernword
processoraremachineslt is moreaccurateo think of MT systemsasprogramsthatrun
oncomputergwhichreallyaremachines)Thus,whenonetalksaboutbuying, modifying,
or repairingan MT system,oneis talking aboutbuying, modifying or repairinga piece
of softwae. It wasnot alwaysso— the earliestMT systemswere dedicatednachines,
andevenvery recently thereweresomeMT vendorswho tried to sell their systemswith
specifichardware,but thisis becomingathing of the past.Recensystemsanbeinstalled
on differenttypesof computers. The secondpart of the misconceptioris the ideathat
onewould take an MT systemand‘drive it away’, asonewould a car. In fact, this is
unlikely to be possible,and a betteranalogyis with buying a house— what one buys
may be immediatelyhabitable,but thereis a considerableamountof work involved in
adaptingit to one’s own specialneeds.In the caseof a housethis might involve changes
to the decorand plumbing. In the caseof an MT systemthis will involve additionsto

40f course somelanguage$ave largervocahulariesthanothers but this is mainly a matterof how mary
thingsthelanguages usedto talk about(not surprisingly thevocahularywhich Shalespeares contemporaries
hadfor discussingigh-enegy physicswasratherimpoverished)but all language$iave waysof forming nev
words,andthis hasnothingto do with logical perfection.

9
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the dictionariesto dealwith the vocahlulary of the subjectareaand possiblythe type of
text to betranslatedTherewill alsobesomework involvedin integratingthe systeminto
the restof ones documentprocessingervironment. More of this in Chapters2 and 8.
Theimportanceof customizationandthefactthatchangedo thedictionaryform a major
partof the processs onereasonwhy we have givena whole chapterto discussiorof the
dictionary(Chapters).

Againstthesemisconceptionswe shouldplacethe genuinefactsaboutMT. Theseare
listedon pagell.

The correctconclusionis that MT, althoughimperfect,is not only a possibility but an
actuality But it is importantto seethe productin a properperspectie, to be awareof its
strongpointsandshortcomings.

Machine Translationstartedout with the hopeand expectationthat most of the work of
translationcould be handledby a systemwhich containedall the informationwe find in
a standardpaperbilingual dictionary Sourcelanguagewords would be replacedwith
their target languagetranslationalequivalents,as determinedby the built-in dictionary
andwherenecessaryheorderof thewordsin theinput sentencesvould berearrangedby
specialrulesinto somethingmore characteristiof the targetlanguage.In effect, correct
translationssuitablefor immediateusewould be manufcturedin two simplesteps.This
correspondto theview thattranslatioris nothingmorethanword substitutiondetermined
by thedictionary)andreordering(determinedby reorderingrules).

Reasorandexperienceshaw that'good’ MT cannotbe producedoy suchdelightfully sim-
ple meansAs all translator&know, word for word translationdoesnt producea satisfying
tagetlanguagdext, not evenwhensomelocal reorderingrules(e.g. for the position of
the adjective with regardto thenounwhich it modifies)have beenincludedin the system.
Translatingatext requiresnotonly agoodknowledgeof thevocalulary of bothsourceand
tamget languagehut also of their grammar— the systemof ruleswhich specifieswhich
sentencearewell-formedin a particularlanguageandwhich arenot. Additionally it re-
quiressomeelementof real world knowledge — knowledgeof the natureof thingsout
in theworld andhow they work together— andtechnicalknowledgeof thetext's subject
area. Researchersertainlybelieve that muchcanbe doneto satisfytheserequirements,
but producingsystemswhich actuallydo sois far from easy Most effort in the past10
yearsor so hasgoneinto increasingthe subtlety breadthand depthof the linguistic or
grammaticaknowledgeavailableto systemsWe shalltake a moredetailedlook atthese
developmentsn duecourse.

In growing into somesort of maturity the MT world hasalso cometo realizethat the
‘text in — translationout’ assumption— the assumptiorthat MT is solely a matterof
switching on the machineand watching a faultlesstranslationcomeflying out — was
rathertoo naive. A translationprocessstartswith providing the MT systemwith usable
input. It is quitecommonthattexts which aresubmittedfor translatiomeedto beadapted
(for example typographicallyor in termsof format) beforethe systemcandealwith them.
And whenatext canactuallybe submittedto an MT system,andthe systemproducesa

10
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e True: MT is useful. The METEO systemhas beenin daily use

e True: While MT systemsometimegroducehowlers,therearemary

e True: In somecircumstancedT systemsanproducegoodquality

e True: MT doesnotthreatertranslatorsjobs. Theneedfor translation

e True: Speech-to-SpeedT is still aresearchopic. In generalthere

e True: Notonlyaretherearemary openresearctproblemsn MT, but

e True: In practice beforeanMT systenbecomeseally useful,auser

Some Factsabout MT

since1977. As of 1990, it wasregularly translatingaround45
000wordsdaily. In the 1980s,The dieselenginemanufgcturers
PerkinsEngineswas saving around£ 4000 andup to 15 weeks
on eachmanualtranslated.

situationswherethe ability of MT systemdo producereliable,if
lessthanperfect translationsat high speeds valuable.

output:lessthan4% of METEO outputrequiresary correctionby
humarntranslatorsatall (andmostof thesearedueto transmission
errorsin the original texts). Evenwherethe quality is lower, it is
ofteneasierandcheapeto revise ‘draft quality’ MT outputthan
to translateentirely by hand.

is vastand unlikely to diminish, and the limitations of current
MT systemsaretoo great. However, MT systemscantake over
someof the boring, repetitve translationjobs and allow human
translationto concentrateon more interestingtasks,wheretheir
specialistskills arereally needed.

aremary openresearclproblemso besolvedbeforeMT systems
will be comecloseto the abilities of humantranslators.

buildinganMT systemis anarduousandtime consumingob, in-
volving theconstructiorof grammarsandvery largemonolingual
andbilingual dictionaries.Thereis no ‘magic solution’ to this.

will typically have to investa considerableemountof effort in
customizingt.

11
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translationthe outputis almostinvariably deemedo be grammaticallyandtranslationally
imperfect. Despitethe increasedcompleity of MT systemsthey will never — within
the forseeablduture — be ableto handleall typesof text reliably andaccurately This
normally meanghatthetranslationwill have to be corrected post-editedandusuallythe
persorbestequippedo dothisis atranslator

This meansthat MT will only be profitablein ernvironmentsthat can exploit the strong
pointsto thefull. As aconsequencaye seethatthe mainimpactof MT in theimmediate
futurewill bein largecorporateervironmentsvheresubstantiahmountf translatiorare
performed.Theimplicationof thisis thatMT is not (yet) for theindividual self-emplyed
translatorworking from home,or the untrainedlay-personwho hasthe occasionaletter
to write in French. This is not a matterof cost: MT systemssell at anywherebetween
a few hundredpoundsand over £ 100000. It is a matterof effective use. The aim of
MT is to achieve faster andthuscheapertranslation. The lay-personor self-emplyed
translatomwould probablyhave to spendsomuchtime on dictionaryupdatingand/orpost-
editing that MT would not be worthwhile. Thereis also the problem of getting input
texts in machinereadabldorm, otherwisethe effort of typing will outweighary gainsof
automation.Therealgainscomefrom integratingtheMT systeminto thewholedocument
processingervironment (see Chapter2), and they are greatestwhen several userscan
sharefor example theeffort of updatingdictionariesgfficienciesof avoiding unnecessary
retranslationandthe benefitsof terminologicalconsisteng

Most of this bookis aboutMT today andto someextenttomorrov. But MT is a subject
with aninterestinganddramaticpast,andit is well worth a brief description.

1.4 A Bit of History

Thereis somedisputeaboutwho first hadthe idea of translatingautomaticallybetween
humanlanguagesbut the actualdevelopmentof MT canbe tracedto corversationsand
correspondendeetweenAndrew D. Booth,aBritish crystallographermandWarrenWeaver

of the Rockefeller Foundationin 1947,and more specificallyto a memorandunwritten

by Weaverin 1949to the Roclkerfeller Foundationwhich includedthe following two sen-
tences.

“I have atext in front of me which is written in Russianbut | am going to
pretendthatit is really writtenin Englishandthatit hasbeencodedin some
strangesymbols.All | needto dois strip off the codein orderto retrieve the
informationcontainedn thetext.”

Theanalogyof translationanddecodingmay strike the sophisticatedeaderassimplistic
(however complicatedcoding getsit is still basicallya one-forone substitutionprocess
wherethereis only oneright answer— translationis a far more complex and subtle
business)andlaterin the memorandunWeaver proposedsomeothermoresophisticated

12
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views? but it hadthe virtue of turning an apparentlydifficult taskinto onethat could be
approacheavith the emegentcomputertechnology(therehadbeenconsiderablesuccess
in usingcomputersn cryptographyduring the Secondworld War). This memorandum
sparled a significantamountof interestandresearchandby the early 1950stherewasa
large numberof researchgroupsworking in Europeandthe USA, representinga signifi-
cantfinancialinvestmenfequialentto around£,20000000). But, despitesomesuccess,
andthe fact that mary researchguestionswere raisedthat remainimportantto this day
therewaswidespreadlisappointmenbn the part of funding authoritiesat the returnon
investmenthatthis representedanddoubtsaboutthe possibility of automatingranslation
in generalor atleastin the currentstateof knowledge.

Thetheoreticaldoubtswere voiced mostclearly by the philosopheBar-Hillel in a 1959
report,wherehe arguedthat fully automatic high quality, MT (FAHQMT) wasimpossi-
ble,notjustatpresentputin principle. Theproblemheraisedwasthatof findingtheright
translationfor penin a contet like thefollowing:

(1) Little Johnwaslooking for histoy box. Finally hefoundit. Theboxwasin thepen.
Johnwasvery happy.

Theamgumentwasthat(i) herepencouldonly have theinterpretatiorplay-pen nottheal-

ternatve writing instrumeninterpretation(ii) this couldbecritical in decidingthecorrect
translationfor pen (iii) discoveringthis dependsn generaknowledgeaboutthe world,

and(iv) therecouldbenoway of building suchknowledgeinto a computer Someof these
pointsarewell taken. Perhaps=AHQMT is impossible.But this doesnot meanthatary

form of MT is impaossibleor uselessandin Chapter7 we will look at someof the ways
onemight go aboutsolvingthis problem.Neverthelesshistorically this wasimportantin

suggestinghat researctshouldfocus on more fundamentalssuesn the processingand
understandingf humanlanguages.

Thedoubtsof fundingauthoritiesverevoicedin thereportwhichtheUS NationalAcademy
of Sciencegommissionedn 1964whenit setup the AutomaticLanguagdProcessing\d-
visory Committee (ALPAC) to report on the state of play with
respecto MT asregardsquality, cost,and prospectsasagainstthe existing costof, and
needfor translation.lts report,theso-calledALPAC Report wasdamning concludingthat
therewasno shortageof humantranslatorsandthattherewasno immediateprospeciof
MT producingusefultranslationof generalscientifictexts. This reportled to the virtual
endof Governmentfundingin the USA. Worse, it led to a generallossof moralein the
field, asearlyhopeswerepercevedto begroundless.

The spectreof the ALPAC report, with its threatsof nearcompletewithdrawal of fund-
ing, anddemoralizationstill hauntsworkersin MT. Probablyit shouldnot, because¢he
achivementsof MT arereal, evenif they fall shortof theideaof FAHQMT all thetime

SWeaver describedan analogyof individualsin tall closedtowerswho communicategbadly) by shouting
to eachother However, the towershave a commonfoundationandbasementHerecommunicatioris easy:
“Thusit maybetruethatthewayto translate.. is notto attempthedirectroute,shoutingfrom towerto tower.
Perhapgheway is to descendfrom eachlanguagedown to the commonbaseof humancommunication—
therealbut asyet undiscaoereduniversallanguagé.

13



14 INTRODUCTIONAND OVERVIEW

— usefulMT is neithersciencdiction, nor merelyatopicfor scientificspeculationlt is a
daily reality in someplacesandfor somepurposesHowever, thefearis understandable,
becaus¢heconclusiornof thereportwasalmostentirelymistalen. First, theideathatthere
wasno needfor machinetranslationis onethat shouldstrike the readerasabsurd,given
whatwe saidearlier Onecanonly understandt in the anglo-centriccontext of cold-war
America,wherethe mainreasorto translatevasto gainintelligenceaboutSoviet activity.
Similarly, the suggestiorthattherewasno prospecbof successfuMT seemgo have been
basednanarrav view of FAHQMT — in particular ontheideathatMT which required
revision wasnot ‘real’ MT. But, keepingin mind the considerabldime gainthat canbe
achievedby automatinghedrafttranslationstageof the processthis view is nave. More-
over, therewere,evenatthetime thereportwaspublishedthreesystemsn regular, if not
extensve, use(oneat the Wright PattersonUSAF base oneatthe Oak RidgeLaboratory
of theUS Atomic Enegy Commissionandonethe EURATOM Centreat Isprain Italy).

Neverthelessthe centralconclusionthat MT did not represent usefulgoal for research
or developmentwork hadtaken hold, andthe numberof groupsandindividualsinvolved
in MT researctshrankdramatically For the next tenyears MT researctbecamehe pre-
sene of groupsfundedby the Mormon Church,who hadaninterestin bible translation
(the work that was doneat Brigham Young University in Provo, Utah ultimately led to
the WEIDNER andALPS systemstwo notableearlycommerciakystems)andahandful
of groupsin Canadgnotablythe TAUM groupin Montreal,who developedthe METEO
systemmentionedearlier),the USSR(notablythe groupsled by Mel’ Cuk, and Apresian),
and Europe(notably the GETA groupin Grenoble,probablythe single mostinfluential
groupof this period,andthe SUSY groupin Saarbiicken). A smallfraction of the fund-
ing and effort that hadbeendevotedto MT was put into more fundamentakesearcton
ComputationaLinguistics,andArtificial Intelligence,andsomeof this work took MT as
alongtermobjectie, evenin the USA (Wilks’ work on Al is notablein this respect).It
wasnotuntil thelate 1970sthatMT researchunderwensomethingpf arenaissance.

Thereweresereralsignsof thisrenaissancelhe Commissiorof the EuropearCommuni-
ties (CEC) purchasedhe English-Frenchversionof the SYSTRAN systema greatlyim-
proved descendentf the earliestsystemslevelopedat Geogetavn University (in Wash-
ington,DC), a Russian-Englisisystemwhosedevelopmenthadcontinuedthroughouthe
leanyearsafterALPAC, andwhich hadbeenusedby boththeUSAFandNASA. TheCEC
alsocommissionedhe developmentof a French-Englistversion,andltalian-Englishver
sion. At aboutthe sametime, therewasa rapid expansionof MT actiity in Japanand
the CECalsobeganto setup whatwasto becomehe EUROTRA project,building onthe
work of the GETA andSUSY groups.This wasperhapghe largest,andcertainlyamong
the mostambitiousresearchand developmentprojectsin Natural LanguageProcessing.
The aim wasto producea ‘pre-industrial MT systemof advanceddesign(whatwe call
a Linguistic Knowledgesystem)for the EC languages.Also in the late 1970sthe Pan
AmericanHealthOrganizationPAHO) begandevelopmenibf a Spanish-EnglisiMT sys-
tem (SFANAM), the United StatesAir Forcefundedwork onthe METAL systemat the
LinguisticsResearcliCenter at the University of Texasin Austin, andtheresultsof work
atthe TAUM groupled to the installationof the METEO system.For the mostpart, the
historyof the1980sin MT is the history of theseinitiatives,andthe exploitationof results

14
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in neighbouringdisciplines.

As onemovesnearerto the presentyiews of history arelessclearand more subjectve.
Chapterl0 will describewhatwe think arethe mostinterestingandimportanttechnical
innovations. As regardsthe practicaland commercialapplicationof MT systems.The
systemghatwereon the market in the late 1970shave hadtheir upsanddowns, but for
commerciakndmarketing reasonstatherthanscientificor technicalreasonsanda num-
berof theresearclprojectswhichwerestartedn the 1970sand1980shave led to working,
commerciallyavailablesystems.This shouldmeanthatMT is firmly establishedbothas
anareaof legitimateresearchanda usefulapplicationof technology But researchingnd
developingMT systemsds a difficult taskbothtechnically andin termsof management,
organizatiorandinfrastructureandit is anexpensvetask,in termsof time, personneland
moneg. From atechnicalpoint of view, therearestill fundamentaproblemsto address.
However, all of thisis thetopic of theremaindeiof this book.

1.5 Summary

This chapterhasgiven an outline of the restof the book, and given a pottedhistory of
MT. It hasalsotried to lay a few ghosts,in the form of misconceptionsvhich hauntthe
enterprise. Above all we hopeto corvincethereaderthatMT is possibleand potentially

useful,despitecurrentlimitations.

15
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1.6 Further Reading

A broad practicallyorientedview of thefield of currentMT by avarietyof authorscanbe
foundin Newton (1992a).Generallyspeakingthebestsourceof materialtthattakesanMT
users viewpointis the seriesof bookstitled Translatingand the Computey with various
editorsand publishers,including Lawson (1982a),Snell (1979), Snell (1982), Lawson
(1982b),Picken (1985), Picken (1986), Picken (1987), Picken (1988),Mayorcas(1990),
Picken (1990),andMayorcas(Forthcoming).Thesearethe publishedproceeding®f the
annualConferencen Translatingandthe Computersponsoredby Aslib (TheAssociation
for InformationManagement)andthe Institutefor Translationandinterpreting.

By farthebesttechnicaintroductionto MT is HutchinsandSomerg1992). Thiswould be
appropriatdor readeravho wantto know moretechnicalandscientificdetailsaboutMT,

andwewill oftenrefertoit in laterchaptersThisbookcontainsusefuldiscussionsf some
of themainMT systemsbut for description®f thesesystemdy theiractualdesignershe
readershouldlook at Slocum(1988),andKing (1987). Slocums introductionto the for-

mer, Slocum(1986),is particularlyrecommendedsanoverview of thekey issuedn MT.

Thesebooksall containdetaileddescription®f theresearctof the TAUM groupwhichde-
veloped the
METEO systemreferredto in section1.3. The METEO systemis discussedurtherin

Chapter8.

A shortassessmertf the currentstateof MT in termsof availability anduseof systems
in Europe,North America, and Japanand EastAsia canbe foundin Pugh(1992). An
up-to-datepicture of the stateof MT asregardsboth commercialandscientific pointsof
view is provided every two yearsby the Machine TranslationSummits A reportof oneof
thesecanbefoundin Nagao(1989). Thereis a descriptionof the successfuliseof MT in
acorporatesettingin Newton (1992b).

On the history of MT (which we have outlined here, but which will not be discussed
again),themostcomprehensk discussiorcanbefoundin Hutchins(1986),thoughthere
arealsousefuldiscussionsn Warwick (1987),andBuchmann1987). Nagao(1986)also
providesa usefulinsightinto the history of MT, togetherwith a generalintroductionto
MT. The ALPAC reportis PierceandCarroll (1966). The work of Wilks’ thatis referred
toin sectionl.4is Wilks (1973).

For generaldescriptionsand discussionof the actiity of translation(both humanand
machine)Picken(1989)is a usefulandup-to-datesource.This containsreferenceso (for
example)works on translationtheory and givesa greatdeal of practicalinformation of
valueto translatorgsuchaslists nationaltranslators’andinterpreters’organizationsand
bibliographiesof translations).

For up-to-datenformationaboutthestateof MT, thereis thenewsletterof thelnternational

Associationfor MachineTranslationMT News International Seethelist of addresseen
page207.
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