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Preface

Automatictranslatiorbetweerhumanianguage¢'Machine Translation’)is a Scienceric-
tion staple,anda long-termscientificdreamof enormoussocial, political, and scientific
importance. It was one of the earliestapplicationssuggestedor digital computers put
turning this dreaminto reality hasturnedout to be a muchhardey andin mary waysa
muchmoreinterestingaskthanatfirst appearedNeverthelessthoughthereremainmary
outstandingroblems somedegreeof automatidranslatioris now a daily reality, andit is
likely thatduringthenext decadehebulk of routinetechnicalandbusinesdgranslationwill
be donewith somekind of automatictranslationtool, from humbledatabasesontaining
cannedtranslationof technicaltermsto genuineMachine TranslationSystemshat can
producereasonablelraft translationgprovided the input obseres certainrestrictionson
subjectmatter style,andvocatulary).

Unfortunately how this is possibleor whatit really meands hardto appreciatdor those
withoutthetime, patiencepr trainingto readtherelevantacademicesearctpaperswhich
in ary casedo not give a very goodpictureof whatis involvedin practice.lt wasfor this
reasornthatwe decidedto try to write a book which would be genuinelyintroductory(in
the senseof not presupposing backgroundn ary relevantdiscipline),but which would
look at all aspectof MachineTranslation:covering questionsof whatit is like to usea
modernMachineTranslationsystemthroughquestionsabouthow it is done,to questions
of evaluating systems,and what developmentscan be foreseenin the nearto medium
future.

We would like to expressour thanksto variouspeople.First, we would lik e to thankeach
other The processof writing this book hasbeenslower thanwe originally hoped(five
authorsis five pairsof hands but alsofive setsof opinions). However, we think thatour
extensie discussionsndrevisions have in the end produceda betterbookin termsof
contentstyle,presentatiorandsoon. We think we desere nolittle creditfor maintaining
apleasantvorking atmospher&vhile expendingthis level of effort andcommitmentwhile
underpressureausedy otheracademigesponsibilities.

We would alsolike to thank our colleaguesat the ComputationalLinguistics and Ma-
chineTranslation(CL/MT) groupat the University of Ess& for suggestionandpractical
support,especiallyLisa Hamilton, Kerry Maxwell, Dave Moffat, Tim Nicholas,Melissa
Parker, Martin RondellandAndy Way.



ii  Prefce

For proofreadingand constructve criticism we would like to thank JohnRobertsof the
Departmentf LanguageandLinguisticsat the University of Esse&, andJohnRobertsand
KarenWoodsof NCC Blackwell. We arealsogratefulto thosepeoplewho have helpedus
by checkingtheexampleswvhich arein languagestherthanEnglishandDutch,especially
LaurenceDanlos(French),andNicola Jorn (German).

Of course honeof themis responsibldor the errorsof content,style or presentatiorthat
remain.

D.J.Arnold

L. Balkan

R. LeeHumphre/s
S. Meijer

L. Sadler

ColchesterAugust1993.
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Chapter 1

| ntroduction and Overview

1.1 Introduction

Thetopic of thebookis theart or scienceof Automatic Trandation, or Machine Trans-
lation (MT) asit is generallyknown — the attemptto automateall, or partof the process
of translatingfrom onehumanlanguageto another The aim of the bookis to introduce
this topic to the generalreader— anyone interestedn humanlanguage translation,or
computersTheideais to give thereadera clearbasicunderstandingf the stateof theart,
bothin termsof whatis currentlypossible andhowit is achiesed, andof whatdevelop-
mentsareonthehorizon. Thisshouldbeespeciallyinterestingo anyonewhois associated
with what are sometimescalled “the languagandustries”; particularly translatorsthose
trainingto be translatorsandthosewho commissiornor usetranslationsextensiely. But
thetopicsthebookdealswith areof generalandlastinginterest.aswe hopethe bookwill
demonstrateandno specialistkknowledgeis presupposed- no backgroundn Computer
ScienceAirtificial Intelligence(Al), Linguistics,or TranslationStudies.

Thoughthe purposeof this bookis introductory it is notjustintroductory For onething,
wewill, in Chapterl0, bring thereaderup to datewith themostrecentdevelopmentsFor
anothey aswell asgiving an accuratepicture of the stateof the art, both practicallyand
theoretically we have takena positionon someof whatseento usto bethekey issuesn
MT today— thefactis thatwe have someaxesto grind.

Fromtheearliestdays,MT hasbeenbedeilled by grandioseclaimsandexaggerateax-

pectations.MT researcheranddevelopersshouldstopover-selling. The generalpublic

shouldstopover-expecting.Oneof the mainaimsof this bookis thatthereadercomesto

appreciatevherewe aretodayin termsof actualachiezementreasonablexpectationand
unreasonablaype. Thisis notthekind of thing thatonecansumup in a catchyheadline
(“No Prospector MT” or “MT Remaresthe LanguageBarrier”), but it is somethingone
canabsorb,andwhich one canthereafteruseto distill the essencef truth thatwill lie

behindreportsof productsandresearch.



2 INTRODUCTIONAND OVERVIEW

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

descriptiorof whatit mightbelik e to work with a hypotheticaktateof theartMT system.
This shouldallow the readerto get an 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 documentpreparation.Thisis

partly becauseave think this context shovs MT atits mostuseful. In ary case thereader
unfamiliar with this situationshouldhave no troubleunderstandingvhatis involved.

The aim of the following chaptersis to ‘lift the lid’ on the core componentof an MT
systemto give anideaof whatgoesoninside— or rather sincethereareseveraldifferent
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 chapteywe describesomefundamentaldeasabouthow the mostbasic
sort of knowledgethatis requiredfor translationcan be representedn, and usedby, a
computer

In Chapted welook athow themainkindsof MT systemactuallytranslateby describing
the operationof the ‘TranslationEngine’. We begin by describingthe simplestdesign,
which we call the transformer architecture. Thoughnow somevhatold hat asregards
theresearclcommunity thisis still the designusedin mostcommerciaMT systems.n
the secondpartof the chapteywe describeapproachegvhich involve moreextensve and
sophisticatedinds of linguistic knowledge. We call theseL inguistic Knowledge (LK)
systems.They includethe two approacheshat have dominatedMT researchover most
of the pasttwenty years. Thefirst is the so-calledinterlingual approachwheretransla-
tion proceedsn two stageshy analyzinginput sentenceito someabstractandideally
languagendependenneaningepresentatiorfrom which translationsn severaldifferent
language<san potentially be produced. The secondis the so-calledtransfer approach,
wheretranslationproceedsn threestagesanalyzinginput sentencemto arepresentation
whichsstill retainscharacteristicef theoriginal, sourcdanguagdext. Thisis theninputto
aspecialcomponen{calledatransfercomponenthich producesa representatiomwhich
hascharacteristic®f the tamget (output) language andfrom which a tamget sentencecan
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
designingconstructingpr modifying the sortof dictionaryoneis likely to find in anMT
system.

Chaptere 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 thelimitations of currenttechnology It
alsobgginsto introducesomeof the openquestiondor MT researctthatarethetopic of
thefinal chapter

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

chapterwe turn to more abstract,'deeper’ representations— representationsf various
kindsof representationf meaning.

Oneof thefeaturesf thescenarioveimaginein Chapter2 is thattextsaremainly created,
stored,and manipulatedelectronically(for example,by word processors)In Chapter8
we look in moredetailat whatthis involves(or ideally would involve), andhow it canbe
exploitedto yield furtherbenefitsfrom MT. In particular we will describehow standard-
ization of electronicdocumentformatsandthe generalnotion of standardizeanarkup
(which separatethe contentof adocumenfrom detailsof its realization,sothata writer,
for example specifiegshatawordis to beemphasisedyut neednotspecifywhichtypeface
mustbeusedfor this) canbeexploitedwhenoneis dealingwith documentandtheirtrans-
lations. Thiswill gobeyondwhatsomereaderawill immediatelyneedto know. However,
we consideiits inclusionimportantsincetheintegrationof MT into thedocumenprocess-
ing ervironmentis animportantsteptowardsthe successfuliseof MT. In this chaptemwe
will alsolook atthe benefitsandpracticalitiesof usingcontrolled languages — specially
simplified versionsof, for example,English,andsublanguages — specializedanguages
of sub-domainsAlthoughthesenotionsare not centralto a properunderstandingf the
principlesof MT, they arewidely thoughtto be critical for the successfulpplicationof
MT in practice.

Continuingthe orientationtowardsmattersof morepracticalthantheoreticaimportance,
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
an obviousandimportantquestionto ask,andpartly becausehereis no otheraccessible
discussiorof the standardmethodsfor evaluatingMT systemshat an interestedreader
canreferto.

By thistime, thereadershouldhave areasonablyoodideaof whatthe ‘stateof theart’ of
MT is. Theaim of thefinal chapte{Chapterl0)is to try to give thereaderanideaof what
thefuture holdsby describingwhereMT researchs goingandwhatarecurrentlythought
to bethemostpromisinglines of research.

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

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

The social or political importanceof MT arisesfrom the socio-politicalimportanceof
translationin communitiesvheremorethanonelanguageas 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, becausat involvesthe dominanceof the chosenlanguageto the
disadwantageof spealrsof the otherlanguagesandraisesthe prospecbf the otherlan-
guagedecomingsecond-classgndultimately disappearingSincethelossof alanguage
ofteninvolvesthe disappearancef a distinctive culture,anda way of thinking, thisis a
lossthatshouldmatterto everyone.Sotranslationis necessaryor communication— for
ordinaryhumaninteraction andfor gatheringheinformationoneneedso 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.Theproblemis
thatthedemandor translationin the modernworld 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 modernsocietieswvhich do
notwish to imposea commonlanguageon their members.

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

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

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

to mentionmostothercountriesn theworld). For countriedik e CanadandSwitzerland,
andorganizationdik e the EuropeanCommunityandthe UN, for whom multilingualism
is bothabasicprincipleandafactof every daylife, the pointis obvious.

The commecial importanceof MT is a resultof relatedfactors. First, translationitself
is commerciallyimportant: facedwith a choicebetweena productwith an instruction
manualin English,and onewhosemanualis written in JapanesenostEnglishspealers
will buy the former— andin the caseof a repairmanualfor a pieceof manufcturing
machineryor the manualfor a safetycritical systemthisis notjustamatterof taste.Sec-
ondly, translationis expensve. Translationis a highly skilled job, requiringmuchmore
thanmereknowledgeof a numberof languagesandin somecountriesatleast translators’
salariesarecomparabléo otherhighly trainedprofessionalsMoreover, delaysin transla-
tion arecostly Estimatesvary, but producinghigh quality translationf difficult material,
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aprofessionatranslatomayaverageno morethanabout4-6 pageof translation(perhaps
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 be involvedin doingall the translationghat could, or
shouldbedone?

Scientifically MT is interesting,becauset is an obvious applicationandtestingground
for mary ideasin ComputerScienceArtificial Intelligence,andLinguistics,andsomeof
the mostimportantdevelopmentsn thesefields have begunin MT. To illustratethis: the
origins of Prolog,thefirst widely availablelogic programminganguagewhich formeda
key partof the Japanes#-ifth Generation’programmeof researchin thelate 1980s,can
befoundin the‘Q-Systems’languageoriginally developedfor MT.

Philosophically MT is interesting becausét representsin attemptto automatean activ-
ity thatcanrequirethefull rangeof humanknowledge— thatis, for any pieceof human
knowledge,it is possibleto think of a context wherethe knowledgeis required.For exam-
ple, gettingthecorrecttranslationof negativelychargedelectonsandprotonsinto French
dependon knowing that protonsare positively chaged, so the interpretationcannotbe
somethinglike “negatively chaged electronsand negatively chaged protons”. In this
sensethe extent to which one canautomateranslationis an indication of the extentto
which onecanautomatéethinking’.

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 sciencdfiction. In thewhole of the UK thereareperhapdive companiesvho
useMT for makingcommerciakranslationon a day-to-daybasis.In continentaEurope,
wherethe needfor commercialtranslationis for historicalreasongreateythe numberis
larger, but it still representsin extremelysmallproportionof the overall translationeffort
thatis actuallyundertalen. In Japanwherethereis an enormouseedfor translationof
Japanesito English,MT is just beginningto becomesstablishedn acommerciakcale,
andsomefamiliarity with MT is becominga standarcartof thetraining of aprofessional
translator

Of course theorists,developers,and sellersof MT systemsmustbe mainly responsible
for thislevel of ignoranceandlack of uptale, andwe hopethis bookwill helphere— one
motivationfor writing thisbookwasour beliefthatanunderstandingf MT is anessential
partof the equipmentof a professionatranslator andthe knowledgethat no otherbook
providedthisin accessibléorm.

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

1 Theseestimatemf CECtranslationcostsarefrom Patterson(1982).
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6 INTRODUCTIONAND OVERVIEW

dictory responsegsometimesne getsboth together). Oneis “But that’s impossible—

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

the Duty FreeShopwhenl wenton holidaylastsummel Thesereactionsarebasedon a
numberof misconceptionshatareworth exposing.We will look atthese aswell assome
correctconceptionsin the next section.

1.3 Popular Conceptions and Misconceptions

Somepopularmisconceptiong@boutMT arelisted on page7. We will discussthemin
turn.

¢ “MT is awasteof time becausgouwill never make amachinethatcantranslateShale-
Speare”.

The criticism thatMT systemscannot,andwill never, producetranslationsof greatliter-
atureof ary greatmerit is probablycorrect,but quite besidethe point. It certainlydoes
not shav that MT is impossible.First, translatingliteraturerequiresspecialliterary skill
— it is not the kind of thing that the averageprofessionatranslatornormally attempts.
Soacceptinghe criticism doesnot shav thatautomaticranslationof non-literarytexts is
impossible.Second]iterary translationis a small proportionof the translationthathasto
be done,so acceptingthe criticism doesnot meanthat MT is useless.Finally, one may
wonderwho would ever wantto translateShalespeardy machine— it is a job thathu-
mantranslatordind challengingandrewarding,andit is nota job thatMT systemshave
beendesignedor. ThecriticismthatMT systemsannotiranslateShalespearés abit like
criticism of industrialrobotsfor not beingableto danceSwan Lake.

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

The ‘spirit is willing’ storyis amusingandit 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 muchmorerecently— for soundstrateyic reasonswork in the USA had
concentratedn the translationof Russianinto English, not the otherway round). Of
coursetherearereal MT howlers. Two of the nicestarethetranslationof Frenchavocat
(‘advocate’, ‘lawyer’ or ‘barrister’) as avocadg andthe translationof Les soldatssont
dansle café asThesoldiers are in the coffee However, they arenot aseasyto find asthe
reademightthink, andthey certainlydo notshow thatMT is useless.

¢ “Generally the quality of translationyou cangetfrom anMT systemis very low. This
malkesthemuselessn practicé.
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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 systemwhich translatedrhespirit is will-
ing, but thefleshis weakinto the Russiarequialentof 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 makesthemuselessn practice.

e False: MT threatenghejobsof translators.

e False: The Japanesbave developeda systemthatyou cantalk to on
thephone.lt translatesvhatyou sayinto Japanesendtranslates
theotherspealer’s repliesinto English.

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

e False: MT systemsaremachinesandbuying an MT systemshould
be very muchlike buyingacar.

Far from beinguselessthereareseseral MT systemsn day-to-dayusearoundthe world.
ExamplesncludeMETEO (in daily sincel977useatthe 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 relatively small, but thosethatdo useit benefit
considerably For example,asof 1990, METEO wasregularly translatingaround45 000
wordsof weathetbulletins every day, from Englishinto Frenchfor transmissiono press,
radio, andtelevision. In the 1980s,the dieselenginemanufcturersPerkinsEngineswas
saving around£ 4 000 on eachdieselenginemanualtranslatedusing a PC versionof
WEIDNER system).Moreover, overall translationtime permanualwasmorethanhalved
from around26 weeksto 9-12 weeks— this time saving canbevery significantcommer
cially, becausa productlike anenginecannoteasilybe marketedwithout usermanuals.

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

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

7



8 INTRODUCTIONAND OVERVIEW

First, not every translationhasto be perfect. Imagineyou have in front of you a Chinese
newspapemhich you suspectnay containsomeinformationof crucialimportanceto you
oryourcompary. Evenaveryroughtranslationvould helpyou. Apartfrom arything else,
you would be ableto work out which, if ary, partsof the paperwould be worth getting
translatedproperly Seconda humantranslatomormally doesnot immediatelyproduce
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
targetlanguagewhich hasthe mostobvious translationproblemssolved (e.g. choiceof
terminology etc.), but which is not necessarilyperfect. This is thenrevised— eitherby
thesametranslatoyor in somelarge organizationsy anothertranslator— with aview to
producingsomethinghatis upto standardor thejob in hand.This mightinvolve nomore
thancheckingor it mightinvolve quiteradicalrevision aimedat producingsomethinghat
readsasthoughwritten originally in thetamgetlanguage For the mostpart,theaimof MT
is only to automatethefirst, drafttranslationprocess.

¢ “MT threatenshejobsof translators.

Thequality of translationthatis currentlypossiblewith MT is onereasorwhy it is wrong
to think of MT systemsasdehumanizingnonstersvhichwill eliminatehumantranslators,
or enslare them. It will not eliminatethem, simply because¢he volume of translationto
beperformeds sohuge,andconstantlygrowving, andbecaus®f thelimitationsof current
andforseeableMT systems.While not an immediateprospect,t could, of course,turn
outthatMT enslaeshumantranslatorsby 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 oftentediousbusinessf looking up unknovn wordsin dictio-
naries,and ensuringterminologicalconsistenyg, will becomeautomated|eaving human
translatordree to spendtime on increasingclarity andimproving style, andto translate
more importantand interestingdocuments— editorialsratherthanweatherreports,for
example. Thisideaborneoutin practice:thejob satishctionof the humantranslatorsn
the CanadiarMeteorologicalCenterimpreedwhenMETEQO wasinstalled,andtheir job
becameneof checkingandtrying to find waysto improve the systemoutput,ratherthan
translatingthe weathetbulletins by hand(the concreteeffect of thiswasa greatlyreduced
turnoverin translationstaf atthe Center).

e “The Japanesbave developeda systemthatyou cantalk to on the phone.lt translates
whatyou sayinto Japanesegndtranslateshe otherspealer’s repliesinto English’

The claim that the Japaneshave a speechto speechtranslationsystem,of the kind de-
scribedabove, is pure sciencefiction. 1t is true that speech-to-speectnanslationis a
topic of currentresearchandthereare laboratoryprototypesthat can deal with a very
restrictedrangeof questions.But this researchis mainly aimedat investigatinghow the

say Fortunatelytherearesomesituationswherethisis the case.
30f coursethesortsof errorsonefindsin drafttranslationgproducedby a humantranslatowill berather
differentfrom thosethatonefindsin translationgroducedoy machine.

8
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varioustechnologiesnvolvedin speechandlanguageprocessinganbeintegrated,andis
limited to very restricteddomains(hotel bookings,for example),andmessageoffering
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 alsobecausef thelimitations of the MT
system(seelaterchapters).

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

TheSouthAmericanindianlanguagestoryis amongthemaostirritating 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-
Frenchspealersdo not find very corvincing. Whatpeoplegenerallymeanby this is that
alanguages very simpleto describe Now, asfarasarnyonecantell all humanlanguages
areprettymuchascomplicatecaseachother It's hardto bedefinite,sincetheideaof sim-
plicity is difficult to pin down, but the generaimpressionis thatif alanguageiasavery
simplesyntax.for example,it will compensatby having amorecomplicatedmorphology
(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.

e “MT systemsaremachinesandbuyinganMT systemshouldbevery muchlik e buying
acar’

Therearereally two partsto this misconception.The first relatesto the sensan which
MT systemsare machines.They are,of course,but only in the sensethat modernword
processoraremachineslt is moreaccuratdo 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 dedicatedmachines,
andevenvery recently thereweresomeMT vendorswho tried to sell their systemswith
specifichardware,but thisis becomingathing of the past.Recentsystemsanbeinstalled
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 ones 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 somelanguagesave largervocahulariesthanothers but this is mainly a matterof how mary
thingsthelanguages usedto talk about(notsurprisingly thevocalularywhich Shalespearescontemporaries
hadfor discussindnigh-enegy physicswasratherimpoverished)but all languagesiave waysof forming new
words,andthis hasnothingto do with logical perfection.

9



10 INTRODUCTIONAND OVERVIEW

the dictionariesto dealwith the vocalulary of the subjectareaand possiblythe type of
text to betranslated Therewill alsobesomework involvedin integratingthe systeminto
the restof ones documentprocessingervironment. More of this in Chapters2 and 8.
Theimportanceof customizationandthefactthatchangego thedictionaryform amajor
partof the procesds onereasonwhy we have givena whole chapterto discussiorof the
dictionary(Chapters).

Againstthesemisconceptionswe should placethe 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 mostof the work of
translationcould be handledby a systemwhich containedall the informationwe find in
a standardpaperbilingual dictionary Sourcelanguagewords would be replacedwith
their tamget languagetranslationalequialents,as determinedby the built-in dictionary
andwherenecessartheorderof thewordsin theinput sentencesould berearrangedby
specialrulesinto somethingmore characteristiof the tagetlanguage.In effect, correct
translationssuitablefor immediateusewould be manufcturedin two simplesteps.This
correspondgo theview thattranslatioris nothingmorethanword substitutiondetermined
by thedictionary)andreordering(determinedy reorderingrules).

Reasorandexperienceshav that'good’ MT cannotbeproducedy suchdelightfully sim-
ple meansAs all translator&know, word for word translationdoesnt producea satisfying
talgetlanguagetext, not even whensomelocal reorderingrules (e.g. for the positionof
theadjective with regardto the nounwhich it modifies)have beenincludedin the system.
Translatingatext requiresnotonly agoodknowledgeof thevocalulary of bothsourceand
talgetlanguageput also of their grammar— the systemof ruleswhich specifieswhich
sentencearewell-formedin a particularlanguageandwhich arenot. Additionally it re-
qguiressomeelementof real world knowledge — knowledgeof the natureof thingsout
in theworld andhow they work together— andtechnicalknowledgeof thetext’s subject
area. Researchersertainly believe thatmuch canbe 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 watchinga 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 systencandealwith them.
And whenatext canactuallybe submittedto an MT system,andthe systemproducesa

10
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Some Factsabout MT

e True: MT is useful. The METEO systemhas beenin daily use
since1977. As of 1990, it wasregularly translatingaround45
000wordsdaily. In the 1980s,The dieselenginemanufcturers
PerkinsEngineswas saving around£ 4000 andup to 15 weeks
on eachmanualtranslated.

e True: While MT systemsometimegroducehowlers,therearemary
situationswherethe ability of MT systemso producereliable,if
lessthanperfect translationsat high speeds valuable.

e True: In somecircumstanced/IT systemsanproducegoodquality
output:lessthan4% of METEO outputrequiresary correctiorby
humantranslatorsatall (andmostof thesearedueto transmission
errorsin the original texts). Evenwherethe quality is lower, it is
often easierandcheapeto revise ‘draft quality’ MT outputthan
to translateentirely by hand.

e True: MT doesnotthreatertranslatorsjobs. Theneedfor translation
is vastand unlikely to diminish, and the limitations of current
MT systemsaretoo great. However, MT systemscantake over
someof the boring, repetitive translationjobs and allow human
translationto concentrateon moreinterestingtasks,wheretheir
specialissskills arereally needed.

e True: Speech-to-SpeedWT is still aresearchopic. In generalthere
aremary openresearctproblemso besolvedbeforeMT systems
will be comecloseto theabilitiesof humantranslators.

e True: Notonly aretherearemary openresearcltproblemsn MT, but
building anMT systemis anarduousandtime consumingob, in-
volving theconstructiorof grammarsandvery large monolingual
andbilingual dictionaries.Thereis no ‘magic solution’to this.

e True: In practice beforeanMT systembecomeseally useful,auser
will typically have to investa considerableamountof effort in
customizingt.

11



12 INTRODUCTIONAND OVERVIEW

translationtheoutputis almostinvariablydeemedo be grammaticallyandtranslationally
imperfect. Despitethe increaseccompleity of MT systemsthey will never — within
the forseeablduture — be ableto handleall typesof text reliably andaccurately This
normallymeanghatthetranslatiorwill have to be correctedpost-editedandusuallythe
persorbestequippedo do thisis atranslator

This meansthat MT will only be profitablein environmentsthat canexploit the strong
pointsto thefull. As aconsequencaye seethatthemainimpactof MT in theimmediate
futurewill bein large corporatesrnvironmentsvheresubstantiahmountsf 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 andthus cheapertranslation. The lay-personor self-emplyed
translatoiwould probablyhave to spendso muchtime on dictionaryupdatingand/orpost-
editing that MT would not be worthwhile. Thereis alsothe problem of gettinginput
texts in machinereadableform, otherwisethe effort of typing will outweighary gainsof
automation.Therealgainscomefrom integratingtheMT systeninto thewholedocument
processingenvironment (see Chapter2), and they are greatestwhen several userscan
sharefor example theeffort of updatingdictionariesgfficienciesof avoidingunnecessary
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 ideaof translatingautomaticallybetween
humanlanguageshut the actualdevelopmentof MT canbe tracedto corversationsand
correspondendeetweermndren D. Booth,aBritish crystallographerandWarrenWeaver

of the Roclefeller Foundationin 1947, and more specificallyto a memorandunwritten

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

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

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

12



1.4 A BIT OFHISTORY 13

views? but it hadthe virtue of turning an apparentlydifficult taskinto onethat could be
approachedvith the emegentcomputertechnology(therehadbeenconsiderablesuccess
in usingcomputersn cryptographyduring the SecondwWorld War). This memorandum
sparleda significantamountof interestandresearchandby the early 1950stherewasa
large numberof researchgroupsworking in Europeandthe USA, representing signifi-
cantfinancialinvestmen{equialentto around£,20000000). But, despitesomesuccess,
andthe factthat mary researchguestionsvereraisedthat remainimportantto this day,
therewaswidespreaddisappointmenbn the part of funding authoritiesat the returnon
investmenthatthis representedanddoubtsaboutthe possibilityof automatingranslation
in generalor atleastin the currentstateof knowledge.

The theoreticaldoubtswere voicedmostclearly by the philosopheBar-Hillel in a 1959
report,wherehe amguedthatfully automatic high quality, MT (FAHQMT) wasimpossi-
ble,notjustatpresentputin principle. Theproblemheraisedwasthatof findingtheright
translationfor penin acontet like thefollowing:

(1) Little Johnwaslookingfor histoy box. Finally hefoundit. Theboxwasin thepen.
Johnwasvery hapypy.

Theargumentwasthat(i) herepencouldonly have theinterpretatiorplay-pen nottheal-

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

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

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

suggestinghat researctshouldfocuson morefundamentalssuesin the processingand
understandingf humanlanguages.

Thedoubtsof fundingauthoritiesverevoicedin thereportwhichtheUS NationalAcademy
of Sciencegommissioned 1964whenit setupthe AutomaticLanguagdrocessinghd-
visory Committee (ALPAC) to report on the state of play with
respecto MT asregardsquality, cost,and prospectsasagainstthe existing costof, and
needfor translation Its 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, becausehe
achievementsof MT arereal, evenif they fall shortof theideaof FAHQMT all thetime

SWeaver describechn analogyof individualsin tall closedtowerswho communicatebadly) by shouting
to eachother However, thetowershave a commonfoundationandbasementHerecommunicatioris easy:
“Thusit maybetruethatthewayto translate.. is notto attempthedirectroute,shoutingfrom towerto tower.
Perhapsheway is to descendfrom eachlanguagedown to the commonbaseof humancommunication—
therealbut asyet undiscoereduniversallanguagé.

13
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— usefulMT is neithersciencdiction, nor merelyatopic for scientificspeculationlt is a
daily reality in someplacesandfor somepurposesHowever, thefearis understandable,
becaus¢heconclusiorof thereportwasalmostentirely mistalen. First, theideathatthere
wasno needfor machinetranslationis onethat shouldstrike the readerasabsurd,given
whatwe saidearlier Onecanonly understandt in the anglo-centriccontext of cold-war
America,wherethemainreasorto translatevasto gainintelligenceaboutSoviet activity.
Similarly, the suggestiorithattherewasno prospecbf successfuMT seemgo have been
basednanarrov view of FAHQMT — in particular ontheideathatMT which required
revision wasnot ‘real” MT. But, keepingin mind the considerabldime gainthatcanbe
achievedby automatinghedrafttranslationstageof the processthis view is naive. More-
over, therewere,evenatthetime thereportwaspublishedthreesystemsn regular, if not
extensve, use(oneatthe Wright PattersonlJSAF base oneatthe Oak RidgeLaboratory
of theUS Atomic Enegy Commissionandonethe EURATOM CentreatIsprain Italy).

Neverthelessthe centralconclusionthatMT did not represent usefulgoalfor research
or developmentwork hadtaken hold, andthe numberof groupsandindividualsinvolved
in MT researclshrankdramatically For the next tenyears MT researchbecamehe 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 systemsiwo notableearlycommerciakystems)anda handful
of groupsin Canadgnotablythe TAUM groupin Montreal,who developedthe METEO
systemmentionecearlier),the USSR(notablythe groupsled by Mel’ €uk, andApresian),
and Europe(notablythe GETA groupin Grenoble,probablythe single mostinfluential
groupof this period,andthe SUSY groupin Saarbiicken). A smallfraction of thefund-
ing and effort that had beendevotedto MT was put into more fundamentatresearcton
Computationalinguistics,andArtificial Intelligence,andsomeof this work took MT as
along term objective, evenin the USA (Wilks’ work on Al is notablein this respect).It
wasnotuntil thelate 1970sthatMT researclunderwensomethingof arenaissance.

Therewereseveralsignsof thisrenaissancel he Commissiorof the EuropearCommuni-
ties (CEC) purchasedhe English-Frenctversionof the SYSTRAN systema greatlyim-
proved descendendf the earliestsystemsdevelopedat Geogetovn University (in Wash-
ington, DC), a Russian-Englislsystemwhosedevelopmenthadcontinuedthroughouthe
leanyearsafterALPAC, andwhich hadbeenusedoy boththe USAFandNASA. TheCEC
alsocommissionedhe developmenibf a French-Englistversion,andltalian-Englishver
sion. At aboutthe sametime, therewasa rapid expansionof MT actwity 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 Knowledge system)for the EC languages.Also in the late 1970sthe Pan
AmericanHealthOrganization(PAHO) begandevelopmenbf a Spanish-EnglistMT sys-
tem (SFANAM), the United StatesAir Forcefundedwork onthe METAL systemat the
LinguisticsResearctCenter at the University of Texasin Austin, andthe resultsof work
atthe TAUM groupled to the installationof the METEO system.For the mostpart, the
historyof the 1980sin MT is the history of thesenitiatives,andthe exploitationof results

14
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MachineTranslationandthe Roller Coasterof History

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
systemghatwere on the market in the late 1970shave hadtheir upsanddowns, but for
commercialndmarketing reasonstatherthanscientificor technicalreasonsanda num-
berof theresearclprojectswhichwerestartedn the1970sand1980shaveledto working,
commerciallyavailablesystems.This shouldmeanthatMT is firmly establishedbothas
anareaof legitimateresearchandausefulapplicationof technology But researchingnd
developingMT systemss a difficult taskboth technically andin termsof management,
organizatiorandinfrastructureandit is anexpensvetask,in termsof time, personneland
mong. From a technicalpoint 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 potted history of
MT. It hasalsotried to lay a few ghosts,n 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 materialthattakesanMT
users viewpointis the seriesof bookstitled Translatingand the Computer 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 Computeysponsoredby Aslib (TheAssociation
for InformationManagement)andthe Institutefor TranslationandInterpreting.

By farthebesttechnicaintroductionto MT is HutchinsandSomerg1992). Thiswould be
appropriatefor readersvho wantto know moretechnicalandscientificdetailsaboutMT,

andwewill oftenrefertoit in laterchaptersThisbookcontainausefuldiscussionsf 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 issuesn MT.

Thesebooksall containdetaileddescription®f theresearctof the TAUM groupwhich de-
veloped the
METEO systemreferredto in section1.3. The METEO systemis discussedurther in

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-datepictureof the stateof MT asregardsboth commercialand scientificpointsof
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),themostcomprehensie discussiorcanbe foundin Hutchins(1986),thoughthere
arealsousefuldiscussion$n Warwick (1987),andBuchmann(1987).Nagao(1986)also
providesa usefulinsightinto the history of MT, togetherwith a generalintroductionto
MT. The ALPAC reportis PierceandCarroll (1966). The work of Wilks’ thatis referred
to in 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 andgivesa greatdeal of practicalinformation of
valueto translatorgsuchaslists nationaltranslators’andinterpreters’organizationsand
bibliographiesof translations).

For up-to-daténformationaboutthestateof M T, thereis thenewsletterof thelnternational

Associationfor MachineTranslationMT News International Seethelist of addresseen
page207.
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Chapter 10

New Directionsin MT

10.1 Introduction

In the previouschaptersyve have tried to give anideaof whatis currentlypossiblein MT.
In this chapterwe look to the future. Our aim s to give a flavour of currentresearchn
MT, indicatingwhatissuesarereceving attentionandwhattechniquesarethoughtto be
promising.

Of coursenot all theideasthatare currentlyimportantarereally nev ones.A greatdeal
of currentresearclis directedat how familiartechniqueganbeimproved— for example,
how standardLinguistic Knowledge’approachesanbeimprovedby usingbetterlinguis-
tic analyseganalysedasedon betterlinguistic theories,or a betterunderstandingf ex-
isting theories) anddevelopingor adaptingmoreefficient processingnethodsandbetter
tools for usein constructingand modifying systems.Lik ewise, an importantfeatureof
currentresearchnvolveswork on sublanguag®T (cf. Chapter8), but thoughthedesign
of toolsto aid sublanguag&nalysisis an increasinglyimportantarea,it is hardly a nen
development.Othercurrentlyimportantwork is concernedvith integration, whichcanre-
late eitherto theintegrationof MT with otherNaturalLanguageProcessingechnologies,
or to the (non-trivial) problemsof integration of MT into generaldocumentprocessing
technologythat ariseasonetries to make a practicallyand commerciallyusablesystem
outof aresearctprototypeMT system.A particularlyimportantexampleof theformeris
researclon ‘speech-to-speectVIT systems— thatis, systemghatcantake spoleninput,
andproducespolen output(e.g. for moreor lesssimultaneousnterpretingof telephone
conversations) Suchwork is clearlyimportant,andoftenthrows up interestingdifferences
of emphasigfor example,in speech-to-speealiork, thereis an emphasion speedand
on dealingwith sentencdragments sinceonewould like to be ableto translateeachut-
teranceasit is spolen,without waiting for the end. This givesimportanceo ‘bottom up’
methodsof analysisandsevererestrictionson theinputin termsof text-type, etc). How-
ever, thereis an obvious sensdan which suchwork it is ‘more of the same’— it involves
improving oneaspecbf anexistingidea,ratherthanpresentingagenuinelynew direction,
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174 NEW DIRECTIONSIN MT

andwould be accessiblen the basisof the earlierchaptersof this book. In this chaptey
we will concentrat@nwhatwe think mayturn outto be moreradicalideas.

Thelmpactof TechnologyNo. 58: MachineTranslationandTourism.
The SuperMini EtransTourist TranslationSystenreplacegheold fashioned
PhraseBook. It comescompletewith integratedlaptopcomputeycarryingcase,
power pack,and3 volumesof documentation.

The chapterhasthree main sections. In Section10.2, we outline somecurrentissues
andtrendsin the designof setsof linguistic rulesfor MT, thatis, work within the estab-
lished‘Linguistic Knowledge’, or ‘Rule-Based’paradigm.The next section(10.3) gives
anoverview of someof the corpusandmachinereadablalictionaryresourcesvhich have

recentlybecomeavailable. Theseresourcesiave stimulateda greatdealof researchwithin

thetraditionalLK/rule-basedbaradigmandhave alsobeenof key importancen thetrend
towardsso-calledempiricalapproacheto MT, which aresketchedn Section10.4.

10.2 Rule-Based MT

10.2.1 Flexibleor Multi-level MT

Mosttransferor interlingualrule-basedystemsarebasedntheideathatsuccesn prac-
tical MT involvesdefininga level of representationfor texts which is abstracenoughto

male translationitself straightforvard, but which is at the sametime superficialenough
to permitsentence the varioussourceandtametlanguageso be successfullynapped
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into thatlevel of representationThatis, successfuMT involvesa compromisebetween
depthof analysisor understandingf the sourcetext, andthe needto actuallycomputethe
abstractrepresentationin this sensefransfersystemsarelessambitiousthaninterlingual
systemsbecaus¢hey acceptheneedor (oftenquitecomplex) mappingrulesbetweerthe
mostabstractrepresentationsf sourceandtargetsentencesAs our linguistic knowledge
increasessotoo MT systemsbasedon linguistic rules encodingthat knowledge should
improve. This positionis basedon the fundamentahssumptiorthatfinding a sufficiently
abstractevel of representatioffior MT is an attainablegoal. However, someresearchers
have suggestedhat it is not always the casethat the deepestevel of representations
necessarilfhe bestlevel for translation.

This canbe illustratedeasily by thinking abouttranslationbetweenclosely relatedlan-
guagesuchasNorwegianandSwedish.

(1) a. Min nyabil arbla(Swedish)
‘my new caris blue’
b. Dennye bilenmin er bla(Norwegian)
‘the new carmineis blue’

(2) a. Varharduhittatensaful slips?(Swedish)
‘Wheredid youfind a suchugly tie’
b.  Hvor hardufunnetet sastygtslips?(Norwegian)
‘Wheredid youfind a suchugly tie’

In the secondexamplehere,both languagesave exactly the sameword order although
the wordsthemselesandtheir grammaticalfeaturesdiffer. In the first example,we see
that Swedish(like English)doesnot allow the useof anarticletogethemwith a possessie
pronoun,which Norwegian (like, say Italian) does. Theseare certainly minimal differ-
encesandit would be a seriouscaseof overkill to subjectthe sourcelanguagesentences
to ‘in depth’analysiswhenessentiallyall thatis requiredto dealwith this structuraldif-
ferenceis to expressa correspondencketweerthe structuredescribeduy the following
syntacticrules(here'Poss’standgor ‘Possessie pronoun’).

(Swedi sh) NP — Poss Adj N

(Norwegi an) NP — Det Adj N Poss

Of coursejt would be straightforvardto designa specialpurposeMT systemwhich was
equippedonly with the sortof linguistic rulesrequiredto performthis type of superficial
manipulationof syntacticstructures.But a numberof considerationsnot leasteconomic
considerationsmilitate againstthis. Insteadone could concludethat what is required
is an approachto rule-basedranslationwhich is suficiently flexible to carry out deep
analysisonly whenrequired,so that the sameMT enginecan be usedfor dealingwith

pairsof closelyrelatedlanguagesndpairsof languagesvhich differ greatly Suchideas
lie behindattemptsto designflexible systemswhich canoperatein a variety of modes,
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accordingto the depthof analysisrequiredfor the languagepair, or eventhe particular
examplesn hand.

Thereareotherreasondor the currentinterestin flexible systemsln the exampleabove,
we have tried to shaw thatwhatis the ‘appropriatdevel’ of analysisfor onelanguagepair
mightbequiteinappropriatdor anothepair. But someresearchersave pointedoutthata
similar situationobtainswithin oneandthe samdanguagepair. Thoughreally corvincing
amgumentsare hardto find, the ideais that translationseemsto dependon information
aboutdifferentlevels of linguistic information at the sametime. For example,for most
translationpurposesaswe have notedpreviously, a representatioin termsof semantic
relations(AGENT, PATIENT, etc.) is attractve. However, sucha representatiomwill
probablynot distinguishbetween(2a), (2b) and(2c). This meansthey will betranslated
alike, if this is the representatiotthat is producedby analysis. But in mary caseshis
would not producea very goodtranslation.

(3) a. Sambroketheprinter
b. It wastheprinterthatSambroke.
c. It wasSamthatbroke the printer

Ideally, whatonewantsis a semanticaccountof the differencesetweertheseexamples.
This hasto do with the differencebetweenwhatis presupposedindwhatis assertedor

whatis treatedas'given’, andwhatasnew information(e.g.in (3b) it is presupposethat
Sambroke something,and statedthat the thing in questionwasthe printer). Producing
suchanaccounis notimpossibleandmayindeedproduceabetterMT systemin thelong

run. However, it is by no meanseasyand,atleastin theshortterm,it would beniceif one
coulduseinformationaboutsemantiaelationswherethatis useful,andinformationabout
surfacesyntacticform wherethat was useful. This would be possibleif one hada way

of allowing informationfrom a variety of levelsto be referredto in transfer. Of course,
the difficulty thenwould beto allow this flexibility while still ensuringthatthe piecesof

informationcanbe correctlycombinedto give a suitabletargettranslation.

Therearevariousproposalsn theMT literatureconcernindglexible MT. Someresearchers
working within the paradigmof example-basedT, which we discussbelow, have pro-
posedarchitecturesvhich areflexible with respecto thelevel atwhich translationoccurs.
Anotherratherradicalideadepend®on the factthat several contemporaryinguistic the-
ories provide a ‘multidimensional’ characterisatiowf a linguistic string. Onecangeta
flavour of whatis involved by looking at the following representation.

Thisrepresentationf the sentenc&im walksis multidimensionaljn the sensehatit con-
tainsinformationaboutsererallevels,or dimensionsopf structureatthe sametime: infor-
mationaboutORTHography,SYNtax, SEMantics,and constituentstructure(the Daugh-
TeRsfeature). Such multidimensionalrepresentationare known assigns. ldentity of
valuesis indicatedby tags boxedindiceslike[1],[2].

If we look first at the DTRS value, we can seethat there are two daughtersthe first
an NP (i.e. whoseSYNtax containsan attribute CAT with value NP), andthe seconda
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[ORTH <[1][2]> |

syn [CATS
TNS

RELATION walk/]

SEM [ARGI
[ORTH T

CAT VP]
SYN |NUM |6]

ORTH < kim > TNS |3]]

CAT NP SEM
DTRS < SYN Inum SING@] : ORTH < walks > 2] >
SEM  kim[4] [CAT V
DTRS <> orrs [ [SYN  |NUM [6] >
| TNS PRES) 3]

SEM
DTRS () |

Figure10.1 A MultidimensionalRepresentation

VP. The NP hasno daughtersandthe VP hasone daughterwhosecategory is V. The
ORTHographyof the whole S is madeup of , the ORTHographyof the NP, i.e. mary;,

andthe ORTHographyof the VP, whichis identicalto the ORTHographyof the V, tagged
. TheTNS (TeNSe)of S, VP, andV areidentical,andthe NP, VP, andV have thesame
NUMber value.

The semanticof the S indicatesthat the agumentof the predicatewalks is the value
tagged 4}, thatis, the semanticof the NP, mary.

We have seenthatrepresentatioarriesinformationaboutORTHography SYNTax, SE-
Mantics and daughterdDTRS) at the sametime (a fuller representationvould include
informationaboutmorphologytoo). Formally, it is just a collectionof features(i.e. at-
tributesand values)of the kind we have seenbefore,with the differencethat the value
of someof the attributescanbe an entirestructure(collection of features) andwe allow
differentattributesto have the samevalue(indicatedby meansof atag, a numberwritten
in abox). Thisis sometimesalledare-entrancé.

The syntacticinformationis essentiallyequivalentto the sortsof category labelwe have
seenbefore,andthevalueof the DTRS attribute simply givesthe valuesof the daughters
a nodewould have in a normal consituentstructuretree of the kind that were givenin
Chapter3. Oneinterestingpointto noteis thatthereis a valuefor SEManticsgivenfor the
mothersign,andfor every oneof the daughtersigns. (In fact,the SEM valueof the S is

IHere'samevalue’is to be interpretedstrongly astoken identity — in a sentencavith two nouns there
would be two objectswith the ‘same’ catgory value, namely the two nouns. This is often called ‘type’
identity. In everydayusage whenwe speakof two peoplehaving the ‘same’shirt, we normally meantype
identity. Tokenidentity would involve themsharingonepieceof clothing. Onthe otherhand,whenwe speak
of peoplehaving the samefather we meantokenidentity.
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identicalto the SEM valueof the VP, andthe V, andthe SEM valueof the AGENT of the
Sisidenticalto the SEM valueof the NP Kim.)

Onewayonecouldusesuchastructurewvould bejustto take thevalueof the SEM attribute
for themothersignin the outputof analysisandinput this valueto transfer(in atransfer
system)or synthesig(in an interlingual system). This would involve only adaptingthe
techniquesve describedn earlierchapterdor transferandsynthesigo dealwith complex

attribute-waluestructuresratherthantrees(thisis notvery difficult). Of coursethiswould
meanthat onewaslosing arny benefitof multidimensionalityfor translation(thoughone
might beableto exploit it in analysis).

If oneis to exploit multidimensionalityin transferor synthesiqwhich wasthe aim) the
only possiblepart of the sign to recursethrough,applyingrules, is the structureof the
DTRSattribute. However, aswe noted,this is just the surfacephrasestructure enhanced
with someinformation aboutsemanticsand orthography If this is so, thenone might
wonderwhetherary advantagehasbeengainedatall.

Thesolutionis notto think in termsof applyingrulesto representationsr structurestall,
but to focuson the attribute-valuestructureassimply a corvenientgraphicrepresentation
of the solutionto a setof constraintsFor example for therepresentatioonpagel77,one
suchconstraintvould be thatthe CATegory valueof the mothersignis S. More precisely
the value of SYN on the mothersign is an attribute-value structurewhich containsan
attribute CAT, with valueS. Thatis, if we give namedike X0, X1, X2, etc. to thevarious
attribute-valuestructuresyith X0 the nameof the mothersign,thenthevalueof SYN in
X0 is astructureX1, andthevalueof CAT in X1is S:

X0: SYN

X1

X1: CAT = S

If we namethe attribute-valuestructureof the VP X4, andthatof theV X5, we alsohave
thefollowing, indicatingthatS, VP, andV all have the sameSEM values.

X0: SEM = X4: SEM
X4: SEM = X5: SEM

Thevalueof the ORTHographyattributein X0 is theconcatenationf thevaluesin the NP
(X6) andtheVP (X5):

X0: ORTH = concat enati on( X6: ORTH, X5, ORTH)

Onecanthink of arepresentatiolik e thaton pagel77assimply agraphicrepresentation
of the solutionto a setof suchequationsand one canusethe equationsasthe basisfor
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translation,in the following way. First, it is the taskof analysisto producethe equation
set. Thisis not, in fact, difficult — we have alreadyseen,in Chapter3 how onecanadd
instructionsto grammarulesto createdifferentkinds of representationsUsing themto
createsetsof equationss a simpleextensionof thisidea. This setof constraintgescribes
a sourcestructure. The translationproblemis now to producea setof constraintsvhose
solutionwill yield atargetlanguagestructure.Ultimately, of course,oneis interestedn
the ORTH valuein suchastructure put in the meantimepnecanstateconstraintsuchas:
“the SEM of the sourcestructure andthe SEM of the target structuremustbeidentical”
(this assumeshatthe SEM valuesare‘interlingual’), or “the SEM of the targetstructure
mustbetheresultof applyingsometransfer’ functionto the SEM of thesourcestructure”.
But onecaneasilystateconstraintsn termsof otherattributes,for example,“in the case
of propernouns,the value of ORTH in the sourcestructureand the value of ORTH in
the target structuremustbe the same”. Similarly, if we addattributesandvaluesgiving
informationaboutgrammaticarelationssuchassubject,etc. into the constraintsye can
stateconstraintsn termsof these.

Of coursewe cannot,in this way, guaranteghatwe will dealwith all of thesourcestruc-
ture (we may leave partsuntranslatedy failing to produceappropriatetarget language
constraints) or that solving the tamget languageconstraintswill producea single target
structure,or evenary structureat all (the constraintanay be inconsistent).Nor have we
indicatedhowtheconstraintareto besolved. Moreover, onewill oftennotwantsuchcon-
straintsto be obsenedabsolutelybut only by default. For example,propernamesshould
only keepthe sameorthographyform if thereis no constrainthatsaysotherwisg(in trans-
lating Englishinto French,onewould like to ensurethat Londontranslatesas Londres.
Thereare a numberof seriousdifficulties and openresearchguestionshere. However,
onecangeta feelingfor a partial solutionto someof theseproblemsby consideringhe
following rathersimpleapproach.
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Recallthatthe constraintsve gave abore madethe SEManticsof the S equalto the SE-
Manticsof the VP, andthe V. Onemayimmediatelythink of this asinvolving theV con-
tributing its SEManticsto the S, but onecanalsoseeit the otherway round,asputtingthe
semanticof thewhole S ‘into’ the V. Whatthis meanspf coursejs thatall the semantic
informationcorveyedby thesentencés represente¢somavhatredundantly)n therepre-
sentation®f the words. Now supposehatwe have translationconstraintsvhich say for
example,thatthe translationof the word walk mustbe the word marcher, with the same
semanticsandthatthe translationof Sammustbe Sam againwith the samesemantics.
Whatwe mustdo now is producea targetstructure.The problemwe have is interestingly
like the problemwe have whenwe try to parsea sentencethenwe typically know what
thewordsare,andwhatorderthey arein, but notwhatthesentenceasawholemeanshere
we know whatthewordsare,andwhatthe sentencesawhole meangit is representetin
the words’), but not whatthe word ordershouldbe. One possibility is simply to usethe
targetgrammaro parseSam andmarcher in all possibleorders. To take a slightly more
interestingcase supposdhe sourcesentences (3):

(4) Samseed.ondon.

If the targetlanguagds French,the taigetgrammarwill be asledto parsethe stringsin
(4):
(5) a. *voitSamLondres.
b. 7?Londressoit Sam.
c. *SamLondresvoit.
d. Samvoit Londres.

Onecanexpectthetargetgrammairo reject(5a),and(5c). It would accept(5b), but only
with the meaninghatis differentfrom thatof the sourcesentencewhich we have carried
overin theconstraintdinking seeto voir. Thisleavesonly the correctsolution(5d).

10.2.2 Knowledge-Based M T

Thetermknowledg-basedMT hascometo describea rule-basedsystemdisplayingex-
tensve semanticandpragmaticknowledgeof a domain,including anability to reasonto
somelimited extent,aboutconceptsn the domain(the componentsinstallationandoper
ationof a particularbrandof laserprintercould constitutea domain).We notedthe appeal
of suchanapproachasaway of solvingsomebasicMT problemsin earlierchaptersEs-
sentially the premiseis thathigh quality translatiorrequiresn-depthunderstandingf the
text, andthe developmentof the domainmodelwould seemto be necessaryo that sort
of deepunderstandingOneof theimportantconsiderationsriving thiswork is anappre-
ciationthat post-editingis time-consumingandvery expensve, andthereforethat efforts
madeto producehigh quality outputwill pay off in thelong run. Sincethis maywell turn
out to be of greatultility, in this sectionwe concentrateon an approachwhich attempts
somedegreeof text understandingn the basisof detaileddomainknowledge,developed
atthe Centerfor MachineTranslationat Carngjie Mellon Universityin Pittshurgh.
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Subclasses personal-computanini mainframesuper

is-a independentlevice

has-as-part softwarecomputerkeyboardinput-device disk-drive
output-deice CD-Romcardcomputerhardware-carccpu
memory-&pansion-caranonitor printer systemunit

max-users (<>1200)

make PlusAT XT 750780

token “The basiclBM PersonalComputerconsistsof a system
unit andkeyboard”

Part-of airport-check-in-fadity security-check-déace

operational yesno

manufctured-by intentional-agent

configuration minimal regularextra

theme-of device-eventspatial-eent

Table10.1 ExampleFramefor theconceptconput er

To give someideaof whatis at stale here,the prototypesystemsievelopedfor English
+ Japanesdranslationduring the late 1980sat CMU, dealingwith the translationof
instructionmanualdor personatomputersgontainedhe following components:

anontologyof concepts

analysidexicaandgrammardor EnglishandJapanese

generatioriexicaandgrammardor EnglishandJapanese

mappingrulesbetweerthe InterlinguaandEnglish/Japanessy/ntax

For a small vocalulary (around900 words), some1500 conceptsvere definedin detail.
Theontologydealtsolelywith theinteractionbetweemersonatomputersandtheir users.
Nounsin theinterlinguacorrespondo ‘object conceptsin the ontology which alsocon-
tains‘eventconcepts’ suchasthe eventr enove, correspondindo the Englishverbre-
moveandthe Japaneseerbtorinozoku(by no meansareall mappinggrom theinterlingua
into naturallanguageas straightforvard as this, for example,the conceptt o- pr ess-
but t on mustbe divided into sub&entscorrespondingo pressing,holding down and
releasingthe button). Conceptsarerepresentedn a form of frame representatioman-
guage familiar from work in Artificial IntelligenceandNaturalLanguageProcessingin
which frames(providing anintrinsic characterisatiof conceptsyrelinkedin a hierar
chicalnetwork. To give anideaof theamountof detailedknowledgeaboutconceptghat
onemight wantto encode,Table 10.1 givesby way of examplea framefor the concept
conput er .

Knowledge-based/T is still pursuedtoday at CMU in the KANT system,but is much
moremodestin termsof its goalsfor domainknowledge,which is limited to thatwhich
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is necessaryor stylistically adequateaccuratetranslation,as opposedto deeptextual
understandingThusthe domainmodelsimply representsil the conceptgelevantin the
domain,but doesnot supportary furtherreasoningor inferenceaboutthe conceptsn the
domain,otherthanthatwhichis directlyencodede.g. hierarchicainformationsuchasthe
factthatpersonatomputersandmainframesaretypesof computer). The essentiatole of
thedomainmodelis to supportfull disambiguatiorof thetext. An importantpartof thisis
specifying,for every eventconceptn the domain,whatrestrictionst placeson theobject
conceptsvhich constituteits agumentge.g. only living thingscandie, only humanscan
think, in aliteral sense)pr thefillers’ of ‘slots’ in its (frame-basedepresentation.

Onceyou startaddingdetailedknowledgein the pursuitof high quality translatiorthrough
text understandingt is temptingto addmoreandmoresourceof knowledge. It is quite
clearthatanaphoraesolutionandthe resolutionof otherreferentialambiguitiesrequires
referenceo alevel of structureabove sententiabyntaxandsemanticgseee.g. the exam-
plesin Chapte6). Likewise,for stylistic reasonsto increasehe cohesvenesof thetext,
onemightneedto keepsomeworkingrepresentationf theparagraptstructure Achieving
areally highquality translationgspeciallywith somesortsof text, mightrequiretreatment
of metaphormetorymy, indirectspeectacts,spealkr/heareattitudesandsoon. Overthe
lastfew yearsavariety of groupsin differentpartsof theworld have begunexperimenting
with prototypesntendedo work with explicit knowledgeor rule componentsiealingwith
awide variety of differenttypesof information.All of theseapproachesanbeviewedas
examples of oneform or anotheyof knowledge-baseT.

10.2.3 Feasbility of General Purpose Rule-Based MT Systems

The approacheso MT thatwe have discussedofar in this chaptercanbe distinguished
from eachothermainly in termsof thevariousknowledgesourcesvhich areusedin trans-
lation. They areall straightforvard rule-basedapproachesasmostwork in MT hasbeen
until the lastfew years.Howeverit is widely recognisedhatthereareseriouschallenges
in building a robust, generalpurpose high quality rule-basedMT system giventhe cur
rent stateof linguistic knowledge. As we shall see,theseproblemsand the increasing
availability of raw materialsin theform of on-line dictionaries termbanksandcorpusre-
sourcedave ledto anumberof new developmentsn recentyearswhich rely onempirical
methodof varioussorts,seekingo minimizeor atleastmake moretractablehelinguistic
knowledgeengineeringproblem.

Oneof the mostseriousproblems,and probablythe mostseriousproblem,for linguistic
knowledgeMT is the developmentof appropriatdarge-scalegrammaticabndlexical re-
sourcesTherearereallyanumberof closelyrelatedproblemshere.Thefirstis simply the
scaleof theundertakingjn termsof numbersof linguistic rulesandlexical entriesneeded
for fully automatic high quality MT for generalpurposeandspecialisedanguageusage.
Evenassuminghatour currentstateof linguistic knowledgeis sophisticatea&tnough the
effort involved is avesome|f all suchinformation mustbe manuallycoded. It is gen-
erally acceptedthen, that techniqguesnust be adoptedwhich favour the introductionof
semi-automati@andautomaticacquisitionof linguistic knowledge.

182



10.2 RULE-BASEDMT 183

Thesecond:oncernghedifficultiesof manipulatingandmanaginguchknowledgewithin
a working system. The experienceof linguistsdevelopinga wide variety of naturallan-
guageprocessingystemsshaws that it is all too easyto addad hoc, specially crafted
rulesto dealwith problemcaseswith theresultthatthe systemsoonbecomedlifficult to
understandupgradeand maintain. In the worst case the additionof a new rule to bring
aboutsomeintendedmprovement may causeheentireedificeto toppleandperformance
to degrade.To a certainextent, thesefamiliar problemscanbe avoidedby adoptingup to
dateformalisms,andrestrictingthe useof specialdevicesasmuchaspossible.lt is also
very importantto do everything possibleto ensurethat differentgrammarwriters adopt
essentiallythe sameor consistentpproacheanddocumenteverythingthey doin detail.

Thethird issueis oneof quality andconcernghelevel of linguistic detailrequiredto make
thevariousdiscriminationswhich arenecessaryo ensurehigh quality output,at leastfor
generaltexts. This problemshaowns up in a numberof differentareas,most notablyin
discriminatingbetweendifferentsense®f a word, but alsoin relatingpronounsto their
antecedents.

Someconsidethatthisthird aspects soseriousasto effectively underminehe possibility
of building large scalerobustgeneralpurposeMT systemswith areasonabhhigh quality
output,amguingthatgiventhe currentstateof our understandingf (especially)senselif-
ferencesye areatthelimits of whatis possiblefor thetime beingin termsof the explicit
encodingof linguistic distinctions.An extremelyradicalapproactio this problemis to try
to doaway with explicitly formulatedinguistic knowledgecompletely This extremeform
of the‘empirical’ approacho MT is foundin thework carriedoutby anMT groupat|BM

Yorktown Heightsandwill bediscussedn thesectionbelow on StatisticalApproaches.

Oneinterestingdevelopmentis now evident which recevesits impetusfrom the appre-
ciation of the difficulty and costlinessof linguistic knowledge engineering. This is the
growth of researchnto the reusabilityof resourcegfrom applicationto applicationand
from projectto project)andthe eventualdevelopmenif standard$or commonresources.
Oneof thereasonsvhy thisis happeningiow is thatthereis undoubtedlya setof coretech-
niquesandapproachewhich arewidely known andacceptedvithin theNaturalLanguage
Processingesearclttommunity In this sensea partialconsensus emeging onthetreat-
mentof someinguisticphenomenaA secondmportantmotivationis agrowing apprecia-
tion of thefactthatsharingtools, techniguesindthegrammaticahndlexical resourcese-
tween projects, for the
areasvherethereis a consensusllows oneto directresearchmoreappropriatelyatthose
issuesvhich posechallenges.

As well asthevariousdifficultiesin developinglinguistic resourcesthereareotherissues
which mustbeaddresseih thedevelopmeniof aworking MT system.If asystenis to be
usedonfreetext, thenit mustberobust. Thatis, it musthave mechanism$or dealingwith

unknovn words and ill-formed output (simply answering'no’ and refusingto proceed
would not be cooperatie behaiour). In a similar way, it musthave a way of dealing
with unresoled ambiguities thatis, casesn which the grammarrules,in the light of all

availableinformation,still permita numberof differentanalysesThisis likely to happen
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in termsof bothlexical choice(for example,wheretherearea numberof alternatvesfor
agivenword in translation)andstructuralchoice. For example,takenin isolation(andin
all likelihood,evenin mary contets) thefollowing stringis ambiguousasshown:

(6) a. SamtoldKim thatJohaddiedlastweek.
b. Samtold Kim [that Johaddied] lastweek.
c. Samtold Kim [that Johaddiedlastweek].

Suchattachmenambiguitieswith adwerbial phrasegsuchaslastweel andprepositional
phraseqgon Tuesday occurquite frequentlyin alanguagdike Englishin which PPsand
ADVPstypically occuratthe endof phrasesin mary casesthey arestrictly structurally
ambiguoushut canbe disambiguatedh context by the hearerby usingreal-word knowl-
edge. For example,the following is ambiguoushut the hearerof sucha sentencevould
have enoughsharedknowledgewith the spealer to chosetheintendedinterpretation(and
perhapsvould notevenbe awareof the ambiguity):

(7) a. Joeboughtthebookthatl hadbeentrying to obtainfor Susan.
b. [Joebought[the bookthatl hadbeentrying to obtainfor Susan]].
c. [Joebought[the bookthatl hadbeentrying to obtain]for Susan].

Consideratiorof issuessuchastheseunderlieswork in integratingcoreMT engineswith
spellingcheclers,fail-saferoutinesfor whatto do whenaword in theinputis notin the
dictionary and adding preferencemechanismsvhich chosean analysisin casesof true
ambiguity, but an appreciatiorof the seriousnatureof theseissueshasalsoprovided an
motivation for the currentinterestin empirical, corpusor statistical-baseT, to which
we returnafterdiscussinghe questionof resourcesor MT.

10.3 Resourcesfor MT

As researcherbggin to considertheimplicationsof developingtheir systemsheyondthe
level of proof-of-conceptesearctprototypeswith very restrictedcoverage considerable
attentionis beingpaidto therolethatexistingbilingualandmonolingualkcorpusandlexical
resourceganplay. A corpusis essentiallyalarge collectionof texts, but for our purposes
weareinterestednly in suchtexts storedon computersn astandardormat(e.g.extended
ASCII). Suchtexts may often containstandardmarkup (e.g. in SGML) and for most
practicalpurpose®neneedsa setof corpusaccesdoolsfor retrieving dataat will.

Variousresearctcentreshroughoutthe world have beendevelopingmonolingualcorpus
resources$or mary years andtherehasbeena growing awarenesshroughouthe eighties
of theirimportanceto linguistic andlexicographicwork. A numberof siteshold substan-
tial corpusresourcegseveralmillions of words),anexamplebeingthe Unit for Computer
Researclon the EnglishLanguageatthe University of Lancastervhich currentlyholdsin

excessof 5 million wordsof corpusmaterial,of which 4M wordshave beentaggedwith

part-of-speectinformation. Suchcollectionsare a rich repositoryof informationabout
actuallanguageusage Efforts areundervay atdifferentcentrego (automaticallyor semi-
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automatically)annotatecorpusresourcesith varioustypesof linguistic information,in
additionto grammatical POS)tagging,prosodicannotation(indicatingfeaturesof stress
andannotation)syntactictagging(indicatingphrasalgroupsof words,i.e. parsingor par
tial (skeleton)parsing);semantidagginganddiscoursdevel tagging(indicatinganaphoric
andothersimilar links). To give someideaof scale the plannedBritish National Corpus
will containaround100M wordsof grammaticallytaggedcorpusmaterial,with standard
SGML markup. Thefollowing exampletext hasbeentaggedwith the CLAWS tagsetde-
velopedat UCREL, University of Lancaster— in casesvheremultiple tagsarepossible,
thetagchoserby the probabilistictaggeris shavn in squarebraclets,with thealternatves
following aftercommas.

Excerpt from a Tagged Corpus

Satellite[JJ], NN1 communicationdNN2 hae VHO beenVBN
used[VVN], VVD, JJ for[IF], CF RP almostRR two_MC
decadesNNT2 to_TO provide VVI intercontinentalJJ], NN1 traf-
fic_[NN1], VVO through][ll], RR JBthe AT INTELSAT_[NNJ], VVO,
NN1 ,, INTERSPUTNIK|[NN1], NNJ andCC INMARSAT [VV0],
NN1,NNJsystemsNN2 ... INTELSAT VVC, nowv_[RT], CSalsaRR
providesVVZ regionalJJ traffic [NN1], VV andCC leasegNNZ2],
VVZ transponder$vVZ], NN2 to_[ll], TO, RP severalDA2 coun-
triesNNL2 for_[IF], CF, RP domestic[JJ], NN1 use[NN1], VVO

Thesetags,which it mustbe stressedire assignedccompletelyautomaticallyand with a
highlevel of accurag, provide adetailedpartsof speectanalysisof thetext, distinguishing
betweensome40 differentsubcatgoriesof Noun (the tagsfor Nounsbegin with N for
Nounor P for pronoun)andsome30 differentsubcatgoriesof Verb,andsoon.

Overthelastfew yearstherehasbeenanincreasingawarenessf theimportanceof corpus
resourcesn MT research.Tools for extractinginformationautomaticallyfrom texts are
beingincreasinglyused,and new techniquesieveloped. At the simplestlevel, a mono-
lingual corpusis a crucial tool for the linguistin determininglanguageusagein a given
domain,anda bilingual corpusfor determiningthe factsof translation.In developingMT
systemshilingual texts arean extremelyimportantresource andthey are mostusefulif
organizedin sucha way thatthe usercanview translation‘chunks’ or ‘units’. In bitext
(or ‘multitext”) the text is alignedso that within eachbilingual (or multilingual) chunk
the texts aretranslationsof eachother The mostcommonform of alignmenttakesthe
sentenceo be the organizingunit for chunkingandtechniquexist for performingthis
alignmentof bitext automaticallywith a highlevel of accurag (96%or higher).Of course
alignmentdoesnot needto stop at the sentencdevel andit is possibleto apply simple
probability measure$o a sentencalignedbitext to extractautomaticallythe mostproba-
ble word pairalignmentsandgivensomeskeletonor phrasabparsingto attemptto extract
usefulinformationaboutphrasablignment.A caveatis of coursan order— thesuccesesf
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techniquesuchasprobabilisticword pairalignmentdepend®nthesizeandquality of the
corpusresourceand minimum sizeis probably2M wordsof cleantext. The availability
of bilingual or multilingual corpusresource®f adecentizeis currentlyalimiting factor
Despitethe fact that mary internationalinstitutionsand companieshave large bilingual
or multilingual resourcesn appropriateformats,they have beenslow to appreciatehe
valueof releasingheseto theresearcitommunity althoughthereareindicationsthatthis
situationis now changing(the CanadiarEnglish-FrenciHansardrecordof parliamentary
proceedingss anotableexception,seethe extracton pagel87).

Muchof theinterestin corpusresourcesndmachine-readabldictionariescomesotfrom
theirvalueasstaticknowledgebanks whichthegrammamvriter canconsultbut in thepos-
sibilities of usingtheinformationthey containdirectly in the MT system thusproviding
somesolutionto the knowledgeacquisitionproblemwe notedaborve. Oneway this canbe
achievedis by investigatingproceduregor automaticallyor semi-automaticallyderiving
linguisticrulesfor theMT systenfrom thevarioussource®f information.ldeascurrently
underinvestigationincludethe useof monolingualcorpusof sufiicient sizefor automatic
sensalisambiguationin context.? As afurtherexample,a partof speechaggedsentence
alignedbilingual text togethemwith someprobabilisticmodel,could be usedto automat-
ically provide equivalenttermsin the two languagesvhich could then be automatically
compiledinto therelevantformalismfor lexical entriesin anMT system.

A further resourcewhich is now beginning to be adequatelyexploited is the machine-
readabldictionary(cf. Chapters). Monolinguallexical entriescanbe constructedgsemi-
automaticallyfrom machine-readabldictionaries,and researchis undervay into semi-
automaticallyderving a bilingual lexicon from thesemonolinguallexica by statistical
comparisorof the lexical structuresassociatedavith variousword sensesAnotherpossi-
bility is thatof automaticallyderiving subcatgorizationandsemanticselectionalnforma-
tion for lexical entriesandgrammaticalulesfrom corpusresourcesindmachine-readable
dictionaries. In all of theseapplications,the knowledgebankscan be usedto easethe
formulationof large amountsof detailedlinguistic informationin arule-basedsystem.A
numberof otherapproachedp whichwe now turn, attempto usetheinformationimplicit
in bilingual corpora,dictionariesandthesaurimuchmoredirectly, asa componentn the
MT system.

10.4 Empirical ApproachestoMT

Giventhe questionghathave beenraisedaboutthefeasibility of ‘rule-based’approaches,
theincreasingavailability of large amountsof machinereadableextual materialhasbeen
seerby anumberof researclgroupsasopeningpossibilitiesfor ratherdifferentMT archi-
tectures— in particular so called‘empirical’ architecturesvhich apply relatively ‘low-
level’ statisticalor patternmatchingtechnique®itherdirectly to texts, or to textsthathave
beensubjectto only rathersuperficialanalysis. The reasoningoehindthe term empirical
is thatin suchapproachesyhatever linguistic knowledgethe systemusesis derived em-

2This may usethe measureof Mutual Information, taking into account(roughly) the amountof mutual
contet elementshare
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Extract from Bilingual Hansard

French

Score24 Quela Chambreblamele gouvernemenpour soninactiondansles
dossiergde la granderégionde Montréal, comprenant’ Agencespatiale,le

déwveloppementu Vieux-Port,I’ aménagementlu Port, le projet Soligaz,les
chantieramaritimes, la relanceéconomiqualel’ estde Montréal,ainsiquela

détériorationdel’ @conomiedu sud-ouestiela région.

Score52 Monsieur le Président,je pensequ’ il estimportantde rappeler
pourquoi aujourd’hui, nous, du parti libéral, déposonsune telle motion de
blameal' endroitde ce gouvernementaprmestrois anset demi de pouwoir,

concernantes dossiersde Montréal, principal centredu Québecet aussidu

Canadayn desprincipauxcentres.

Score8 Pourquoil y atantdedossiergpourqu’ aujourd’huionenarriveaune
motiondeblameal’ endroitdu gouvernement?

Score86 Il esttoutsimplemenimportantdeserappelerqu’ apreslesélections
de 1984, et suite a de multiple promessegaites par ce gouwernementa
la populationmontiéalaise,aux autoris municipales,aux gensde tout le

Québecdes1985,malgreunerepresentatiomle 56 ou 57 depués,huit depues
conserateurssur I' Tle de Montréal, le milieu des affairescommencea se
plaindre.

English

Score24 That this Housecondemnghe governmentfor its failure to actin
mattersof interestto the region of GreaterMontreal, including the space
ageng, the developmentof the Vieux-Port,the planningand developmentof
MontrealHarbour the Soligazproject,theshipyardsandtheeconomiaenaval
of EastMontreal aswell asthe economicdeteriorationof the southwestern
partof theregion.

Score52 He said: Mr. Spealer, | think it is importantto recallwhy today we
in the Liberal Party move this motionto condemra Governmenthathasbeen
in power for threeandhalf years,a motionthatconcerngmattersof interestto
Montreal,themainurbancentreof Quebeandoneof themajorurbancentres
in this country

Score8 Why hasthe numberof issuesoutstandingncreasedo the point that
today we movedamotioncondemninghe Government?

Score86 We must rememberthat after the electionin 1984, following the
mary promisesmade by this Governmentto the people of Montreal, the
municipal authoritiesand Quebecersisa whole, thatin 1985, despitestrong
representatiorconsistingof fifty-six or fifty-seven Members,including eight
Consenrative Memberson Montreallsland,the businesscommunitystartedto
complain.
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pirically, by examinationof realtexts, ratherthanbeingreasoneaut by linguists. We will
look attwo suchapproacheshesocalled‘example’or ‘analogy’ basedapproachandthe
‘statistical’ approach.

10.4.1 Example-Based Tranglation

Throughoutmost of this book, we have assumeda model of the translationmachine
which involves explicit mappingrules of varioussorts. In the ‘translationby analogy’,
or ‘example-basedapproachsuchmappingrulesaredispensedvith in favour of a pro-

cedurewhich involvesmatchingagainststoredexampletranslations.The basicideais to

collecta bilingual corpusof translationpairsandthenusea bestmatchalgorithmto find

the closestexampleto the sourcephrasein question. This givesa translationtemplate,
which canthenbefilled in by word-forword translation.

Thisideais sometimeghoughtto bereminiscenbf how humantranslatorgproceedvhen
using a bilingual dictionary: looking at the examplesgiven to find the sourcelanguage
examplethatbestapproximatesvhatthey aretrying to translateandconstructinga trans-
lation on the basisof thetargetlanguagesxamplethatis given. For example,the bilingual
dictionaryentryfor printer which we discussedn Chapters gave thefollowing asexam-
ples.

(8) a. ~'serror fautef d'impressiongcoquillef;
b. ~’sreader correcteum, -tricef (d'épreues).

Given a sentencdik e (8) to translate,a humantranslatorwould certainly choosefaute
d’'impressionor coquille asthe translation,on the basisthata mistale is muchmorelike
anerrorthanit is like areader

(9) Thisseemdo be‘ aprinter’s mistale|.

The distancecalculation,to find the bestmatchfor the sourcephrase caninvolve calcu-
lating the closenessf itemsin a hierarchyof termsandconceptsprovidedby athesaurus.
To give aflavour of theidea,andthe sort of problemit addresses;onsiderthe problem
of translatingJapanesphrase®f theform A no B (nois a particleindicatingtherelation
betweenA andB) into English. Amongtheformsto chooserom areAB, A'sB, B of A, B
onA, Bin A andB for A, cf Table10.2which givesEnglishparaphrasesf examplesin-
volving no, togethemwith the correcttranslationdor thesedifferentpatterns.The problem
is certainlynotanesotericone,sincethe expressioris claimedto occurin around50% of
Japanesesentences.

For agiveninput, the systemwill thencalculatehow closeit is to variousstoredexample
translationsbasedon the distanceof the input from the examplein termsof the thesaurus
hierarchy(thisinvolvesfinding the ‘Most SpecificCommonAbstraction’for theinputand
the alternatve translations— i.e. ‘closest’ conceptin the thesaurusierarchy)and how
‘lik ely’ the varioustranslationsare on the basisof frequeng ratingsfor elementsn the
databasef examples. (Notice this meanswe assumethat the databasef examplesis
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B of A 8thnoafternoon the afternoonof the 8th

B for A conferencenoapplicationfee theapplicationfeefor the conference
Bin A Kyotonoconference the conferencen Kyoto

A'sB aweekno holiday aweeks holiday

AB hotelnoresenration thehotelresenation

AB threeno hotel threehotels

Table 10.2 Alternative Translationgor theParticleno

representate of thetexts we intendto translate.)

The following is an extensionto this basicidea: pairs of equivalent sourceand target
languagexpressioraregiven,alongwith exampletranslationswrittenin parenthesesind
interpretedasstating‘conditions’ underwhich the givenequivalenceholds. For example,
therule for the Japanesword sodira (‘this’, or ‘this person'— i.e. the addressegjou),

given below, indicatesthat sodira translatesas this when the example involves desy

(translatingasbe), andasyou, whentheinput involvessomethingdik e okuru (translating
assend. In translatinganinputlik e sodira ni tsutaery the Englishpronounyouwould be
selectedasthetranslationof sodira, becausasutaeru(corvey) is closestto okuru(send)
in thethesaurus.

sochira

_)

this (( desu {be}),...)
you (( okuru {send}),...)
this (( mru {see}),...)

Thisrule usesonly informationaboutthe surroundingstring, but onecouldimagineother
sortsof example whereinformationis givenin termsof patternf strings,or of grammati-
cal information. An example involving  string  patterns is
given belaw, which would be involved in translatingexamplesinvolving the expression
o-nggaishimasuwalongthe lines of (9) (o-negaishimasu‘please’)is a generalexpression
indicatingthatarequests beingmade or afavourrequestedp indicateghatthepreceding
nounphrasds anOBJECT).

(10) a. jinjika o o-negaishimasu.
personnekectionOBJplease
May | speakto the personnetection?

b. daimeio o-negaishimasu.

titte OBJplease
Pleasgyive methetitle.
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To dealwith this, ruleslik e the following useinformationaboutsurroundingstring pat-
terns

X 0 0-negai shi masu

_>

May | speak to X ((jinukyoku {office}),...)
Pl ease give ne X ((bangou {nunber}),...)

It shouldbeevidentthatthefeasibility of theapproactdependsrucially onthecollection
of gooddata.However, oneof the advantage®f the approactis thatthe quality of trans-
lation will improve incrementallyas the example set becomeanore complete,without
the needto updateandimprove detailedgrammaticabndlexical descriptions Moreover,
the approachcanbe (in principle) very efficient, sincein the bestcasethereis no com-
plex rule applicationto perform— all onehasto do is find the appropriatesxampleand
(sometimes)kalculatedistances.However, thereare somecomplications. For example,
oneproblemariseswhenonehasa numberof differentexampleseachof which matches
partof the string, but wherethe partsthey matchoverlap,and/ordo not cover the whole
string. In suchcasesgalculatingthe bestmatchcaninvolve consideringa large numberof
possibilities.

A pureexample-basedpproactwould useno grammarrulesatall, only examplephrases.
However, one could alsoimaginea role for somenormallinguistic analysis,producing
a standardinguistic representation.If, insteadof beinggivenin simple ‘string’ form,
exampleswerestatedin termsof suchrepresentation§.e. givenasfragmentsof linguis-
tic representations)pne would expectto be ableto dealwith mary more variationsin
sentencepattern,and allow for a certainamountof restructuringin generation.In this
way, onewould have somethingthat looked morelike a standard_K architecture.The
chief differencewould be in the level of specificityof the rules. In particular wherein a
traditionaltransfersystemthe rules are statedin asgenerala form as possible,to cover
entireclasse®f casewhatonewould have hereis a systemwheretherulesarestatedin
highly particularforms (eachonefor essentiallyone case),but thereis a generalproce-
durefor estimatingfor eachcasewhichruleis mostappropriatdi.e. by estimatingwvhich
exampleis closest).Of course whatthis suggestss thatthereis no radicalincompatibil-
ity betweenexample-basedandrule-basedhpproachessothatthe real challengelies in
finding the bestcombinationof techniqguegrom each.Here oneobvious possibilityis to
usetraditionalrule-basedransferasa fall back,to be usedonly if thereis no complete
example-basetranslation.

10.4.2 Statistical MT

Over the last few yearstherehasbeena growing interestin the researchcommunityin
statisticalapproacheo NaturalLanguageProcessingWith respecto MT, theterm‘sta-
tistical approachestanbe understoodn a narrav senseo referto approachesvhich try
to do away with explicitly formulatinglinguistic knowledge,or in abroadsensdo denote
theapplicationof statisticallyor probablisticallypbasedechniquedo partsof the MT task
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(e.g.asaword sensadisambiguatiorcomponent) We will give a flavour of this work by
describinga purestatistical-basedpproacho MT.

The approachcan be thoughtof astrying to apply to MT techniqueswvhich have been
highly successfuin SpeechRecognition,and though the details require a reasonable
amountof statisticalsophisticationthe basicideacanbe graspedjuite simply. The two
key notionsinvolvedarethoseof thelanguage model andthetrandation model. Thelan-
guagemodelprovidesuswith probabilitiesfor stringsof words(in factsentences)hich
we candenoteby Pr(S) (for asourcesentence) andPr(T) (for ary giventametsentence
T). Intuitively, Pr(S) is the probability of a string of sourcewordsS occurring,andlike-
wise for Px(T). The translationmodelalso providesus with probabilities— Pr(T|S) is
the conditionalprobability thata tamet sentenc& will occurin atargettext which trans-
latesatext containingthe sourcesentences. The productof this andthe probability of S
itself, thatis Pr(S) x Pr(T|S) givesthethe probability of source-tagetpairsof sentences
occurring,writtenPr(S, T).

Onetask,then,is to find outthe probability of a sourcestring (or sentencedpccurring(i.e.
Pr(8)). This canbe decomposeihto the probability of the first word, multiplied by the
conditionalprobabilitiesof the succeedingvords,asfollows.

Pr(s1) x Pr(s2|s1) x Pr(s3|s1,s2), etc...

Intuitively, theconditionalprobabilityPr (s2|s1) is theprobabilitythats2will occur given
thatsl hasoccurred;for example,the probability thatam andare occurin a text might
beapproximateljthe same put the probability of amoccurringafter| is quite high, while
thatof are is muchlower). To keepthingswithin manageablémits, it iscommonpractice
to take into accountonly the precedingoneor two wordsin calculatingtheseconditional
probabilities(theseare known respectiely as‘bigram’ and‘trigram’ models). In order
to calculatethesesourcelanguageprobabilities (producingthe sourcelanguagemodel
by estimatingthe parameters)a large amountof monolingualdatais required,since of
coursethevalidity, usefulnes®r accurag of themodelwill dependmnainly onthe sizeof
thecorpus.

Thesecondaskrequiringlarge amountsof datais specifyingthe parametersf thetrans-
lation model, which requiresa large bilingual alignedcorpus. As we obsenred above,
thereareratherfew suchresourceshowever, the researctgroupat IBM which hasbeen
mainly responsibldor developingthis approacthadaccesgo threemillion sentenceairs
from the CanadianFrench-EnglishHansard— the official recordof proceedingsn the
CanadianParliament(cf. the extract given above), from which they have developeda
(sentence-alignedcorpuswhereeachsourcesentencés pairedwith its translationin the
talgetlanguageascanbeseenon pagel92.

It is worth notingin passingthat the usefulnes®of corpusresourcesiependsrery much
onthe statein which they areavailableto the researcherCorpusclean-upandespecially
the correctionof errorsis a time-consumingand expensve business,and somewould
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arguethatit detractdrom the ‘purity’ of the data. But the extractgiven hereillustratesa
potentialsourceof problemsf acorpusis notcleanedupin someways— the penultimate
Frenchsentenceontainsafalsestart,followedby ..., while the Englishtext (presumably
producedby ahumantranslatorcontaingustacompletesentenceThis sortof divergence
couldin principle effect the statisticsfor word-level alignment.

In orderto get someideaof how the translationmodelworks, it is usefulto introduce
somefurther notions. In a word-alignedsentence-paiit is indicatedwhich tagetwords
correspondo eachsourceword. An exampleof this (which takes Frenchasthe source
language)s givenin the secondextract.

A Sentence-Aligned Corpus

Often,in thetextile industry businesseslosetheir plantin Montrealto
move to the EasternTownships.

Dansle domainedu textile souwent, dansMontréal, on fermeet on va
s’ installerdansles Cantongdel’ Est.

Thereis no legislationto preventthemfrom doing so, for it is a matter
of internaleconomy
Il n" y aaucundoi pourempechercela,c’ estdela régieinterne.

But then,in the caseof the Gulf refineryit is different: first of all, the
FederalGovernmentasked Petro-Canad#o buy everything, exceptin
Quebec.

Mais |a, la differenceentrela Gulf... ¢’ estdifféerentparcequela vente
delaraffinerieGulf: prem&rementje gouvernementédéralademané
a Petro-Canaddetout achetersaufle Québec.

Thatis serious.
C’estgrave.

Word Aligned Corpus

TheFederalGovernmentasled Petro-Canad#o buy everything.
Le(1) gouvernement(3)feceral(2) a demané(4) a Petro-Canada(b)
de(6)tout(8)acheter(7).

Thenumbersfterthesourcewordsindicatethe stringpositionof thecorrespondingamget
word or words. If thereis no target correspondencehenno braclettednumbersappear
after the sourceword (e.g. ain a demané). If morethanoneword in the tamget corre-
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spondsthenthisis alsoindicated.Thefertility of a sourceword is the numberof words
correspondingdo it in thetargetstring. For example,thefertility of askedwith Englishas
sourcelanguagss 2, sinceit alignswith a demané. A third notionis thatof distortion
which refersto the fact that sourcewords and their target correspondenceso not nec-
essarilyappealtin the samestring position(compareout acheterandbuy everything for
example).

The parametersvhich mustbe calculatedrom the bilingual sentencalignedcorpusare
then(i) thefertility probabilitiesfor eachsourceword (i.e. thelikelihoodof it translating
asone,two, three,etc, wordsrespectiely), (ii) the word-pairor translationpossibilities
for eachword in eachlanguageand(iii) the setof distortionprobabilitiesfor eachsource
andtargetposition. With this information(which is extractedautomaticallyfrom the cor-

pus),the translationmodel can, for a given S, calculatePr(T|S) (thatis, the probability
of T, givenS). This is the essencef the approacho statistically-basedT, althoughthe
proceduras itself slightly more complicatedn involving searchthroughpossiblesource
languagesentencesor the onewhich maximisesPr(S) x Pr(T|S), translationbeinges-
sentiallyviewed asthe problemof finding the S thatis mostprobablegivenT — i.e. one
wantsto maximisePr(S|T). Giventhat

pr(s|T) = PHERETS)

thenonejust needgo chooseS thatmaximizesthe productof Pr(S) andPr(T|S).

It shouldbeclearthatin anapproactsuchasthisthereis norolewhatsogerfor theexplicit
encodingof linguistic information,andthusthe knowledgeacquisitionproblemis solved.
Ontheotherhand,the generalapplicability of the methodmight be doubted sinceaswe
obsered above, it is heavily dependenbn the availability of good quality bilingual or
multilingual datain very large proportions somethingwhichis currentlylacking for most
languages.

Resultsto datein termsof accurag have not beenoverly impressie, with a 39% rate of
correcttranslatiorreportedon asetof 100shorttestsentencesA defectof thisapproachs
thatmorphologicallyrelatedwordsaretreatedascompletelyseparatérom eachother so
that,for example distributionalinformationaboutseesannotcontributeto thecalculation
of parameterfor seeandsaw etc. In anattemptto remedythis defect,researcherat IBM
have startedto addlow level grammaticainformationpiecemeato their systemmoving
in essenceéowardsan analysis-transfesynthesis modelof statistically-basedranslation.
Theinformationin questiorincludesmorphologicainformation,theneutralisatiorof case
distinctions(upperandlower case)andminor transformationso input sentenceg¢suchas
themovementof adwerbs)to createa morecanonicaform. Thecurrentlyreportedsuccess
ratewith 100testsentenceis aquiterespectabl€0%. A majorcriticism of thismoveis of
coursepreciselythatlinguistic informationis beingaddedpiecemealwithout a real view
of its appropriag or completenessandtheremustbe seriousdoubtsabouthow far the
approactcanbe extendedwithout furtheradditionsof explicit linguistic knowvledge,i.e. a
moresystematicotionof grammar Puttingthe mattermorepositively, it seemslearthat
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thereis a usefulrole for informationaboutprobabilities. However, the poor successate
for the'pure’ approactwithoutary linguistic knowledge(lessthan40%) suggestshatthe
realquestionis how onecanbestcombinestatisticalandrule-basedpproaches.

10.5 Summary

We have tried in this chaptertto give a brief overvien of someof theissuesandtechniques
which are being actively researchedodayin MT. Of course,thereis not enoughroom
in one chapterto do justice to the field, and we have of necessityomitted much work
thatis of interest. In particular we have restrictedour discussiorto MT itself andhave
saidnothingat all aboutrecentwork in the developmentof translatorsaids, multilingual
authoringpackagesand terminologicalsystemsof varioussorts. Nonethelessve have
identifiedthreeimportanttrendsin currentresearchin MT. Thefirst is the exploitation of
currenttechniquedrom computationalinguisticsto permita multidimensionalview of
the translationakelation betweentwo texts. The secondn the increasingorientationof
the researclcommunitytowardsthe useof existing resource®f varioussorts,eitherto
extractusefulinformationor directly ascomponentsn systems.Thethird, related trend
is towardsstatisticalor empiricalmodelsof translation. Thoughwe have dweltin some
detailin this shortsurey on ‘pure’ statisticalandsimplepatternmatchingmethodsin fact
muchrecentwork advocatesa mixture of techniquesfor examplewith statisticaimethods
supplementingule-basednethodsn variousways.

10.6 Further Reading

Our discussiorof flexible translationbetweenSwedishand Norwegian is basedon un-

publishedwork by Dyvik (1992). The standardreference®n sign-basedipproacheso

linguistic representatioare Pollardand Sag(1987,1993). Theview of constraintbased
translationthatwe describes looselymodelledon thatusedin ‘Shake andBake’ White-

lock (1992);Bearen (1992). See Kaplanetal. (1989), Sadler(1991)and Sadler(1993)

for a slightly differentapproach.Generaldiscussiorof how multi-dimensionarepresen-
tationscanbe usedin MT canbefoundin SadlerandArnold (1993).

On knowledge-basedIT seeGoodmanandNirenlurg (1991), andthe specialissueof
thejournalMachine Translation Goodman(1989).

On the processingof corpora,and their usein linguistics generally see Garsideet al.
(1987),andAijmer andAltenbeg (1991).

Theideaof example-baseMT wasfirst discussedh apaperby NagaoNagao(1984). For
areview of morerecentwork alongtheselines,seeSomerg1992).

Thepurestatisticalapproactio MT is basednthework of ateamatIBM, seefor example
Brown et al. (1990). As regardsaligned, bilingual corpora,the most commonform of
alignmenttakes the sentenceo be the organizingunit for chunking, seeBrown et al.
(1991)andGaleandChurch(1991b) for relevantdiscussion On automaticextractionof
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word correspondenceacrosshitext, seeGaleandChurch(1991a). Techniquesnvolving
the useof corpusresourcedor automaticsensedisambiguatiorhave alsobeenexplored
within the DLT project,seeSadler(1989).

Thetranslatiorof no, whichwasdescribedaroundpagel88above, is discussedy Sumita
etal. (1990). Thediscussiorof o-negaishimastis from Furuseandlida (1992b), seealso
Furuseandlida (1992a),andSumitaandlida (1991).

The framefor conput er on pagel81above is taken from (Goodmanand Nirenkurg,
1991,page25).

For upto datereportsonresearctin thefield of MT, thereareseveraljournals,andseveral

majorinternationalconferencesThe specialistlournalis Machine Translation editedby

Segei Nirenkurg, from Carngyie Mellon Universityin Pittskurg, USA, andpublishedby

Kluwer AcademicPublishersHowever, thejournal Computationalinguistics published
by theMIT Presdor the Associatiorfor ComputationaLinguistics(ACL), alsopublishes
researctwhichis directly aboutMT.

Thespecialistonferencdor researctonMT is calledTMI — for ‘TheoreticalandMethod-
ological Issues(in Machine Translation)’. This has beenheld every two yearssince
1986, and proceedingsare published(TMI1, TMI2TMI3,TMI4). Many of the papersin
the last of thesearedirectly or indirectly aboutthe issueof ‘rationalist’ (i.e. rule-based)
vs. empiricalapproacheso MT. The proceeding®f the main ComputationalLinguistics
conferencesnamely (COLING), the conference®f the Associationfor Computational
Linguistics (ACL) andthe conference®f the EuropeanChaptersof the ACL, alsocon-
tain a high percentagef papersaboutMT. ACL conferencesre held annuallyin the
USA (for example,ACL28; ACL29; ACL30). The EACL conferencesre held bienni-
ally, EACL1; EACL2; EACL3; EACL4; EACLS5, asis COLING: Coling 84 Coling84
washeldin Stanford,California, COLING 86 Coling86in Bonn, Coling 88 Coling88in
BudapestColing 90 Coling90in Helsinki, andColing 92 Coling92washeldin Nantes.
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Chapter 2

Machine Trandation in Practice

2.1 Introduction

At the time of writing, the useof MT — or indeed,ary sort of computerisedool for
translationsupport— is completelyunknown to the vastmajority of individualsandor-
ganizationgn the world, eventhoseinvolved in the so called‘languageindustries’,like
translatorsterminologiststechnicalwriters, etc.

Giventhis, one of thefirst thingsa readeris likely to wantto know aboutMT is whatit
might be like to work with anMT systemandhow it fits in with the day-to-daybusiness
of translation.The purposeof the presenthapteiis to provide just suchinformation— a
view of MT attheuserlevel, andfrom the outside.In later chapterave shallin effectlift
off thecoversof anMT systemandtake alook at whatgoeson inside. For the moment,
however, the centralcomponent®f anMT systemaretreatedasa black box.

We introducethe businessof MT in termsof a scenariodescribingthe usageof MT in-

sideafairly large multinationalcorporation.The scenarids not basedsxactly onany one
existing corporation. Our descriptionis somevhat idealisedin that we assumemethods
of working which areonly just startingto comeinto use. However, thereis nothingidly

futuristic in our description:it is basedon a consensusiew of commercialMT experts
andervisagegools which we know to be eitheralreadyavailableor in anadwancedstate
of developmentin Europeor elsavhere. The commercialisatiorof MT is not awaiting a

‘miracle breakthroughin the scienceof MT; it is not necessarynor do we expectit to

occur Whatwill happenover the next ten yearsare progressie improvementsin func-

tionality andperformancevhich, takenin conjunctionwith the continuouslyfalling costs
of basiccomputingpower, will ensureghatMT becomesnoreandmorecosteffective. In

short,we have no doubtthatin generaloutline,if notin every detail, we aresketchingthe
professionalife of the machinetranslatorin the 90s,andof mosttranslatorsn the early
partof the next century

17



18 MACHINE TRANSLATION IN PRACTICE

2.2 TheScenario

Let us supposdhatyou area native Englishspealer engagedisa professionalGerman-
English translatorin the LanguageCentrefor a multinationalmanufcturingcompary.
Oneof the productsthis compary suppliesis computerproducts.In this organizationthe
LanguageCentreis principally responsibldor thetranslationof documentgreatedvithin
the compan into a variety of EuropearandOrientallanguagesThe LanguageCentreis
alsochagedwith exercisingcontrol over the contentand presentatiorof compary docu-
mentationin general.To this end,it attemptgo specifystandardgor thefinal appearance
of documentsn distributed form, including style, terminology and contentin general.
The overall policy is enshrinedn the form of a corporateDocumenDesignand Content
Guidewhichthe Centreperiodicallyupdatesandrevises.

Thematerialfor which MT is to beusedconsistof technicaldocumentatiosuchasUser
andRepairmanualsfor softwareandhardware productsmanugcturedor sourcedby the
compary. Someclassef highly routineinternalbusinesscorrespondencarealsosub-
mittedfor MT. Legalandmarketingmaterial,andmuchexternalbusinesgorrespondence,
is normallytranslatedby hand,althoughsometranslatorsn the organizationpreferto use
MT hereaswell.

All materialfor translationis availablein electronicform on a computemetwork which

supportghe compary’s documentatiosystem.Althoughmostdocumentswill beprinted

out at somepoint asstandardoaperUserManualsandso forth, the systemalsosupports
the preparationof multi-mediahypertext documents.Theseare documentswhich exist

primarily in electronicform with asophisticate@ross-referencgystemgthey containboth

text and pictures(and perhapsspeechand other sounds). Thesedocumentsare usually
distributed to their final usersas CD-ROMs, althoughthey can be distributedin other
electronicforms, including electronicmail. Printedversionsof thesedocumentsanalso
bemade.

Everyonein thelanguagelepartmenhasa workstation— anindividual computer These
arelinkedtogetheiby thenetwork. Thedocumentatiosystenmwhichrunsonthis network
allows usersto createandmodify documentdy typingin text; in otherwords,it provides
very sophisticatedvord processingfacilities. It also provides sophisticatedneansfor
storing and retrieving electronicdocumentsand for passingthem aroundthe network
insidethe compalry or via external networks to externalorganizations.As is usualwith
currentcomputersystemsgverythingis donewith the help of a friendly interfacebased
onwindows, iconsandmenus selectiondbeingmadewith a mouse.

TheMT systemwhich you useis calledETRANS andforms partof the overalldocumen-
tation system.(ETRANS s just a namewe have inventedfor a prototypicalMT system.)
Partsof anelectronicdocumenin the systemcanbe sentto the MT systemin the same
way that they canbe sentto a printer or to anotherdevice or facility on the network.
ETRANSIs simultaneoushavailablefrom ary workstationand,for eachpersonusingit,
behaesasif it is his or herown personaMT system.

18



2.2 THESCEMNARIO 19

Earlierthis morning,oneof thetechnicalauthorshadcompletedtwo daysafterthe dead-
line) a UserManualfor a printerthe compaly is aboutto launch. Thetext is in German.
Althoughthis authorworksin abuilding 50 kilometresaway, the network ensureshatthe
documents fully accessiblérom yourworkstation.Whatfollowsis afragmentof thetext

whichyou areviewing in awindow ontheworkstationscreerandwhich you aregoingto

translate:

German Source Text

Druckdichte Einstellung

Die gedruckte Seite sollte von exzellenter Qualitat sein. Es
gibt aber eine Reihe von Umweltfaktoren, wie hohe Temperatur
und Feuchtigkeit, die Variationen in der Druckdichte verursachen
kdnnen.

Falls die Testseite zu hell oder zu dunkel aussieht, verstellen Sie
die Druckdichte am Einstellknopf an der linken Seite des Druck-
ers (Figur 2-25).

Einstellung der Druckdichte:

e Drehen Sie den Knopf ein oder zwei Positionen in Richtung
des dunklen Indikators.

e Schalten Sie den Drucker fur einen Moment aus und dann
wieder ein, so dag die Testseite gedruckt wird.

e Wiederholen Sie die beiden vorherigen Schritte solange, bis
Sie grau auf dem Blatthintergrund sehen, ahnlich wie bei
leicht unsauberen Kopien eines Photokopierers.

e Drehen Sie den Knopf eine Position zurlck.

Jetzt konnen Sie den Drucker an den Computer anschliessen.
Falls Sie den Drucker an einen Macintosh Computer an-
schliessen, fahren Sie mit den Instruktionen im Kapitel 3 fort.
Falls Sie einen anderen Computer benutzen, fahren Sie fort mit
Kapitel 4.

As with all thetechnicaldocumentsubmittedo ETRANS, all thesentencearerelatively
shortandratherplain. Indeed,it waswritten in accordancewith the LanguageCentre
documenspecificatiorandwith MT very muchin mind. Thereareno olbviousidiomsor
complicatedinguistic constructionsMany or all of thetechnicaltermsrelatingto printers
(e.g. Druckdichte ‘print density’) arein regular usein the compary andare storedand
definedin paperor electronicdictionariesavailable to the compary’s technicalauthors
andtranslators.

To startup ETRANS, you click on theicon bearinganETRANSlogo, andthis popsup a

19



20 MACHINE TRANSLATION IN PRACTICE

menugiving varioustranslationoptions. ETRANS handlessix languagesEnglish, Ger
man,French,ltalian, SpanishandJapaneseThe printer documenieedso betranslated
into English, so you selectEnglishasthe tamget languageoption. Anothermenushows
the sourcelanguageo be used. In this case thereis no needto selectGermanbecause
ETRANS hasalreadyhada very quick look at your printerdocumentanddecided given
rathersuperficialcriteriasuchasthe presencef umlautsandothercharacteristicef Ger
manorthographythatit is probablyGermantext. If ETRANS hadguessedvrongly —
asit sometimesloes— thenyou could selectthe correctsourcelanguagdrom the menu
yourself. By clicking onanadditionalmenuof ETRANSoptions,you startit translatingn
batchor full-text mode;thatis, thewholetext will betranslatecautomaticallywithoutany
interventionon your part. The translationstartsappearingn a separatescreenwindow
more or lessimmediately However, sincethe full sourcetext is quite long, it will take
sometimeto translatét in its entirety Ratherthansit around,you decideto continuewith
therevision of anothertranslationin anothemwindow. You will look atthe outputassoon
asit hasfinishedtranslatingthefirst chapter

The outputof ETRANS canbefoundon page23. The quality of this raw outputis pretty
muchasyou expectfrom ETRANS. Most sentenceare moreor lessintelligible evenif
you don't go backto the Germansource.(Sometimesomesentencemay be completely
unintelligible.) Thetranslationis relatively accuraten the sensehatit is not misleading
— it doesnt lead you to think that the sourcetext saysone thing whenit really says
somethingquite the opposite. However, the translationis very far from beinga good
specimerof English. For onething, ETRANS clearly haddifficulties with choosingthe
correcttranslationof the Germanword ein which hasthreepossibleEnglishequialents:
a/an, onandone

(1) a. Turnthebutton[an]ortwo positionsin directionof thedarkindicator
b.  Switchoff theprinterfor amomentandthenagain/al, sothatthetestpageis
printed.
Apart from thesedetails,it hasalsomadequitea messof awhole phrase:

(2) ...,similarly likeateasilyuncleancopiesof a photocopier

In orderto post-editsuchphrasest will be necessaryo referbackto the Germansource
text.

20



2.2 THESCEMNARIO 21

MT Output

Print density adjustment

The printed page should be from excellent quality. There is how-
ever a series of environmental factors, how high temperature and
humidity, can cause the variations in the print density.

If the test page looks too light or too darkly, adjust the print density
at the tuner at the left page of the printer (figure 2-25).
Adjustment of the print density:

e Turn the button an or two positions in direction of the dark
indicator.

e Switch off the printer for a moment and then again a, so that
the test page is printed.

e Repeat the two previous steps as long as, until you see
Gray on the background of the page, similarly like at easily
unclean copies of a photocopier.

e Turn back the button a position.

Now you can connect the printer to the computer.

If you connect the printer to a Macintosh computers, continue with
the instructions in the chapter 3. If you use an other computer,
continue with chapters 4.

Leaving ETRANS to continuetranslatinglater chaptersof the documentyou startpost-
editingthefirst chapteby openingup a post-editwindow, which interlearesa copy of the
raw ETRANS outputwith the correspondingourcesentencege.g. sothateachsource
sentenceppearsiext to its proposedranslation).Your workstationscreerprobablynowv

lookssomethindik e the Figureon page24.

Iconsandmenusgive accesgo large scaleon-line multilingual dictionaries— eitherthe
onesusedby the ETRANS: tself or othersspecificallyintendedor humanusers.You post-
edittheraw MT usingthe rangeof word-processindunctionsprovided by the document
processingystem.Using searchacilities, you skip throughthe documentooking for all
instance®f a, anor ong sinceyou know thattheseareoftenwrongandmayneedreplace-
ment.(Discussiongrein progressvith thesupplierof ETRANSwhohaspromisedo look
into this problemandmake improvements.)After two or threeotherglobal searchegor
known problemareasyou startto go throughthe documentmakingcorrectionssentence
by sentenceTheresultof this is automaticallyseparatedrom the sourcetext, andcanbe
displayedn yetanothemwindow. Page26 shavs whatyourworkstationscreermmight now
look like.
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22 MACHINE TRANSLATION IN PRACTICE

FEirans:Source-Target @ llsun6

uckdichte Einstellung

Die gedruckte Seite sollte wvon exzellenter Qualit\“"{al}t sein., Es gibt
aber eine Reihe von Umweltfaktoren. wie hohe Temperatur und
Feuchtigkeit, die Variationen in der Druckdichte verursachen
kK\"{o}nnen,

Falls die Testseite zu hell oder zu dunkel aussieht, verstellen Sie
die Druckdichte am Einstellknopf an der linken Seite des Druckers
(Figur 2-25),

Einstellung der Druckdichte:

A\begin{itemize}

\item Drehen Sie den Knopf ein oder zwei Positionen in Richtung des
dunklen Indikators.

\item Schalten Sie den Drucker f\"{ulr einen Moment aus und dann
wieder ein, so da$ibeta$ die Testseite gedruckt wird,

\item Wiederholen Sie die beiden vorherigen Schritte solange. bis Sie
grau auf dem Blatthintergrund sehen, \"{al}hnlich wie bei leicht
unsauberen Kopien eines Photokopierers.

\item Drehen Sie den Knopf eine Position zur\"{ulck.

Aend{itemize}

Jetzt k\"{o}nnen Sie den Drucker an den Computer anschliessen,

Falls Sie den Drucker an einen Macintosh Computer anschliessen, fahren
Sie mit den Instruktionen im Kapitel 3 fort, Falls Sie einen anderen
Computer benutzen. fahren Sie fort mit Kapitel 4,

poch: Etrans:SourceText

EtransTermhaze B 1lsunb

xwordnet

Enter Search Word: Sense Number:
ansis 1

| Options

Searches: | Noun

of Noun density

2 senses of density

EtransSourceView.dvi

Druckdichte Eirstellung
Die gedruckte Seite sollte von exzellenter Qualitit sein. Ex giit aber eine Reihe
von Umweltfaktoren, wie hohe Temperatur und Feuchtigkeit, die Variationen in
der Druckdichte verurzachen kéinnen
Fallz die Testseite zu hell ader zu dunkel aussieht, verstellen Sie die Druckdichte
am Einstellknopf an der linken Seite des Druckers (Figur 2-25)
Einstellung der Druckdichte:
+ Drehen Sie den Knopf ein oder zwei Pesitionen in Richtung des dunklen
Indikators.
+ Schatten Sie den Drucker fir einen Moment aus und dann wieder ein, so
da die Testseite gedruckt wird

» Viederholen Sie die beiden vorherigen Schiitte solange, bis Sie grau aul
dem Blatthirtergiund sehen. 3hnlichwie bei leicht unsauberen Kopien eines
Photokopierers

« Drehen Sie den Knogf eine Pasition zurikk.

Jetzt kénnen Sie den Drucker an den Computer anschliessen

Falls Sie den Drucker an einen Macintesh Computer anschliessen, fahren Sie mit
den Instruktionen im Kapitel  fort. Falks Sie einen anderen Computer benutzen,
fahren Sie fort mit Kapitel 4.

During post-editing the sourcetext andtargettext canbe displayedon
alternatdines,which permitseasyeditingof thetargettext. Thiscanbe
seenn thewindow atthetop left of thescreenBelow this arewindows
andiconsfor on-line dictionariesandtermbanksthe sourcetext alone,
andtheeditedtargettext, etc. Thewindow ontheright shavsthesource

text asit wasoriginally printed.

Figure 2.1 TranslatorsWorkstationwhile Post-Editinga Translation
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2.2 THESCEMNARIO 23

Note that ETRANS hasleft the documentformat completelyunaltered. It may be that
the translationis actually slightly longer (or shorter)thanthe sourcetext; ary necessary
adjustmento the paginationof the translationcomparedo the sourceis a matterfor the
documenprocessingystem.

After post-editingthe remainingtext, you have almostcompletedthe entire translation
process.Sinceit is not uncommonfor translatorso miss somesmall translationerrors
introducedby the MT system,you obsene compary policy by sendingyour post-edited
electronictext to a colleagueto have it double-checi&d. Theresultwill be somethindike

thaton page25.

Post-edited translation

Adjusting the print density

The printed page should be of excellent quality. There is, how-
ever, a number of environmental factors, such as high tempera-
ture and humidity, that can cause variations in the print density.

If the test page looks too light or too dark, adjust the print density
using the dial on the left side of the printer (see Figure 2-25).
How to adjust the print density:

e Turn the button one or two positions in the direction of the
dark indicator.

e Switch the printer off for a moment and then back on again,
so that the test page is printed.

¢ Repeat the two previous steps until you see gray on the
background of the page, similar to what you see with slightly
dirty copies from a photocopier.

e Turn the button back one position.

Now you can connect the printer to the computer.

If you are connecting the printer to a Macintosh computer proceed
to Chapter 3 for instructions. If you are using any other computer
turn to Chapter 4.

The only thing left to be doneis to updatethe term dictionary, by addingary technical
termsthathave appearedh the documentwvith their translationtermswhich othertransla-
torsshouldin future translaten the sameway, andreportary new errorsthe MT system
hascommitted(with aview to thesystembeingimprovedin thefuture).

Sothat, in outline, is how MT fits into the commercialtranslationprocess. Let us re-
view the individuals, entitiesand processe#nvolved. Proceedingdogically, we have as
individuals:
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24 MACHINE TRANSLATION IN PRACTICE

EtransPreview.duvi ]

Etrans:RevisedOutput @ Usunb

Print density adjustment
The printed page should be from excellent quality There iiAdjusting the print density
of .en\fllon@en:al f?“zls’ how high temperature and humid The printed page should be of excellent quality. There is. however, a
variations in the print density. number of environmental factors, such as high temperature and

If the test page kioks tao light ar too darkly, adjust the print humidity, that can cause variations in the print density.

at the left page of the printer (figure 2-25). If the test page looks too light or too dark. adjust
Adjustment of the print density: the print density using the dial on the left side of
the printer {see Figure 2-25).

+ Turn the button an or two positions in direction of theipy ., o adjust the print density:

. . \begin{itemize}

+ Switch off the printer for 2 moment and then again a, 5%\ tem Turn the button one or two positions in the direction of the
is printed. dark indicator.

\item Switch the printer off for a moment and then back

+ Repeat the two previous staps as kong as, until you see t\m agaén so tnat the test page is pl"lnt?d

" ; : item Repeat the two previous steps until you see gray on the

ground of the page, similarly like at easily unclean capie background of the page, similar to what you see with slightly dirty

copies from a photocopier.

\item Turn the button back one position,

\end{itemize}

+ Turn back the button a position.

MNew you can connect the printar to the computer.
If you connect the printer to a Macintosh computers, continu Now you can connect the printer to the computer.
tions in the chapter 3. If you use an other computer, conti1f you are connecting the printer to a Macintosh computer proceed to
4 Chapter 3 for instructions, If you are using any other computer turn
to Chapter 4.

hardcopy ~/out
75 “doug/Etrans>
hardcopy “/out
— - — 76 “~doug/Etrans> hardcopy outl
Epoch: Etrans:RevisedOutput 4:29pn 77 ~doug/Etrans> hardcopy ~/out
78 “doug/Etrans?> mv ~/out Etran:
mv: Etrans/picturel: rename: No
79 “doug/Etrans> “Etrans/""
v “sout picturel
0 ~doug/Etrans> hardcopy “/out

Minibuffer @ llsunt

Wrote /ufs/staff/doug/MTbook2/book/chBusiness.tex

Having finishedrevising thetranslation theresultcanbe checled. One
of the windows containsa preview of how the revisedtamet text will
look whenit is printed. Theothercontaingherevisedtranslationwhich
canbeeditedfor furthercorrections.

Figure 2.2 TranslatorsWorkstationPreviewing Output
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2.3 DOCUMENT PRERARATION: AUTHORING AND PRE-EDITING 25

e Documentationrmanagerswho specifycompary policy ondocumentation.

e Authorsof textswho (ideally) write with MT in mind, following certainestablished
guidelines.

e Translatorsvho managehe translationsystemin all respectgertainingto its day
to dayoperationandits linguistic performance.

In mary caseghe documenimanagementole will befulfilled by translatorsor technical
authors.For obviousreasonstherewill befairly few individualswho arebothtechnical
authorsandtranslators.

Theimportantentitiesin the processre:

e Multi-Lingual ElectronicDocumentsvhich containtext for translation.

e The DocumentPreparationsystemwhich helpsto create,revise, distribute and
archive electronicdocuments.

e The TranslationSystemwhich operateson sourcetext in adocumento producea
translatedext of thatdocument.

Clearly ary translationsystemis likely to be a very complex and sophisticategiece of
software; its designat the linguistic level is discussedn detail in otherchaptersn this
book. A detaileddiscussiorof ElectronicDocumentcanbefoundin Chapter8.

Finally, thevariousprocessesr stepsin thewholebusinessre:

e DocumentPreparatior{which includesauthoringandpre-editing).

e TheTranslationProcessmediatedy thetranslatiorsystemperhapsn conjunction
with thetranslator

e DocumentRevision (whichis principally a matterof post-editingoy thetranslator).

Thescenariayave a brief flavour of all threesteps.We shallnow examineeachof themin
rathermoredetail.

2.3 Document Preparation: Authoring and Pre-Editing

The corporatdanguagepolicy asdescribedn the scenaridriesto ensurehattext which
is submittedto anMT systemis writtenin away which helpsto achiere the bestpossible
raw MT output. A humantranslatorwill often be ableto turn a badly written text into
awell written translation;an MT systemcertainlywill not. Badinput meansbadoutput.
Exactlywhatconstitutegoodinputwill varyalittle from systemo system.However, it is
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26 MACHINE TRANSLATION IN PRACTICE

Basic Writing Rules

e Keepsentenceshort.

¢ Make suresentencearegrammatical.

¢ Avoid complicatedgrammaticatonstructions.

¢ Avoid (sofaraspossible)wordswhich have sereralmeanings.

¢ In technicaldocumentspnly usetechnicawordsandtermswhich
- arewell establishedwell definedandknown to the system.

easyto identify somesimplewriting rulesandstratgjiesthatcanimprove the performance
of almostany general-purpos®IT system.Herearesomeexamplerules:

Our examplerulesindicatesentenceshouldbe short. This is becauseMT systemdfind
it difficult to analysdong sentencesguickly or — moreimportantly— reliably. Lacking
a humanperspectie, the systemis always uncertainaboutthe correctway to analysea
sentenceasthe sentencegetslonger the numberof uncertaintiesncreasesatherdramat-
ically.

Sentenceshouldalsobe grammaticalandat the sametime not containvery complicated
grammaticaktonstructionsWhetheror notanMT systemusesexplicit grammaticatules
in orderto parsetheinput, correct,uncomplicatedentencearealwayseasierto translate

SomeMT systemauselinguistic knowledgeto analysethe input sentencesythersdo not.
In both casescorrect,uncomplicatednput sentencewvill enhancehe translationperfor
mancebecausainnecessarjranslationproblemsare avoided. For example,the second
pieceof text below is morelik ely to be successfulltranslatedhanthefirst:

(3) New tonerunitsareheldlevel duringinstallationand,sincethey do notassupplied
containtonetr mustbefilled prior to installationfrom atonercartridge.

(4) Fill the new tonerunit with tonerfrom a tonercartridge. Hold the new tonerunit
level while you putit in the printer

The subclausei thefirst sentencénave beenseparateaut asindependensentencein
thesecondpieceof text. Thelattergivestheinstructionsasa simpleseriesof imperatves,
orderedn the sameway asthe operationghemseles.

Thetwo final pointsin thelist of writing rulespreventmistranslation®y reducingpotential
sourcesof ambiguity. Many MT systemscando a reasonablgob of selectinga correct
interpretatiorof anambiguousvordin somecircumstancedyut they areunlikely to dothis
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2.3 DOCUMENT PRERARATION: AUTHORING AND PRE-EDITING 27

successfullyin all cases.(For example,ETRANS failed to getthe correctinterpretation
of the two different occurrence®of Seite(i.e. ‘side’ or ‘page’) in the passageabove.)
Problemsof ambiguityareextensiely discussedh laterchapters.

RestrictingMT input accordingto simple writing rules like the onesgiven abose can
greatly enhancethe performanceof an MT system. But this is not the only advantage:
it canalsoimprove the understandabilityf a text for humanreaders.This is a desirable
featurein, for example technicatexts andinstructionmanuals As aconsequenceeveral

large companieave developedandextendedthe ideaof writing rules,including limited

vocahulary, in orderto producerestrictedforms of English suitablefor technicaltexts.

Theserestrictedforms are known as contolled languages We will discusscontrolled
languagedn detailin Chapter8.

In the pastfew yearsspecialtoolshave becomeavailablefor supportingthe productionof
text accordingto certainwriting rules. Therearespellingcheclersandgrammarcheclers
which canhighlight wordsthat are spelledincorrectly or grammaticalerrors. Thereare
alsocritiquing systems which analysehetext producedoy anauthorandindicatewhere
it deviatesfrom the normsof the language. For example, given the example above of
an over-complex sentencen a printer manual,sucha tool might producethe following
output:

Text Critique

New toner units are held level duringinstallationand, sincethey do
not assuppliedcontaintoner mustbefilled prior to installationfrom a
tonercartridge.

Sentence too long.

duringinstallation— disallowed use of word: installation
prior — disallowed word.

since— disallowed clause in middle of sentence.

Thisis arathersophisticate@nalysisof variousviolationsfoundin thesentenceThecon-
trolled languagethis critiquing systemis designedor only sanctiongheword installation
if it refersto someconcreteobject,asin Remeetheforward wheelhydraulic installation,
in this particularcaseinstallationis beingusedto denotethe processof installing some-
thing. For thetime being,thistype of analysiss too advancedor mostcritiquing systems,
whichwould find the sentencéoo difficult to analyseandwould simply notethatit is too
long, not analysableandcontaingheunknovn word prior.

Critiquing systemsensurethat texts arewritten accordingto a setof writing rulesor the
rules of a controlledlanguageand thus help to catcherrorswhich might upsetan MT

27



28 MACHINE TRANSLATION IN PRACTICE

system. As a consequencéhey reducethe amountof time necessaryor post-editing
machinetranslatedexts. They alsoreducethe time that someoneelsewould normally
have to spendon checkingandrevising theinput text.

Thereis no theoreticalreasonwhy a controlledlanguagecritiquing systemcould not be

completelyintegratedwith an MT systemdesignedo handlethe controlledlanguage—

sothatthe translationsystemitself produceghe critique while analysingthe text for the

purposeof translation.In fact,if the MT systemandthe critiquing systemarecompletely
separatethenthe samepieceof text will alwayshave to be analysedwice — onceby the

critiquing systemanda secondime by the MT system.Moreover, the separatiormeans
thatthesamecontrolledlanguageulesandelectronicdictionaryentriesarerepeatedwice

— oncefor eachcomponentThis makesit moreexpensveto reviseor alterthecontrolled
languageFor thesereasonswe canexpectthatMT systenmsupplierswill seekto integrate
controlledlanguageeritiquing andcontrolledlanguageMT ascloselyaspossible.

Of course,in practicenot all text submittedto MT systemss (or canbe, or shouldbe)
written accordingto a setof writing rules. Althoughthis is not necessarilyproblematiat
shouldbe bornein mind thatthe lessa text conformsto the rules mentionedabove, the
worsethe raw translationoutputis likely to be. Therewill be a cutoff point wherethe
inputtext is sobadlywritten or socomplicatedhattheraw outputrequiresanuneconom-
ically large amountof post-editingeffort. In this caseit may be possibleto rewrite the
problematicsentence# the inputtext or it may prove simplestto do the whole thing by
hand.

2.4 TheTrandation Process

In the scenariowe sketchedabove, the sourcetext or someselectedoortion thereofwas
passedo the translationsystemwhich then producedraw translatedoutputwithout ary
furtherhumanintenention. In fact, this is merely one of mary waysthe translationstep
canproceed.

2.4.1 Dictionary-Based Trandation Support Tools

Onepointto bearin mind s thattranslationsupportcanbe givenwithout actuallyprovid-

ing full automatidranslation All MT systemsarelinkedto electronicdictionarieswhich,

for the presentiscussionwe canregardassophisticatediariantsof their papercousins.
Suchelectronicdictionariescan be of immensehelp even if they are suppliedor used
withoutautomatidranslationof text. Hereis onepossiblescenario:

You are translating a text by hand. Using a mouse or the keyboard, you
click on a word in the source text and a list of its possible translations
is shown on screen. You click on the possible translation which seems
most appropriate in the context and it is inserted directly into the target
language text. Since you usually do this before you start typing in
the translation of the sentence which contains the unknown work, the
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inserted word is inserted in the middle of an otherwise blank target
language sentence. You then type in the rest of the translation around
this inserted word.

Sincetechnicaltexts typically containcontainlarge numberof terms,andtheir preferred
translationsare not alwaysrememberedby the translatoy this simpleform of supportcan
save alot of time. It alsohelpsto ensureghattermsareconsistentlytranslated.

This click to seeg click to insertfacility is usefulin dealingwith low-frequengy wordsin
the sourcetext. In technicaltext, technicalterms— which canbe complex multi-word
units suchasfaceplatedeliveryhoseclip — will usuallyhave only onetranslationin the
taigetlanguagelf the electronicdictionaryhasallist of termsandtheir translationsthose
translationscanbe directly insertednto thetargettext. This givesthefollowing scenario:

You are translating a technical text by hand. You click on the icon
TermSupportand all the source language terms in the current text unit
which are recognised as being in the electronic term dictionary are
highlighted. A second click causes all the translations of those terms
to be inserted in otherwise empty target language sentences. You then
type in the rest of the translation around each inserted term.

TranslationAids in theWorkplaceNo. 72:
AutomaticLexical Lookup

Dictionary-basedranslationsupporttools of this sortdepencdon two things:

1 Therequiredtermsandwordsmustbe availablein the electronicdictionary. This
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30 MACHINE TRANSLATION IN PRACTICE

may well requirethat they were put therein the first place by translatorsin the
organizationusingthetool.

2 Theremustbe somesimple meansfor dealingwith the inflectionson the endsof
wordssincethe form of aword or termin thetext may not be the sameasthe cited
form in the dictionary As a simpleexample,thetext may containthe plural form
faceplatedeliveryhoseclips ratherthanthesingularform keptin thedictionary The
problemis morecomple with verbinflectionsandin language®therthanEnglish.

Theseandotherissuesoncerninghe MT dictionarywill bediscussedn Chapters.

2.4.2 |Interactionin Trandation

MT systemsanalysetext and must decidewhat its structureis. In mostMT systems,
wheretherearedoubtsanduncertaintiesboutthe structure pr aboutthe correctchoiceof

word for atranslationthey areresolhedby appeato in-built rules-of-thumb— whichmay
well be wrongfor a particularcase. It hasoften beensuggestedhat MT systemscould

usefully interactwith translatorsby pausingfrom time to time to ask simple questions
abouttranslatiornproblems.

Anothersortof interactioncould occurwhenthe systemhasproblemsin choosinga cor
rect sourcelanguageanalysis;a good analysisis neededo ensuregoodtranslation. For
example,supposehata printermanualbeingtranslatedrom Englishcontainghefollow-
ing sentence:

(5) Attachtheprinterto the PCwith aparallelinterfacecable.

The questionis: arewe talking abouta particulartype of PC (personacomputer)which
comeswith a parallel interfacecable (whatever thatis) or ary old PCwhich canbe con-
nectedto the printer by meansof an independenparallel interfacecable? In the first
casethewith, in the phrasewith a parallel interfacecablemeanshavingor fittedwith and
modifiesthe noun PC, whilst in the secondt meansusingand modifiesthe verb attach.
Onegoodreasorfor worrying aboutthe choiceis becausén mary languagesvith will be
translatedlifferentlyfor thetwo casesFacedwith suchanexample,anMT systemmight
askon screerexactly the sameguestion:

(6) Doeswith a parallel interfacecablemodify the PC or doesit modify Attach?
Anothersortof analysigquestiorariseswith pronouns Considetranslatinghefollowing:

(7) Placethepaperlin the papettray andreplacethe cover. Ensurethat is completely
closed.

Doesit in the secondsentenceaefer to the paper, the papertray, or the cover? The
decisionmattersbecausehe translationof it in mary languagesill vary dependingon
the genderof the expressionit refersbackto. Making sucha decisiondependsn rather
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subtleknowledge,suchasthefactthatcovers,but nottraysor paperaretypical thingsto
beclosedwhichis hardperhapsmpossibleto build intoanMT system.However, it is the
sortof questionthata humantranslatomay be ableto answer

Thefollowing is apossiblescenario:

You are translating a text interactively with an MT system. The system
displays the source text in one window, while displaying the target text
as it is produced in another. On encountering the word it, the system
parses, highlights the words paper papertray, and cover in the first
sentence, and asks you to click on the one which is the antecedent
(i.e. the one it refers back to). It is then able to choose the appropriate
form of the translation, and it proceeds with the rest of the sentence.

It is hardly surprisingthata machinemayneedto asksuchquestionsdecaus¢heanswers
may not be at all clear in somecaseseven for a humantranslator With poorly written
technicaltexts, it mayevenbethe casethatonly theauthorknows.

2.5 Document Revision

The main factor which decidesthe amountof post-editingthat needsto be doneon a

translationproducedby machineis of coursethe quality of the output. But this itself

dependson the requirementsf the client, in particular (a) the translationaim and (b)

thetime available. In the caseof the printermanualin the scenaricabore the translation
aim wasto provide a printer manualin Englishfor export purposes. The fact that the
translationwas going to be widely distributed outsidethe organizationrequiredit to be
of high quality — a correct,well-written and clear pieceof Englishtext, which means
thoroughandconscientioupost-editing.

The oppositesituationoccurswhena roughandreadytranslationis neededout of some
languagdor personabr internaluse,perhapsonly to getthe gist of someincomingtext
to seeif it looksinterestingenoughfor propertranslation(If it is not, little time or monegy
or effort hasbeenwastedinding out). Hereis the sortof scenarian which it mightwork:

You are an English-speaking agronomist monitoring a stream of infor-
mation on cereal crop diseases coming in over global computer net-
works in four different languages. You have a fast MT system which
is hooked into the network and translates — extremely badly — from
three of the languages into English. Looking at the output and using
your experience of the sort of things that reports contain, you should
be able to get enough of an idea to know whether to ignore it or pass
it on to your specialist translators.

Of coursejn this situationit is thespeeddf the MT systempnotits quality thatmatters—
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avery simplesystemthatdoesno morethantransliterateandtranslatea few of thewords
mayevenbeenough.

We've now looked at two cases:onein which full post-editingneededo be done,one
in which no post-editingwhatsoger was required. Anotheroption could be to do some
post-editingon a translationin orderto make it easyto readandunderstandbut without
having the perfectionof a publishedtext in mind. Most post-editorsare alsotranslators
andare usedto producinghigh quality texts. They arelikely to apply the samesort of
outputstandardgo their translationgproducedautomatically Thoughthis policy is very
desirabléeor, for instancepusinescorrespondencandmanualsijt is notatall necessary
to reachthe samesort of standardor internalelectronicmail. SomeMT outputcouldbe
subjectto a roughand readypost-edit— wherethe post-editortries to remove or adjust
only the grosseserrorsandincomprehensibilitie — ratherthanthe usualthoroughand
painstakingob. The mainadwantageof this optionis thattranslatottime is saved. Evenif
document@reoccasionallysentbackfor re-translatioror re-editing theroughandready
post-editpolicy might still save money overall. Again, the factorsof translationaim and
time availableplay animportantrole.

MT systemdanake the samesortsof translationmistale time andtime again. Sometimes
theseerrorscanbe eliminatedby modifying the informationin thedictionary Othersorts
of errorsmaystemfrom subtleproblemsn thesystems grammaror linguistic processing
stratgjieswhichcannotordinarily beresohedwithoutspecialisknovledge.Onceanerror
patternhasbeenrecogniseda translatorcanscantext looking for just sucherrors. If the
erroris justa matterof consistentlymistranslatingpneword or string of words,then— as
in thescenario— theordinarysearch-and-replatoolsfamiliarfrom word processorsvill
be of somehelp. In generalsincethe errorsonewill find in machinetranslatedexts are
differentfrom thoseonefindsin othertexts, specializedvord processocommandsnay
be helpful. For example,commandswvhich transposevords, or at a more sophisticated
level, oneswhich changethe form of a singleword, or all the wordsin a certainregion
from masculingo feminine,or singularto plural, might be usefulpost-editingtools.

Theimaginarycompaty thatwe have beendiscussingn the previous sectionsdealswith

large volumesof similar, technicaltext. This text similarity allows the MT systemto be
tunedin variousways,soasto achievethebestpossibleperformancenoneparticulartype
of text on oneparticulartopic. An illustration of this canbe foundin the sectionheading
of our exampletext Einstellungder Druckdichte The Germanword Einstellungcanhave

severaltranslations:employmentdiscontinuationadjustmentandattitude Sincewe are
dealingherewith technicaltexts we candiscardthefirst andlastpossibletranslations Of

the two translationdeft, adjustmentis the mostcommononein this text type, andthe
computerdictionariesasoriginally suppliedhave beenupdatedaccordingly Thetuning of

asystemtakestime andeffort, but will in thelong run sase post-editingtime.

Obviously enoughthedifficulty of post-editingandthetime requiredfor it correlatesvith
the quality of theraw MT output: the worsethe output, the greaterthe post-editeffort.
For onething, the post-editomwill needto refermoreandmoreto the sourcdanguageext
whenthe outputgetslessintelligible. Eventhoughthis seemsto be a major dravback
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atthe beginning, bearin mind that post-editorawill getusedto the typical error patterns
of the MT system;MT outputthat may seemunintelligible at the beginning will require
lessreferenceo the sourcelanguagdext after sometime. Familiarity with the patternof
errorsproducedby a particularMT systemis thusanimportantfactorin reducingpost-
editingtime. More generally familiarity with the documentprocessingnvironmentused
for post-editingandits particularfacilitiesis animportanttime saver.

2.6 Summary

This chapterasgivena pictureof how MT might be usedin animaginarycompary, and
looked in outline at the typical stagesof translation: documenfreparation, translation
(including variouskinds of humaninvolvementandinteractior), anddocumentevision,

and at the variousskills andtools required. In doing this we have tried alsoto give an
ideaof someof the differentsituationsin which MT canbe useful. In particular the case
of ‘gist’ translation,where speedis important,and quality lessimportant,comparecto

the casewherea translationis intendedfor widespreagublication,andthe quality of the
finished(post-editedproductis paramount.Theseareall matterswe will returnto in the
following chapters.

2.7 Further Reading

Descriptionof how MT is actuallyusedin corporatesettingscanbefoundin the Proceed-
ings of the Aslib Conferencegnormally subtitled Translatingand the Compute) which
we mentionedn the FurtherReadingsectionof Chapterl.

For readerdnterestedn finding out moreaboutthe practicalitiesof pre-andpost-editing
, therearesereralrelevantcontributionin Vasconcello1988),in Lawson(1982a).There
is a usefuldiscussiorof issuedn pre-editingandtext preparationjin Pym(1990),andwe
will saymoreaboutsomerelatedissuesn Chapter8.

An issuethat we have not addressedpecificallyin this chapteris that of machineaids

to (human)translation,such as on-line and automaticdictionariesand terminological
databasesnultilingualword processorsandsoon. Wewill saymoreaboutterminological
databasem Chaptels. Relevantdiscussiorof interactionbetweemachingandmachine
aided)translationsystemsand humanuserscan be found in Vasconcellog1988),Stoll
(1988),Knavles(1990)andvariouspapershy Alan Melby, includingMelby (1987,1992),

whodiscussetheideaof a‘translators workbench’.In fact,it shouldbe clearthatthereis

no really hardandfastline thatcanbedravn betweersuchthingsandthesortof MT sys-

temwe have describedere.For onething,anadequatéT systemshouldclearlyinclude

suchaidsin additionto anything else.In ary casejn thekind of settingwe have described,
thereis a sensan which evenan MT systemwhich producesvery high quality outputis

really servingasa translatorsaid, sinceit is helpingimprove their productvity by pro-

ducingdrafttranslationsWhataresometimesalleddistinctionbetweeriMachine Aided

HumanTranslation’, HumanAided MachineTranslation’,and‘Machine Translation’per

seactuallyform a continuum.
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Chapter 3

Representation and Processing

3.1 Introduction

In this chaptemwe will introducesomeof thetechniqueghatcanbe usedto representhe
kind of informationthatis neededor translationin sucha way thatit canbe processed
automatically This will provide somenecessanpackgroundfor Chapter4, wherewe
describehow MT systemsactuallywork.

HumanTranslatorsactuallydeploy atleastfive distinctkinds of knowledge:

e Knowledgeof thesourcdanguage.

o Knowledgeof the targetlanguage.This allows themto producetexts thatareac-
ceptablen thetarmgetlanguage.

o Knowledge of various correspondencelsetweensourcelanguageand tamget lan-
guage(atthesimplestevel, thisis knowledgeof how individualwordscanbetrans-
lated).

¢ Knowledgeof the subjectmatter including ordinarygeneralknowledgeand‘com-
mon sense’. This, alongwith knowledgeof the sourcelanguage allows themto
understandvhatthetext to betranslatedneans.

o Knowledgeof theculture,socialcorventions,customsandexpectationsetc. of the
spealersof the sourceandtargetlanguages.

Thislastkind of knowledgeis whatallowstranslatord¢o actasgenuinemediatorsensuring
thatthe tamet text genuinelycommunicateshe samesort of messageandhasthe same
sortof impacton the readey asthe sourcetext.> Sinceno onehasthe remotestideahow

'Hatim and MasonHatim and Mason (1990) give a numberof very good exampleswheretranslation
requiresthis sortof culturalmediation.
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to represenbr manipulatethis sortof knowledge,we will not pursueit here— exceptto
notethatit is thelack of this sortof knowledgethatmakesusthink thatthe properrole of
MT is the productionof draftor ‘literal’ translations.

Knowledgeof thetargetlanguagés importantbecauseavithout it, whata humanor auto-
matic translatomproduceswill be ungrammaticalor otherwiseunacceptableKnowledge
of the sourcelanguagds importantbecausehefirst taskof the humantranslatoris to fig-
ureoutwhatthewordsof the sourcetext mean(without knowing whatthey meanit is not
generallypossibleto find their equivalentin thetargetlanguage).

It is usualto distinguishseveralkinds of linguistic knowledge:

e Phonologicaknowledge:knowledgeaboutthe soundsystemof alanguageknowl-
edgewhich, for example,allows oneto work out the likely pronunciationof novel
words. Whendealingwith written texts, suchknowledgeis not particularly use-
ful. However, thereis relatedknowledgeaboutor thography which canbe useful.
Knowledgeaboutspellingis anobviousexample.

e Morphologicalknowledge: knowledgeabouthow words can be constructed:that
printer is madeup of print + er.

¢ Syntacticknowledge: knowledgeabouthow sentencesand other sortsof phrases
canbemadeup out of words.

e Semanticknowledge: knowledgeaboutwhat wordsand phrasesnean,abouthow
themeaningof a phrasds relatedto the meaningof its componentvords.

Someof this knowledgeis knowledgeaboutindividual words,andis representedh dic-
tionaries. For example,the fact thatthe word print is spelledthe way it is, thatit is not
madeup of otherwords, thatit is a verb, thatit hasa meaningrelatedto thatof the verb
write, andso on. This, alongwith issuesrelatingto the natureanduseof morphological
knowledge will bediscussedn Chapters.

However, someof the knowledgeis aboutwhole classewr categories of word. In this

chapterwewill focusonthissortof knowledgeaboutsyntaxandsemanticsSections3.2.1,
and3.2.2discusssyntax,issuegelatingto semanticareconsideredn Section3.2.3. We

will look first on how syntacticknowledgeof the sourceandtamgetlanguagesanbe ex-

pressedothatamachinecanuseit. In thesecondoartof the chapteywe will look athow

this knowledgecanbeusedin automatigrocessingf humanlanguage.
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3.2 Representing Linguistic Knowledge

In general syntaxis concernedvith two slightly differentsortsof analysisof sentences.
Thefirstis constituent or phrase structur e analysis— thedivision of sentencemto their
constituenfpartsandthe cateyorizationof thesepartsasnominal,verbal,andsoon. The
seconds to dowith grammatical relations; theassignmenof grammaticatelationssuch
asSUBJECTOBJECT HEAD andsoonto variouspartsof thesentenceWe will discuss
thesen turn.

3.2.1 Grammarsand Constituent Structure

Sentencesre madeup of words, traditionally categorisedinto parts of speech or cate-
goriesincludingnouns,verbs,adjectves,adwerbsandprepositiongnormally abbreviated
toN, V, A, ADV, andP). A grammar of alanguagéds a setof ruleswhich sayshow these
partsof speecttanbe puttogetherto make grammaticalpr ‘well-formed’ sentences.

For English,theserulesshouldindicatethat (1a) is grammatical put that (1b) is not (we
indicatethis by markingit with a‘*’).

(1) a. Putsomepaperin theprinter
b. *Printersomeputthein paper

Herearesomesimplerulesfor Englishgrammaywith examples A sentence consistf a
noun phrase, suchastheuserfollowedby amodal or anauxiliary verb, suchasshould
followedby averb phrase, suchascleanthe printer:

(2) Theusershouldcleantheprintetr

A noun phrase canconsistof adeterminer, or article, suchasthe or a, andanoun, such
asprinter (3a). In somecircumstanceghe determineicanbe omitted(3b).

(3) a. theprinter
b. printers

‘Sentence’js oftenabbreviatedto S, ‘noun phraseto NP, ‘'verbphraseto VP, ‘auxiliary’
to AUX, and‘determiner’to DET. This informationis easily visualizedby meansof a
labelledbracletingof astringof words,asfollows, or asatreediagram, asin Figure3.1.

(4) a. Usersshouldcleantheprinter
b. [5 [NP [N USQI’S]][AUX ShOU|d][VP [V cIean][Np [DET thE][N printer]]]]

Theauxiliary verbis optional,ascanbe seenfrom (5), andthe verb phrasecanconsistof
justaverb(suchasstoppedt

(5) a. Theprintershouldstop.
b. Theprinterstopped.

37



38 REPRESENATION AND PROCESSING

S

/\

NP AUX VP

| |

N should V NP
|

N

users clean DET N

the printer

Figure 3.1 A TreeStructurefor a SimpleSentence

NP and VP cancontainprepositional phrases (PPs),madeup of prepositions (on, in,
with, etc.)andNPs:

(6) a. The printerstopsl on occasion%;

b. Putthe cover‘ ontheprinter|.

c. Cleantheprinter| with acloth|.

Thereademayrecallthattraditionalgrammadistinguishebetweerphrasesandclauses.
The phrasesn the examplesabore are partsof the sentencewhich cannotbe usedby
themselesto form independensentencesTaking Theprinter stoppedneitherits NP nor
its VP canbeusedasindependensentences:

(7) a. *The printer
b. *Stopped

By contrastmary typesof clausecanstandasindependensentenceskor example,(8a)
is a sentencevhich consistsof a single clause— The printer stopped As the braclet-
ing indicates,(8b) consistsof two clausesco-ordinatecby and The sentencd8c) also
consistf two clausespne(that the printer stopg embeddedn the other asa sentential
complement of theverh

(8) a. [s Theprinterstopped
b. [s [s Theprinterstoppedand|s thewarninglight wenton]].
c. [s Youwill obsere g thattheprinterstops]].

Thereis a wide rangeof criteria that linguists usefor decidingwhethersomethingis a
phraseandif it is, whatsortof phraseit is, what categyory it belongsto. As regardsthe
firstissue theleadingideais thatphrasegonsistof classe®f wordswhichnormallygroup
together If we considerexample(2) again(Theusershouldcleanthe printer), onecan
seethattherearegoodreasondgor groupingthe andusertogetherasa phraseratherthan
groupinguserandshould Thepointis theandusercanbefoundtogetherin mary other
contets, while userandshouldcannot.
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A full setof instructionsaresuppliedto | theuser]
mustcleanthe printerwith care.

Itis whois responsibldor day-to-daymaintenance.
*User shouldcleanthe printer

9)

a0 o

As regardswhatcategory aphrasdik e theuserbelonggo, onecanobsenethatit contains
anounasits ‘chief’ elementonecanomit thedeterminemoreeasilythanthenoun),and
the positionsit occursin arealsothe positionswhereonegetspropernouns(e.g. names
suchasSan). This is not to saythat questionsaboutconstitueng and category areall
clearcut. For example,we have supposedhatauxiliary verbsarepartof the sentencehut
not part of the VP. Onecould easilyfind agumentsto shaw that this is wrong, andthat
shouldcleanthe printer shouldbe a VP, justlike cleanthe printer, giving a structurelike
thefollowing, andFigure3.2:

(10) [s [nvp [~ userd][vp [aux should][y clean|[xyp [per the][x printer]]]]

Moreover, from apracticalpointof view, makingtheright assumptionaboutconstitueng
canbeimportant,sincemakingwrongonescanleadto having to write grammarghatare
much more comple thanotherwise. For example,supposeahat we decidedthat deter
minersandnounsdid not, in fact, form constituents.Insteadof beingableto saythata
sentencés an NP followed by anauxiliary, followedby a VP, we would have to saythat
it wasa determinerfollowedby announ,followedby a VP. This maynotseenlike much,
but notice that we would have to complicatethe ruleswe gave for VP andfor PPin the
sameway. Not only this, but our rule for NP is rathersimplified, sincewe have not al-
lowedfor adjectvesbeforethe noun,or PPsafterthenoun. Soeverywherewe couldhave
written ‘NP’, we would have to write somethingvery muchlonger In practice we would
quickly seethatour grammarwasunnecessarilgomple, andsimplify it by introducing
somethindike an NP constituent.

S
/\
NP VP
| /\
N V VP
users should V NP

| N

clean DET N

the printer

Figure 3.2 An Alternative Analysis

For cornveniencdinguistsoften usea specialnotationto write out grammarrules. In this
notation, a rule consistsof a ‘left-hand-side’ (LHS) and a ‘right-hand-side’(RHS) con-
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nectedby anarrow (—):

S —» NP (AUX) VP
VP — V (NP) PP*
NP — (DET) (ADJ) N PP*
PP — P NP

N — user

N — users

N — printer
N — printers
V — cl ean

V — cl eans
AUX — shoul d
DET — the

DET — a

P —- with

Thefirst rule saysthata Sentencecanbe rewritten as(or decomposemto, or consistsof)

anNP followedby anoptionalAUX, followedby VP (optionalityis indicatedby braclets).
Anotherrule saysthata PPcanconsistof a P andanNP. Lookedatthe otherway; thefirst

rule canbeinterpretedassayingthatanNP, andAUX anda VP make up asentenceltems
markedwith astar('*’) canappeaiany numberof times(includingzero)— sothesecond
rule allows thereto be any numberof PPsin a VP. The ruleswith ‘real words’ like user
ontheir RHS sene asa sortof primitive dictionary Thusthe first onesaysthatuseris a

noun,thefifth onethatcleanis averh Sincethe NP rule saysthatanN by itself canmake

up an NP, we canalsoinfer thatprinters is an NP, andsince(by the VP rule) aV andan

NP malke up a VP, cleanprintersis a VP. Thus,a grammarsuchasthis givesinformation

aboutwhat the constituentf a sentenceare,andwhat categoriesthey belongto, in the

sameway asour informal rulesat the startof the section.

Returningto thetreerepresentatiom Figure3.1,eachnodein thetree(andeachbracleted

part of the string representationorrespondgo the LHs of a particularrule, while the

daughter®f eachnodecorrespondo the RHS of thatrule. If theRHS hastwo constituents,
asin NP — DET N, therewill be two branchesandtwo daughtersjf therearethree
constitituentstherewill bethreebranchesandthreedaughtersandsoon.
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It is worthwhileto have someterminologyfor talking abouttrees.Looking from thetop?
thetreesabove startfrom (or ‘are rootedin’) a sentencenode— the LHS of our sentence
rule. Nearthe bottomof the trees,we have a seriesof nodescorrespondingo the LHS's
of dictionaryrulesand,immediatelybelov themat the very bottom of the trees,actual
wordsfrom the correspondingrHS's of the dictionaryrules. Thesearecalledthe ‘leaves’
or terminalnodesof thetree. It is normalto speakof ‘mother’ nodesand‘daughter'nodes
(e.g.theSnodeisthemotherof the NP, AUX, andVP nodes)andof mothersdominating’
daughtersin practicemostsentencearelongerandmorecomplicatedhanour example.
If we addadjectivesandprepositionaphrasesandsomemorewords,morecomple trees
canbe producedasshown in Figure 3.3, wherethe NP which is the left daughterof the
S nodecontainsan adjectve anda nounbut no determiner(the NP rule in our grammar
above allows for nounphrase®f thisform), theNPin VP containsa determineianda PP

A largecollectionof suchruleswill constituteaformal grammarfor alanguage— formal,
becausat attemptsto give a mathematicallypreciseaccountof whatit is for a sentence
to be grammatical. As well asbeing more concisethanthe informal descriptionsat the
beginningof the section the precisionof formal grammarss anadwantagevhenit comes
to providing computationatreatments.

S
NP AUX VP
ADJ N may \% NP
| | | ) T
high temperature affect DET N PP
| | N
the performance P NP
N
of DET N
| |
the printer

Figure 3.3 A More Comple TreeStructure

We shouldemphasis¢hatthelittle grammamwe have givenis notthe only possiblegram-
marfor thefragmentof Englishit is supposedo describe Thequestionof whichgrammar
is ‘best’ is amatterfor investigation.Onequestions thatof completeness doesthegram-
mar describeall sentencesf thelanguagen this respectpnecanseethatour example
above is woefully inadequate Anotherissueis whethera grammaiis correctin the sense
of allowing only sentencethatarein factgrammatical:our examplegrammarfalls down
in thisrespectsinceit allowstheexamplesn (11), amongmary others.

(11) a. *Usercleans.

2For somereason|inguists’ treesarealwayswritten upsidedown, with the‘root’ atthetop, andtheleaves
(theactualwords)at the bottom.
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b. *Userscleansprinters.
c. *Usersshouldcleansprinters.

A grammarmay alsobe incorrectin associatingconstituentsvith the wrong categories.
For example,aswe notedabove, onewould probablyprefera grammamwhich recognizes
that determinersand nounsmalke up NPs, andthat the NP that occurin S (i.e. subject
NPs) andthosethat appearin VP (object NPs) are the same(as our grammardoes)to
a grammarwhich treatsthemasbelongingto differentcategories— this would suggest
(wrongly) that there are things that can appearas subjects but not as objects,and vice
versa.Thisis obviously nottrue,exceptfor somepronounghatcanappeamassubjectsut
notasobjects:l, he, she etc. A worsedefectof this kind is the treatmenif words— the
grammargivesfar too little informationaboutthem,andcompletelymissesthe fact that
clean andcleansare actually differentforms of the sameverh We will shav how this
problemcanbeovercomein Chapters.

In a practicalcontext, a furtherissueis how easyit is to understandhe grammay andto
modify it (by extendingit, or fixing mistales),andhow easyit is to useit for automatic
processinganissueto whichwewill return).Of courseall thesemattersareoftenrelated.

3.2.2 Further Analysis: Grammatical Relations

Sofar we have talked aboutthe kind of grammaticaknowledgethatcanbe expressedn
termsof a constituentstructuretree— information aboutthe constituentunits, andthe
partsof speech But thereareotherkinds of informationimplicit in theserepresentations
which it is usefulto malke explicit. In particular informationaboutwhich phrasedulfil
which grammaticalelationsor grammatical functions suchasSUBJECT OBJECTand
SENTENTIAL COMPLEMENT. EnglishSUBJECTsare normally the NPswhich come
beforethe verb, and OBJECTsnormally occurimmediatelyafter the verh In otherlan-
guagegheserelationsmay be realiseddifferently with respecto the verh For example,
in Japanesthe normalword orderis SUBJECTOBJECTVERB, andin Irish andWelsh
it is VERB SUBJECTOBJECT In mary languagessuchasRussianthe VERB, SUB-
JECTandOBJECTcanappeatin essentiallyany order (In suchlanguageshe different
grammaticalrelationscan often be recognizedby differentforms of the noun— usually
calledcases. In English,this only occurswith pronouns— he, she etc.,areonly possible
asSUBJECTSs).Whatthis suggestsof course,is thatwhile the constituentstructuresof
languagedliffer greatly they may appeamoresimilar whendescribedn termsof gram-
maticalrelations.

Phrasesvhich sene asSUBJECTOBJECT etc.,shouldalsobedistinguishedrom those

whichseneasMODIFIERs,or ADJUNCTSs,of varioussorts.For example,in thesentence
(12) You is the SUBJECTof the verbclean the printer casingis its OBJECT whilst the
prepositionaphrasesvith a non-abrasivecompoundandat anytimeareADJUNCTSs.
(12) Youcancleanthe printercasingwith a non-abrasie compoundatary time.

ADJUNCTsare prototypically optional — unlike SUBJECTS. For example,a sentence

42
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which omits themis still perfectlywell formed: thereis nothingwrong with (13a), but
omitting the SUBJECT asillustratedin (13b) producesanungrammaticatesult?

(13) a. Youcancleantheprintercasing.
b. *Cancleantheprintercasing.

Thereare variousways of representingentencei termsof grammaticakelations,but
it is essentiallynot very differentfrom that of constituentstructuretree representation,
which we have seenearlierin this chapter The basicideais to represensentence
termsof their constituenparts(soatreerepresentatiors corvenient) but sinceonewants
to representhe grammaticakelationwhich the partshave to the whole, it is commonto
mark eitherthe branchesor the nodeswith the appropriaterelation. Figure 3.4 givesa
representationf (14). This canbe comparedwith a constituentstructurerepresentation
for thesamesentencén Figure3.5.

(14) Thetemperaturénasaffectedthe printer.

S
{aspect=perfecte}
{tense=pres

SUBJ OBJ
HEVAD NP NP
{def=+} {def=+}
HEAD HEAD
N N
{def=+} {def=+}
affect tempeature printer

Figure 3.4 A Representationof GrammaticaRelations

In Figure 3.4, therelationsaremarked on the nodes,anda new relationHEAD hasbeen
introduced.The HEAD elements, intuitively, the mostimportantelementrom the point
of view of thegrammarof thewhole phrase— the elementwhich makesthe phrasevhat
it is. Thisis thenounin anNP, theverbin a VP or sentencethe prepositionn aPRP

Therearethreeimportantdifferencedbetweerthistreerepresentingrammaticatelations,
andthoserepresentingonstituentstructure. First, insteadof consistingof an NP, anda
VP (containingaV andan NP), the representationf grammaticakelationsconsistsof a
V andtwo NPs—the VP nodehasdisappearedSecondjn this grammaticatelationsrep-
resentationthe orderof the branchess unimportant.This is possible of course because

%In English, SUBJECTscan only be omitted in imperatie sentencesfor example orders, such as
Cleanthe printer regularly, andin someembeddedsentencese.g. the underlinedpart of It is essential
to cleanthe printer
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44 REPRESENATION AND PROCESSING

S
_— T
NP AUX VP
DET N has \% NP
| | | N
the temperature affected DET N
| |
the printer

Figure 3.5 A ConstituentStructureRepresentation

thegrammaticatelationshave beenindicatedandthis givesinformationaboutword order
implicitly. Figure3.4couldberedravn with thebranchesn arny order andit would still be
arepresentationf Thetempeature affectsthe printer, sincethisis theonly sentencehat
hastheseitemswith theserelations.By contrastreorderingthe branchesn a constituent
structuretreemight producea representationf a quite differentsentenceor no sentence
atall.

The third differenceis that someof the words have beenmissedout from Figure 3.4,
and have beenreplacedby features, thatis, pairsthat consistof an attribute, suchas
def, tense, andaspect, anda value, suchas+, pres, andperfective. The
featuresaspect =per f ect i ve andt ense=pr es indicatethatthesentencasawhole
is in the preseniperfecttense.lt is called perfectbecauseét is usedto describesventsor
actionsthat have been‘perfected’ or completed unlike, for example,a sentencesuchas
Thetempeature was affecting the printer, wherethe ‘affecting’ is still going on at the
time the writer is referringto. It is calledpresentperfectbecausehe auxiliary verbis in
a presentenseform (hasnot had). Thefeaturedef =+ onthe NPsmeangheseNPsare
definite. This definitenessndicatesthatthe writer andreademave someparticularobject
of the appropriatekind in mind. Compare for example, The printer has stoppedwhere
one particularprinter which is in somesenseknown to both writer and readeris being
discussedwith A printer hasstoppedwherethisis notthe case.

Thesethreedifferencesare all intendedto represenivhatis expressedyy the sentence,
abstractingaway from the way it is expressed:we abstractaway from the division into
NP and VP, from the particularword ordet andfrom the way in which the definiteness
of the NPsandthe tenseand aspectof the sentencearerealized(in Englishit is by the
determinersandthe auxiliary verb respectiely; in otherlanguagest might be realized
differently).

Whenit comesto describingthe relationshipbetweenconstituenstructure andwhatwe
might call relationalstructures,suchas Figure 3.4, thereare basicallytwo approaches.
Oneis simply to addinformationaboutgrammaticatelationsto thegrammarrules.

S — NP{SUBJECT} AUX VP{HEAD}
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VP — V{HEAD} NP{OBJECT} PP{ADJUNCT}*

AUX — has{aspect =perfective, tense=pres}

Theideais thattheseannotationsanbe interpretedin sucha way thata representation
like Figure3.4 canbe constructedt the sametime asthe constituenstructuretree. To do
this requiresa corventionto ‘flatten’ the constituentstructuretree ‘merging’ a structure
(e.g. the structureof S) thatis associatedvith the LHS of a rule with that of the HEAD
daughteron the RHS, and a conventionwhich simply memgesin informationthat comes
from itemswhich do not have a grammaticatelation,suchasthe AUX.

A secondapproachis to have specialrules which relatethe constituentstructurerepre-
sentationto the representatiomf grammaticalrelations. One suchrule might look like
this:

[s NP: $1, AUX: $2, [VP V: $3, NP: $4 ]]
—
[s HEAD: $3, SUBJ: $1, OBJ: $4 ]

Inthisrule,$1,%$2,etc. arevariables, ortemporarynamedor piecesof structure.Theidea

is that sucha rule matchesa constituentstructuresuchasthatin Figure 3.3, andassigns
(or ‘binds’) the variablesto variouspiecesof structure. For examplethe NP containing
tempeature becomesoundto the variable$1. The rule canthenbe interpretedasan

instructionto transformthe constituentstructuretree into a tree like Figure 3.4. This

involvesmakingthis NP into the SUBJECT makingthe V into the HEAD, and missing
outthe AUX entirely amongotherthings. Therule is rathersimplified, of course,since
it doesnot mentionputting the informationaboutperfective aspecinto the grammatical
relationrepresentationandignoresthe problemof dealingwith PPs,but it shouldgive

someidea.

Thereademayalsonoticethatthearrow usedin thisruleis bidirectional. Thisis intended
to suggesthattherule simply statesa correspondencketweerconstituenstructure and
grammaticalrelation representationsyithout suggestinghat one is prior to the other

Thus,theideais thatonecouldequallywell usetherule to transformFigure3.4into Fig-

ure3.5andvice versa.Similarly, theannotatiorapproachs notsupposedo bedirectional
(thoughthis maybe somavhatharderto appreciate).

Many verbshave whatarecalledactive andpassive forms,asin thefollowing.

(15) a. Temperaturtaffects. (Active

b. areaffectedby temperature. (Passive

Notice that the objectin the active sentencecorrespondgo the subjectin the passie.
Thisraiseshequestionof whatthegrammaticatelationsSUBJECTandOBJECTshould
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mean. One possibility is to usethe the termsin the senseof the ‘surface’ grammatical
relations. The SUBJECTsof activesandthe correspondingpassveswould be different,
then. In particular tempeature would be the SUBJECTof (15a),andprinters would be
the SUBJECTof (15b). Thealternatve is to adopta notionof a deeprelationwhich picks
out the sameelementsn both active and passive sentence.We would thensaythat (in
English)the D-OBJECT(‘deep’ OBJECT)correspondso the nounphraseafterthe verb
in active sentencesndto the noun phrasethat precedeghe verbin the corresponding
passve. In active sentencesthe surface and deeprelationsare the same,but they are
differentin passves,ascanbeseerfrom thefollowing (in the passve sentencehereis no
surfaceOBJECT andthe D-SUBJECThasbecomea sortof ADJUNCT, in a PPwith the
prepositiorby).

(16) a. Temperaturaffectsprinters. (Active
SUBJECT= tempeature, OBJECT= printers
D-SUBJECT= tempeature, D-OBJECT= printers

b. Printersareaffectedby temperature. (Passive
SUBJECT= printers, OBJECT= 0,
D-SUBJECT=tempeature D-OBJECT= printers

InterpretingSUBJECTasdeepsubjectis clearly consistentwith the generalideaof ab-
stractingaway from surfacecharacteristicsn the grammaticalrelationalrepresentation.
But it is notobviously theright move to make. For example Englishverbsoftenvarytheir
form dependingon the natureof their subject(this is called agreement — asthe follow-
ing makesclear thereis alsoagreemenbf demonstratieslik e this'thesewith their head
noun).
(17) a. Thesefactorsaffectprinters.
b. Thisfactoraffectsprinters.
c. *Thesefactorsaffectsprinters.
d. *This factoraffectprinters.

However, the pointto noticeis thatthe agreemenis with the surfacesubject,notthedeep
subject.Thus,if onewantsto usearepresentationf grammaticalelationsto describethe
phenomenormf agreementthe notion of SUBJECThadbetterbe surfacesubject.Thisis
not, in itself, a critical pointhere. The pointwe aremakingis simply thatthereis arange
of options,andthatthe optionchosercanmale a differencefor the overall description.

3.23 Meaning

Representingnformationaboutgrammarin the form of grammarrulesis usefulin two

waysin MT. First, aswill becomeclearin the Chapter4, it is possibleto usethe sort
of linguistic representatiornthat the rules provide to get simpler and betterdescriptions
of whatis involvedin translation by abstractingaway from somesuperficialdifferences
betweerlanguages- aswe have notedtheabstractepresentationsf sentencein different
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languagesireoftenmoresimilarthanthe sentencethemseles.But onecanalsousesuch
representationasthe basisfor still more abstractrepresentationef meaning. Working

out the meaningof sentencess an importantpart of the translationprocessfor human
translatorsandthe ability to work out the meaning— to ‘understand’(in somesense)
the sourcetext would allow anMT systento producemuchbettertranslations This may

soundanimpossibletask,andperhapsat somelevel it is. However, thereis anotheyless
ambitious Jevel whereautomaticunderstandingis possible.In this sectionwe will look

atwhatthisinvolvesin a preliminaryway (we will saymoreaboultit in Chapter7).

It is usefulto think of ‘understandingasinvolving threekinds of knowledge:

1 Semantic knowledge.Thisis knowledgeof whatexpressiongindividual wordsand
sentencesinean,ndependenof the context they appeain.

2 Pragmatic knowledge. This is knowledgeof what expressionsneanin situations
andparticularoccasion®f use.

3 Real world, or commonsensenowledge.

Considerthefollowing example:

(18) Theusermay preferto cleanthe printerevery weekwith a non-corrosie fluid. Do
not useabrasve or corrosve solvents,asthis mayharmits appearance.

Onethingthatis involvedin understandinghemeaningof thisis working out the different
semantic relations that the different NPs have to the predicates. For example,a non-
corrosivefluid is understoodisaninstrumento be usedin cleaning everyweekindicates
thetime periodin which the cleaningshouldbe repeatedthe printer denoteghe thing to
becleanedandtheuserdenotesoththeentity thathasa preferenceandwhich performs
the cleaning. This is semanticinformation, becauset is information that this sentence
would corvey onary occasiorof use.However, recoseringthisinformationis notenough
to ‘understandthe example.Onemustalsobe ableto work outthatthesesentences— or
atleastthe secondsentence— is to be understoodisa warning not to do something.In
this case the form of the sentencés afairly clearguideto this, but this is not alwaysso.
For example,sentenceshat areinterrogatve in form are often requestgor information,
but it is quite possiblefor suchsentenceso be interpretedas offers, requestdor action,
warnings,or asassertiongi.e. asgiving information). This last caseis whatis calleda
rhetoricalquestion;ithefollowing interrogatvesmight be interpretedn someof the other
ways,dependingn the context.

(19) a. Wouldyoulike somecake?
b. Don'tyouthinkit is coldin here?
c. Cantyouseewhatyou aredoingto thatprinter?

Of coursethe key wordshereare‘dependingon the context’. Working out, for example,
that(19b)is interpretedasa requestor the spealer to closea window dependson mary
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48 REPRESENATION AND PROCESSING

thingsin the context whereit is uttered(it might also,for example,be a commenton the
socialatmosphere) The sort of knowledgeof socialandlinguistic corventionsinvolved
hereis partof whatis normallythoughtof aspragmaticknowledge.

But even this is not enoughto understandhe examplecompletely For example,there
arethe pronounghis, andit in the secondsentencelt is obvious (to the humanreader)
thatthis shouldbeinterpretedascleaningwith anabrasie or corrosve solvent,andthatit
shouldbeinterpretedasreferringto the printer (i.e. the sensds: ‘cleaning... mayharm
theprinter's appearance’)But thisis notthe only semanticallyandpragmaticallypossible
interpretation.One could imaginethe samesentencéeingutteredin a context whereit
is theappearancef thefluid thatwill beaffected(imagineoneis dealingwith a precious
fluid of somekind):

(20) Do notplacethefluid in sunlight,asthis mayharmits appearance.

Whatis involved hereis realworld, or commonsenseknowledge,perhapgheknowledge
thatif a corrosve fluid comesinto contactwith a printer (or somethingsimilar), it is the
printer's appearanc¢hatis damaged.This is not knowledgeaboutthe meaningsof the
words,or abouthow languagés usedin differentsocialcontets.
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WhatYou SayandWhatThey Hear:
A NormalCorversationin the LinguisticsCommonRoom

Similarly, considerthe meaningof aword like printers. Semantidknowledgeshouldsup-
ply theinformationthatoneinterpretatiorof this refersto a collectionof machinesvhich
performthe activity of printing, or perhapso suchthingsin general(asin printers are
expensiveand unreliable). Realworld knowledgewill indicatethatthe membersof this
collectionaretypically of acertainsize(biggerthanpencils,but smallerthanhousessay),
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andhave certainparts,andcharacteristidlaws. Whensomeonaeuttersthe word Printers!,
in anexasperatetone,with apieceof chevedup paperin theirhand,you mayrealizethat
whatthey intendto corvey is somequite complicatedattitude,includinganngance.lt is
pragmaticknowledgethatallows you to work out thatthis is their intention,andthatthey
donot, for example, wantyouto go andbuy thema numberof printers.

Of coursethedistinctionshetweertheseifferentkindsof knowledgearenotalwaysclear
andthey interactin comple waysin determininghow anutterancas actuallyunderstood.
Neverthelessthe basicideaof thedistinctionshouldbeclear

How canthis sort of informationaboutsentencede represented? he representatioof

pragmaticandcommonsenser realworld knowledgeraiseamary difficult problemsand

is not really necessaryor understandinghe discussiorin the following chapterssowe

will postponaiscussioruntil Chapter6. However, we will saysomethingaboutsemantic
representationisere.

Onekind of semantiaepresentatiomould provide differentrelationnamesandindicate
which NP had which relation. In the following example,which is a simplified part of
(18), onemight have relationslike INSTRUMENT, AGENT (for the user),andTHEME
or PATIENT (for the printer), giving a representatiotike Figure 3.6 Theserelationsare
sometimegalledsemantic roles, (degp) cases, or thematic roles.

(21) Theusercleanghe printerwith anon-abrasie solvent.

S
{time-ref=... }

HEAD AGENT PATIENT INSTRUMENT
{def=+} {def=+} {def=-}
HEAD HEAD HEAD
{def=+} {def=+} {def=-}
clean user printer  non-abmasivesolvent

Figure 3.6 A Representationf SemantidRelations

Sucha representatiotooks very muchlike Figure 3.4, exceptthatthe labelsSUBJECT
OBJECT etc. have beenreplacedy thesethematicroles,andsyntacticinformationabout
tenseandaspectasbeenreplacedoy informationabouttime reference. The rulesthat
relatetheserolesto grammaticakelationswould saythingslike “The AGENT will nor

mally correspondo the SUBJECTof an active sentenceandan NP in a by-phrasein a
passve sentence”;The INSTRUMENT normally appearsn a PP with the preposition
with”, “The PATIENT is very oftenthe OBJECTof active sentencesHowever, thereare

“We have not specifiedthetime-referencénformation: seeChapter?.
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someverbswhichviolatethesegenerabpatterns For example they arevery differentwith
like andplease-the PATIENT (bright colours in thefollowing example)is normally the
OBJECTof like, but the SUBJECTof please

(22) a. Childrenlike brightcolours.
b.  Bright colourspleasechildren.

Theusefulnes®f a semantiaepresentatiois furtherexploredin Chapter7.

3.3 Processing

In the previous sectionswe have tried to give an outline of someof the differentkinds
of knowledgethatareneededn text understandingandhencetranslation) andhow they
canberepresentedWe will now give anideaof how this knowledgecanbe manipulated
automatically We will dothisin two stagesFirst, we will look atwhatis calledanalysis,
or parsing. This is the processof taking an input string of expressionsand producing
representationsf the kind we have seenin the previous section. Second,we will look
at synthesis, or generation, which is the reverseprocess- taking a representationand
producingthe correspondingentence.

It may be helpful to point out at the beginning that thoughthe representationse have

givenaregenerallygraphicobjects— treesor networks dravn with lines— thesearenot

themselesthe representationthat the computerdealswith. For example,the standard
internalrepresentationf a treeis asalist, containingsublists,with arny labelson a node
beingrepresentedsthefirst elementof thelist. If we write lists between (" and‘)’, and

separatelementswith commas thenthe tree representatiomgiven in Figure 3.1 would

look asfollows (in fact, we have alreadyshawn this sort of representatioffior linguistic

trees).

(S, (NP, (N, users))(AUX, should),(VP, (V, clean),(NP, (DET, the),(N, printer))))

Lists are one of the datastructureshat can be representeénd manipulatedvery easily
within a computer

331 Parsing

The task of an automaticparseris to take a formal grammarand a sentenceand apply
the grammarto the sentencean orderto (a) checkthatit is indeedgrammaticaland (b)

giventhatit is grammaticalshov how the wordsarecombinedinto phrasesandhow the
phrasesare put togetherto form larger phraseqincluding sentences).So, for example,
a parserwould usethe ruleswe gave above to checkthat the sentencelhetempeature
has affectedthe printer consistsof a noun phrase,consistingof the noun Tempeature
followedby anauxiliary verb,followedby averbphraseandthattheverbphraseaffected
the printer consistsof the verb affect anda nounphraseconsistingof the nounprinters.

In effect, this gives the sameinformation as the sortsof tree structurewe have given
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above, for examplein Figure3.5. Thus,onecanthink of a parserastakingsentencesand
producingsuchrepresentation@ssuminghe sentencearein factwell-formedaccording
to thegrammar).

How canthis be done?Therearemary waysto applytherulesto theinputto producean
outputtree— mary differentprocedures, or parsing algorithms by which aninput string
canbeassigned structure Hereis onemethod:

1 For eachword in the sentencefind a rule whoseright handside matchest. This
meanghatevery word would thenbelabelledwith its partof speech{shavn onthe
left handsideof therule thatmatchedt). This stepis exactly equivalentto looking
up thewordsin anEnglishdictionary Givenrulesof thetypeN — user, N —
printer,andV — cl ean,thiswill producea partialstructureaswe canseeat
thetop left corner(Stage0) of Figure3.7.

2 Startingfrom the left handend of the sentencefind every rule whoseright-hand
sidewill matchoneor moreof the partsof speech(Stagel of Figure3.7).

3 Keepon doing step2, matchinglarger andlarger bits of phrasestructureuntil no
more rules canbe applied. (In our example, this will be whenthe sentenceule
finally matchesup with a nounphraseanda verb phrasewhich have alreadybeen
identified). Thesentencés now parsed Stage2-4 of Figure3.7).

It is generallypossibleto find more than one algorithmto producea given result. As
alreadymentionedthis is certainlytrue of parsing:thealgorithmgivenhereis just oneof
mary possiblevariantswhich differ in their ability to copeefficiently with differenttypes
of grammar The onewe gave startedout with the words of the sentenceand built the
tree‘bottom up’. However, we could alsohave usedan algorithmthatbuilt thetree‘top-
down’, startingwith the S node. Essentially what this algorithmwould do is guessthat
it is looking at a sentenceandthenguesghatthe sentencestartswith a nounphraseand
thenguessthat the noun phraseconsistsof a noun,andthencheckto seewhetherthere
really is a nounat the startof the sentence.Eachtime thereis a choiceof possibilities
(maybethe noun phrasestartswith a determiner)it makes the first choiceand, if that
provesincorrect,backsup andtries the next alternatve. During the courseof parsinga
sentencavith a complicatedgrammarit would eventuallygetthe right answer perhaps
only aftermary wrongguesses(ThealgorithmsthatMT andotherNLP systemaiseare
more sophisticatedndefficient thanthis, of course). The first few stagesn a top-dovn
parseareillustratedin Figure3.8.

This descriptionappliesonly to building the surface,constituenstructuretree,of course.
As regardsotherlevelsof representatio(representationsf grammaticatelations andse-
manticrepresentations)herearetwo basicapproachesswe notedabove. If information
aboutotherlevels of representatiors representedsannotation®n the constituenstruc-
ture rules,thenit shouldbe possibleto constructtheseotherrepresentationat the same
time asthe constituenstructurerepresentationThis is slightly harderif the relationships
betweerlevelsis statedin a separateollectionof rules. In this case the naturalthing to
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Stage 0 Stage 1

NP
DET N AUX v DET N DET N AUX \% DET N
The user should clean the printer The user should clean the printer
NP — DET N
Stage 3 Stage 24
VP
NP NP NP NP
DET N AUX \% DET N DET N AUX \Y DET N
The user  should clean the printer The user  should clean the printer
S — NP AUX VP
Stage 4
S
VP
NP NP
DET N AUX \Y DET N
The user should clean the printer

Figure 3.7 ParsingUsinga Bottom-UpAlgorithm
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Stage 1—
S
NP AUX VP

the user should clean the printer

[ NP— DET N ]

Stage 2 —

the user should clean the printer

Stage 5 —
S
NP AUX VP
DET N

the user should clean the printer

Figure 3.8 ParsingUsinga Top-Down Algorithm
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do is to first build the constituentstructurerepresentationand apply theserulesto that
representation.

Thesimplestprocedurdor thisoperatesrecursively’ down thesurface(constituentstruc-
turetree,dealingwith eachnodein turn. Beginning at the root node,the algorithmlooks
for arule whoselhs matcheghis node,andits daughtersin the caseof the following rule
(whichwe gave above, but repeatherefor corvenience)this meangheroot nodemustbe
labelledwith anS, andtheremustbethreedaughterslabelledNP, AUX, andVP, andthe
VP mustin turn containa daughtettabelledV, anda daughtetabelledNP.

[s NP:$1, AUX $2, [pp V:$3, NP:$4 ]]
ya
[s HEAD: $3, SUBJECT: $1, OBJECT: $4 |

Oneinterpretatiorof sucha rule leavesthe constituenstructuretreeuntouchedandcre-
atesanew structurerepresentinghe grammaticatelations.This requireghealgorithmto

createa temporarystructurecorrespondingdo the rhsof therule. Thiswill belabelledS,

andwill containthreedaughterspnetheHEAD, onethe SUBJECTandonetheOBJECT
Of course this structurecannotbe completeyet, becauset is not yet known whatthese
daughtershouldcontain. However, the algorithmnow dealswith the daughtemodesof

the surfacestructuretreein exactly the sameway asit dealtwith the root node(hencethe
processs calledrecursve). Thatis, it triesto find rulesto matcheachof NP, AUX, V,

andNP, andproducethe correspondingtructuresWhenit hasdonethis, it will beableto

fill in the partsof thetemporarystructureit createdoriginally, anda representatioof the
grammaticatelationswill have beenproduced.Thiscanbeseenin Figure3.9.

A similar procedurecan be usedto interpretthe rules that relate grammaticalrelation
structurego semanticstructures. Thereare a numberof detailsand refinementswvhich
shouldreally be describedsuchashow we ensurethatall possiblegrammaticakelation
structuresareproducedwhatwe do aboutnodeshatarementionednthe LHs but noton
therHS, andsoon. But thesearerefinementsanddo not matterhere,solongasthis basic
pictureis clear

3.3.2 Generation

Sofar, we have describechow to take aninput string, andproducea representationBut,
obviously, for mostapplicationsthereverseprocesss alsonecessaryEqually obviously,
how hardthis is depend®n whereyou startfrom. Generatinga string from a constituent
structurerepresentatiofik e thoseabove is almosttrivial. At worstoneneedgo do some-
thing to thewordsto getthe correctform (e.g.to getclean notcleansin Theusershould
cleantheprinter regularly). For therest,it is simply amatterof ‘for getting’ whatstructure
thereis (andperhapghe not-so-trivial matterof arrangingpunctuation).
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Figure 3.9 Building a Representationf GrammaticaRelations

Startingfrom a representatiof grammaticalrelations,or a semanticrepresentationis
harder

If therelationshetweersyntactic,grammaticatelationstructuresandsemanticstructures
are describedby meansof explicit rules, thenone approachis to usethoserulesin the

sameway aswe describedor parsing,but ‘in reverse’— thatis with the partof therule

written afterthe «<— interpretedasthe Ihs. Thingsarenot quite sostraightforvardwhen

informationaboutgrammaticakelations,and/orsemanticds pacledinto the constituent
structurerules.

Onepossibilityis to have a completelyseparatesetof proceduresor producingsentences
from semanticor grammaticalrelation structureswithout going throughthe constituent
structurestage(for example,onewould needa rule thatputsHEAD, SUBJECT andOB-
JECT into the normalword orderfor English, dependingon whetherthe sentencevas
active or passve, interrogatve or declaratve). This hasattractionsin particular it maybe
thatonedoesnotwantto beableto generatexactly the sentencesnecanparselonemay
wantones parserto acceptstylistically ratherbad sentencesyhich onewould not want
to produce,for example). However, the disadwantageis that onewill endup describing
againmost,if notall, of theknowledgethatis containedn the grammamhich is usedfor
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56 REPRESENATION AND PROCESSING

parsing.

A naive (andutterly impractical)approachwould beto simply apply constituenstructure
rules at random,until a structurewas producedthat matchedthe grammaticalrelation
structurethatis input to generation.A usefulvariation of this is to startwith the whole
inputstructure andtake all therulesfor thecateyory S (assumingneexpectsthestructure
to represent sentence)andto comparethe grammaticarelationstructureeachof these
rules produceswith the input structure. If the structureproducedby a particularrule
matchegheinput structurethenbuild a partialtreewith this rule,andmarkeachof these
partsasbelongingto thattree. For example,giventherule for S above, onecould take
thegrammaticakelationstructureof a sentencdik e Theuserhascleanecthe printer and
begin to make a phrasestructuretree,asis illustratedin Figure3.10.

printer

s — NP AUX VP
{SUBJ} {HEAD}

S

Figure3.10 Generatiorfrom a GrammaticaRelationStructurel

One canseethat a partial constituentstructuretree hasbeencreated whosenodesare
linkedto partsof thegrammaticatelationstructurglacorventionis assumedherewhereby
everythingnotexplicitly mentionedn theruleis associateaith theHEAD element).Now

all thatis necessarys to do the samething to all the partsof the Grammaticalrelation
structure attachingthe partial treesthat have beenconstructedn the appropriateplaces.
This is illustratedin Figure3.11. Again, thereare mary refinementsand detailsmissed
outhere,but again,all thatmatterss the basicpicture.
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printer
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Figure 3.11 Generatiorfrom a GrammaticaRelationStructure?

3.4 Summary

This chapterhasintroducedthe differentkinds of knowledgeneededo do translation,
namelygrammaticabr syntacticknowledge,semanticpragmaticandreal world knowl-
edge.Focussingn syntacticandsemantidknowledge,we thenlooked at how this knowl-
edgecan be representednd described. Finally, againconcentratingon syntaxand se-
mantics we looked briefly athow this knowledgecanbe usedfor processindy meansof
parsingandgeneratioralgorithms.

3.5 Further Reading

A somavhatmoredetaileddiscussiorof mary of theissuegouchedonin this Chaptercan
befoundin HutchinsandSomerg1992),especiallyChaptersl, 3,5, and?.

Theissueof how linguistic knowledgeshouldbe represente@nddescribeds oneof the
key concernsof Linguistic theory andwill be coveredby mostintroductorybookson
Linguistics. On syntax,Brown andMiller (1991)is an accessibléntroduction. An ele-
mentaryintroductionto linguistic semanticeanbe foundin Hurford andHeaslg (1983),
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asomavhatmoreadwancedntroductioncanbefoundin Kempson(1977).

It is by no meansthe casethat linguistsagreeon the sortsof representatiothat arere-
quired,thoughthe useof somekind of constituenstructureis almostuniversal.In partic-
ular, thereis disagreemergbouthow oneshouldthink aboutmoreabstractevelsof repre-
sentationHereBorsley (1991)providesausefulcomparatie discussioratanintroductory
level. Discussionof the specialrequirementshat MT makesof linguistic representation
anddescriptioncanbefoundin VanEynde(1993b).

The issueof how linguistic representationand descriptionscan be usedfor processing
is the topic of the fields of ComputationaLinguisticsand Natural LanguageProcessing
(NLP). HereAllen (1987); Grishman(1986); Gazdarand Mellish (1989)and Winograd
(1983) provide excellentintroductions thoughall go well beyond whatis requiredfor a
basicunderstanding.Parts of Charniakand Wilks (1976) are more elementarythough
now someavhatout of date.

Muchwork in NLP focusse®n analysisratherthansynthesior generationFor anintro-
ductionto issuesn generationseeMcDonald(1987).

NLP is alsoa key areaof interestin the field of Artificial Intelligence(Al), and mary
introductionsto Al containsomeusefulintroductorymaterialon NLP, examplesareRich
(1983); Charniakand McDermott(1985); Tennant(1981); Barr and Fiegenbaum(1981).
Many of theentriesin Shapiro(1987)will alsobeuseful.
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Chapter 4

Machine Translation Engines

4.1 Introduction

In Chapter2, we gave anoverview of theervironmentin whichatypical MT systenmight
operateandoutlinedthevariousprocesseandpartsinvolved. In Chapter3, we discussed
how basiclinguistic knowledgecanbe representeéind usedfor automaticanalysisand
synthesislt is now time to look insidethe mostimportantnon-humarcomponenin MT
— the componenthat actually performsautomatictranslation— what we will call the
trandation engine.

MT enginescanbe classifiedby their architecture— the overall processingrganisation,
or theabstracarrangementf its variousprocessingnodules.Traditionally MT hasbeen
basedon direct or transformer architectureengines,and this is still the architecture
foundin mary of the morewell-establishedommerciaMT systems We shalltherefore
look at this architecturen detailin Section4.2 beforemoving on to considerthe never

indirect or linguistic knowledge architecturesvhich, having dominatedT researcHor

severalyears arestartingto becomeavailablein commerciaform (Section4.3).

4.2 Transformer Architectures

The main ideabehindtransformerenginesis thatinput (sourcelanguagesentencesan
betransformednto output(tamgetlanguagekentenceby carryingout the simplestpossi-
ble parse replacingsourcewordswith their tamgetlanguagesquialentsas specifiedin a
bilingualdictionary,andthenroughlyre-arrangingheir orderto suittherulesof thetarget
languageTheoverallarrangemendf suchan Engineis shovn in Figure4.1.

The first stageof processingnvolvesthe parser,which doessomepreliminary analysis
of the sourcesentence Theresultneednot be a completerepresentatiomf the kind de-
scribedin Chapter3, but might just be a list of wordswith their partsof speech.This is
passedo a packageof ruleswhich transformthe sentencento a tarmget sentenceusing
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60 MACHINE TRANSLATION ENGINES

— wherenecessary— informationprovided by the parsingprocess.The transformation
rulesincludebilingual dictionaryrulesandvariousrulesto re-ordemwords. They mayalso

includerulesto changeheform of targetwords,for example,to make sureverbshave the

correctpersonhumber andtensesufiixes.

GERMAN PARSER
uses Dictionary
and small Grammar
to produce
German a German Structure

(Source Text)

Druckdichte

Einestellung

v

GERMAN-ENGLISH
TRANSFORMER:

German to English
Transformation rules
successively transforgn

‘ the German Structurd
Print Density

Adjustment |nt0
an English Structure

English
(Target Text)

Figure4.1 A TransformerArchitecture(Germanto English)

To geta moredetailedideaof how it works, we shallexaminethe stepsin thetranslation
of asentenceakenfrom the printermanualtext in Chapter2:

(1) DrehenSiedenKnopfeinePositionzurick. ‘Turnyouthebuttononepositionback’.
(Turnthebuttonbackoneposition.)

Step 1. The Germanwords are looked up in a Germanelectronicdictionary, and the
appropriateateyory (for example,noun,verb)is assignedin this particularcasethelook-
upis easy:almostall thewordsin the sentencarepresenin their baseform — theform
they normally have asdictionaryentries. The only exceptionsto this arethe determiners
denandeing which areinflectedformsof der andein andhave to be recognisedissuch.
After all, an electronicdictionaryis likely to be similar to an ordinary paperdictionary
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4.2 TRANSFORMERARCHITECTURES 61

in thatregularly inflectedforms of verbs,nouns,adjectvesanddeterminersarenot given
sincethey canbe deducedrom generalrules. This is why mostMT systemamale use
of a morphologicalcomponent. This componentcontainsspecificrules that deal with

the regularities of inflection. Take for examplea verb like drehen(‘turn”), which has
the 3rd personsingularform dreht (‘turns’). This form is not shavn in monolingualor

bilingual paperdictionariedik e Dildenbecaus®therverbsof the samegeneraform have

the sameform for 3rd personsingular If the input sentenceontaineddreht, the lookup
systemwould first follow its generalpolicy of looking up directly Assumingthat fails,

it would thenreferto somebuilt-in inflectionrulesto seeif they could be usedto derive

aninfinitive or stemform. Onerule might say (in effect) “If the word hast on the end,
it might be a 3rd personsingularverh Try to confirmthe hypothesidy removing thet,

addinginfinitive/imperatve en thenlooking for theresultantdreheri’ A detailedaccount
of thetype of rulesthatwe canencountein a morphologicalcomponenis describedn

Chapters.

Note thatthe generalization®f a morphologicalcomponentanalsohelp the systemto

dealwith wordswhich arenotin its dictionaryin ary form atall. In the pastfew years,
Germanhasacquiredthe verbsfaxenandmailen which arederived from Englishto fax
andto (electonically) mail. Let us supposehey are not in the Germandictionary If

mailt or faxt are encounteredn the input, our 3rd personsingularrule could apply and,
asa resultof the verbannotationon the RHS, it would ‘guess’thattheinput forms might
be 3rd personsingularversionsof the hypothesisederb mailenor faxen Obviously this
hypothesiscannotbe confirmedin the availabledictionary but it is certainlyuseful: the
parsercannow work on the assumptiorthatthe unknovn word is probablya verb— this
is muchmorehelpful in the parseprocesghanhaving noideaatall whatits cateyory/part
of speechmightbe.

Oneproblemwith which the systemalsohasto dealis thefactthatthe two wordsdrehen
andzuridck togetherform the mainverb of the sentencezurickdrehen The recognition
may be doneby a rule which specifieghat prepositionsvhich standalone(i.e. withouta
complementat the endof a sentenceanform part of the mainverh This possibility is
thenchecledin thedictionary,which shouldcontainanentryfor the verb zuridkdrehen

Step 2. Somerules of a Germangrammarare usedto try to parsethe sentence.This

parsemightresultin the assumptiorthatthe NP denKnopf (‘the button’) is the objectof

zurickdrehenand(possibly)thatthe next NP einePositionis a modifierof somesort. An

advancedparsemight work out thatit is in facta measue modifier However, it is quite
possiblethat the transformerEnginewill not needary parseat all in this case(beyond
identificationof the category of the wordsin the string). This is becausehe difference
betweerthe GermanandsomepossibleEnglishtranslationss not great.

Step 3: The Enginenow appliessomeGermanto Englishtransformatiorrules. Thefirst
stephereis to find translationsof the Germanwordsin a Germanto Englishdictionary.
Takingthe simplecasesder — the nominatie form of den— goesto the, Knopf goesto
button, einto a, Positionto position Therulesmighthave thefollowing form:
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62 MACHINE TRANSLATION ENGINES

knopf {cat=n } — button{cat=n }

ei n{cat=det } — a{cat=det }

andsoon. Thatis, whenknopfis a noun(cat=n ) it is translatedasbutton Similarly,
eintranslatessthedetermineia — in the presentontet, einwould be besttranslatechs
one but let usassumehatit is routinelytranslatecasa by the Engine.

Turning to zurickdrehen thereneedsto be a rule which says“If thereis animperative
verbX, followedby the NP Sig thetranslationis thetranslationof X. In thiscasewe have
animperatize verb (zurickdreher) followedby the NP Sie sowe will getturn bad asthe
translation. This rule is intendedto preventthe translationof the GermanNP Siewhich
functionsasthe subject. Englishimperativesdo not have an overt subjectandtherefore
theliteral translationTurn bad youthe buttononepositionis unacceptableOur proposed
rule would give Turn badk the buttona position whichis bettet.

In practice theimperatie translationmight be handledby a pair of rules. Thefirst could
look lik e this:

X{cat=v,mood=imper ativ e} Sie
_>
X

The LHS matchescasesvherethereis ary imperatve verb X followedby Sie The RHS
saysthatthetranslationof sucha structuresimply consistf thetranslationof theimper
ative verh

As we have statedit, this first rule hasnot doneary translation. Whatit hasdoneis to

re-orderpart of the Germansentenceprior to translationinto English. The Enginecan
now simply applythelexical translatiorrulesto there-orderedsentence:

zur uckdrehen — turn _back

After applyingall theserules,the Enginenow hasan internalrepresentationf the form
Turn bad the buttona position.

Step 4: The Enginewould now apply ruleswhich turn the stemor dictionary forms of
Englishwordsto their inflectedforms. As it happensin the presenexample,the English

IAnotherpossibilitywould beto have anotherule which put thetranslatedrepositionimmediatelyafter
theverbobject,giving Turn the buttonbadk a position
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4.2 TRANSFORMERARCHITECTURES 63

stemforms happerto be exactly whatis wanted.For example,the stemform turn which
thedictionarysupplieds identicalto imperatve turn. Moreover, all thenounsaresingular
soit is unnecessarto addary plural affixes(e.g.sor eg.

Thisdiscussioris rathersketchyandwe have ignoredmary details.For example we have
saidvery little abouthow the varioustypesof transformatiorrule shouldbe ordered:howv
shouldre-orderingrulesbe interleaved with the bilingual dictionaryrules? We have also
not saidarnything muchhereabouthow the systemcopeswith ambiguities,or how rules
arepreventedirom applyingin thewrongcircumstancedpr example, it will notalwaysbe
thecasethata prepositionatthe endof a Germarclausebelongs’to anearlierimperative
verh However, this shouldhave giventhe readeranimpressionof whatis involvedin a
transformenrarchitecture We cannow summarizesomeof the distinctive designfeatures
of this sortof engine:

¢ Inputsentenceareautomaticallyparsednly sofarasit is necessarfor thesuccess-
ful operationof the variouslexical (word-basedpnd phrasaltransformatiorrules.
Thetransformerengineis often contentto find out just a few incompletepiecesof
informationaboutthe structureof someof the phrasesn a sentenceandwherethe
main verb might be, ratherthanworrying aboutgettinga full and completeparse
for the whole thing. In otherwords,parsingmay stopbeforean S rule of the kind
describedn Chapter3 hasbeenapplied.

In practice transformesystemsendnotto have particularlylargegrammardor the
languagethey translatefrom. Thusin the Germanto Englishtransformersystem
discussedbove, we assumedhatthe grammarcoveredonly somefeaturesof Ger

man. As a consequencé would not be ableto decidefor mary (or perhapsary)

input sentencewhetherit is grammaticallyacceptable.

The useof limited grammarsandincompleteparsingmeansthat transformersys-
temsdo not generallyconstructelaboraterepresentationsf input sentences— in
mary casesnoteventhe simplestsurfaceconstituenstructuretree. As we will see,
othertypesof MT systemconstructimuchmoreabstracinddeeprepresentations.

Most of the engines translationatompetencéies in theruleswhich transformbits
of input sentencanto bits of output sentencejncluding the bilingual dictionary
rules. In a sensea transformersystemhassomeknowledge of the comparative
grammar of thetwo languages— of whatmakesthe onestructurallydifferentfrom
theother

Inflectionrulesaside transformergenerallyhave noindependenlinguistic knowl-
edgeof the taiget languagebecausahey have no independengrammarfor that
languageln the German-Englisisystemtherewould befew, if ary, independently
statedrulesaboutEnglish— althoughyou could perhapsnfer someaspect®f En-
glishgrammarfrom theruleswhich transformbits of Germarinto bits of ‘English’.

Giventhesegeneralfeatureswe candescribethe translationabehaiour that canbe ex-
pectedfrom a systemwith atransformeengine.
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64 MACHINE TRANSLATION ENGINES

Characteristid¢o the performancenf sucha systemis the factthatthe enginewill not be
particularlytroubledwhenfacedwith unusualmaiginally acceptabler frankly unaccept-
ablesourcdanguagesentencest will rarelyhave sufiicient sourcdanguagegrammatical
knowledgeto recognisesomethingas ungrammatical. If the grammaticalstructuresin
the input sentenceare not recognisedy sometransformingrule, that structurewill pass
throughto the outputsentencevithout ary re-arrangementWe have seenthis in the ex-
ampleabore, whereall theword orderandstructureof DrehenSiedenKnopfeinePosition
zurick apartfrom therelationshipbetweerdrehenandzurick waspassedhroughinto the
Englishoutput. Somethingsimilar is true for the wordsin theinput sentenceif they are
not found in the systems dictionarythenthey are passedhroughinto the English out-
put andremainuntranslatedAs a consequencef thesefeatureshis type of architecture
impliesthat, in the worst case the whole input sentencesould survive unchangedasthe
output sentence.This would happenin the highly unlikely casethat noneof the input
wordsarefound in the bilingual dictionaryand noneof the input sentencegrammatical
structureis recognised.

With regardto the taiget languageperformanceof the systemwe cansaythat sincethe
systemhasno detailedknowledgeof targetlanguagegrammarthereis no guaranteehat
the transformednput sentences actuallya grammaticakentencén thetargetlanguage.
Although in mostcasesoutputwill resemblethe target language(especiallythe use of
tamget languagewords), the result can sometimeshe a completelyunintelligible ‘word
salad’.In suchcase®necouldsaythatthe outputdoesnot belongto any known language
— naturalor artificial.

Thetypical designfeaturef atransformeisystenmposesomerestrictionson the develop-
mentof additionallanguaganodules.First, the enginewill runin onedirectiononly, for
example from Germarto English.If theenginedeveloperwantsit to goin theotherdirec-
tion shemoreor lesshasto completelyrewrite thetransformerules. Sincethetransformer
rulesincludebilingual dictionaryrules, this canmeanthat the Enginehasto be supplied
with two bilingual dictionaries for example,German-EnglistandEnglish-GermanThis
is ratherclumsy since,apartfrom the differencedn their directionality the dictionaries
containmuchthe sameinformation. Secondlythe enginelinks a singlepair of languages
only. If thedeveloperwantsit to translatento anothettargetlanguagghenagainshemore
or lesshasto completelyre-write the transformerrules. Again, this amountsto rewriting
mostof thesystem.Grammaticaknowledgeof Englishandof Germanwhichis built into
a German-Englisksystemcannotthen be transferredo a English-Frenclor a German-
Frenchsystem.Evenin casesvherea systemcontainsonly a ratherlimited grammatical
knowledgeof the languagest involvesreproducingthis knowledgefor the development
of otherlanguagepairsmeansanunnecessariime loss.

Drawing thesevariouspointstogetherwe cansummarisehe situationof the transformer
enginearchitectureasfollows:

e It is highly robust. Thatis, the Enginedoesnot breakdown or stopin an ‘error
condition’ whenit encountersnput which containsunknavn words or unknowvn
grammaticatonstructionsRolustnesss clearlyimportantfor general-purposeIT.
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e In the worst caseit canwork ratherbadly being proneto produceoutputthatis
simply unacceptablén thetamgetlanguageg‘'word salad’).

e Thetranslationprocessnvolvesmary differentrulesinteractingin mary different
ways. This makes transformersystemsratherhard to understandn practice—
which meanghatthey canbehardto extendor modify.

e Thetransformerapproachs really designedwith translationin onedirection, be-
tweenonepair of languagesn mind, it is notconducve to the developmentof gen-
uinely multi-lingual systemg(as opposedo merecollectionsof independenbne-
pair, one-directiorengines).

To closethis section,we give an exampleof a GermanTeletext Travel News broadcast
andatranslatiorproducecdby anactualsmalltransformetEngine(whichis availablecom-
mercially andrathercheaplyfor useon PCs).The sourcetext andtheraw (unedited)MT
outputaregivenon page70. The Engineis clearly strugglingherewith unfamiliar words
and structurespccasionallyproducingcompletelyunintelligible outputwhich would be
unsuitableavenfor gisting. This examplerepresentshe ‘bottom end’ of transformerper
formance but givesa goodideaof how usefuleven this quality of translationcanbe —
readerswith noknowledgeof Germarwill certainlygetmoreinformationfrom thetrans-
lationthanthey couldfrom theoriginal. Note,however, thatthe quality of the outputcould
beimproved considerablyif the systemwere adaptedo dealingwith this particulartext
typeandvocahulary. As we mentionedn Chapter2, tuningthe systemto a particulartext
typeis worthwhileif theinput consistsof mary texts of thattype.

Source Text

VEREINZELT BADEVERBOT

Sommerurlauber an den Kuisten Sideuropas oder
der Ost- und Nordsee missen vereinzelt mit
Beeintrachtigungen des Badespal3es rechnen.

An der Adria wird bei Eraclea Mare und Caorle wegen
bakterieller Belastungen vom Baden abgeraten.

An der Cote d‘Azur ist laut ADAC vereinzelt mit Ver-
schmutzungen durch Teer und Ol zu rechnen.

Auch in Spanien werde an einigen Stellen bei
Barcelona vom Baden abgeraten.

Zufriedenstellend lautet die Wertung fur die Nordsee
in Schleswig-Holstein und den Niederlanden.
Zugleich treten aber in der Nordsee vereinzelt tennis-
ballgroRe Phenolklumpen auf.
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Unedited Output

ISOLATED BADEVERBOT

Summer vacationers at the coasts of South Europe or
the east - and North Sea must calculate isolated with
impairments of the bath joke.

At the Adria Mare and Caorle is dissuaded at Eraclea
because of bacterial burdens from the bath.

At the Code D’Azur is to be calculated loudly ADAC
isolated with pollutions through tar and oil. Also in
Spain am dissuaded at some places at Barcelona
from the bath.

Satisfactorily the appraisal sounds for the North Sea in
Schleswig-Holstein and the Netherlands. At the same
time tennisballegrosse appear however in the North
Sea isolated Phenolklumpen.

4.3 Linguistic Knowledge Architectures

The secondmajor architecture— indirect or linguistic knowledge (LK) architecture—
hasdominatedesearchn MT designduringthe pastdecadeandis startingto appeain a
numberof commerciakystemsTheideabehindLK engineds straightforvardenough:

High quality MT requireslinguistic knowledge of both the sourceand the
tagetlanguagesiswell asthe differencedetweerthem.

We usetheterm’linguistic knowledge’to referto extensive formalgrammarsvhich permit
abstract/relatiely deepanalysesn the senseof Chapter3. We shall seelateron justhow
deeptheanalysiscango.

With the Transformerarchitecture the translationprocessrelies on someknowledge of
the sourcelanguageandsomeknowledgeabouthow to transformpartly analysedsource
sentenceto stringsthatlook lik e taget languagesentencesWith the LK architecture,
on the otherhand, translationrelies on extensive knowledgeof both the sourceand the
target languagesnd of the relationshipshetweenanalysedsentencesn both languages.
In short,LK architecturdypically accordghetargetlanguagehe samestatusasthesource
languageAs canbe seenfrom Figure4.2,the LK architectureequireswo things:

¢ A substantiarammarof boththe sourcelanguageandthetargetlanguage.These
grammarsareusedby parserdo analysesentencef eachlanguagento represen-
tationswhich shaow their underlyingstructure andby generatorgo produceoutput
sentencefrom suchrepresentations.
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e An additionalcomparatie grammarwhich is usedto relateevery sourcesentence
representatioto somecorrespondindgargetlanguageepresentatior— arepresen-
tationwhichwill form thebasisfor generatingatargetlanguageranslation.

TheLK enginewill have grammardor eachlanguaget dealswith: in a German-English
systemtherewould be onefor Germanandonefor English. Eachof thesegrammarss
anindependenéntity, i.e. therewill beasetof ruleswhichis identifiablyfor Germanand
anotheyseparatesetwhichis identifiably for English. In factthe physicalandconceptual
separatiobetweerthetwo grammarss suchthatin theinitial stagef developinganLK
engine,a groupof Englishspecialistanight write the grammarfor Englishentirelyinde-
pendentlyof anothergroup of Germanspecialistavho arewriting the systems German
grammar In suchcasebothgroupswould have to aim thoughat a similar deeprepresenta-
tion of theirlanguageptherwisestructuraldiscrepanciesanbecreatedhatwould require
extratransferrulesfor mappingthesedifferentstructuresontoeachother
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TRANSFER
: Bilingual Rules Relate
Source Structures to
Target Structures
TRANSFER
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Source Language
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Figure 4.2 TheComponent®f a TransferSystem

LookingatFigure4.2,it is clearthatif (say)thesystemis translatingfrom Germarto En-
glish,thefirst (analysisstepinvolvesusingtheparserandthe Germamgrammairo analyse
the Germaninput. The secondtransfer)stepinvolveschangingthe underlyingrepresen-
tation of the Germansentencento an underlyingrepresentatioof an Englishsentence.
The third (synthesis)ktepandfinal major stepinvolveschangingthe underlyingEnglish
representatiomto an Englishsentenceusinga generatoandthe Englishgrammar The
factthata properEnglishgrammars beingusedmeanshatthe outputof the system—
the Englishsentences— arefar morelikely to be grammaticallycorrectthanthoseof a
German-EnglisiTransformersystem(recall that the latter had no explicit Englishgram-
marto guideit). In fact,if (perimpossibil@ we hadanLK German-Englistsystemwith
a‘perfect’ Englishgrammarthe only sortof mistale it could male in the outputwould be
errorsin translationalaccurag. Thatis, it would always produceperfectly well-formed
Englishsentencesvenwhenit did not producecorrecttranslations.

This alsomeanghatthewhole Engineshouldbereversible,at leastin theory Takingthe
German-English.K enginein Figure4.2, we couldrun the translationfrom right to left.
Thatis, we could give it English sentenceswhich would thenbe analysednto under
lying representationsTheserepresentationg/ould be changednto Germanunderlying
representationanda Germantranslationwould thenbe synthesisedrom theresult. The
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samegrammardor eachlanguageare usedregardlesof the directionof the translation.
In practicefew translationenginesarereversible,sincesomerulesthatarenecessaryor

correcttranslationin onedirectioncould causeproblemsf the processvasreversed.This

is especiallytruefor lexical transferrules,aswe will seelateronin this chapter

With this generalpicturein mind, the next subsectiorfocusse®n the so-calledtransfer
componentwhichembodiethecomparatie grammaithatlinks theanalysisandsynthesis
componentsogether— themodulein the centreof Figure4.2.

4.3.1 Comparative Grammar and Transfer

We have saidthat parseran LK enginestypically analyseto relatively abstractor deep
underlyingrepresentationsOf courseindividual systemgdiffer radically in the precise
sortsof representationthey use, but supposethe Engine usesthe English grammarto

producethesortof deepsyntactiaepresentatiomwe describedn Chaptel3 (thisis farfrom

beingthe mostabstractrepresentatiomne canimagine,of course).If we aretranslating
sentencd?) into German,the analysiscomponenmight producea representatiomlong
thelinesof Figure4.3

(2) Thetemperaturénasaffectedthe print density

We canlook athow thecomparatie grammarrelatessucharepresentatioto correspond-
ing representationfor tamgetlanguagesentencesJustaseachmonolingualgrammarhas

a‘dictionary’ of rules(e.g.N — temperature ) soalsothecomparatie grammarhas

bilingual dictionaryrules. In the simplestcase thesemay just relatesourcelexical items

(‘words’) to targetlexical items:

temperature < temperatur
print _density <« druckdichte
affect <« beeinflu Ben

S
{aspect=perfeote}

\Y NP NP

| | |
affect N N
{def=+} {def=+}
temperature print.density

Figure 4.3 AbstractTreeRepresentation

Onedifferencebetweenthesebilingual dictionary rules and thoseshown for the Trans-
formerengineis thatthe latter wereintendedto be usedin onedirectiononly. The <> in
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thepresentulesindicateghatthey can(in principle)sene asEnglish-Germamr German-
Englishrules.

Thesedictionaryrulescanbe seenasrelatingleaves(the word nodes)on the sourcelan-
guagetreeto leaveson the targetlanguagdree. The comparatie grammaralsocontains
somestructuralruleswhich relateotherpartsandnodesof thetwo treesto eachother

Onesuchstructuralrule might bereadasfollows: “The translationof the whole sentence
is normally madeup of the translationof the verb + the translationof the subject+ the
translationof the object! Notethat ‘translation’in this context hastherestrictedsenseof
translationinto thecorrespondingargetlanguageepresentation— thisrepresentatiohas
to beinput to synthesideforea ‘full’ translationis reached.The structuralrule we need
might be written in the following way (wherethe LHS describesan Englishstructureand
the RHS describeghe Germanand$H, $S, and$0 arevariablesinterpretedasstanding
for piecesof Englishstructureon oneside,andfor theirtranslationson the otherside).

[s HEAD:$HEAD, D-SUBJ:$SUBJECT, D-OBJ:$OBJECT |
—
[s HEAD:$H, D-SUBJ:$S, D-OBJ:$O |

Theleft andright handsidesof therule reflectthe ‘canonical’ order(HEAD, thenDEEP
SUBJECTthenDEEPOBJECT)thatonefindsin the source(andtarget) representations.
In somesystemsthe rule applicationproceduremight be setup sothat rule would work
regardlesof theleft-right orderof the nodesn the sourcerepresentation.

Thisrule saysthatin thetranslationof the sentencasawhole,theHEAD is whatever the

HEAD in the sourcelanguagéranslatess. TheHEAD is the verbaffect andits transla-
tion is givenby abilingual dictionaryrule. The DEEPSUBJECTandDEEPOBJECTjust

containsinglecontentwords(tempeature andprint_density andsothey too aretranslated
by theappropriatedictionaryrules.

The annotation®n the nodesof the representationsiustalsobe translatedn someway.
Therulesrelevantto our examplearestraightforvard, indicatingthatthe givenvaluesare
simply carriedover from sourcestructureto targetstructure:

{def=+ } < {def=+ }

{aspect=perfective } « {aspect=perfecti ve }

Of course,one could imaginethat this ‘copying’ of informationwithout changescould
occurby default, i.e. featuresare copiedunlessarule explicitly saysotherwise(although
specifyinghow this sort of systemshouldactuallywork turnsout to be surprisinglydiffi-
cult).
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Applying theserulesto the Englishrepresentatiom Figure4.3will resultin the construc-
tion of the correspondingsermarrepresentatiom Figure4.4.

S
P
V NP NP
| | |
beeinflussen N N

{def=+} {def=+}

temperatur druckdichte

Figure 4.4 TreeRepresentatioafter Translation

This representatiosenesasinput for the Germansynthesismodule,which appliesthe
rulesof the Germangrammaito producea GermansentenceTheseruleswill includeone
or morewhich requirethatthe pastparticipleof a verbis realisedat the endof the clause

whenthereis an auxiliary (hat, in this example). Thus, (3) shouldbe producedasthe
translation.

(3) Die Temperatuhatdie Druckdichtebeeinfluf3t

It shouldbe clearthat LK and Transformerarchitectureshandlethe word orderproblem
ratherdifferently A Transformeenginegenerallypreseresthesurfaceorderof thesource
languageanddirectly re-usest — with modificationswhereappropriate— to orderthe
tamgetlanguagewords. An LK engine,on the otherhand,extractsall the informationit
canfrom the sourceword orderand recodeshis informationin a more or lessabstract
representationThe generatoffor the tamgetlanguagewill usetheinformationin therep-
resentatiorandin the target languagegrammarto constructa target languagesentence
with aword orderthatit is grammaticallyappropriatdor thatlanguageln short,ordering
informationis notnormally carriedover directly.

Theonly differencedetweernhe Englishandthe Germanrepresentatioim this example
is in the wordson the leaf nodes;the geometryandannotationsn the treearethe same.
Ideally, thissimilarity will holdfor mostsentencesothatmostof thework in constructing
the representatioris done by the dictionary rules. However, it is importantto realise
thatthe designof the comparatie grammaranticipateshe possibility that the structures
couldbeverydifferentindeedif thedifferencedbetweerthesourceandits tamgetlanguage
translationarevery great. We will look at somesuchexamplesin the following chapters
(cf. especiallyChapter6).

Thesimilarity of therepresentationis relatedto the simplicity of therules. For example,
accordingto therule, DEEPSUBJECTSranslateas DEEPSUBJECTS and DEEP OB-
JECTSasDEEPOBJECTS andtherulesfor translatingthe wordsarestatedwithout any
conditions.But in general,onewould only wantto saythat subjectsandobjectsarenor-
mally translatedassubjectsandobjects,andit is easyto think of casesvhereonewould
wantto put extra conditionson suchlexical rules. For example,Englishimport translates
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asFrenchimporterwhenit is averb,andimportationwhenit is anoun,andtheverbefect
translateséaliseror effet, dependingpnwhetherit isanounor averh Suchexamplescan
be multiplied atwill. Similarly, onecannotalwayssimply presere the valuesof features
suchasdet , oraspect . For example,in translatingfrom Englishto French,onecannot
generallyexpectto presere the valuesof attributesindicatingtenseandaspect|f these
aredirectencodingof surfaceword forms(cf. Chapter7).

A relatively straightforvard examplewherea more comple rule is calledfor involves
the translationof the English verb like into Frenchplaire, asin (4), which shows the
‘switching’ of aguments.

(4) a. Samlikesthenew laserprinter
b. Lanouwlleimprimantealaserplat a Sam.

Sucharule mightlook asfollows:

[ HEAD:like, SUBJ:$1, OBJ$2 ]
“
[s HEAD:plaire, SUBJ:$2, OBJ$1 |

Switchingof agumentsoccursbecausehe variables$l, and$2 areassociateavith dif-

ferentgrammaticakelationson the two sidesof the rule ($1 will be boundto the repre-
sentationof Sam and$2 will be boundto therepresentationf the new laser printer (on
theEnglishsideof therule), andla nouvelleimprimantea laser (on the Frenchsideof the
rule)). Theidentity of thewordsthatfill the HEAD relationhasbeengivento preventthis
rule applyingto examplesinvolving ‘normal’ verbs(onewill alsohave to make surethat
the ‘normal’ rulesdo not applyin translatinglike andplaire, of course).This processof
amgumentswitchingis illustratedin Figure4.5.

Specialkuleslik e theonegivenabove have to bewrittenfor everycasewherethereis some
differencebetweenthe outputof the sourcelanguageanalysisandthe input expectedby
thetargetlanguagegeneratar In practice,onewould expectthe contrastve grammarfor
an English-Frenchpr English-GermarMT systemwhosemostabstractrepresentations
involve surfacegrammaticalelationsto be quitelarge.

In generalthesizeandcompleity of acomparatie grammaircanbereducedyincreasing
the depthof the parsingtowardsmoreabstracievels of representationfFor example,the
useof SemanticRelations(seeChapter 3) would remove the needfor a speciallike-
plaire rule, becausdoth EnglishandFrenchsentences (4) would have representations
with SamasEXPERIENCER andthenew laserprinter/la nouvelleimprimantea laseras
THEME 2

2The namesof theseparticularSemanticRelationsshouldnot be taken too seriously In fact, of course,
it doesnot muchmatterwhat the relationsare called,solong asthey arethe samein the sourceandtarget
grammars.
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TRANSFER

D s $1:H:like, $2:5UBJ, $3:OBJD - D s $1:H, $3:SUBJ, $2:0BJ D
@ (=)

HEAD SUBJ
pl

Londres

aire

ANALYSIS SYNTHESIS

S S
/\ /\
NP VP NP VP
TN
Sam likes London
PP
N
Londres plait a Sam

Figure4.5 Comple Transfer

The discussionso far may give the impressionthatthereis a singletransferapproachto
MT. But this is far from beingthe case. For onething, differentsystemsusedifferent
styles,andlevels of representationFor anotherthing, we have only given oneview of
therelationof the variouscomponentsThat otherviews are possibleis indicatedbelow,
wherewe discusssomevariableaspect®f transfersystems.

Intermediate representationsin transfer As we have describedtransfer the mapping
betweensourceand target structureis directin the sensethat thereare no inter
mediatestructures.Thereare,for example,no structureswvhich have targetwords,
andsourcegeometry Somesystemshowever, make a distinction betweenexical
transfer(which simply changesourcewordsto targetwords)andstructuraltrans-
fer (whererulesactually changethe shapeof the tree)with one setof rulesbeing
appliedbeforethe other Also, theruleswe have giveneachdealwith a structurein
onestep,without usingan intermediaterepresentationBut it is possibleto have a
transferrule which changeshe sourcetreein someway, producinganintermediate
representatiorthatmusthave anotherrule appliedto it beforeagenuingargetstruc-
tureresults. The problemwith systemshatallow this is that problemsof complec
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rule interactioncanoccur in the way thatthey do with a transformerarchitecture.
We have allowedfor alimited degreeof collaborationbetweerrulesthatdealwith
structure andrulesthatdealwith featuresfor example.Theadwantageof thisis that
we do not have to statefactsabouttherelationbetweenfor example,determination
valuesin eachrule. This seemsboth naturalandeconomicain termsof effort in-
volved. Thedisadwantageof thisis thatit increaseshe numberof rulesthatmustbe
appliedin orderto translateeachtree. An alternatve is to statethe rulesseparately
like this, but in someway compilingthemtogetheyto producerulesthatdealwith
entiresubtrees.The problemwith this is thatthe setof compiledrulestendsto be
very large.

Symmetry Throughouthis chapteithe pictureof transferthatwe have describeds rather
symmetric. Thatis, it assumeshe tamget structureis rathersimilar to the source
structurein the senseof beingof correspondinglepthof analysisor linguistic ab-
straction. This suggestsaanalysisand synthesisareto a large extent ‘inverses’of
eachother Butthisis notarequirementlt is possibleo imaginesystemsvherethe
inputto transferwasa deepsyntacticrepresentatiorandthe outputwasarepresen-
tation of surfacesyntacticstructure.Moreover, in a one-directionakystemfor one
pairof languagesnorealdistinctionmightbedravn betweertransferandsynthesis.
Symmetryis however desirableassoonasonedealswith morethanonelanguage
or direction. In suchcaseghe advantagedecomeobvious, having a separateyn-
thesiscomponenivith a role broadlythe inverseof to that of analysis— not only
canthe samesynthesicomponenbe usedfor all transferpairs,but onewill avoid
duplicatingwork by usingthe same(or similar) grammarsn analysisandsynthesis.

Reversibility We notedthattransferrulescouldbereversiblein principle, andthoughthis
is natural,andattractive (becauset halvesthe numberof transfercomponent®ne
hasto constructand malestestingeasiey since,if arule worksin onedirectionit
shouldwork in the other),it is not obviousthatreversibletransferrulesarealways
possible,or desirable.This is because systemshouldbe ableto translatea wide
variety of input strings,someof themthetype of stringthatonewould normally not
wantto produceasoutput. As a simplelexical exampleof thereversibility problem
considerthe slightly old-fashionedDutch word aanvangen Onewould like to be
able to translatethis into English as begin, but one would normally not want to
translateébegin into aarvangen Onewould chooseéhe morecommonverbbeginnen
instead.Sothefollowing translatiorrule cannotbereversible:

aanvangen — begin

Well-formedness In orderfor transferoutputto be usefulfor synthesist is desirablethat
it is in somesensewell-formedfor the taget language. To producewell-formed
tamget languagestructuredransfercomponentcanbecomerathercomplex. Some
systemssupplemenhormaltransferwith a setof adjustmentuleswhich transform
the outputof transferto make it moresuitablefor inputto thetargetsynthesis.

Instructionsfor synthesis Thetamgetstructurethatis producedby transferhasbeende-
scribedasasimplelinguistictree— it doesnotcontain for example specialinstruc-
tionsto guidesynthesis Somesystemslo containthis sortof information: transfer
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attachesvhat areessentiallysmall programsto nodesof the targettree,which are
executedn synthesis.

Choosing between possible trandations In general,several differenttransferruleswill
be ableto apply to a structure,giving alternatve (not necessarilycorrect)transla-
tions. Thequestionarisesasto how to choosebetweerthese Onecrudepossibility
is to organizetherulessothey applyin sequencetaking theresultsof thefirst rule
thatproducesa ‘correct’ target structure(correctin the senseof gettinganaccept-
abletamgetsentenceperhaps)Alternatively, onecouldapplyall theserulesandfind
someway of scoringthe results,so asto preferthe betterones.A complementary
guestionwhich arisesin the casewhereno translationrule applies(becausenone
matcheghe sourcestructure)s whetheroneshouldleave the structureuntranslated
(it maybe,for example,a propername),or to try to forcearule to apply?

Declarative or procedural processing If theanswerto the problemabove is to organize
therulessothey applyin sequencéhenthe resultis the contaminatiorof declar-
ative informationin the comparatre grammarwith procedural information— in-
formationaboutthe orderin which thingsshouldbe done. This violatesa widely
acceptedgrinciplethatit shouldbe possibleto describethe relevantlinguistic facts
in an MT systemindependentlyof the ways the engineactually usesthem. The
adwantageof a declaratve systemare(a) easeof understandingmnodificationand
dehugging, and (b) independencef particularimplementationsor algorithms: if
a collectionof rulesis declaratve, it will be possibleto consideralternatve algo-
rithms for applyingthem, with someconfidencehatthe sameresultswill be pro-
duced which allows oneto find the mostefficient way of processingDespitethese
adwantage®f declaratwity thereis a strongtemptationto introducenon-declaratie
characteristicge.g. to ensurethat the mostlikely transferrulesaretried early, and
block the applicationof otherrules,so cutting down the spaceof possibilitiesthat
have to be processed)Thus,thoughdeclarawity is a generallyacceptedyoal, it is
apropertythatsystemshave in differentdegreesandit is notevengenerallyagreed
whatthe correctcompromisebetweerefficiency anddeclaratvity is.

4.3.2 Interlinguas

The generalideasuggestedy the discussiorof the like-plaire exampleat the endof the
previoussectionis thatcomparatie grammarnhenceransferlbecomesimpleraslinguis-
tic analysisgoesdeeper— astherepresentationsecomemoreabstract.In fact,a major
objective of MT researchs to definea level of analysiswhich is so deepthat the com-
parative grammarcomponentlisappearsompletely Givensuchalevel of representation,
the outputof analysiscould be the directinput to the target synthesiscomponent Repre-
sentationsat sucha level would have to capturewhaterer is commonbetweernsentences
(andexpressionof othercateyories)andtheir translations— thatis they would have to
berepresentationsf ‘meaning’ (in somesense)Moreover, suchalevel of representation
would have to be entirelylanguagaéndependent— for example,if it preseredfeaturesof
thesourcdanguagepnewould still requireatransfercomponentf somekind to produce
the correspondindeaturesof the target language.For this reasonsucha level of repre-
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sentationis normally calledan I nterlingua, andsystemghatusesucha level arecalled
Interlingual.

Therelationshipbetweertransferandinterlingualsystemsanbepicturedasin Figure4.6.
As onecansee,the size of the contrastve grammar(hencethe transfercomponentpe-
tweentwo languageslecreaseasthelevel of representatiobecomegnore abstract.As

this diagramperhapssuggeststhe differencebetweentransferrepresentationandinter

linguasis amatterof degreeratherthanabsolutalistinction(for example,Chapter7 shovs
how onemight combineaninterlingualrepresentationf tenseandaspeciwith a transfer
approacho otherphenomena).

Therearea numberof clearattractiongo aninterlingualarchitectureFirst, from apurely
intellectualor scientificpoint of view, the ideaof aninterlinguais interesting,and excit-
ing. Secondfrom a more practicalpoint of view, aninterlingual systempromisesto be
mucheasierto extendby addingnew languagepairs,thana transfersystem(or a trans-
formersystem).This is becauseproviding the interlinguais properlydesignedit should
be possibleto adda new languageto a systemsimply by addinganalysisand synthesis
componentgor it. Comparehiswith atransfersystemwhereoneneedsotonly analysis
and synthesishut alsotransfercomponentsnto all the otherlanguagesnvolved in the
system.Sincethereis onetransferfor eachlanguageoair, N languagesequireN x N — 1
transfercomponentgonedoesnot needatransfercomponenfrom alanguagento itself).
For example, extendinga systemfor 3 languagesnto onefor 5 meanswriting 14 new
transfercomponentgasonegoesfrom 6 to 20 transfercomponents)andgoingfrom a5
languagesystemto a 9 languagesystemmeanggoingfrom 20 componentso 72.

Ideasaboutinterlinguasareintimatelytied up with ideasabouttherepresentationf mean-
ing. Wewill look atthisin moredetailin Chapter7. However, onecangetaflavour of the
problemshatareinvolvedin defininganinterlinguaby consideringhefollowing.

Producingan interlingual representatiomnvolves producinga representatiorthat is en-
tirely languagdandependentfor the language®newantsto translate at least). This in-
volvesproducinga languagandependentepresentationf words,andthe structureghey
appeain. Underthe latterheading onewould have to malke sureonecouldrepresenthe
differencein meaningbetweerexampledik e thosein (5) — assumingnedoesnot want
themall to translatealike, thatis — andfind a way of representinghe meaningthatis
expresseddy varioustensesandby the distinction betweendefinite, and indefinite NPs
(e.g.aprinter vs. theprinter).

(5) a. Itwastheprinterthatwasservicedyesterday
b. It wasyesterdayhatthe printerwasserviced.
c. Theprinterwasservicedyesterday

While this raisesmary unsolhed linguistic problemsit is the languagendependentep-
resentatiorof word meaningthat seemso posethe mostdifficult problems.The central
problemis how to choosehevocahulary of theinterlingua— whatarethe primitive con-
ceptsof themeaningrepresentatioto be. Noticethatthisis nota questionof whatnames
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INTERLINGUA

A o

Depth
of

—> Transfer System—=>

Analysis

O
Ly L2

Size of Comparative Grammar Between Languages L1 and L2

The size of the comparatie grammarthat is requiredto translatebe-
tweentwo languagegetssmallerasthe ‘depth’ of the representations
usedincreasesAs the representationsecomemoreabstractthereare
fewer differencedetweersourceandtargetrepresentationsndit is eas-
ier to relatethem. Ultimately, alevel of representatiomaybeachieved
wheresourceandtargetrepresentationareidentical,whereno compar
ative grammaris needed. In this situation,the representations/hich
areproducedby analysiscould be directly input to the tamgetlanguage
synthesiscomponent.Sucha level of representatiois calledaninter-
lingua, and a systemthat usessucha level is called an interlingual
system.

Figure 4.6 TransferandInterlingua

77

77



78 MACHINE TRANSLATION ENGINES

we shouldgive the concepts— how we shouldwrite themdown or representhem. Of
coursewe shouldmale surethatwe do not useonenamefor two conceptsywhich might
be confusing,but beyond this, we cangive them, for example,namesfrom an existing
languagde.g. English,or Esperanto)pr numberspr codesin someinventedlanguage—
the only differenceherewill be how easythey areto write or remember The problemis
oneof identity. For example,arewe to includea concepthatwe mightwrite asCORNER
— this beingthe interlingualrepresentationf the Englishnouncorner? This seemsat-
ural enoughfrom the point of view of English,but from the point of view of, for example,
Spanishit is notsonatural,becausén Spanishttherearedifferentwordsfor insidecorners
(rincon) andoutsidecorners(esquind. Is thereary reasorwhy we shouldnot choosea
morespecificprimitiveword for ourrepresentatiorfor example, OUTSIDE-CORNERNd
INSIDE-CORNER Similar problemswill arisewhereser onelanguagehassereralwords
that correspondo oneword in another The point is that differentlanguagescarve the
world up’ differently sosettlingthe choiceof vocatulary for theinterlinguawill involve
either(i) someapparentharbitrarydecisionsaboutwhich languages conceptualizatioto
take asbasic,or (i) ‘multiplying out’ all the distinctionsfoundin ary language.In the
latter caseonewill have two interlingualitemsfor Englishcorner (becausef Spanish),
two for Englishriver (becaus®f thedistinctionbetweerriviere andfleuvein French).and
two for Englisheat, becausef thedistinctionbetweeresser{for humanskandfresser{for
animals)in German Whenoneconsidemoredistantianguage$ik e Japanesevenmore
distinctionswill arise— Japanesedoesnot distinguishbetweenwearingand putting on,
asdoesEnglish,but doesmake a distinctionaccordingo wheretheitemis worn or puton
(e.g.ontheheadvs onthehands).Of course pnesolutionto this multiplicity of concepts
is to try to reducethe setof primitive conceptsdefiningcomple< conceptsn termsof the
primitive ones.For example,onemightthink thatEAT is nota primitive, but thatINGEST
is, andthattheinterlingualrepresentationf the meaningof eatshouldinvolve INGEST,
and someother primitives. However, thoughthis solvesthe problemof the numberof
conceptsjt doesnot overcomethe problemof arbitrarinessandit raisesthe problemof
finding anadequatesetof primitivesto capturetherelevantdistinctions(the reademight,
asan exercise,like to considerwhat a setof primitiveswould look like to distinguisha
handful of verbslike eat, drink, gobbleup, feedon, or find a setof primitivesthat will
distinguishbetweendifferentkinds of furniture (chairs,stools tablesetc.)).

A furtherproblemis thatusinganinterlinguain MT canleadto extra, unnecessarnyork, in
somecasesFor example,supposenehasaninterlinguaintendedor translatiorbetween
English,FrenchandJapaneselapanesdistinguishesermsfor olderandyoungetbrother
andsister andfor variousrelativesdependingn whetherthey belongto the spealer, or to
the hearer(i.e. thetermfor my motheris differentfrom thatfor your mother or mothes
in geneal). The problemis thatthis distinctionhasto be encodedn the interlingua,so
onemustdecideif Englishbrotheris an olderbrotheror a youngerbrother evenif one
is not translatinginto JapaneseFor example,translatingSams brother hasalreadyleft
into Frenchwill involve dealingwith an ambiguity sincetherewill be two interlingual
representationdiffering asto whetherthe brotheris older or youngerthan Sam. But of
course,this is irrelevant for both Englishand French,and one can managewith a very
simpletransferrule (alongthelinesof brother — fr ere).
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Figure 4.7 TheComponent®f aninterlingual System

Theseareproblemdfor generalvocahulary Oneshouldnote,however, thattheseproblems
donotoccurfor all kindsof vocalulary In particularin domainswvherethereis a codified
systemof terminology,the conceptuabrganizationis generallyrelatively clear In such
casesthe setof concepts,andthus at leastsomeof the vocalulary of the interlingua,
is alreadysettled. Interlinguasare rather metaphysicathings. Implicitly or explicitly,
they saywhatthe universeis madeof (events,processesndividuals,relations,etc.) and
how it is put together It is not at all surprisingthat mary aspectsf interlinguasare
in disputeandare likely to remainso for sometime to come. Given thesedifficulties,
interlinguasn thesensealescribecherearemorepopularasabasisfor theoreticakesearch
in MT ratherthanfor full-scale commercialdevelopment. For the next few years,most
generapurposeLK MT systemonthe market areunlikely to analyseary deepethanto
thelevel of semantiaelations— andeventhatwill be consideredmpracticallydeepby
mary developersandvendors.Nonethelesswe cancertainly expecta tendeng towards
increasinglydeepanalysisover the next decadeor so.

4.3.3 LK Engines Summarised
Having looked at someof the component®sf anLK engineandhaving seensomethingof
how they might work, we canconcludethis discussiorof MT architecturedy settingout

whatthe performanceharacteristicef anLK enginemightbe.
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e Becausdhe systemhasa (partial) grammarof thetamgetlanguageputputwill tend
to begrammatical At ary rate,it will befarlessstrangeandfarlesssource-language
grammar dependenthanoutputfrom transformeengines.

e Becausdhe comparatre grammarcompletelyspecifiesa relationshipbetweerrep-
resentationsf two languagesranslationauality will tendto bemorereliablethan
for transformerengines.

¢ Becausehe systemtendsto separatdanguageinto separatanodules(one gram-
mar for eachlanguageand one comparatie grammarfor eachpair of languages),
it is relatively easyin principle to add new languagedo the system. For exam-
ple,addingDutchto a German-Englisisystemwould requireonly the additionof a
DutchgrammamoduleandDutch-EnglisrandGerman-Englisltomparatire gram-
marmodules Individuallanguagenodulescanbedesignedndconstructedvithout
specifyingwhich otherlanguagemodulesthey will have to work with in the final
system. Of course this mattersmoreto the developerthanthe usersinceit is the
formerthatwritesandsuppliesbasiclanguagenodules.

e Thesystemwill beupsetby unusualmamginally acceptabl®r frankly unacceptable
inputsentencebecausd hasagrammairfor the sourcdanguageandhenceastrong
notion of grammaticality

e Becausdhe grammarghatcomputationalinguistsareableto write areinvariably
lesscompletethanthe‘real’ completegrammarof ary languagetherewill besome
complicatedgrammaticalnput sentencethatthe systemfails to recognise.

From the enginemanubcturers point of view, the transformerarchitecturehasthe ad-
vantagethatit acceptsanything thatis givento it (thoughthe translationst producesare
anothematter). The LK architecturds ata disadwantagenere:becausét thinksit knows
somethingaboutthe languagesnvolved, it tendsto think that anything it doesnt know
isn't languageandhenceunacceptableAs aconsequencea pureLK engineduringits de-
velopmentphaseendsto grind to a halt on arything unusualor evenon somethingquite
commonwhich the developerhasforgottento include.

For commercialpurposesthis meansthat pure LK enginesmustbe supplementedvith

variouscoping stratejies. For example,if they cannotparsea particularsentencecom-
pletely thenthey at leastoughtto be ableto usesomeof the informationon thoseparts
of the sentencdor which they did find a parse— andperhapghey canguesshow those
well-parsedits might befitted together

LK systemsareclearly superiorin principle to transformers.However, MT systemgre-
guirea considerabl@evelopmenteffort andsomecommerciatransformesystemswhich
have undegoneextensie revision, refinementandupdatingover the yearscanachiese a
goodoverall performance.FurthermoresomeMT systemshave sufiicient flexibility in

the designof the engineto allow developersto increasethe depthand sophisticatiorof

their linguistic knowledgeandeventhe overall arrangementf grammars.We canthere-
fore expecthighly developedtransformemMT systemso survive in somesectorsof the
marketplacefor someyearsto come.
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44 Summary

In this chaptemwe have lookedinsidetwo differentkindsof MT systemtransformeisys-
tems,andlinguisticknowvledgesystemsgiscussingunderthelatterheadinghedistinction
betweentransferandinterlingual systems.The following chapterswill amplify this pic-
turein variousways,by lookingin moredetailat the sortsof knowledgethatareinvolved,
for example,in dictionaries,and the representatiof ‘meaning’, and looking at some
particulartranslationproblems.In Chapterl0 we will give somemorediscussiorof the
limitationsof LK approachesanddescribearecentlydevelopedalternative.

45 Further Reading

Probablythe mostfamousexampleof a systemwith whatwe have calleda transformer
architectureis SYSTRAN. This is describedn Hutchinsand Somers(1992). A recent
discussiorcanbe foundin Wilks (1992).

A moredetailedoverview of transfersystemscanbefoundin Arnold (1993).

Exampleof transfersystemsncludethefollowing, ARIANE VauquoisandBoitet(1985),
SUSYMaas(1987),MU (theJapanesbBlationalProject)Nagacetal. (July 1986), METAL
Slocumet al. (1987), Bennettand Slocum (1988), TAUM-AVIATION Isabelle(1987),
ETAP-2 Apresianetal. (1992),LMT McCord(1989),EUROTRA Arnold (1986);Arnold
anddesTombe(1987); Copelandet al. (1991a,b), CAT-2 Sharp(1988),MIMO Arnold
andSadler(1990), MIMO-2 vanNoordetal. (1990),ELU Estial etal. (1990). Several
of thesesystemarediscussedn detailin HutchinsandSomerg1992).

Amonginterlingualsystemsthefollowing arenotevorthy: Rosettd_andsbegen(1987b,a),
KBMT Goodman(1989),GoodmarandNirenkurg (1991). A recentoverview is givenin
Nirenkurg (1993). (Hutchinsand Somers 1992, Chapter6) is alsorecommended. One
interlingual approachthat we have not mentionedhereis that which usesa humanlan-
guageastheinterlingual. The bestknown exampleof thisis DLT, which usesEsperanto,
seeSchuber(1992)and(HutchinsandSomers,1992,Chapterl?).
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Chapter 5

Dictionaries

5.1 Intr oduction

This Chapteiis abouttherole playedby dictionariesn MT. Ourdecisionto devoteawhole
chaptetrto this discussiorreflectstheimportanceof dictionariesn MT:

¢ Dictionariesarethelargestcomponentsf anMT systemin termsof the amountof
informationthey hold. If they aremorethensimplewordlists (andthey shouldbe,if
asystemnis to performwell), thenthey maywell bethe mostexpensive components
to construct.

e More thanary othercomponentthe size and quality of the dictionary limits the
scopeandcoverageof a systemandthe quality of translatiorthatcanbe expected.

e The dictionariesare wherethe end usercan expectto be able to contritute most
to a system— in fact, an endusercanexpectto have to make someadditionsto
systemdictionariedo make a systenreally useful. While MT suppliersarelymake
it possiblefor usersto modify other componentsthey normally expectthem to
malke additionsto the dictionary Thus, from the point of view of a user a basic
understandingf dictionary constructionand sensitvity to the issuesinvolved in
‘describingwords’is animportantasset.

¢ In discussinglictionarieshere,we includealsosomediscussiorof terminology—
it is with respecto thetreatmenof terminologythatMT providessomeof its most
usefulbenefits.

We shall approachthe questionof dictionariesin MT obliquely by consideringn some
detailtheinformationcontainedn, andissuegaisedby, the paperdictionarieswith which
we areall familiar. Therearea numberof reasondor this, but the mostimportantis that
the dictionariesin existing MT systemsarediversein termsof formats, coverage level
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of detailandpreciseformalismfor lexical description.This diversity shouldnotbea sur
prise. Differenttheoriesof linguistic representatiocangive rise to differentviews of the
dictionary anddifferentimplementatiorstratgjies canmake even fundamentallysimilar
views of the dictionarylook very differentin detail. Moreover, the differentkinds of MT
engineobviously put quite differentrequirementsn the contentsof the dictionary For
example,dictionariesin aninterlingualsystemneednot containary translationinforma-
tion per se all thatis necessarys to associatevords with the appropriate(collections
of) interlingualconceptsBy contrasttransformesystemswill typically give information
aboutsourcelanguageatems,andtheir translationsjncluding perhapsnformationthatis
really aboutthetamgetlanguageandwhichis necessaryo trigger certaintransformations
(e.g. to do with the placemenbf particleslike up in look it up, andlook up the answej.
Sincetransfersystemgypically usemoreabstraclevels of representatiorthe associated
dictionarieshave to containinformationaboutthesdevels. Moreover, in atransfersystem,
especiallyonewhichis intendedto dealwith severallanguagesit is commonto separate
monolingualdictionariesfor sourceandtarget languagegwhich give informationabout
thevariouslevelsof representatiomvolvedin analysisandsynthesis)from bilingual dic-
tionarieswhich areinvolved in transfer(which normally relatesourceandtarget lexical
items,andwhich normally containinformationonly aboutthelevelsof representatiothat
areinvolvedin transfer).

Wewouldlik eto abstracaway from thesedivergence@ndpointsof detailin orderto focus
on the mainissues.Accordingly we will begin with a brief discussiorof typical entries
thatonemightfind in agoodmonolingualpaper’ dictionary anda goodbilingual ‘paper’
dictionary’ We will then briefly discussthe sort of information aboutwords that one
typically findsin MT dictionaries,outlining someof the differentwayssuchinformation
canberepresentedAs we have said,a simpleview is thata dictionaryis a list of words.
However, it is impractical,andperhapsmpossibleto provide an exhaustve list of words
for mostlanguagesThisis becaus®f thepossibilityof forming new wordsout of existing
ones by variousmorphologicalprocessedn Section5.4wewill look briefly attheseand
provide somediscussiorof how they canbe dealtwith, andthe problemsthey raisein an
MT context. In Section5.5we will briefly describethe differencebetweenterminology
andgeneralocalulary.

5.2 Paper Dictionaries

Thebestplaceto startour discussioris by looking attypical entriesthatonemightfind in
amonolingualEnglishdictionary(cf. page89), anda bilingual dictionary(cf. page90). 2

We will startby looking atthe layoutof thefirst half of the monolingualentry Theentry

MPaper hereis intendedto corvey ‘intendedfor humanreaders’,as opposedto ‘electronic’ meaning
‘intendedfor useby computers’.Of coursei|t is possiblefor a paperdictionaryto be storedon a computer
like ary otherdocumentandouruseof ‘paper’ hereis notsupposedo excludethis. If onewerebeingprecise,
oneshoulddistinguish‘paper’ dictionaries,machinereadabledictionaries(corventionaldictionarieswhich
arestoredon, andcanthereforebe accessedutomaticallypy computer) and‘machineusabledictionaries’.

2The form of the monolingualentry is basedon that usedin the Oxford Advanced_earners Dictionary
(OALD); thebilingual entryis similarto whatonefindsin Collins-RobertEnglish-Fend dictionary.
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A Monolingual Dictionary Entry

but.ton /'bAtn/ n 1 knob or disc madeof wood, metal, etc sevn onto
agarmentasafasteneor asanornament:a coat, jacket, shirt, trouser
button o losea button o sew on a new button o do one’s buttonsup =

illus at JACKET. 2 smallknobthatis pressedo operatea doorbell,a
switch on a machine,etc: Which button do | pressto turn the radio
on? 3(idm) bright asa button = BRIGHT. on the 'button (USinfml)

precisely:You'vegotit onthebutton!

> but.ton v 1(a)[Tn,Tn.p] ~sth(up) fastensthwith buttons:button (up)
one’s coat, jacket, shirt, etc. (b)[l,Ip] ~(up) be fastenedvith buttons:
Thisdressbuttonsat the bad. 2(idm) button (up) one’slip (USsl) be
silent. 3(phr v) button sth up (infml) completesth successfully:The
dealshouldbe buttonedup by tomorrow.

O ,buttoned 'up silentandresened; shy: I've never metanyoneso
buttonedup.

,button-down 'collar collarwith endsthatarefastenedo theshirtwith

buttons.

'buttonhole n 1 slit throughwhich a buttonis passedo fastenclothing.
= illus atJACKET. 2 flowerwornin the buttonholeof thelapelof acoat
or jacket. - v[Tn] make (sb) stopandlisten, often reluctantly to what
onewantsto say

"buttonhook n hookfor pulling abuttoninto placethroughabuttonhole.
,button 'mushroom smallunopeneanushroom.

for button startsoff with theword itself in bold print. Thisis calledthe headword. The
dotin theword indicateswherethe word may be brokenoff (e.g.for hyphenation) After
thatthereis a phonetictranscriptionof theword’s pronunciation.Thenthe entryfallsinto
two main parts,describingdfirst the nounandthenthe verb button Definitionsidentify
two differentmeaningspr readingsof the nounbutton with examplesof usagegivenin
italics. The = refersthe readerto arelatedentry Idiomatic expressionsaregivenunder
3. As for theverb,thecode[Tn, Tn.p]indicatesthatthe verbis transitve, i.e. appearsn a
sentencavith asubjectandanobject(Tn), or is transitve with anadwerbialparticle(Tn.p).
In this casetheadwerbialparticleis theprepositiorup. Underb anothemusagds described
wherebuttonis anintransitve verb andthustakesonly a subject(l), or a subjectplusthe
prepositiorup (Ip). ldiomsappeamunder2. Thebox halfway throughthe entrysignalsthe
startof alist of complex forms,a phrasalerb (buttonup), andseveralcompoundswhich
wewill discusdaterin thischapter Theverb,andnoun,phrasaverbsandcompoundsre
givenin astandardorm (thecitation form), with informationaboutstresggivenby raised
or loweredapostrophes)By corvention,this is normally the singularform of nouns,and
theinfinitive form of verbs(i.e. theform thatonefindsafterto, asin to button, to be, etc.)

The bilingual entryfor the nounprinter beginswith the headword, its pronunciatiorand
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Two Bilingual Dictionary Entries

button ['bAtn] 1 n (a) (garment,door, bell, lamp, fencingfoil) bouton
m. chocolate~s pastillesfpl de chocolate.2 vt (also ~ up) garment
boutonner 3 vi (garmen} seboutonner 4 cpd buttonhook tirebouton
m; button mushroom (petit) champignorm de coucheor de Paris.

printer ['prints] n (a) imprimeurm; (typographei typographemf, im-
primeur the text hasgoneto the ~ le texte estchezl'imprimeur; ~’s
devil apprentimprimeur;~’serror fautef d'impressioncoquillef; ~’s
ink encref d’'imprimerie;~’sreadercorrecteum, -tricef (d’épreues).
(b) (Compuj imprimantef. (c) (Pho tifeusef.

word class,in this casenoun.Logically, theentrythendividesinto threecomponenparts
(a), (b), and(c), essentiallydistinguishingthreedifferentusesor meaningof the nounin
Englishwhich have distincttranslationdnto French. Wherea particularmeaningcanbe
identified by referenceto a subjectfield, this informationis given (braclketed,in italics)
— herecomputationand photographyare identified as subjectfields. If the contet of
useis otherthanthesetwo fields, thenthe translationgiven under(a) is assumedo be
appropriate For eachreading the genderof thetranslationis given: mor f (for masculine
or feminine mf indicateseitheris possiblewherethemasculineandfeminineformsdiffer,
both are indicated— printer’s readeris thus either correcteuror correctricd. If two
differenttranslationsarepossiblethey areboth given, separatedby a comma(thus,either
typagraphe or imprimeur are possible‘general’ translations). The entry also contains
someexamplesof idioms, or otherusagesagainwith theappropriatdranslations.

Normal, ‘paper’ dictionaries,are collectionsof entriessuchasthese. Thatis, they are
basicallylists of words, with information aboutthe variousproperties. While grammar
rulesdefineall the possiblelinguistic structuresn alanguagethe descriptionf individ-
ual wordsthatarefoundin the dictionaryor dictionariesstatewhich wordscanappeaiin
which of the differentstructures A common(thoughnot completelycorrect)view is that
dictionariescontainall the ‘idiosyncratic’, ‘irregular’, or unpredictablenformationabout
words, while grammarsprovide generalrulesaboutclassef word, and phrasegthis is
only trueif oneexcludesmorphologicaftulesandidiomsfrom thedictionary— theformer
canbeviewedasdealingwith classe®f word, andthelatterarephrases).

Onecangetanideaof the sheewolumeof informationof thiskind thatmaybeneededy
consideringhatfor commerciapurposeslexiconwith 20000entriesis oftenconsidered
astheminimum. This however is still only a modestpercentag®f existing words— the
Oxford EnglishDictionary containsabout250 000 entrieswithout beingexhaustve even
of generalusagée’ In fact, no dictionary canever be really complete. Not only do dic-

®0Onecanalsoget someideaof the costof dictionary constructionfrom this. Evenif onewereableto
write four entriesanhour, andkeepthis up for 8 hoursa day every working day, it would still take overthree
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tionariesgenerallyrestrictthemselesto eithergeneral or specialistechnicalvocahlulary
(but notboth),in addition,new wordsareconstantlybeingcoined,borroved,usedin new
sensesandformedby normalmorphologicaprocesse$.

5.3 Typesof Word Information

We have alreadyobsened thatdictionariesarea, perhapgshe centralcomponenof MT
systemslIn earlierChaptersye have presented highly simplifiedview of dictionaries—
for example,in Chapter3 thedictionarywassometimedittle morethanalist of rulessuch
asv — wal k, which only allows information aboutpart of speecho be represented,
andin Chapter4 we gave translationruleswhich simply pairedup the citation forms of
sourceandtarget words (e.g. t emrper at ure <« tenperatur). However, though
someof the informationthatis foundin a typical paperdictionaryis of limited valuein
MT (e.g. information aboutpronunciationis only usefulin speecho speechsystems),
in generalthe quality anddetail of the informationoneneedsfor MT is at leastequalto
thatwhich onefindsin paperdictionaries. In this sectionwe discussthe variouspieces
of informationaboutwordsthata goodMT systemmustcontain,basingoursehesonthe
dictionaryentriesabove. An issuewe will not addressn this Chapteris the treatmeniof
idioms,which onetypically findsin paperdictionaryentries.We discusghe treatmeniof
idiomsin Chapter®.

It is usefulto make a distinctionbetweenthe characteristicef a word itself (its inherent
properties)andthe restrictionsit placeson otherwordsin its grammaticalervironment.
Althoughthis distinctionis not explicitly drawvn in paperdictionariesjnformationof both
typesis availablein them. Informationaboutgrammaticabpropertiesncludesthe indica-
tion of genderin the Frenchpart of the bilingual dictionary entry and the indication of
numberon nouns(typically, the citationform of nounsis the singularform, andinforma-
tion aboutnumberis only explicitly givenfor nounswhich have only plural forms, such
asscissos, andtrouses).

Informationaboutthe grammaticakrvironmentaword canappeaiin is normallythought
of asdividing into two kinds: subcategorizationinformation, which indicatesthe syn-
tacticervironmentsthata word canoccurin, andselectionalrestrictions which describe
semantigropertieof theenvironment. Typicalinformationaboutsubcatgorizationis the
informationthatbuttonis atransitive verh Thisis expressedn theverbcode[Tn] in the
dictionaryentry on page89. More preciselythis indicatesthatit is averbthatappearsas
theHEAD of sentencewith a(hounphrase SUBJECTanda(nounphraseOBJECT The
following givessomeexamplestogethemwith theappropriateverbcodesfrom OALD:

yearsto constructevenasmallsizedictionary Of coursethetime it takesto write adictionaryentryis very
variable,dependingon howv muchof thework hasalreadybeendoneby otherlexicographers.

“In fact, it is aguablethatthe vocahulary of alanguagdike English,with relatively productie morpho-
logical processess infinite, in the sensethatthereis no longestword of the language Eventhe supposedly
longestword antidisestablishmentarianisoanbe madelongerby addinga prefix suchascrypto-, or a suffix
suchas-ist. Theresultmay not be pretty but it is arguablya possibleword of English. The point is even
clearerwhenoneconsidercompoundvords(seeSection5.4.3.
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0] Thepresidentdied.[l]

The Romandestryedthecity. [Tn]
Samgave roseso Kim. [Dn.pr]

Samgave Kim roses.[Dn.n]
SampersuadedKim to stayathome.[Cn.t]
Kim believedthatthelibrary wasclosed.[Tf]
Thequalityis low. [La]

Samappearedhe bestmanfor thejob. [Ln]

S@mo o0 o

Note that[l] refersto intransitive verbsthat only needa subjectto form a grammatical
sentence]Tn] to transitive verbs(lik e button) thatneeda subjectandanobject,[Dn.pr] to

ditransitive verbswhichtake a subjectandtwo objects wherethesecondneis introduced
by the prepositiorto, [Dn.n] to ditransitve verbsthattake a subjectplustwo objectnouns,
[Cn.t] to comple transitive verbswhich requirea subject,objectandaninfinitival (non-

tensedxlausentroducedby to, [Tf] to transitive verbstakinga subjectobjectandafinite

(tensedkentencéntroducedby that, [La] to linking verbswhich link anadjectival phrase
(which describesn someway the subject),to the subject,and[Ln] refersto linking verbs
whichlink anounphraseto the subject.

Verbsarenot the only word cateyoriesthat subcatgorizefor certainelementsn their en-
vironment.Nounsexhibit the samephenomenonjk e thosenounsthathave beenderived
from verbs(deverbalnouns).

(2) a. Thedeathofthepresidentshocledeverybody
b. Thedestructionof the city by the Romansvasthorough.

Similarly, therearesomeadjectvesthatsubcatgorizefor certaincomplementsNotethat
in the examplesbelov we find threedifferenttypesof complementsandthat3b and3c
differ from eachotherbecausen 3b the subjectof the mainclauseis alsothe understood
subjectof the subclausewhereasn 3c the subjectof the main clauseis the understood
objectof thesubclause.

(3) a. Marywasproudof herperformance
b. Hewaseagerto unwrap his present
c. Thatmatteris easyto dealwith.

An adequatalictionaryof Englishwould probablyhave to recognizeat leasttwenty dif-
ferentsubcatgorizationclasse®f verb,anda similar numberfor adjectvesandnouns.

Thereasoronecannotbe preciseaboutthe numberof differentsubcatgorizationclasses
is thatit dependga) on how fine thedistinctionsarethatonewantsto draw, and(b) onhow
far onereliesonrulesor generabprinciplesto captureregularities. For example,probably
all verbsallow coordinatedsubjectssuchasSamandLeslig but therearesome Jike meet
wherethis is equivalentto anordinarytransitve SUBJECTVERB-OBJECTconstruction
(cf. (4a),and(4b) meanthesameput (4c) and(4d) donot). Onecoulddecideto recognise
this distinctionby creatinga separatesubcatgorizationclassthusextendingthe number

88



5.3 TYPESOFWORDINFORMATION 89

of classesBut onecouldalsoarguethatthis factaboutmeetandsimilar verbsis probably
relatedto theirsemanticgthey describesymmetricrelationsjn thesensehatif A meetsB,
thenB meetsA), andis thusregularandpredictable Theappropriateapproactcouldthen
beto treatit by meansof a generalinguistic rule (perhapsonethattransformsstructures
like (4a)into onesof theform (4b)) Of courseunlessonecanrely onsemantiéinformation
to pick out verbslike meet onewill have to introducesomemark on suchverbsto ensure
thatthey, andonly they, undego this rule. However, this is not necessarilfthe sameas
introducinga subcatgorizationclass.

(4) a. SammetMary
b. SamandMary met
c. Samsaw Mary
d. *SamandMary sav

Subcatgorizationinformation indicatesthat, for example, the verb button occurswith

a noun phraseOBJECT In fact, we know much more aboutthe verb than this — the
OBJECT or in termsof semantiaoles,the PATIENT, of theverbhasto be a ‘buttonable’
thing, suchasa pieceof clothing,andthatthe SUBJECT(morepreciselyAGENT) of the
verbis normally animate?> Suchinformationis commonlyreferredto asthe selectional
restrictions that words place on items that appearin constructionsvherethey arethe
HEAD. Thisinformationis implicit in the paperdictionaryentryabose — theinformation
thatthe objectof buttonis inanimate andnormally anitem of clothing hasto be worked
out from the useof sth (= ‘somehing) in the definition, andthe example,which gives
coat, jacket, shirt aspossibilities. The entry novheresaysthe SUBJECTof the verb has
to be ananimateentity (probablyhuman),sinceno otherentity canperformthe actionof

‘buttoning’. It is assumedrightly) thatthe humanreadercanwork this sortof thing out
for herself.This informationhasto be madeexplicit if it is to be usedin analysistransfer
or synthesispf course.

Basic inherentinformation and information aboutsubcatgorizationand selectionalre-
strictionscan be representedtraightforvardly for MT purposes.Essentially entriesin
anMT dictionarywill be equivalentto collectionsof attributesandvalues(i.e. features).
For example,onemight have somethindik e the following for the nounbutton, indicating
thatits base or citationform is but t on, thatit is acommonnoun,whichis concr et e
(ratherthanabst r act , like happinessor sincerity)

| ex = button
cat = n

ntype = comuon
nunber =
human = no
concrete = yes

STherestrictionapplyingon the OBJECTof theverbactuallyconcernshethingwhichis buttonedwhether
thatappearssthe OBJECTof a active sentencer the SUBJECTof a passve sentence.
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An obviousway to implementsuchthingsis asrecordsn a databaseyith attributesnam-
ing fields (e.g. cat ), andvaluesasthe contentsf thefields(e.g. n). Butit is notalways
necessaryo namethe field — onecould, for example,adopta corventionthat the first
field in a recordalways containsthe citation form (in this casethe value of the feature
| ex), thatthe secondfield indicatesthe cateyory, andthat the third field somesort of
subdvision of the category.

Looking at the dictionary entry for the nounbutton it becomeslearthat differentparts
of speechwill have a differentcollectionof attributes. For example,verbswill have a
vt ype, ratherthanannt ype feature,andwhile verbsmight have fields for indications
of number personandtense pnewould not expectto find suchfieldsfor prepositionsin
the entry we have givenwe alsofind one attribute — nunber — without a value. The
idea hereis to indicatethat a value for this attribute is possible,but is not inherentto
the word button which may have differentnumbervalueson differentoccasiongunlike
e.g. trouses, which is always plural). Of course,this sort of blank field is essential
if fields are indicatedby position, ratherthan name. In systemswhich nameattribute
fields it might simply be equivalentto omitting the attribute, but maintainingthe field
is still usefulbecauset helpssomeonenho hasto modify the dictionaryto understand
the informationin the dictionary An alternatve to giving a blank value, is to follow
the practiceof somepaperdictionariesandfill in the default, or (in somesensenormal
value. For anattributelike nunber , thiswould presumablybe singular This alternatve,
however, is unfashionablehesedays, sinceit goesagainstthe generallyaccepteddea
thatin the bestcaselinguistic processingnly adds andnever changesnformation. The
attractionof suchan approachis that it makesthe orderin which thingsare doneless
critical (cf. our remarksaboutthe desirability of separatingdeclaratve and procedural
informationin Chapter4).

In orderto include information aboutsubcatgorizationand selectionalrestrictions,one
hastwo options. Thefirst is to encodeit via setsof attributeswith atomicvaluessuch
asthoseabove. In practice,this would meanthat one might have featuressuchassub-

cat =subj _obj , andsempat i ent =cl ot hi ng. As regardssubcatgorizationinfor-
mation, this is essentiallythe approachusedin the monolingualpaperdictionary above.
Theresultingdictionaryentry couldthenlook somethindik e thefollowing:

| ex = button

cat = v

vtype = nain

finite =

person =

number =

subcat = subj _obj
semagent = hunan
sempatient = clothing

In somesystemghis may be the only option. However, somesystemsmay allow values
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to be sets,or lists, in which caseone hasmoreflexibility. For example,one might rep-
resentsubcatgorizationinformationby meansof a list of cateyories,for examplesub-
cat = [np, np, np] might indicatea verb that allows threeNPs (suchasgive), and
[ np, np, pp] mightindicatea verbthattakestwo NPsanda PP(againlike give).

(5) a. SamgaverosesoKim. (subcat = [ np, np, pp])
b. SamgaveKim roses(subcat = [ np, np, np])

A furtherrefinementvould beto indicatethe actualgrammaticakelationsinvolved, per

hapsasin subcat = [ SUBJ: np, OBJ: np, |OBJ: pp]. A notationwhich allows

thelexicographetto indicateotherpropertiesof theitemswould be still moreexpressie.

For example,it would be usefulto indicatethat with give the prepositionin the PP has
to beto. This would meanthatinsteadof ‘pp’ and‘np’ onewould have collectionsof

featuresandperhapsvenpiecesof syntacticstructure (A currenttrendin computational
linguisticsinvolvesthe developmentof formalismsthat allow suchvery detailedlexical

entriesandwe will sayalittle moreaboutthemin Chapterl0).

Turning now to the treatmentof translationinformationin MT dictionaries,one possi-
bility is to attemptto represengll the relevant information by meansof attributesand
values.Thus,asanadditionto the dictionaryentryfor button givenabove, a transformer
systemcould specifya ‘translation’ featurewhich hasasits valuethe appropriatearget
languageword; e.g.t rans = bout on for translationinto French.Onemight alsoin-
cludefeaturesvhichtriggercertaintransformationgfor examplefor changingword order
for certainwords). However, this is not a particularly attractve view. For onething, it
is clearly orientedin onedirection,andit will be difficult to produceentriesrelatingto
the otherdirectionof translationfrom suchentries.More generally onewantsa bilingual
dictionaryto allow the replacemenof certainsourcelanguageorientedinformationwith
correspondingargetlanguagenformation—i.e. replaceheinformationonederivesfrom
the sourcedictionaryby informationderived from the targetdictionary This suggestshe
usageof translatiorruleswhich relateheadwordsto headwords. Thatis, rulesof thetype
weintroducedn Chapterd, liket enperature <« tenperatur.

As we notedbefore,not all translationrulescanbe a simplemappingof sourcelanguage
wordsontotheirtargetlanguagesquivalents.Onewill have to put conditionsontherules.
For example,onemight like to be ableto describein the bilingual entry that dealswith
like and plaire, the changein grammaticalrelationsthat occursif oneis working with
relatively shallow levelsof representation)n effect, the transferrule thatwe gave for this
examplein Chapte mightbeseerasabilinguallexical entry Othertranslatiorrulesthat
may requiremorethanjust a simplepairing of sourceandtargetwordsarethosethattreat
phenomenédik e idioms andcompoundsandsomecasesf lexical holes(cf. Chapter6).
To dealwith suchphenomendilingual dictionaryentriesmay have a singlelexical item
onthesideof onelanguagewhereaghe otherside describesa (possiblyquite comple)
linguistic structure.

The entry for button taken from a paperdictionaryat the beginning of this Chapterillus-
tratesan issueof major importanceto the automaticprocessingof somelanguagesin-
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cluding English. Thisis thevery widespreadccurrenceof homography in thelanguage.
Loosely speaking,homographsare words that are written in the sameway. However,
it is importantto distinguishseveral differentcasegsometimeghe term homographyis
restrictedto only oneof them).

1 Thecasewherewhatis intuitively a singlenoun(for example)hasseveraldifferent
readings. This canbe seenwith the entry for button on page89, wherea reading
relatingto clothingis distinguishedrom a ‘knob’ reading.

2 Thecasewhereonehasrelateditemsof differentcateyorieswhich arewritten alike.
For example,buttoncanbe eithera nounor averh

3 The casewhereone haswhat appeargo be unrelateditems which happento be
written alike. The classicexampleof this is the nounbank which candesignate
eitherthe sideof ariver, or afinancialinstitution.

Thesedistinctionshave practicalsignificancevhenoneis writing (creatingextending,or
modifying) adictionary sincethey relateto the questionof whenoneshouldcreatea new
entry (by defininga new headvord). Theissuesnvolved areratherdifferentwhenoneis
creatinga ‘paper’ dictionary(whereissueof readabilityareparamountpr adictionaryfor
MT, but it is in any casevery mucha pragmatiadecision.Onegoodguiding principleone
might adoptis to groupentrieshierarchicallyin termsof amountsof sharednformation.
For example,thereis relatively little thatthe two sensef bank shareapartfrom their
citationform andthefactthatthey arebothcommonnouns,soonemayaswell associate
themwith differententries.In acomputationasettingwhereonehasto give uniqguenames
to differententries,this will involve creatingheadvordssuchasbank_1 andbank 2,
or (bank _fi nance, andbank_ri ver). As regardsthe nounandverb button, though
onemight wantto have someway of indicating that they arerelated,they do not share
muchinformation,andcanthereforebe treatedasseparatentries. For multiple readings
of a word, for example,the two readingsof the noun button, on the other hand, most
informationis shared— they differ mainly in their semantics.In this case,it might be
usefulto imposeanorganizationn thelexiconin whichinformationcanbeinheritedfrom
anentryinto sub-entriegor moregenerally from oneentryto another) or to seethemas
subentrie®f anabstractprotoentry’ of somesort. Thiswill certainlysave time andeffort
in dictionary construction— thoughthe savings onemakes may look smallin onecase,
it becomessignificantwhenmultiplied by the numberitemsthat have differentreadings
(this is certainlyin the thousandsperhapshe hundredsof thousandssincemostwords
listedin normaldictionarieshave atleasttwo readings) Theissueghisraisesarecomplex
andwe cannotdo themjustice here,however, the following will give a flavour of whatis
involved.

More generallywhatoneis talkingabouthereis inheritance of propertiedbetweerentries
(or from entriesinto subentries). This is illustratedin Figure5.1. One could imagine
extendingthis, introducingabstracentriesexpressingnformationtrue of classeof (real)
entry For example,one might want to specify certainfactsaboutall nouns(all noun
readings)just once, ratherthan statingthem separatelyin eachentry The entry for a
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typical nounmightthenbe very simple,sayingno morethan‘this is a typical noun’, and
giving the citation form (and semanticsandtranslation,if appropriate).Oneallows for
subregjularities(thatis lexical elementsvhich areregularin somebut not all properties),
by allowing elementgo inherit someinformationwhile expressinghe specialor irregular
informationdirectly in the entryitself. In mary casesthe optimal organizationcanturn
out to be quite complicated,with entriesinheriting from a numberof differentsources.
Suchanapproactbecomesvenmoreattractive if defaultinheritancds possible.Thatis,
thatinformationis inherited,unlessit is explicitly contradictedn an entry/reading— it
would thenbe possibleto say for example,‘this is a typical noun,exceptfor the way it
formsits plural’.

O noun
{cat=n
ntype =
number =
concrete = }

i common noun

ntype = common

button O parser O trousers

{ lex = button } {lex = parser} {number = plural
lex = trousers  }

Figure5.1 Inheritance

Onefinal andimportantcomponenof anMT dictionary whichis entirelylackingin paper
dictionaries(at leastin their printed, public form) is documentation Apart from general
documentatiomescribingdesigndecisionsandterminology,andproviding lists anddefi-

nitions(includingoperationatests)or theattributesandvaluesthatareusedin thedictio-

nary (it is, obviously, essentiathatsuchtermsareusedconsistently— andconsisteng is

a problemsincecreatingandmaintaininga dictionaryis not a taskthatcanbe performed
by asingleindividual), it is importantthateachentry includesomelexicographerstom-
ments— informationaboutwho createcthe entry, whenit waslastrevised,the kinds of

exampleit is basedn, whatproblemstherearewith it, andthe sortsof improvementthat
arerequired.Suchinformationis vital if adictionaryis to be maintainecandextended.In

generalthoughthe quality andquantityof suchdocumentationasno effectontheactual
performancef thedictionary it is critical if adictionaryis to be modifiedor extended.

5.4 Dictionaries and Mor phology

Morphology is concernedwith the internal structureof words, and how words can be
formed. It is usualto recognizethreedifferentword formationprocesses.
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1 Inflectional processedhy meansof which a word is derived from anothemword form,
acquiringcertaingrammaticafeaturesbut maintainingthe samepart of speechor
cateyory (e.g.walk, walks);

2 Derivational processe which aword of a differentcateyory is derivedfrom another
word or word stemby the applicationof someprocesge.g.grammar— grammati-
cal, grammatical— grammaticality;

3 Compounding, in which independentvordscometogethelin someway to form anew
unit (buttonholg.

In English,inflectionalandderivationalprocesse#volve prefixes(asin undg andsuf-

fixes (asin stupidity), andwhatis calledconversion, or zero-affixation wherethereis a
changeof category, but no changeof form (andexamplewould bethe procesgshatrelates
the nounbuttonto the verb). In otherlanguagesa rangeof devicessuchaschangesn

the vowel patternsof words, doublingor reduplicationof syllables,etc., are alsofound.
Clearly, theseprefixes and suffixes (collectively known as affixes) cannot'stand alone’
aswords. Compoundings quite differentin that the partscaneachoccurasindividual

words. Compoundings a very productve phenomenoiin the Germaniclanguagesand
posessomeparticularproblemsin MT, whichwe will discusdater

5.4.1 Inflection

As arule,paperdictionariesabstractway from inflection. Headwordsaregenerallyunin-
flected thatis, nounsappeain singularform andverbshave the base(or infinitival) form.
Therearea numberof reasondor this. Thefirst is thatinflectionis a relatively regular
processandoncetheexceptionalcasehave beenseparateaut, inflectionalprocesseap-
ply to all memberof a givencategory. For example,to form the third personsingularof
thepresentenseof verbsonesimply sufiixess (or its varianteg to thecitationform of the
verh Thereareveryfew exceptiongo thisrule. Sinceit is aregularprocessthedictionary
usercanberelieduponto form regularly inflectedwordsfrom the citationformsgivenin
the dictionary at will. Of course,irregularities, suchas irregular plurals (sheep oxen
phenomenaetc.) and plural only nouns(trouses) mustbe statedexplicitly. A second
importantreasonis eminentlypractical— it savesspacetime andeffort in constructing
entries. SinceEnglishinflectionalmorphologyis ratherimpoverished thesesavings are
notenormousBut Spanishfor example hassix differentverbformsfor thepresentense,
andif we addthosefor the pasttense(eitherimperfectoor pregritoin Spanish)jt amounts
to 16 differentverb forms. Otherlanguagesnake even moreuseof inflections,like, for
example,Finnishwherethereare saidto bein the region of 2000forms for mostnouns,
and 12 000 forms for eachverh It will be obvious thatthe needto describeinflectional
variationby meanof rulesis pressingn suchcases.

Within thecontext of MT, it is clearlydesirabldo have asimilarapproachwheremonolin-
gualandtransferdictionariesonly containthe headwordsandnoinflectedwords.In order
to achieve this a systemmustbe capableof capturingthe regular patternsof inflection.
This canbe doneby addinga morphologicalcomponento the system,which describes
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all the regular inflectionsin generalrules, with additionalexplicit rulesfor irregularin-
flection, thusallowing dictionarywriters to abstractaway from inflectedforms asmuch
aspossible. The morphologicalcomponentill be ableto mapinflectedwordsontothe
appropriateheadwordsandwill retainthe informationprovided by the inflectionalaffix
by addingtherelevantfeatures.

Let usconsideragainthe verb affectsin the simplesentencdempeature affectsdensity
First, we want our morphologicalcomponento recognizeaffectsasan inflectedform of

affect Secondlywe wantto retainthe informationcarriedby the affix sowe canuseit

later whengeneratinghe outputsentence.ln the caseof affectsthis meanswe wantto

statethat the verb is finite, or tensed(in fact, presenttense). This is importantsinceit

allowstheverbto occurastheonly verbof amainclause.Thetensealsopreventstheverb
from occurringbehindauxiliary verbslik e will. Otherinformationthatwe gatherfrom the
inflectionis thefactthattheverbis third person(asopposedo first personoccurringwith

| or we, andasopposedwith secondperson,occurringwith you), andthatit is singular
(ratherthanthird persorplural, which occurswith they, or with aplural noun).

Therearevariouswaysof describingthis, but perhapghe simplestis to userulesof the
following form:®

(1 ex=V, cat=v, +finite, person=3rd, nunber =si ng, t ense=pres)
< V+ s

Here we have introduceda rule which saysthat finite verbswhich are third personsin-
gularandhave presentense(cat =v, +finite, person=3rd, nunber=sing,

t ense=pr es) canbeformedby addings to the baseform (the baseform is represented
asthe valueof the attribute| ex). Therule canalsobe readin the oppositedirection: if
aword canbe divided into a string of characterands, thenit may be a finite verb with
third personsingularin presentense.Otherruleswould have to be givento indicatethat
the +s endingcanbe addedto all verbs,exceptfor thosethatendin +s, themseles! in
which casees is added(cf. kiss kisse}.

Whethersomethings indeedthe baseform of the verbcanbeverifiedin the monolingual
dictionary. So, if the morphologicalanalyserencounteraword like affects it will check
whetherthe monolingualdictionarycontainsanentrywith thefeaturescat = v, | ex

= af f ect. Sinceit does,affectscanberepresentethy meansof the lexical entry, with

someof theinformationsuppliedby therule.Theresultof morphologicalanalysisthenis
arepresentatiowhich consistf boththeinformationprovidedby the dictionaryandthe
informationcontributedby the affix.

bIn thisrulewewrite +f i ni t e forf i ni t e=+. Wealsoignoresomeissuesaboutdatatypesin particular
the factthat on the right-hand-sideV standsfor a string of characterswhile on the lefthand(lexical) sideit
standdor thevalueof anattribute,which is probablyanatom,ratherthana string.

"More preciselytheruleis thatthe third personsingularform is the baseform pluss, except(i) whenthe
baseform endsin s, ch, sh, o, X, z, in which casetesis added(for example,poad-poades pushpushe},
and(ii) whenthebaseform endsin y, wheniesis addedo thebaseminusy.
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| ex af f ect

cat = v

vtype = main
subcat = subj _obj
semagent = ?
sempatient = ?
viorm= finite
person = 3rdsing
tense = pres

In orderto recognizerregularformsthe morphologicakomponenhasto containexplicit
rules. Oneapproachhereis to try to normalisethe spelling,sothatthe ordinarymorpho-
logicalrulescandealwith theresult. For example,onemight have ruleslik e thefollowing
to dealwith theirregularthird personsingularformsof beandhave

be+ts — is

have+s — has

Underthis approachmorphologicalanalysisfor is andhasis atwo stageprocess.

Thealternatve is to statetherelationshipbetweernthe formsis andhasdirectly, via rules
like thefollowing:

(I ex=be, cat =v, +fi ni t e, per son=3rd, nunber =si ng, t ense=pr es)
~ s

(I ex=have, cat =v, +fi ni t e, per son=3r d, nunber =si ng, t ense=pr es)
+ has

A graphicinterpretatiorof thetwo alternatve approachess givenin Figure5.2.

Notice that we mustensurethat theserulesapply in the right cases.For example,dies
shouldnot be analysedasdi+es This is not problematic,providing we ensurethat the
analysesve producecontainactuallexical items®

In synthesisthereis arelatedproblemof makingsurethattheregularrulesdonotproduce
*bes and*haves Oneapproactto thisis to try to divide rulesinto exceptionalanddefault
groups,andto make surethat no default rule appliesif a an exceptionalrule canapply
Thus,for example thefactthatthereis a specialrule for the third persorsingularform of

8Notice,hawever, thatwe still cannotexpectmorphologicaknalysisandlexical lookupto comeupwith a
singleright answerstraightaway. Apartfrom anything else,aform like affectscould be a nounratherthana
verh For anothetthing, justlooking attheword form in isolationwill nottell uswhich of severalreadingsof
awordis involved.
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{ lex =be { lex=be
tense = present tense = present
number = singular number = singular
person = third person = third
cat=v } cat=v }
normal
morphology
rules
be +s
spelling
rules
is is

Figure 5.2 Treatmenbf IrregularVerbs

is would preventtheapplicationof thenormalor defaultrule thatsimply addssto thebase
form of theverh

Alternatively, one could addfeaturesto controlwhich rulesapply to lexical entries,and
have the morphologicalrules checkfor the presencenf the particularfeature. This ap-
proachis particularly attractve in caseswhere a languagehas a numberof conjuga-
tion or declensionclasses— lexical items can containfeaturesindicating their conju-
gation/declensionlass,which the morphologicakulescancheck.

Sofar, we havetalkedaboutmorphologicalulesasthingsthatactuallyapplyasasentence
is beinganalysed Anotherway in which onecouldusethemis to compileouta full form
dictionaryfrom a dictionaryof uninflectedwords,essentiallyby runningthe morphologi-
cal rulesover the dictionaryof uninflectedforms. Note, however, thatthis strategy would
build amonolingualdictionaryof anenormousizefor languagesik e Spanishpr Finnish.

5.4.2 Derivation

Derivation processe$orm new words (generallyof a different category) from existing

words,in Englishthis is mainly doneby addingaffixes. For example,industrialization

anddestructioncanbe thoughtof asbeingderivedin the way illustratedbelow. As one
canseefrom destruction it is not necessarilthe citation form of a word thatappearsn

derivations,for this reasont is commonto talk of derivationalprocessefvolving stems
andaffixes(ratherthanwordsandaffixes).

6) a. [~ [v[aps [~ industry]+ial |+ize]+ation]
b. [n [v destry ]+ion]
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In a paperdictionary somederived wordsarelisted, underthe relevantheadword. This
is partly becausaffixesdiffer in their productvity andin theregularity of the effect they
have onthewordsor stemghatthey combinewith. For example thereseemsgo benoreal
basisonwhichto predictwhich of thenoun-formingaffixesproducenounsfrom particular
verbs.Thisis illustratedbelow by theverbsarrive, destoy, anddeport

Verb +al +uction +ation
arrive  arrival *arruction  *arrivation
destry *destrojal destruction *destroyation
deport *deportal *depuction deportation

(7)

However, somederivationalprocessearequite regularandcanbe describedy meansof
a bf word grammar. This involves: (i) enteringthe affix in the dictionary; (ii) allowing
it to subcatgorizefor whatit combineswith (e.g. -able combineswith transitve verbs:
witnessreadreadabl@ — thisis justlike normalsyntacticsubcatgorization;(iii) making
surethattherulesto combinewordsandaffixesgive the derivedword the correctfeatures
for theresult,andtake careof ary spellingchangesn word or affix; (iv) finding someway
of specifyingthe meaningn termsof the meaningof theword andaffix.

As with inflection, the rulesmustbe setup so asto produceonly genuinelexical items.
For example,we canensurethat the rulesthat analysecordiality ascordial+-ity do not
producequakH--ity from quality, becauséhereis no lexical item*qual.

One approachto handlingderivational morphologyin MT is to simply list all derived
words,andfor somederivedwords(e.g.landing in the senseof areaatthe top of stairs),
this is clearly the right approach becauseheir meaningis unpredictable. But not all
derivationalmorphologyis unpredictableSomeaffixesalmostalwayshave justonesense,
like the prefix un which (whencombinedwith anadjectve) normallymeansnot X’ (un-
happymeansot happy?, andfor otherstherearecertaintendencier regularities: with
theexamplesn (8) theadditionof the sufix -ing to theverbstemseemso have thesame,
regular consequenctr the meaningof the word, sothe derivedword denoteghe action
or processassociatedvith theverb(theactof Xing). Spealersexploit thisfactby creating
new wordswhich they expecthearergo understand.

(8) a. Thekilling of elephantss forbidden.
b. Driving off wentwithoutary problems.
c. Thepaintingof still livesnever appealedo me.

In contrastwith the examplesin (8), one should considerthe nounsin (9), wherethe
meaningalthoughcommons not predictablerom the suffix -ing:

(9) a. Painting:apictureproducedwith paint
b. Covering: somethingvhich coverssomething

°Note that the catayory of the stemword is important,sincethereis anotherprefix un which combines
with verbsto give verbswhich mean‘perform thereverseactionto X’ — to unkuttonis to reversethe effect
of buttoning.
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c. Cutting: somethingvhich hasbeencut out
d. Crossing:aplaceweree.g.roadscross

We seeherethata verb+ingnouncanreferto a product(9a), a thing which performsan
action (9b), a thing which undegoesan action (9c¢), or a place(9d). At the sametime,
however, it is true thatin mostcaseghe regularinterpretation'the act of Xing’ is also
available. What this meansis that thereis almostalways a problemof ambiguity with
derivedwords.

Moreover, therearecasesvhereonecantranslatederived wordsby translatingthe stem,
andtranslatingthe affix. For example,the Frenchtranslationof Englishadwerbsformed
from anadjectve plus-ly is often madeup of the translationof the adjectie plus-ment
(e.g. quik+ly — rapide+ment easy+ly— facile+menj, etc. But this is only possible
for someaffixes,andonly whentheinterpretatiorof the derivedword is predictable. The
difficulties of translatingderived wordsby translatingstemsand affixescancanbe seen
from thetranslationof the previousexamplesinto Dutch.

(10) a. killing = doden
b.  driving off = wegrijden
c. painting(theact)=- schilderen

painting(the product)# schilderenput = schilderij
covering# bedeklen,but = bedekking

cutting# knippen,but = knipsel

crossing# kruisen,but = kruispunt

@~oa

Thus,thoughtheideaof providing rulesfor translatingdervedwordsmayseemattractve,
it raisesmary problemsandso it is currently more of a researchgoal for MT thana
practicalpossibility

5.4.3 Compounds

A compoundis a combinationof two or more wordswhich functionsasa single word.
In English,the mostcommontype of compounds probablya compoundnadeup of two
nouns(noun-nourcompounds)suchasthosein the dictionaryentryfor buttort

(11) a. buttonhole:
[n [~ button][x hole]]
b. buttonhook:
[~ [~ button][n hook]]
c. hbuttonmushroom:
[n [~ button][x mushroom]

In Spanishfor example othertypesof compoundsreequallyimportant,ncludingadjective-
adjective compounds:
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(12) a. guardacostagcoastguard’):
[~ [~ guardd][y costag]
b. rojiblanco(‘red andwhite’):
[ [4 roji ][4 blanco]]

Orthographically differentlanguagedollow different conventionsfor compounds. For
example,in Germancompoundsare generallywritten asoneword, but in Englishsome
arewritten asoneword (asbuttonholeandbuttonhookabove), someashyphenatedvords
(e.g.small-scal@ andsomeasjuxtaposedvords(e.g. button mushoom.

As with derivations,it is possibleto describaherangeof possiblecompounddy meanwof
aword grammayandaswith derivationsthe possibilitythatonemight be ableto translate
compounddby translatinghe componenpartsis very attractve — especiallysinceit isin
principle not possibleto list all Englishcompoundshecause&eompoundingcangive rise
to wordsthat arearbitrarily long. To seethis, considerthatone canform, in additionto
film society

(13) a. studenfilm

studenffilm society

studenffilm societycommittee

studenffilm societycommitteescandal
studentfilm societycommitteescandalnquiry

®ooo

Unfortunately thoughthereare casesvheredecomposing compoundandtranslatingits

partsgives correctresults(e.g. the GermancompoundWassesportveein translatesas
water sportclub), the problemsof interpretationandtranslationare even worsefor com-
poundsthanfor derivations. Apart from the fact that somecompoundshave completely
idiosyncraticinterpretationge.g. aredheads a personwith gingercolouredhair), there
areproblemsof ambiguity. For example studenfilm societycouldhave eitherof thestruc-
turesindicated,with differentinterpretationgthe first might denotea societyfor student
films, thesecondafilm societyfor studentsy©

(14) a. [n [~ studenfilm]society
b. [n studenty film society]

A differenttypeof ambiguitycanbeillustratedby giving anexample:satelliteobservation
may on one occasionof usemeanobservationby satellite while on anotheroccasionof
useit might meanobservatiorof satellites Mostof thetime humansareableto rely onei-
therourworld knowledgeor onthe context to unravel a compounds meaning.Moreover,
it is frequentlyimportantfor translationpurposego work out the exactrelationexpressed
by a compound.In Romancdanguagesfor example,this relationmay be explicitly re-

wherewordshave beenfusedtogetherto form acompoundasis prototypicallythe casein Germanan
additionalproblempresentstself in the analysisof the compound,namelyto decideexactly which words
the compoundconsistsof. The Germanword Wachtraum for example,could have beenformedby joining
Wach and Traumgiving a compositemeaningof day-deam Ontheotherhand,it couldhave beenformedby
joining Wacht to Raum in which casethe compoundwvould meanguard-room
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alisedby a preposition.For example,reseach infrastructue in Spanishtranslatesasin-

fraestructua para la investigaobn (literally, ‘infrastructurefor research’). Nor canwe

happily assumethat an ambiguity in one languagewill be presered in another Thus
satelliteobservatiorhastwo possibletranslationdn Spanishdependingon its meaning:
observaddn por satelite(‘obsenation by satellite’) andobservadin de satelites(‘obser

vationof satellites’).

A furtherproblemwith compoundss thata wide variety of relationsarepossiblebetween
the elementsof a compound.Thusbuttonholeis a hole for buttons,but button mushoom
is amushroonthatresembles button. It is not clearhow to capturetheserelations.

Thus,aswith derivations,areally generabpproacho thetreatmenbf compoundsemains
aresearclgoalfor MT.

5.5 Terminology

The discussionso far hasbeenaboutissuesrelatingto generalvocatulary However, a
slightly different,and somevhat lesstroublesomesetof issuesarisewhen oneturnsto
the specialistvocahlulary that onefinds in certaintypesof text in certainsubjectfields
(the vocalulary of weatherreportsis an extremeexample,otherexamplesmight be the
vocalulary of reportsontrials for medicalreports reportsof testsof pharmaceuticalrugs,
or reportsof particularkinds of sportingevent). Suchfields often have a relatively well-
definedterminology which is sometimesven codified,andgiven official recognitionby
professionabodies.Whatthis codificationinvolvesis settlingon acollectionof concepts,
andassigningeacha name(or perhapsseseralnamespnein eachof severallanguages).
Whena word (or collectionof wordsin severallanguagesyliesignatea single conceptin
thisway, it is calledaterm. Examplef termsincludethe namedor materialobjects but
alsothe abstractentities(processesproperties functions,etc). Conceptsandhencethe
associatederms,can be organizedinto conceptuaktructurespasedon the relationship
betweenthem. For exampletables,chairs,cupboardsgtc. canbe groupedtogetheras
furniture, with a possiblesubdvisioninto householdurniture andoffice furniture.

Termsmay be simplewordsor multiword expressions.Syntactically thereis nothingto
distinguishtermsfrom ordinarylanguagealthoughthereis a strongtendeng for termsto
benouns,oftencompounchouns.

Termsare potentially moretractablefor MT systemshangenerallanguagevocatulary;
sincefor the mostpartthey tendto be lessambiguous.While a generallanguageword
mayrepresentnorethanoneconceptin asystenof conceptsthereis frequentlyaone-to-
onemappingbetweerntermsandthe conceptshey represent.Take for examplethe word
graduation whichin machingool terminologyhasthevery precisemeaning:‘distribution
of divisionson the scaleof anapparatuglinear, logarithmic,quadraticetc)” Thegeneral
languageword graduation on the otherhand,hasmary more meaningsjncluding “the
ceremon atwhich degreesareconferred”. Whatthis meanspf coursejs thatonecanin
principle adoptaninterlingualapproacho terminology For example,evenin a transfer
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system,one neednot dealwith termson a languagepair basis— all one may needis
to have analysisand synthesisrules which relate the words for individual termsto an
interlingualnamefor the associated¢oncept(this could be anarbitrarynumericalcode,a
collectionof featurespr eventhe actualtermusedin oneof thelanguagespf course).

It is not always the casethat a term represent®one and only one concept— thereare
examplesof termswhich areambiguous.For example,in machinetool terminologythe
term screw is definedasfollows: “a machinethreadwhoseessentiaklementis a scrav

thread. A scrav is eitheran externalscrav or aninternalscrev.” (Likewise, synorymy

amongstermsoccurs,thoughmuchlessfrequentthanin generallanguage.ln machine
tool terminology for example,crampand clampappearto designatehe sameconcept.)
However, the problemsof ambiguity are small whencomparedo the problemsone has
with generalocalulary.

Therearestill sometranslationaproblemswith terminology however. In particular there
are problemswheneer thereis a mismatchbetweenthe conceptuakystemsof the two
languagego betranslated An exampleof a conceptmismatchfrom wine-makingtermi-
nologyis the differencebetweerthe Englishacid andthe Frenchacidewhich aredefined
asfollows:

(15) a. acid: termappliedto wine containinganexcessve amountof , usuallya
wine madefrom grapeshotcompletelyripe.

b. acide carackred'unvin dontlateneurela/éeen‘ acidesorganique#prwient

géréralementeraisinsincompktemenmrs.

While the Frenchdefinition speaksof acidesorganiques(‘organic acids’), the English
speaksnly of acids If themismatchis consideredignificantenoughthetermmayneed
to be paraphraseth the otherlanguage.ln suchcasedranslatingterminologyraisesthe
sameproblemsasdealingwith generalvocalulary.

Fortunately problemcasesn terminologytranslationaremuchlessfrequentthanin gen-
eralvocalulary

Fromthe point of view of the humantranslator andmoreparticularly groupsof human
translatorscollaboratingon thetranslationof documentsterminologyposesthersortsof
problem.First, thereis the problemof size— the sheemumberof termsthereareto deal
with. Secondthereis the problemof consisteny.

With respecto the secondproblem,MT offersa considerabl@dwantage.Thisis because
oncea term hasbeentranslated,t is possibleto storethe term andits translation,and
ensurghatthetermis translatecconsistentlijthroughoutexts.

Of coursethis is partly a solutionto the problemof sizealso,becausedt ensureghatthe
researctandeffort thatgoesinto finding atranslatiorfor atermis notduplicatedby other
translatoravorking with the samesystem.However, it is only a partial solution,because
thereis a seeminglyinexorableincreasein terminologyin mary subjectareas. Many
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hoursof researchare put into the recognitionand documentatiorof new termsandtheir
translationalkequivalentsin otherlanguages.To alleviate this problem,mary translators
andtranslationbureauxmake use of termbanks, either pre-&isting, or constructedn-
house.

Termbanksarebasicallydatabaseghich containmary thousand®f entries,onefor ev-

ery term. Theseentriesconsist,just like dictionaryentries,of severalfields, but the type
of information given in thesefields is ratherdifferentfrom that which onefindsin an

ordinarydictionary Partly, this is becausehe properdocumentatiorof a term requires
specificinformationaboutthe provenancef theentry andaboutwhenit wascreatedand
whenmodified (of course onewould expectto find informationof this kind availableto

the builders of a properlydocumentedictionarytoo). Otherinformationwill typically

concernrelatedterms(synoryms, antoryms, abbreviations, superordinatéermsand hy-

poryms), subjectarea(e.g. pharmaceuticaproductsvs. sportsgoods),and sourcesof

further information (e.g. specialistdictionariesor referencebooks). On the otherhand,
informationaboutgrammaticapropertiesandpronunciatioris typically ratherscant.This

is partly becauseermsarevery often new words,or loanwords,andtypically follow the
regularmorphologicarulesof alanguage Similarly, thelack of phonologicainformation
is partly becausehe entriesare orientedtowardswritten material,but alsobecauset is

expectedthat the termswill be phonologicallyregular (i.e. they will follow the normal
rulesfor thelanguageor the normalrulesthatapplyto loanswords).

Apart from in-housetermbanksvhich arelocal to a singleorganizationtherearea num-
ber of large termbankswhich offer openaccesgsometimesat a small chage). Exam-
plesare Eurodicautom(EuropeanCommission),Termium(CanadianGovernment),Nor-
materm(the FrenchstandarderganizationjandFrantext (Nationallnstituteof the French
Language)which offer a rangeof terminologyareasincluding science technology ad-
ministration,agriculture medicine law andeconomics.

It shouldbe evidentfrom eventhis brief discussiorthatensuringclearandconsistentise
andtranslationof terminologyis a significantfactorin the translationprocesswhich in

mosttechnicaldomainsecessitatethe creationandmaintenancef termbanks— itself a

costlyandtime-consumingendeaour. It is notsurprising thereforethatwith theincreas-
ing availability of large amountsof on-line texts, researcherbave begunto experiment
with the automaticextraction of termsfrom running text, using a variety of statistical
methodgo determinghelik elihoodthata word, or string of words,constitutesaterm. Of

courselists of (putative) termscannotbe madeto emegemagicallyfrom acorpusof texts

- the procesdakesinto accounthe frequeng of itemsin thetexts andis oftenguidedby

someinformation provided by the user suchasa thesauruof conceptor concepthier

archyor alist of alreadyidentifiedterms,or a list of typical syntacticpatternsfor terms.
Thereis noreasorto expectsuchtechnigueso belimited to theextractionof monolingual
terminology andin facttheideaof automatingo somedegreethe compilationof bilingual

andmultilingual termbankss alsogainingground.
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5.6 Summary

This Chapterhasdealtwith a numberof issuesconcerningdictionariesin MT, includ-
ing issuesrelating to various kinds of word structure(morphology), and terminology
Apartfrom stressingheirimportancewe have outlinedthe mainsortsof informationthat
onetypically findsin dictionaries,andraisedsomequestionsabouthow this information
shouldberepresented.

5.7 Further Reading

A readableaccountof whatis involvedin producinga dictionarycanbefoundin Sinclair
(1987)— in this casethe dictionaryis monolingual,andintendedfor humanreadersput
mary of the issuesare similar. A generaldiscussionof what are taken to be the main
theoreticaissuedn the designandconstructiorof dictionariesfor NLP purposess given
in Ritchie (1987).

On morphology,Spencer(1991) provides an excellentup-to-datedescriptionof current
linguistic theory For a moreextensve discussiorof compoundingseeBauer(1983). A

detaileddescriptionof the stateof the art as regardscomputationakreatmentsof mor

phologicalphenomenas givenin Ritchie et al. (1992). Almost the only discussionof

morphologywhichis specificallyrelatedio MT is Bennett(1993).

For a generalintroductionto the studyof terminology seeSager(1990),on termbanks,
seeBennettetal. (1986);McNaught(1988b,forthcoming,1988a).For discussiorof com-

puterizedtermbanksandtranslation,seeThomas(1992). Experienceof usinga termino-

logical databasén thetranslationprocesss reportedn Paillet (1990).

Thesedays,mary paperdictionariesexist in machinereadableform (i.e. they have been
createdas‘electronicdocumentsin the senseof Chapter8, belov). OALD, the Oxford
Advanced_earnersDictionaryHornbyetal. (1974),fromwhichthemonolinguakentryon
page89 is taken,and LDOCE, Longmans Dictionary of Contemporaryenglish Proctor
(1978), aretypical in this respect. They are sufficiently consistentand explicit to have
beenusedin a numberof experimentswhich try to take ‘paper’ dictionaries(or rather
the machinereadableversionsof them),andconvert theminto a form which canbe used
directlyin NLP systemsSomeof this work is reportedn Bogura® andBriscoe(1989).

The representatiomnd useof lexical informationin NLP is the focusof a greatdeal of
researctturrently Someideaof therangeof this canbe obtainedfrom Evens(1988)and
Pustejosky and Bemler (1992). The idea of structuring a dictionary
hierarchicallyso that individual entriescan inherit information (and so be simplified),
which we mentionedbriefly, is particularlyimportantin this research.A clearerideaof
whatis involved canbe gainedfrom (PollardandSag,1987,Chapter8).
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Chapter 6

Trandation Problems

6.1 Introduction

In this chapterwe will considersomeparticularproblemswhich the task of translation
posedor thebuilderof MT systems— someof thereasonsvhy MT is hard.lt is usefulto
think of theseproblemsundertwo headings{(i) Problemsof ambiguity (ii) problemsthat
arisefrom structural andlexical differencesbetweenlanguagesnd (iii) multiword units
like idioms and collocations. We will discusstypical problemsof ambiguityin Section
6.2,lexical andstructuralmismatchesn Section6.3,andmultiword unitsin Section6.4.

Of coursethesesortsof problemarenottheonly reasonsvhy MT is hard.Otherproblems
includethesheersizeof theundertakingasindicatedoy thenumberof rulesanddictionary
entriesthat a realistic systemwill need,and the fact that thereare mary constructions
whosegrammaris poorly understoodjn the sensethat it is not clear how they should
be representedyr what rulesshouldbe usedto describethem. This is the caseeven for
English,which hasbeenextensiely studied,andfor which therearedetaileddescriptions
— bothtraditional‘descriptive’ andtheoreticallysophisticated- someof which arewritten
with computationalsability in mind. It is an evenworseproblemfor otherlanguages.
Moreover, evenwherethereis a reasonabl@escriptionof a phenomenormr construction,
producinga descriptionwhich is sufficiently preciseto be usedby an automaticsystem
raisesnon-trivial problems.

6.2 Ambiguity

In thebestof all possiblewvorlds(asfarasmostNaturalLanguagdrocessings concerned,
anyway) everywordwould have oneandonly onemeaning But, aswe all know, thisis not
the case.Whena word hasmorethanonemeaningiit is saidto belexically ambiguous.
Whena phraseor sentence&anhave morethanonestructureit is saidto be structurally
ambiguous.
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Ambiguity is a penasive phenomenotin humanlanguagesilt is very hardto find words
thatarenot atleasttwo waysambiguousandsentencewhich are(out of context) several
ways ambiguousare the rule, not the exception. This is not only problematicbecause
someof the alternatvesareunintendedi.e. representvronginterpretations)but because
ambiguitiesmultiply’. In theworstcase a sentenceontainingtwo words,eachof which
is two waysambiguousmay be four waysambiguoug2 x 2), onewith threesuchwords
maybe2 x 2 x 2 = 23 = 8, ways ambiguousetc. Onecan, in this way, get very
large numbersindeed. For example,a sentenceconsistingof ten words, eachtwo ways
ambiguousandwith justtwo possiblestructuralanalysesouldhave 2942 = 211 = 2048
differentanalyses.The numberof analysescan be problematic,sinceone may have to
considerall of them,rejectingall but one.

Fortunately however, thingsarenot alwayssobad. In therestof this sectionwe will look
attheproblemin moredetail,andconsidersomepartial solutions.

Imaginethatwe aretrying to translatehesetwo sentencesto French:

(1) a. Youmustnot[use] abrasie cleanerntheprintercasing.
b. The[use|of abrasve cleanerson the printercasingis notrecommended.

In thefirst sentenceiseis averb,andin thesecondanoun,thatis, we have acaseof lexical
ambiguity An English-Frenchdictionarywill saythattheverbcanbetranslatedy (inter
alia) se servir de andemployer whereashe nounis translatedas emploior utilisation.
Oneway areadermr anautomatigparsercanfind out whetherthenounor verbform of use
is beingemployedin a sentences by working out whetherit is grammaticallypossibleto
have a nounor averbin the placewhereit occurs. For example,in English,thereis no
grammaticabequencef wordswhich consistof the+ V 4+ PP— soof thetwo possible
partsof speecho which usecanbelong,only the nounis possiblein the secondsentence
(1b).

As we have notedin Chapter4, we cangive translationenginessuchinformationabout
grammay in the form of grammarrules. This is usefulin thatit allows themto filter
out somewrong analyses However, giving our systemknowledgeaboutsyntaxwill not
allow usto determinethe meaningof all ambiguouswords. This is becausevordscan
have several meaningsven within the samepart of speech.Take for examplethe word
buttonLike theword usg it canbeeitheraverbor anoun.As anoun,it canmeanboththe
familiarsmallroundobjectusedo fasterclothes aswell asaknobonapieceof apparatus.
To getthemachineto pick outtheright interpretationve have to giveit informationabout
meaning.

In fact,armingacomputemvith knowledgeaboutsyntax,withoutatthesametimetelling it
somethingaboutmeaningcanbe a dangeroushing. This is becausapplyinga grammar
to a sentencecan producea numberof differentanalysesdependingon how the rules
have applied,andwe mayendup with alarge numberof alternatve analysegor a single
sentence.Now syntacticambiguity may coincidewith genuinemeaningambiguity but
very oftenit doesnot, andit is the caseswhereit doesnot thatwe wantto eliminateby
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applyingknowledgeaboutmeaning.

We canillustratethis with someexamples.First, let us shav how grammarules, differ-
ently applied,canproducemorethanonesyntacticanalysisfor a sentenceOneway this
canoccuris wherea word is assignedo morethanone categyory in the grammar For
example,assumehatthe word cleaningis both an adjective anda verbin our grammar
Thiswill allow usto assigntwo differentanalysedo the following sentence.

(2) Cleaningfluids canbedangerous.

Oneof theseanalyseswill have cleaningasa verb, andonewill have it asanadjectve.

In the former (lessplausible)casethe senseis ‘to cleana fluid may be dangerous’j.e.

it is aboutan activity beingdangerousln the latter casethe sensds that fluids usedfor

cleaningcanbedangerousChoosingoetweerthesealternatie syntacticanalysesequires
knowledgeaboutmeaning.

It maybeworthnoting,in passingthatthis ambiguitydisappearsvhencanis replacedoy
averbwhich shavs numberagreemenby having differentformsfor third personsingular
andplural. For example,thefollowing arenot ambiguousn this way: (3a) hasonly the
sensehattheactionis dangerous(3b) hasonly the sensehatthefluids aredangerous.

(3) a. Cleaningfluidsis dangerous.
b. Cleaningfluids aredangerous.

We have seenthatsyntacticanalysisis usefulin ruling out somewronganalysesandthis

is anothersuchcase since,by checkingfor agreementf subjectandobiject,it is possible
to find the correctinterpretations. A systemwhich ignoredsuch syntacticfactswould

have to considerall theseexamplesambiguousandwould have to find someotherway of

working out which sensevasintended runningtherisk of makingthe wrongchoice.For

asystemwith propersyntacticanalysisthis problemwould ariseonly in the caseof verbs
like canwhich do not shov numberagreement.

Another sourceof syntacticambiguity is where whole phrasestypically prepositional
phrasesg¢anattachto morethanonepositionin a sentenceFor example,in thefollowing
example,the prepositionabphrasewith a Postscriptinterfacecanattacheitherto the NP
theword processoipadage, meaning‘the word-processowhichis fitted or suppliedwith
aPostscriptnterface”,or to theverbconnectin which casethe sensés thatthe Postscript
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interfaceis to be usedto make the connection.
(4) Connectheprinterto aword processopackagewith a Postscripinterface.

Notice, however, thatthis exampleis not genuinelyambiguousat all, knowledgeof what
a Postscriptinterfaceis (in particular the factthatit is a pieceof software, not a piece
of hardwarethatcould be usedfor makinga physicalconnectiorbetweera printerto an
office computer)senesto disambiguate.Similar problemsarisewith (5), which could
meanthatthe printerandthe word processoboth needPostscripinterfaces,or thatonly
theword processoneedghem.

(5) Youwill requireaprinterandaword processowith Postscripinterfaces.

This kind of realworld knowledgeis alsoan essentiacomponenin disambiguatinghe
pronounit in examplessuchasthefollowing

(6) Putthepaperin theprinter Thenswitchit on.

In orderto work out thatit is the printerthatis to be switchedon, ratherthanthe paper
oneneedso usethe knowledgeof the world that printers(andnot paper)arethe sort of
thing oneis likely to switchon.

Thereareothercasesvhererealworld knowledge thoughnecessarydoesnot seemto be
sufficient. Thefollowing, wheretwo peoplearere-assembling printer, seemdo be such
anexample:

(7) A: Now insertthe cartridgeatthe back.
B: Okay
A: By theway, did you ordermoretonertoday?
B: Yes,l gotsomewhenl pickedupthenew paper
A: OK, how far have you got?
A: Did you get fixed?

It is not clearthatary kind of realworld knowledgewill be enoughto work out that it
in the last sentenceefersto the cartridge,ratherthanthe new paper or toner All are
probablyequallyreasonableandidatedor fixing. What stronglysuggestshatit should
beinterpretedasthe cartridgeis the structureof the conversation— the discussiorof the
tonerandnew paperoccursin a digressionwhich hasendedby thetime it occurs.Here
what one needsis knowledge of the way languages used. This is knowledgewhich is
usuallythoughtof aspragmaticin nature. Analysingthe meaningof texts like the above
exampleis importantin dialoguetranslationwhich is along termgoalfor MT research,
but similar problemsoccurin othersortsof text.

Anothersortof pragmaticknowledgeis involvedin caseswvherethe translationof a sen-
tencedepend®n thecommunicatre intentionof the spealer — onthe sortof action(the

108



6.3 LEXICAL AND STRUCTURAL MISMATCHES 109

speeclact)thatthe spealer intendsto performwith the sentenceFor example,(8) could
be arequestfor action,or arequesftfor information,andthis might make a differenceto
thetranslation.

(8) Canyoureprogramthe printerinterfaceon this printer?

In somecasesworking outwhichis intendedwill dependon the non-linguisticsituation,
but it could alsodependon the kind of discoursethatis goingon — for example,is it a
discoursavhererequestdor actionareexpectedandis the spealer in a positionto make
sucharequesbf thehearern dialoguessuchpragmatianformationaboutthediscourse
canbeimportantfor translatinghesimplestexpressionsFor example theright translation
of Thankyou into Frenchdependson what sort of speechactit follows. Normally, one
would expectthetranslationto be merci. However, if it is utteredin responséo an offer,
theright translationwould be s'il vousplait (‘please’).

6.3 Lexical and Structural Mismatches

At the start of the previous sectionwe said that, in the bestof all possibleworlds for

NLP, every word would have exactly onesense.While this is true for mostNLP, it is an
exaggeratiomasregardsMT. It would be a betterworld, but not the bestof all possible
worlds, becausave would still befacedwith difficult translationproblems.Someof these
problemsareto do with lexical differencedbetweerlanguages— differencesn theways
in which languageseemto classifythe world, what conceptshey chooseto expressby

single words, and which they choosenot to lexicalize. We will look at someof these
directly. Otherproblemsarisebecausalifferentlanguagesisedifferentstructuredor the
samepurpose andthe samestructurefor differentpurposes.In eithercase theresultis

thatwe have to complicatethe translationprocess.In this sectionwe will look at some
representatie examples.

Examplediketheonesin (9) belowr arefamiliarto translatorsbut the examplesof colours
(9¢), andthe Japanesexamplesin (9d) are particularlystriking. The latter becausehey
shov how languageseeddiffer not only with respecto the finenessor ‘granularity’ of
the distinctionsthey malke, but alsowith respecto the basisfor the distinction: English
choosedlifferentverbsfor the action/eentof puttingon, andthe action/statef wearing.
Japanesdoesnot make this distinction, but differentiatesaccordingto the objectthatis
worn. In the caseof Englishto Japanesea fairly simple teston the semanticsof the
NPsthataccompan a verb may be sufiicient to decideon the right translation. Someof
the colour examplesare similar, but more generally investigationof colour vocahulary
indicatesthatlanguagesctuallycarne up the spectrumin ratherdifferentways,andthat
decidingon the besttranslationmay requireknowledgethat goeswell beyondwhatis in
thetext, andmayevenbeundecidableln this sensethetranslationof colourterminology
beginsto resemblethe translationof termsfor cultural artifacts(e.g. wordslike English
cottage, Russiardaca, Frenchchateay etc. for which no adequatéranslationexists,and
for which the humantranslatormustdecidebetweenstraightborronving, neologism,and
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providing an explanation). In this area,translationis a genuinelycreatie act, which is
well beyondthe capacityof currentcomputers.

9) a. know (V) savoir (afact)

conndtre (athing)

b. leg(N) patte(of ananimal)
jambe(of ahuman)
pied (of atable)

c. brown (A) brun
chatain(of hair)
marron(of shoes/leather)

d. wear/puton (V) kiku
haku(shoes)
kakeru(glasses)
kakuru (hats)
hameru(gloves,etc.i.e. onhands)
haoru(coat)
shimeru(scanes,etc.i.e. roundtheneck)

Calling casessuchasthoseabove lexical mismatchess not controversial. However, when
oneturnsto casesof structuralmismatch,classificationis not so easy This is because
one may often think that the reasonone languageusesone constructionwhereanother
usesanotheris becausef the stock of lexical itemsthe two languagesave. Thus,the
distinctionis to someextenta matterof tasteandconvenience.

A particularlyobviousexampleof thisinvolvesproblemsarisingfrom whataresometimes
calledlexical holes — thatis, casesvhereonelanguagehasto usea phraseto express
whatanothefdanguagexpressed asingleword. Examplesof thisincludethe ‘hole’ that
existsin Englishwith respecto Frenchignorer (‘to notknow’, ‘to beignorantof’), and
sesuicider(‘to suicide’,i.e. ‘to commitsuicide’, ‘to kill oneself). The problemsraised
by suchlexical holeshave a certainsimilarity to thoseraisedby idioms: in bothcasespne
hasphrasedranslatingas single words. We will thereforepostponediscussiorof these
until Section6.4.

Onekind of structuraimismatchoccurswheretwo languagesisethesameconstructiorfor
differentpurposesor usedifferentconstructiongor whatappearso bethe samepurpose.

Caseswvherethe samestructureis usedfor differentpurposesncludethe useof passie
constructionsn English,andJapaneseln the examplebelow, the Japaneseparticlewa,
whichwe have glossedhas'T OP’ heremarksthe‘topic’ of thesentence— intuitively, what
thesentences about.

(10) a. Satoo-samvashyushomi erabaremashita.

ICreative in the senseof ‘genuineinvention which is not governedby rules’, ratherthan the senseof
‘creatingnew thingsby following rules’— computersave no problemwith creatingnew thingsby following
rules,of course.
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Satoo-horTOP PrimeMinisterin was-elected
b. Mr. SatohwaselectedPrimeMinister.

Example(10) indicatesthat Japanesbéasa passve-like construction,.e. a construction
wherethe PATIENT, which is normallyrealizedasan OBJECT is realizedasSUBJECT
It is differentfrom the Englishpassie in thesensehatin Japanesthis constructiortends
to have anextra adwersive nuancevhich might make (10a)ratherodd, sinceit suggestan

interpretatiorwhereMr Satohdid not wantto be elected,or whereelectionis somehav

badfor him. This is not suggestedby the Englishtranslation,of course.Thetranslation
problemfrom Japanes¢o Englishis oneof thosethat looks unsohablefor MT, though
one might try to corvey the intendedsenseby addingan adwerb suchas unfortunately
The translationproblemfrom Englishto Japanesé on the otherhandwithin the scope
of MT, sinceone mustjust chooseanotherform. This is possible sinceJapanesallows

SUBJECTso0 be omittedfreely, soone cansaythe equivalentof electedMr Satoh and
thusavoid having to mentionan AGENT 2. However, in general the resultof this is that
onecannothave simpleruleslike thosedescribedn Chapter for passves.In fact,unless
oneusesavery abstracstructureindeed theruleswill berathercomplicated.

We canseedifferentconstructionsisedfor the sameeffectin casedik e thefollowing:

(11) a. HeiscalledSam.
b. Erhei3tSam.
‘He is-namedsam’
c. |l s'appelleSam.
‘He callshimselfSam’

(12) a. SamhasjustseerKim.
b. Samvientdevoir Kim.
‘Samcomesof seeKim’

(13) a. Samlikestoswim.
b. Samzwemtgraag.
‘Samswimslikingly’

The first exampleshavs how English, Germanand Frenchchoosedifferentmethodsfor
expressingnaming’. The othertwo examplesshav onelanguageusinganadwerbial AD-
JUNCT (just, or graag(Dutch)‘likingly’ or ‘with pleasure’)whereanotherusesa verbal
construction.This is actuallyoneof the mostdiscussegroblemsin currentMT, andit is
worth examiningwhy it is problematic.This canbe seerby looking attherepresentations
for (12)in Figure6.1.

Theserepresentationarerelatively abstract(e.g. theinformationabouttenseandaspect
corveyed by the auxiliary verb havehasbeenexpressedn a feature),but they are still

2This discussiorof the Japanespassie is a slight simplification. The constructiordoessometimesccur
withoutthead\ersive sensebut thisis usuallyregardedasa ‘europeanism’shaving theinfluenceof European
languages.
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Sam vient de voir Kim

S
tense = pres

HEAD SUBJ COMP

HEAD SUBJ OBJ

ANVAN

venir_de Sam voir Sam Kim

tense = pres perfect

]

HEAD SUBJ OBJ ADJUNCT

see Sam Kim just

Sam has just seen Kim

Figure6.1 venirdeandhave-just

ratherdifferent. In particular notice that while the main verb of (12a)is see the main
verbof (12b)is venirde Now noticewhatis involvedin writing ruleswhich relatethese
structuregwe will look atthedirectionEnglish— French).

1 Theadwerbjust mustbetranslatedasthe verbvenir-de (perhapghis is not the best
way to think aboutit — the pointis thatthe Frenchstructuremustcontainvenir-de,
andjust mustnotbetranslatedn ary otherway).

2 Samthe SUBJECTof see mustbecomehe SUBJECTof venir-de

3 Someinformationabouttense,etc. mustbe taken from the S nodeof which see
is the HEAD, and put on the S node of which venirde is the HEAD. This is a
complication,becausenormally one would expect suchinformationto go on the
nodeof which thetranslationof see voir, is the HEAD.

4 Otherpartsof the Englishsentenceshouldgo into the correspondingpartsof the
sentencdHEADedby voir. Thisis simpleenoughhere,becauseén bothcaseKim
isanOBJECT but it is notalwaysthecasethatOBJECTdranslateasOBJECTs of
course.

5 The link betweenthe SUBJECT of venir-de andthe SUBJECT of voir mustbe
established— but this canperhapseleft to Frenchsynthesis.
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All thisis summarizedn Figure6.2andFigure6.3.

Sam has just seen Kim

tense = pres perfect

SuUBJ

S
tense = pres

HEAD SUBJ COMP
venir_de

Sam vient de voir Kim

Figure 6.2 Translatinghave-justinto venirde

Of course,given a complicatedenoughrule, all this canbe stated. However, therewill
still beproblemsbecausevriting arulein isolationis notenough.Onemustalsoconsider
how therule interactswith otherrules. For example,therewill be a rule somavherethat
tellsthesystemhow seeis to betranslatedandwhatoneshoulddo with its SUBJECTand
OBJECT Onemustmale surethatthis rule still works (e.g. its applicationis not blocked
by the factthatthe SUBJECTis dealtwith by the specialrule above; or thatit doesnot
insertan extra SUBJECTinto the translation,which would give * Samvientde Samvoir
Kim). One mustalso make surethat the rule works whenthereare other problematic
phenomenaround.For example,onemight like to make surethe systemproduceg14b)
asthetranslationof (14a).

(14) a. SamhasprobablyjustseerKim.
b. Il estprobablequeSamvientdevoir Kim.
‘It is probablethat Samcomesof seeKim’

We said above that everything exceptthe SUBJECT and someof the tenseinformation
goesinto the‘lower’ sentencén French.But thisis clearlynottrue,sinceherethetransla-
tion of probablyactuallybecomesgpart of the mainsentencewith thetranslationof (12a)
asits COMPLEMENT.

Of coursepnecouldtry to aguethatthedifferencebetweereEnglishjustandFrenchvenir
deis only superficial. Theargumentcould,for example,saythatjust shouldbetreatedasa
verbatthesemantidevel. However, thisis notvery plausible. Thereareothercasesvhere
this doesnot seempossible.Exampledik e the following shav thatwhereEnglishusesa
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S
tense = pres

|

HEAD CoMP

L[]

HEAD SUBJ 0OoBJ

ANRVAN

venir_de SUBJ voir Sam Kim

NS

Figure 6.3 The Representationf venir-de

‘manner’ verb anda directionaladwerb/prepositiongbhrase French(andotherRomance
languages)isea directionalverb anda manneradwerh Thatis whereEnglishclassifies
theeventdescribedas‘running’, Frenchclassifiest asan‘entering’:

(15) a. Sheranintotheroom.
b. Elle entradansla salleencourant.
‘She enterednto theroomin/while running’

Thesyntacticstructuref theseexamplesarevery different,andit is hardto seehow one
cannaturallyreducethemto similar structureswithout usingvery abstractepresentations
indeed.

A slightly different sort of structuralmismatchoccurswheretwo languageshave ‘the
same’construction(morepreciselysimilar constructionswith equivalentinterpretations),
but wheredifferentrestrictionson the constructionsneanthatit is not alwayspossibleto
translatdn the mostobviousway. Thefollowing is arelatively simpleexampleof this.
(16) a. Thesearetheletterswhichl have alreadyrepliedto.
b. *Ce sontleslettreslesquelleg’ai déjarépondua.

c. Thesearethelettersto which| have alreadyreplied.
d. Cesontleslettresauxquelleg’ai déjarepondu.

Whatthis shows is that Englishand Frenchdiffer in that Englishpermitsprepositiongo
be ‘stranded’(i.e. to appeamwithout their objects like in 16a). Frenchnormallyrequires
the prepositionandits objectto appeartogetherasin (16d)— of course Englishallows
thistoo. Thiswill make translating(16a)into Frenchdifficult for mary sortsof system(in
particulay for systemghattry to managewvithoutfairly abstracsyntacticrepresentations).
However, thegenerakolutionis fairly clear— whatonewantsis to build astructurevhere
(16a)is representedn the sameway as (16c), sincethis will eliminatethe translation
problem. The mostobvious representatiomvould probablybe somethingalongthelines
of (17a),or perhapg17b).
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(17) a. Thesearetheletters[s | have alreadyreplied[pp to which|]
b. Thesearetheletterss | have alreadyreplied[pp to theletters]]

While by no meansa completesolutionto the treatmentf relative clauseconstructions,
suchanapproachprobablyovercomeghis particulartranslationproblem.Thereareother
casesvhich poseworseproblems however.

In generalrelative clauseconstructionsn Englishconsistof a headnoun (letters in the
previous example),a relative pronoun(suchaswhich), anda sentencevith a‘gap’ in it.
Therelative pronoun(andhencethe headnoun)is understoodasif it filled the gap— this
is theideabehindthe representationm (17). In English,therearerestrictionson where
the‘gap’ canoccur In particular it cannotoccurinsideanindirectquestionor a ‘reason’
ADJUNCT. Thus,(18b),and (18d) are both ungrammatical However, theserestrictions
arenot exactly paralleledn otherlanguageskor example,ltalian allows theformer, asin
(18a),andJapanesthelatter, asin (18c). Thesesortsof problemarebeyondthe scopeof
currentMT systems— in fact,they aredifficult evenfor humantranslators.

(18) a. Sindanodeminnagakanasindaiito wayumeidesita.
‘died henceeveryoneSUBJdistressed-asmanTOPfamouswas’
b. *The manwho everyonewasdistressedecauséhe)diedwasfamous.
c. L'uomochemi domandachi abbiavisto fu arrestato.
d. *The manthatl wonderwho (he) hasseerwasarrested.

6.4 Multiword units: Idioms and Collocations

Roughly speakingjdioms are expressionasvhosemeaningcannotbe completelyunder
stoodfrom the meaningof the componenparts. For example,whereast is possibleto
work out the meaningof (19a) on the basisof knowledge of Englishgrammarandthe
meaningof words,this would not be sufficientto work out that(19b) canmeansomething
like‘lf Samdies,herchildrenwill berich’. Thisis becauséick the budketis anidiom.

(19) a. If Sammendsthebucket, herchildrenwill berich.
b. If Samkicksthebucket, herchildrenwill berich.

The problemwith idioms,in an MT contet, is thatit is not usuallypossibleto translate
themusingthe normalrules. Thereareexceptionsfor exampletake the bull by thehorns
(meaning‘faceandtackle a difficulty without shirking”) can be translatediterally into
Frenchasprendee le taureau par les cornes which hasthe samemeaning. But, for the
most part, the useof normalrulesin orderto translateidioms will resultin nonsense.
Instead pnehasto treatidiomsassingleunitsin translation.

In mary casesa naturaltranslatiorfor anidiom will beasingleword— for example the

Frenchword mourir (‘die’) is apossibletranslatiorfor kick thebudket. Thisbringsoutthe
similarity, which we notedabove, with lexical holesof thekind shovn in (20).
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(20) a. Jignorelasolution.
b. | donotknow thesolution.
c. sesuicider
d. commitsuicide.

Lexical holesand idioms are frequentlyinstancesof word <> phrasetranslation. The
differences thatwith lexical holes,the problemtypically ariseswvhenonetranslategrom
the languagewith the word into the languagethat usesthe phrase whereaswith idioms,
oneusuallygetsthe problemin translatingfrom the languagehat hastheidiom (i.e. the
phrase)into the languagewhich usesa single word. For example,thereis no problem
in translatingl do not know the solution literally into French— the resultis perfectly
understandablesimilarly, thereis no problemin translatingmourir ‘literally’ into English
(asdie) — oneis notforcedto usetheidiom kick the bucket

In generaltherearetwo approachesnecantake to the treatmentof idioms. Thefirstis

to try to representhemassingleunitsin themonolingualdictionaries Whatthis meansds

thatonewill have lexical entriessuchaskick _the _bucket . Onemighttry to construct
specialmorphologicalrulesto producetheserepresentationbeforeperformingary syn-

tactic analysis— this would amountto treatingidioms asa specialkind of word, which

just happendgo have spacesdn it. As will becomeclear this is not a workable solution

in general. A morereasonablédeais notto regardlexical lookupasa singleprocesshat
occurgustonce beforeary syntacticor semantigprocessingbut to allow analysisrulesto

replacepiecesof structureby informationwhich is heldin the lexicon at differentstages
of processingjust asthey are allowed to changestructuresn otherways. This would

meanthatkick the budket andthe non-idiomatickick the table would berepresentedlike

(apartfrom the differencebetweerbucket andtable) at onelevel of analysis but thatat a

later, more abstractrepresentatiokick the budket would be replacedwith a singlenode,
with theinformationatthis nodecomingfrom thelexical entrykick _the _bucket . This

informationwould probablybe similar to the informationonewould find in the entry for

die.

In ary event,this approactwill leadto translatiorrulessayingsomethindik e the follow-
ing, in atransformeior transfersystem(in aninterlingualsystemjdiomswill correspond
to collectionsof conceptspr singleconceptsn the sameway asnormalwords).

in -fact => en_fait
in _view _of => etant _donne
kick _the _bucket => mourir

kick _the _bucket => casser _sa_pipe

The final exampleshaws that one might, in this way, be ableto translatethe idiom kick
thebudketinto theequivalentFrenchidiom cassersapipe— literally ‘breakhis/herpipe’.
Theoverall translationprocesss illustratedin Figure6.4.
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Thesecondapproacho idiomsis to treatthemwith speciakulesthatchangetheidiomatic
sourcestructureinto anappropriatg¢arget structure . This would meanthatkick the bucket
andkick the table would have similar representationall throughanalysis. Clearly, this
approachs only applicablan transferor transformeisystemsandevenhere,it is notvery
differentfrom thefirst approach— in the casewhereanidiom translatessa singleword,
it is simply a questionof whereonecarriesout the replacementf a structureby a single
lexical item, andwhethertheitemin questionis anabstracsourcelanguagevord suchas
kick_the_ budket or a normaltargetlanguagewnord (suchasmourir).

TRANSFER

S
present_perfect

S
present_perfect

HEAD SUBJ HEAD SUBJ
kick_the_bucket Sam mourir Sam
S
present_perfect
ANALYSIS SYNTHESIS
HEAD OBJ HEAD
kick Sam  bucket
S S
NP AUX VP NP AUX VP
Y NP
Sam has  kicked the bucket Sam est mort

Figure 6.4 Dealingwith Idioms1

Oneproblemwith sentencesvhich containidiomsis that they aretypically ambiguous,
in the sensehat eithera literal or idiomatic interpretationis generallypossible(i.e. the
phrasekick the budket canreally be aboutbucketsandkicking). However, the possibility
of having a variety of interpretationgloesnot really distinguishthemfrom othersortsof
expressionAnotherproblemis thatthey needspecialrules(suchasthoseabove, perhaps),
in additionto thenormalrulesfor ordinarywordsandconstructionsHowever, in thisthey
are no differentfrom ordinary words, for which one also needsspecialrules. Thereal
problemwith idiomsis thatthey arenotgenerallyfixedin theirform, andthatthevariation
of formsis notlimited to variationsin inflection(asit is with ordinarywords). Thus,there
is aseriousproblemin recognisingdioms.

This problemdoesnot arisewith all idioms. Someare completelyfrozenforms whose
partsalwaysappeaiin the sameform andin the sameorder Examplesarephrasedike in
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fact, orin view of. However, suchidiomsareby fartheexception.A typicalway in which
idioms canvary is in the form of the verb, which changesaccordingto tense aswell as
persorandnumber For example,with bury the hatchet(‘to ceasehostilitiesandbecomes
reconciled’,one getsHe buries/kuried/will bury the hatchet and They bury/buried/shal
bury thehatchet Noticethatvariationin theform onegetshereis exactly whatonewould
getif noidiomaticinterpretationwasinvolved— i.e. by andlargeidiomsaresyntactically
andmorphologicallyregular— it is only theirinterpretationghataresurprising.

A seconccommonform of variationis in theform of thepossessie pronounin expressions
liketo burn onesbridges(meaningto proceedn suchaway asto eliminateall alternatve
course®f action’). This variesin aregularway with the subjectof theverb:

(21) a. He hasburned bridges.
b. Shehasburnedbridges.

In other casesonly the syntacticcategyory of an elementin anidiom canbe predicted.
Thus,theidiom pull X’sleg (‘tease’)containsa genitive NP, suchasSams, or theking of
Englands. Anothercommonform of variationarisesbecausesomeidioms allow adjecti-
val modifiers. Thusin additionto keeptabson (meaningobserve onehaskeepclose tabs
on(‘obseneclosely’),or puta political catamongthepigeons(meaningdo or saysome-
thing thatcauses lot of agumentpolitically’). Someidiomsappeain differentsyntactic
configurationsjustlik e regularnon-idiomaticexpressionsThus,bury the hatchetappears
in the passie, aswell astheactive voice.

(22) a. Hehburiedthehatchet
b. Thehatchetseemso have beenburied

Of coursenotall idiomsallow thesevariations(e.g. onecannotpassvize kick the budket
meaningdie’), and,asnoted,somedo not allow ary variationin form. But wherevaria-
tion in form is allowed, thereis clearly a problem. In particular noticethatit will notbe
possibleto recogniseidioms simply by looking for sequencesf particularwordsin the
input. Recognisingsomeof theseidiomswill requirearatherdetailedsyntacticanalysis.
For example,despitehevariationin form for bury the hatchet, theidiomaticinterpretation
only occurswhenthe hatchetis alwaysDEEP OBJECTof bury. Moreover, therulesthat
translatadiomsor which replacethemby singlelexical itemsmay have to berathercom-
plex. Someideaof this canbe gainedfrom consideringwvhat musthappento pull Sams

leg in orderto producesomethingdik e equivalentto teaseSam or the Frenchtranslation
involving taquiner (‘tease’),cf. Figure6.5. This figure assumeshe input and outputof

transferarerepresentationsf grammaticatelations but the principlesarethe sameif se-
manticrepresentationareinvolved, or if the procesdnvolvesreducingpull X's leg to a
singleword occursin Englishanalysis.
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Sam pulled Kim’s leg

HEAD

taquiner

Sam a taquine Kim

Figure 6.5 Dealingwith Idioms2

Ratherdifferentfrom idiomsareexpressiondik e thosein (23), which areusuallyreferred
to ascollocations. Herethemeaningcanbeguessedrom the meaningof the parts.What
is not predictablds the particularwordsthatareused.

(23) a. Thishbutteris rancid(*sour, *rotten, *stale).
b. Thiscreamis sour(*rancid, *rotten, *stale).
c. They took (*made)awalk.
d. They made(*took) anattempt.
e. They had(*made,*took) atalk.

For example thefactthatwe sayrancid butter, but not *sour butter, andsour cream but
not*rancid creamdoesnot seemto be completelypredictable€from the meaningof butter
or cream andthe variousadijectizes. Similarly the choiceof take asthe verb for walk is
not simply a matterof the meaningof walk (for example,one caneithermale or take a

journey).

In whatwe have calledlinguistic knowledge(LK) systemsat least,collocationscanpo-
tentially be treateddifferentlyfrom idioms. This is becausdor collocationsonecanoften
think of onepartof the expressiorasbeingdependenon, andpredictablerom the other
For example,onemay think thatmale, in male an attempthaslittle meaningof its own,
andsenesmerelyto ‘support’ the noun(suchverbsareoften calledlight verbs, or sup-
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port verbs). This suggestone cansimply ignorethe verb in translation,and have the
generatioror synthesiscomponentsupplythe appropriateverh For example,in Dutch,
this would be doen sincethe Dutch for male an attemptis eenpoging doen(‘do an at-
tempt’).

One way of doing this is to have analysisreplacethe lexical verb (e.g. male) with a
‘dummy verb’ (e.g. VSUB. This canbetreatedasa sortof interlinguallexical item, and
replacedby the appropriateverb in synthesiqthe identity of the appropriateverb hasto
beincludedin the lexical entry of nouns,of course— for example,the entryfor poging
might include the featuresupport _verb=doen . The adwantageis that supportverb
constructionganbehandledwithout recoursedo the sortof rulesrequiredfor idioms(one
alsoavoids having rulesthatappeatto translatemale into poging ‘do’).

Of coursewhatoneis doinghereis simply recording,in eachlexical entry, theidentity of

thewordsthatareassociatedvith it, for variouspurposes— e.g.thefactthattheverbthat
goeswith attemptis male (for somepurposesaryway). An interestinggeneralisatiorof

thisis foundin theideaof lexical functions. Lexical functionsexpressarelationbetween
two words. Take the caseof heavysmoler, for example. Therelationshipbetweerheavy
and smoler is that of intensification,which could be expressedy the lexical function
Magn asfollows, indicating that the appropriateadjective for Englishsmoler is heavy

whereaghatfor the correspondind-renchword fumeuris grand (‘large’) andthatfor the
Germanword Rauder is stark (‘strong’).

(English) Magn(smoker) = heavy
(French)  Magn(fumeur) = grand

(German) Magn(Raucher) = stark

If onewantsto translateheavysmoler into French,oneneed€o mapsmoler into fumeur
togetherwith the informationthat fumeurhasthe lexical function Magn appliedto it, as
in English. It would be left to the Frenchsynthesismoduleto work out that the value
Magn(fumeur) = grand andinsertthis adjectve appropriately Translationinto Ger
manis donein the sameway.

6.5 Summary

This chapterooks at someproblemswhich facethe builder of MT systems.We charac-
terizedthemasproblemsof ambiguity(lexical andsyntactic)andproblemsof lexical and
structuralmismatchesWe sawv how differenttypesof linguistic andnon-linguisticknowl-
edgearenecessaryo resohe problemsof ambiguity andin the next chaptemwe examine
in moredetailhow to representhis knowledge. In this chaptemwe discussednstanceof
lexical and structuralmismatchesndthe problemof non-compositionalityas exempli-
fied by idioms and collocations)andlooked at somestratgjiesfor dealingwith themin
MT systems.
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6.6 Further Reading

Theproblemof ambiguityis penasivein NLP, andis discusse@xtensvely in theintroduc-
tionsto thesubjectsuchasthosementionedn the FurtherReadingsectionof Chapter3.

Examplesof lexical and structuralmismatchesare discussedn (Hutchinsand Somers,
1992,Chapter6). Problemsf the venir-dehavejust sortarediscussedxtensively in the
MT literature. A detaileddiscussiorof the problemcanbefoundin Arnold etal. (1988),
andin Sadler(1993). Onlight verbsor supportverbs,seeDanlosandSam\elian (1992);
Danlos(1992).

Treatmentf idiomsin MT aregivenin Arnold and Sadler(1989), and Schenk(1986).
On collocations,seefor exampleAllerton (1984), Bensonet al. (1986a),Bensonet al.
(1986b)andHanksandChurch(1989). Thenotionof lexical functionsis dueto Mel’ Cuk,
seefor exampleMel’ Cuk andPolguerg(1987);Mel’ cuk andZholkovsky (1988).

A classicdiscussionof translationproblemsis Vinay and Darbelnet(1977). This is
concernedwith translationproblemsas facedby humans,ratherthan machines,but it
pointsout several of theproblemsmentionechere.

Thediscussiorn this chaptetouchesontwo issuef generalinguisticandphilosophical
interest: to what extent humanlanguagegeally do carwe the world up differently and
whethertherearesomesentences somelanguagesvhich cannotbetranslatednto other
languages.As regardsthe first question,it seemsasthoughthereare somelimits. For
example,thoughlanguagesare the colour spectrumup ratherdifferently sotherecan
beratherlarge differencesetweercolourwordsin termsof their extensionsthereseems
to be a high level of agreemenabout‘bestinstances’. Thatis, thoughthe extensionof
Englishred, andJapanesekaiis different,neverthelessthe colourwhich is regardedas
the bestinstanceof red by English spealersis the colour which is regardedasthe best
instanceof akai by Japanesspealers. The seminalwork on this topic is Berlin andKay
(1969), and seethe title essayof Pullum (1991). The secondquestionis sometimes
referredto asthe questionof effability, seeKatz (1978); Keenan(1978) for relevant
discussion.
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Chapter 7

Representation and Processing
Revisited: Meaning

7.1 Introduction

Thediscussionn previouschapterseinforceghepointmadein Chapter3 aboutthevalue
of syntacticand'shallowv’ semantianalysishut it alsoshavs why performingasyntactic
analysisaloneis not sufiicient for translation. As the discussionin Chapter6 indicates,
thereare mary caseswhere problemsseemto require deeper more meaningoriented
representationgndenrichmenf the kind of knowledgesystemsareequippedwith. In
this chaptemwe will try to give a flavour of whatis involvedin this.

It is usefulto think of this knowledgeasbeingof threekinds: (i) linguistic knowledge
which is independenbf contet, semanticknowledge; (ii) linguistic knowledge which
relatesto the context (e.g. of earlierutterances)sometimesalledpragmaticknowledge;
and(iii) commonsensegeneralnon-linguisticknovledgeabouttherealworld, whichwe
will call realworld knowledge. It shouldbe stressedhat the distinction betweenthese
differentkinds of knowledgeis not always clear andtherearethosewho would dispute
whetherthe distinctionis real. However, it is at leasta corvenientsubdvision of the
field, andwe will examineeachsortof knowledgein turn, in Sections7.2,7.3,and7.4.
Discussingthesedifferentkinds of knowledgewill alsoallow usto describesomemore
generakranslationproblems.

Apart from giving an overview andflavour of whatis involved, the point we would like
to stressn this chapteiis thatthoughdealingwith meaningin a generalway posesmary
unsolhed problems,andin generalone shouldnot expectto find muchin the way of real
world, pragmatic,or even semantigprocessingn currentcommercialMT systemssuch
processingt is nottotally beyondthereachof currenttheory
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7.2 Semantics

Semanticss concernedavith themeaningof wordsandhow they combineto form sentence
meanings.lIt is usefulto distinguishlexical semanticsand structural semantics— the
formeris to do with the meaningsf words, the latterto do with the meaningsf phrases,
includingsentencesWe will begin with theformer

Therearemary waysof thinking aboutandrepresentingvord meaningsbut onethathas
proved usefulin thefield of machinetranslationinvolvesassociatingvordswith seman-
tic features which correspondo their sensecomponents.For example,the wordsman
woman boy, andgirl mightberepresenteds:

man = (+HUVAN, +MASCULI NE and +ADULT)
woman = (+HUMAN, - MASCULI NE and +ADULT)
boy = (+HUMAN, +MASCULI NE and - ADULT)

girl = (+HUVAN, - MASCULI NE and - ADULT)

Associatingwordswith semantideaturess usefulbecausesomewordsimposesemantic
constraintson what otherkinds of wordsthey canoccurwith. For example,the verb eat
demandshatits AGENT (the eater)is animateandthatits PATIENT (thatwhichis eaten)
is edible,— concrete(ratherthan abstract,like sincerity or beauty),and solid (rather
than liquid, so one cannot'eat’ beer coffee, etc.; soupis a borderlinecase). We can
encodethis constraintin our grammarby associatinghe featuresHUMAN andEDIBLE

with appropriatenounsin our dictionary and describingour entry for eat as something
likecat =ver b, AGENT=HUMAN, PATI ENT=EDI BLE. Thegrammarmwill now only

acceptobjectsof eatthathave the featureEDIBLE. Thustheseselectional restrictions,

asthey arecalled,actasafilter on our grammarto rule out unwantedanalysesConsider
sentencégl):

(1) Johnatethegame.

TheEnglishword gameis ambiguous it canmeanseveralthings,includinga form of play
or sportor a wild animal huntedor fishedfor food Using selectionakestrictionsof the
sortdescribedabore we caneliminatethe ‘form of play or sport’ meaningf the systemis
ableto infer that‘food’ is EDIBLE, but thatformsof play arenot.

Selectionatestrictionshave provedavery usefuldevice andarefoundin mostMT systems
to agreateror lesserextent. Unfortunately however, exceptionsto selectionatestrictions
abound,especiallyin metaphoricalspeech. Thuswe find sentencedike This car eats
mong, usedto meanthatthe caris expensve to maintain,so, ratherthanuseselectional
restrictionsto eliminateinterpretationsye shouldusethemto statepreferences between
alternatve interpretations.
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Noticethatstatingselectionarestrictionsin termsof semantiaelationsis easierthantry-

ing to statethemin termsof (surface)grammaticatelations.Usinggrammaticatelations
we would have to saythat eat prefersan animateSUBJECTin active sentencesandan
animateNP in the by phrasein passie sentenceg¢andanedible OBJECTin actives,and
anedibleSUBJECTin passies).

We will now look briefly at how semantiaelationscanhelpin oneof thethorniestprob-
lemsfor machineranslationnamelythetranslationof prepositions.

Take, for example,the translationof the Englishprepositionat into Spanishand,for the
sale of exposition,make the simplifying assumptiorthatit recevesonly two translations
in Spanishnamelya anden asin thefollowing:

(2) a. atmidday
b. [a]medioda

(3) a. atschool

laescuela

The choiceof Spanishprepositiondependn the type of nounthatfollows it. Roughly
wherethe prepositionis followed by atemporalnoun,asin thefirst example,it translates
asa, but wherethe prepositionis followedby alocationalnoun,asin thesecondexample,
it translatesasen

o

We canpick out the correcttranslationof at by assigningt anappropriatéeSemantidRe-
lation (SR) during analysis. For example, the feature SR=TI ME might be assignedo
indicatethat at expresses temporalrelation,andthe featureSR=PLACE might be used
to meanthat at expresses locationrelation. We could thenhave translationrules of the
following form:

at, SR=TIME < a
at, SR=PLACE < en

Thesesemanticrelationsare assignedn the basisof the type of nounthat follows the
preposition.This meanghatthe nounmiddaymustbemarkedin the dictionarywith some
temporalfeature(e.g. semt ype=t i nme), while nounslike school mustbe marked with
somelocationalfeature(e.g.sent ype=Il ocati on).

We areassuminghatsemantiaelationsattachto prepositionsMore properly a semantic
relationdescribeghe role which the whole prepositionabhrase hot just the preposition,
playsin relationtoits head butit is convenientto allow the prepositiorto carrythisfeature
too, in orderto formulatethe above translatiorrules. A prepositionaphrasemarkedwith
the semanticrelation TIME, for example, might indicatethe time at which the action
indicatedby theverbtakesplace while aphrasemarkedwith thesemantigelationPLACE
mightindicatethelocationatwhichit took place.
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Although thesefeatureswould solve mary problemsin translatingprepositionsthe se-
manticrelationsexpressedy PLACE and TIME arenot alwaysfine grainedenough.We

can, for example, distinguishtwo differenttypesof usagefor locationalat: ‘(to be) at

school’indicatesa position,whereas(to shoot)atthegoal’ indicatesamovementowards
acertainplace.We coulddecompos¢he semantiaelationinto two separateelations say
PLACE_POSITIONfor thefirst phraseand PLACE_PATH for the secondphrase.Note

thatthe calculationof thesenew semantiaelationswill dependnot only onthe semantic
featuresof the nounsthatfollow them,but crucially onthetype of verh

Our brief exampleillustratessomeof the problemswe facewhentrying to assigrsemantic
relationsto prepositionalphrasesor othercategories. First, it is difficult to know whata

canonicalset of semanticrelationsmight look like, sincethe refinementor granularity
required(thatis, the numberof distinctionswe wantto make) depend$o someextenton

thetype of translationproblemencounteredSecondlythe finer the granularity the more

elaboratehe featuresystemwill have to be,in orderto differentiatenouns,for example.
Finally, the calculationof semantiaelationsdepend®n a numberof factors,includingas

we have seerthetypeof verbandthetype of thefollowing noun.

We have describedsemantideaturesasmoreor lessoptionaladditionsto representations
— the addition of a semantideaturemay sene to disambiguate representatiorhy in-
dicating which senseof a word is involved, but the representatioris still conceved of
asa structureconsistingof lexical items (words). A moreradicalideais to take the se-
mantic featuresas exhaustingthe meaningof words,andto replacethe lexical itemsby
the appropriateset of features. Thus, one would have representationsiith ( +HUMAN,
+MASCULI NE, +ADULT, ...) in placeof thelexical item man The ideais that
the meaningf lexical itemscanbe decomposedhto setsof semantigorimitives. Since
suchsetsof semantigrimitivesmightwell beuniversal,onecanin thisway approachhe
goalof aninterlingua.Hereonecannotmanagesatistctorily simply with setsof features,
however. Instead,one needsto producestructuresn which the predicatesare semantic
primitives.For example therepresentationf kill mightbealongthefollowing lines:

(4CAUSE[ BECOME[ NOT [ ALIVE ]]

As we have alreadynotedin Chapter4 thereare somedoubtsin generalaboutthe feasi-
bility andadvisability of this processof lexical decomposition.For example,thereis a
small but significantdifferencein meaningbetweerkill andcauseto becomenot alive —
in particular wherea ‘killing’ is asingleevent,a‘causingto becomenotalive’ involvesat
leasttwo events(a ‘causing’,anda ‘dying’), andif the causalkchainthatlinks a particular
eventto dyingis longenoughpnemayadmitthatthe eventcausedhedying, but notwant
to saytherehasbeena‘killing’. Of coursethesedoubtsdependnwhatonethinksthere-
lationis betweerthe semantiqrimitiveslike CAUSE,BECOME,etc.,andEnglishwords
like cause becomeetc.,andalso on the assumptiorthat thereis no semanticprimitive
KILL. Noticethat, while a collectionof semantigorimitivesthatincludesKILL is going
to be quite large (perhapsn the orderof a thousandorimitives),this is still far lessthan
the vocalulary onefindsin normaluse— sotheremay still be somevaluein semantic
decompositiongvenif thenumberof primitivesthatwordsdecomposénto is quitelarge.
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So far we have concentrateaur discussionof semanticson the meaningof words, but
semanticsgs alsoconcernedvith linguistic ‘systems’suchastenseandaspectanddeter
mination,all of which areof considerablémportancen translation.Considetthe problem
of how to translatethe presentensein Frenchinto English,wherethereareat leastthree
possibilities,exemplifiedin the following:

a. Ellevit aLondres.
b. Shelivesin London.

(5)

(6)

a. Ellevit aLondresdepuisle moisdernier
b. Shehaslivedin Londonsincelastmonth.
(7) a. Ellemangesondiner
b. Sheis eatingherdinner

Of course,one could try to formulateruleswhich describethe conditionsunderwhich
Frenchpresenttenseis realizedas English present,English presentperfect, or present
progressie, but suchruleswould be very complex. A more attractve possibility is to
try to find somemore abstractrepresentationvhich directly describeghe temporaland
aspectuatelationsthatthesesentencesivolve. Herewewill outlineonetypeof approach.

TheEnglishtensesystemis usedto cornvey two differenttypesof information.Oneis the
time of theevent— boththepresensimplel singandthepresenprogressiel amsinging
describeaneventin the presentTheotheris thenatureof theevent— e.g.theprogressie
stresseghattheeventis ‘in progress’ Henceforthwe shallreserethewordtenseto mean
thetime of aneventandusetheword aspect to referto theway the eventis viewed (asan
on-goingor completedorocessastate,or asimpleevent, etc.). We will usethetermtime
reference to cover bothtenseandaspect.

We canthink of tenseasexpressinga relationbetweerthetime of the eventandthetime

of speech. Thus, with the present(l sing), the time of the event (which we could call

E) overlapswith the time of speechwhich we could call S). Contrastthe future (1 shall

sing wherethe time of the event follows the time of speech(E follows S), or the past,
whereE precede$. However, thisis not sufficientto distinguishall thedifferenttemporal
formsof the Englishverh Thereis a problemwith the past,whereour definition of tense
doesnot allow usto differentiatebetweernthe simplepast(l sang andthe pluperfect(or

past-perfect— | had sung, sincein both caseghe time of the eventis prior to the time

of speechOnesolutionis to defineanadditionalpoint of time, calledthereference time

(R). Considerfor example,the sentence:

(8) At two o’clock Samhadalreadyeaten.
Attwo o’clock specifiesamomentin time which precedeshetime of speechput whichis
notthetime of event. Two o’clock is notthetime atwhich Johnate,but thetime by which

hehadalreadyeaten.Thetemporalrelationsof this sentenceanbe expressedisfollows,
where< meansprecedes”:
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E<R R<S

Thisindicateghatthetime of theevent(E) precedeshereferencdime (R), andRprecedes
thetime of speechS).

We cannow distinguishthepluperfectfrom thesimplepastby stipulatingthatin bothcases
thetime of theeventprecedeshetime of speechE < S), but while in the pluperfectthe

time of the event precedeshe referencetime (E < R), in the simple pastthe time of

eventandthereferencdime coincide(E = R).

We cando somethingsimilar to distinguishthe presentperfect(9) from the othertenses.
Heretoo the eventdescribedbrecedeshe speechtime, but thereis a sensen which sen-
tencesn the presenperfectare‘about’ the presen{for example,(9) would beappropriate
only if Sams previouseatinghabitsarestill of currentrelevance).We cancapturethis by
makingreferencdime andspeechime coincide(R=S).

(9) Samhaseatersnails.
This givesthefollowing picture:

Samhadeaten. pluperfect R<S,E<R
(10) Samate. simplepast R<S,E=R
Samhaseaten. presenperfect R=S,E<R

We now have the apparatugo representhe differencein tenseand aspectbetweenthe
examplesabove. Of coursehaving away of representingenseandaspecwvaluesasabove
is onething, calculatingthe representationfor particularinputsis another This is no
trivial task, sincethe tenseandaspectvaluesof the verb will in generaldependon mary
factors,includingthe form of the verb,andwhetherit is modifiedby ary time adwerbials
suchasyestedayandtomorow.

However, letusassumehatwe have calculatedhetenseandaspectaluesof thefollowing
sentenceandseehow this helpstranslation.

(11) Elle vit aLondresdepuisle moisdernier

This sentencenight receve a semantiaepresentatiomlongthelines of Figure7.1. The
featuret i me- r ef encodesheinformationabouttenseandaspectjn particular thefact
thatthereferenceime coincideswith thetime of speechandthe eventtime precedeshe
referenceime (andhencealsothetime of speech).

Sincethe information encodedby theti me-r ef featureis presumedo be presered
in translation this featurecantreatedasan interlingualfeature,andthuscanbe mapped
unchangednto the target language(in this caseEnglish), giving the representatiorin
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S
ti me-ref=(R=S E<R)
HEAD AGENT MODLOC MODTEMP
vivre elle alondres depuismoisdernier

Figure7.1 RepresentatioimdicatingTime Valuesafter FrenchAnalysis

Figure7.2.
S
ti me-ref=(R=S E<R)
HEAD AGENT MODLOC  MODTEMP
live she in London sincelastmonth

Figure 7.2 Representatioafter Transferbut beforeEnglishSynthesis

Theverbform haslived canthenbe generatedrom this representatioby Englishsynthe-
sis,giving thetranslation(12). Othert i ne- r ef valueswould berealizeddifferently—
in principle,the correcttranslationof the examplesabove canbe obtained.

(12) Shehaslivedin Londonsincelastmonth.

This treatmentof tenseand aspectinvolves a lot of complicatedmachinery andis not
entirelyunproblematicNeverthelesdt givessomeindicationof how onemightattemptto
handlethe difficult problemof tenseandaspecin MT.

7.3 Pragmatics

Recallthat we madea distinction betweensemanticspr context-independenmeaning,
andpragmaticspr context-dependenimeaning.The term‘context’ is usedambiguously
to referto the restof the text in which a sentenceoccurs(sometimegeferredto asthe
discourse)andto circumstancesxternalto thetext itself, suchaswho the authorof the

text is, andthe socialsettingin whichit occurswhich alsocontrituteto its interpretation.

To seewhy the discourseds important,let us considerthe translationof anaphoric pro-
nouns. Anaphoricpronounsarethosewhich referbackto someantecedent earlierin the
text, asthe pronounit in (13) refersbackto its antecedenthe cale.

(13) Samtookthecake from thetable.Thenheateit.

Take thetranslationof (13) from Englishinto French.We know thatit mustreferbackto
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somesingularnounin the previoustext or discourselt hasbeenshowvn thatit is very often
the casethat the antecedenbf a pronounis in the samesentenceor in the immediately
precedingsentence.Assumingthat theseare the first sentences our text, thenit can
potentiallyreferbackto oneof threeNPs,namelySam thecake or thetable Thesyntactic
factsof Englishconstrainthe pronounto agreein numberandgendemwith its antecedent,
soit beinga neuterpronouncannotpossiblyreferto Sam which is either masculineor
feminine. Thatleavesuswith the choiceof eithercalke or table Onemightwonderatthis
stagewhetherwe needto decidebetweenthe two at all, or whetherwe canpresere the
ambiguityof it in translation. It turnsout that French,like English, requiresa pronoun
to agreein numberandgendewith its antecedentHowever, sincecake translatesasthe
masculinenoungateauin Frenchandtableasthefemininenountable, this meanghatwe
do haveto decidewhich nounthe pronounit refersbackto, in orderto translatet eitheras
le (whereit would beinterpretechsreferringto le gateau— cake) or asla (whereit would
referbackto la tablein thetranslationof thefirst sentence)ln the abose examplewe can
useselectionatestrictionsonthetype of objectthateatcanhave (namely‘edible’ objects)
to exclude,or atleast'disprefer’, tableasanantecedertor it. Thisleavescake asthebest
candidate Providing ruleswhich allow this sortof processo be performedautomatically
is not too difficult, but unfortunatelyresolving pronounreferenceis not generallythat
simple.

First of all, let us considercaseswherethe pronounantecedenis not in the currentor
precedingsentenceAn examplemight bethefollowing dialoguebetweerntwo spealersA
andB, which appearedn Chapter6.

(14) a. A: Now insertthecartridgeatthe back.

b. B: Okay

c. A: By theway, did youordermoretonertoday?

d. B: Yes,|l gotsomewhenl pickedupthenew paper
e. A: OK, how farhave yougot?

f.  A: Didyou get fixed?

It in thelastsentencef (14) refersto the cartridge althoughthe cartridgewaslastmen-
tionedin the first sentence.Looking for the pronouns antecedenin the presentor pre-
cedingsentencehis time will not getustheright result. To find the antecedentywe need
to think of the previous discoursenot asan unstructuredvhole, or a simple sequencef

sentencedyut ratherasa seriesof ‘segments’ wherea segmentis a stretchof discoursen

which the (not necessariladjacentsentenceaddresghe sametopic. Cuephrasesuch
asby theway, andnext provide cluesto whereoneseggmentendsandanotheronebegins.
We thenconstrainthe referentof ananaphoito belongto the samediscoursesegmentas
theanaphar

In the example (14), there are three obvious referentsfor it: the cartridge(14a), toner
(14c), and paper(14d). However, sentenceg¢l4c) and (14d) which form a digression,
thatis, a discoursesggmentwith a topic (namelytoner)distinctfrom the maindiscourse
(andwhosepurposes not directly relatedto the purposeof the main discourse— in this
casethe purposeof reassemblinghe printer). The startof the new segmentis signalled
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by by the way and the resumptionof the old segmentis signalledby OK. It is for this
reasonthat the expressiondoner and new papercannotprovide referentsfor it. In fact,
oncediscoursestructureis taken into account,it can be seenthat the cartridge is the
only possibleantecedenthecauset is the only possibleantecedenivhich is in the same
discoursesegmentastheanaphot:

Top Level DiscourseSegmert—
A: Now insertthe cartridge atthe back.

B: Okay

EmbeddediscourseSegment——
A: By theway, did you ordersomemoretoner?

B: Yes,| gotsomewhenl pickedupthe new paper

A: Okay, how far have you got?

Did you getit fixed?

Figure 7.3 DiscourseStructure

Facedwith two competingcandidatesor pronominalreferencen a segment,thereis an-
otherfact aboutdiscoursethat we can exploit to get at their resolution,and this is the
notion of focus. At ary time in adiscoursesegmentthereis anobjectwhichis the prime
candidatdor pronominalreferenceandthis elemenis calledthefocus. Differentsugges-
tions have beenmadeasto how to identify the focus. Often, thereare syntacticsignals.
For example,in thefollowing example thefocusis muchmorelik ely to beKim, thanSam
andKim is morelikely to bethe antecedentf a pronounin thefollowing sentence.

(15) It wasKim who Samtelephoned wasin the bath.

The focus of a sentencas also often the NP that hasthe THEME role in the previous
sentencgthe THEME role includeswhatwe have beencalling the PATIENT role, but is
slightly moregeneral). This is the casewith Kim in (15), which reinforcesthe structural
cue. But evenin thefollowing sequencewherethereareno clearstructuralclues,key is
the THEME andhencemostlikely to be the focusof thefirst sentencgandthereforekey

This is a simplification, of course. For one thing, it could be usedto refer to somethingoutsidethe
discourseto someentity which is not mentionedbut pointedat, for example. For anotherthing, thereare
someother potentialantencedentssuchasthe bad in (14a), andit could be that Spealer A is returning
to the digressionin sentencé14f). Thoughthe discoursestructurecanhelpsto resole pronoun-antecedent
relations discoveringthediscoursestructureposesseriousproblems.
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is preferrecto doormatasthereferentof it in the secondsentence).

(16) Sheputthekey underthedoormat.
Whenshecamehome,shefoundthat hadbeenstolen.

Thus,informationaboutdiscoursestructureis of somehelpin the resolutionof pronoun-
antecedentelations. However, employing knowledgeof discoursealonewill not enable
usto resole thereferenceof all pronounsaswe shallseebelow.

Let usfirstlook briefly atthe othersideof pragmaticsve mentionedthecontext of use.lIt
is obviousthattheidentity of the spealer/writerandthe addressewill affectthetransla-
tion of indexical expressionsuchas| andyou sincesomelanguagesnake a distinction,
for instancebetweenyou (singular)andyou (plural). Similarly, in languagesvherean
adjective agreesn genderwith its noun(asin French,for example),it will be necessary
to know not only the numberof the spealkersandthe addresseegut alsotheir genderin
translatinganexamplelik e Areyouhappy? In addition,knowing therelationshipbetween
theaddresseandaddresseeanbeimportantfor translation.The degreeof formality be-
tweenthemwill affect, for example,the choiceof eithervous(formal) or tu (informal)
asthetranslationof you whentranslatingfrom Englishinto French.In mary languages,
including Japanesehe socialrelation of spealer and hearercan determinethe form of
verb, andeventhe choiceof verh Thereare, for example,differentverbsfor giving as
from asuperiorto aninferior, andfor giving asaninferior to a superior

We have saidthata sentencéhasto be interpretedrelative to both the previous discourse
andto the situationin which it is uttered. In addition, it seemsthat the meaningof a
messagés shapedy its producers intentionsandbeliefs. For example how we interpret
(17) dependon whetherthe spealer intendedit asa commandto closethefront cover),
or asanstatementdescribingthe statethe coveris likely to bein).

(17) Thefront covershouldbeclosed.
Of coursetheinterpretatioralsodependsntheheareiinferring correctlywhatthespealer’s

intentionsare. Whetherthe above sentencés interpretedasa commandor statementill
affectits translationin somelanguages.

7.4 Real World Knowledge
The abore discussiormay lead oneto suspecthat all the knovledgewe needto extract
themeaningirom texts andtranslatehemcanbe got from thetexts or their contexts. This

is, however, clearlynotthe case asthefollowing classicexamplesshow:

(18) a. Little Johniy wasvery upset. He hadlost his toy train. Thenhefoundit. It

2politenesdictatesthatgiving by the hearerto the spealer is normally giving ‘downwards’ (kureru)), so
thisis theverbusedto describeequestsandgiving by the spealer to the hearelis normallygiving ‘upwards’
(ageru), sothisis theverbusedto describeoffers, etc.
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wasin his .
| saw thesoldiersaim atthewomen,and! saw severalof fall,
The councilrefusecthewomena permitbecausethey | adwcatedviolence.

Suewentto putthekey underthedoormat.Whenshelifted| it {up,acockroach
quickly scampere@crosshe path.

In the first example,the problemis the interpretationof pen— it mustbe playpen,not
writing pen,becausdroughly)for A to bein B, A mustbe smallerthanB, andtoy trains
aresmallerthanplaypensbut notwriting pens.In thesecondexample thequestioris who
fell over — soldiersor women?In generalwe reasorthat ‘aiming at’ is often followed
by firing at, andthatfiring atis usuallyfollowed by thoseaimedat falling over, andonly
rarely followed by thosewho do the aiming falling over. In the third case,mostpeople
understandhatit is the womenwho adwocateviolence— this seemsa normal enough
groundfor refusinga permit (of course,it could be that the council adwocatedviolence,
andrefusedthe womena permitsoasto enragehem,andincite themto violence).In the
caseof (18d),we exploit thefactthatcockroachesremorelik ely to hide underdoormats
thanunderkeys to work outthe mostlik ely interpretatiorof it.

In orderto translatetheseexamplesonewill oftenhave to decidewhatthe pronounsrefer
to, becausenary languagesisedifferentforms,dependingn propertieof theantecedent.
For example,translating(18d) into Germaninvolvesdecidingwhatit refersto, sincethe
possiblecandidatesrethe key or the doormat,which have differentgendersn German,
which the pronounreflects.Similar issuesareinvolvedin translating(18b,c). The knowl-
edgethatis deplosed hereappeardo be non-linguisticknowvledge,andthe reasonings
moreor less‘commonsense’ perhapavith somesmallamountof specialisknowledgeof
the subjectmatter Thisis perhapdessobviousin thefirst case whereonemaythink that
themeaningof in is central,but it is surelyclearfor the others— it is nothingto do with
the meaningof aim at thatit is often followed by thoseaimedat falling over. However,
evenin the playpen— writing pencasewe cansurelyimaginea bizarresituationwhere
little Johnty’s playpenis in facttiny, and he hasjust beengiven a large fountainpenas
a present.In sucha situation,the interpretatiorwould be changedput not becausehe
meaningof thewordshadchanged.

Therealworld knowledgethatis involvedhereincludescommonsenseeasoningaswell
asgeneraknowledge andfactsaboutcertainmorespecializedlomains Representingnd
manipulatingsuchknowledgeautomaticallyis oneof the outstandingesearclguestions
of ourtime, andtheraisond’ &treof anentirediscipline (Artificial Intelligence,Al). The
problemsof representingand manipulatinglinguistic knowledgepaleinto insignificance
comparedo the problemsposedby realworld knowledge.

Oneof the problemsit raisess that(unlike mostlinguistic knowledge,in particular most
knowledge of syntaxand semanticssuchknowledgeis generally‘defeasible’, that is,
subjectto revision, andnot guaranteedorrect —humanshave little troubleassumingone

®As notedabore, knowledgeaboutselectionarestrictionsis unusuain beingdefeasiblén just this way:
therestrictionthatthe AGENT of eatis ANIMATE is only a preferencepr default, andcanbe overridden.
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thing mostof the time, but managingwith a contradictoryassumptioron occasiongas
in the small playpenexampleabove). This is extremelydifficult to automate.A second
problemis the hugeamountof suchknowledgewe seemto have (knowledgeaboutthe
relative sizesof almosteverything, for example). However, thereare somemethodsof

representatiothatareusefulfor somekinds of knowledge.

Onepatrticularlyusefulrepresentatiois thesocalledSemantic Net which canbeusedfor
representingis a’ relations(suchas‘a dogis a mammal’). Figure7.4 givesa small part
of suchanetwork.

entity IS-A
o O
animal plle)nt
IS-A IS-A
bird
o
. mammal
IS-A HAS e} %
IS-A IS-A O
1IS-A | Ny N e
bat dog
sparrow Winw ¢) 0
@) (@]
canary
O
IS-A
Tweety
O

Figure7.4 A Fragmenbf a Semantid\et

Intuitively, the nodesin sucha network standfor things,andthe links betweenthemare
relations. This meansthat it caneasily be generalizedor othersortsof relations. For
example,addingotherobjects,andusinga ‘part of’ relation,onecouldrepresenthefact
that (say)a printeris madeup of variouscomponentsandthe factthatthesearein turn
madeup of subcomponentstc. Suchinformation might be importantin understanding
sentencek e thefollowing:

(19) Putthetonerin thecartridgein thereserwir.

Knowing thatthe reserwir doesnot have a cartridgeasa part would allow oneto work
out that this is an instructionto put the tonerwhich is in the cartridgein the reserwoir,
ratherthananinstructionto putthetonerin a particularcartridge(i.e. theonethatis in the
resenoir).

This leadssometo think thatit is not strictly speakindinguistic knowledgeatall. In generalthedistinction
betweeninguistic andrealworld knowledgeis not alwaysvery clear
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An alternatve approachto generalknowledgerepresentatioris to attemptto formulate
it ascollectionsof ‘facts’ and‘rules’. Examplesof factsmight be the following, which
indicateindividuals’ departments:

dept (j ones, sal es).
dept (brown, sal es).

dept (smith, personnel ).

The following rule might be usedto indicatethat two individualsare colleaguesif they
work for the samedepartmen{'A andB arecolleaguesf A worksin departmenD, and
B worksin departmenD’):

col | eagues(A, B) <- dept(A D), dept(B,D).

Oneproblemwith boththe semantinet, andthe ‘f actsandrules’ representationarethat
they arebothrather'small’, or looselyorganizedcollectionsof knowledge. This is not
how at leastsomekinds of humanknowledgeseemto be. For example,whatthe reader
knows aboutherown homeis probablynot spreadaroundassetsof unconnectedacts.In
someway, it seemgo be organizednto acoherentstructuredvhole. (Oneway of seeing
this is by describingyour hometo someone- what you will probablydo is take them
on a sortof mentaltour, which closely mirrors the physicalorganizationof your home).
Similarly, for mary practicalpurposessuchaseatingin restaurantsynedoesnot seento
have acollectionof factsandrules,but astructuredscript’ of thingsthattypically happen.
A greatdealof effort hasbeendevotedto theissueof justwhattheright kinds of structure
arefor knowledgerepresentationThe genericnamefor suchlarger knowledgestructures
is frames Wewill give anexampleof sucharepresentatiom Chapterl0, but we will not
pursuethe ideahere,becausdo a greatextenttheselarger knowledgestructurescanbe
built out of smallerones suchasthe oneswe have described.

We now have away of representingt leastsomerealworld knowledge. The questionis,

how canit bemanipulated hisis acomplex andnot particularlywell-understoodnatter

andwe will give only the barestoutline. However, two pointsshouldbe emphasised(a)

thatasa whole,the generaproblemof manipulatingknowledgeof theworld in arnything

liketheway humangois unsohed,andmayevenprove to beinsoluble(thisis something
of aphilosophicafuestion)jut (b) undersomerestricteccircumstancesomethinguseful
canbedone. Thekind of restrictedcircumstancesve have in mind arewherethereare
relatively few thingsto think about,andthe waysthey arerelatedand canbe organized
andinteractarevery limited. An exampleof this sortmight be the internalworkingsof a

printer—it is possibleto list all the‘things’ (the printerparts),their relations,andrelevant
propertieqcf. againChapterl0).
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Onething that manipulatingthis knovledge meansis usingit to answerquestionsand
draw inferences. For example, given that one knows that Smith works in the Finance
DepartmentandJonesvorksin theFinanceDepartmenthow canonework outthatSmith
andJonesare colleagues?Given that Tweetyis a bird, andthat birds have wings, how

canonework out that Tweety haswings? Of course,given the representationabore,

thesequestionsare not so hardto answer In the first casewe have provided a rule, the
only problemis to find the rule, andfollow it. In the othercasewe have exemplifieda

datastructur¢a semantimet),theonly problemis to definea procedurehatallows oneto

useit.

In thefirst case pnecould proceedasfollows. In orderto answetthe questionof whether
Brown andJonesarecolleaguespneshouldook for appropriatéactsandrules. Assuming
thereareno appropriatdacts,we have only therule givenabove. Thistells usthatA and
B arecolleaguesf A worksin departmenD, andB worksin departmenD. We cantreat
thesawo conditionsasfreshquestionsandansweithemin thesameway, exceptthatnow
we have relevantfacts,which will tell usthat Brown worksin sales,andJonesworksin
sales.We have now answeredll the subsidiaryquestionsn theaffirmative. It followsthat
we have alsoansweredheinitial question.

In thecaseof the semantimets,we might definea proceduréghatanswergjuestionsn the
following way: to answerthe questionof whetheran objecthasa property first look to

seeif thepropertyis linkedto theobjectby aHAS link. If it doesansweryes’. If it does
not, inspecteachof thelS-A links thatendat the object,askingthe samequestionateach
one. Thus,thoughit is notindicatedthat TweetyHAS wings, becausdweetyIS-A bird,

andbird HAS wings, we caninfer that Tweety HAS wings, and answerquestionsabout
whetherTweetyhaswings.

Thisis asomavhatvaguedescription.However, onemay be ableto seethatsomethings
arepossibleput alsothatthisapproactio representingndmanipulatingealworld knowl-
edgeis insufiicient. Thesearesomeof thethingsthatarelacking.

1 We have not provided a way of handlingdefeasibleules,or dealingwith vagueor
‘fuzzy’ predicatesuchastall, hot, etc. For example,penguinsarebirds, but cannot
fly. Working on the principlesjust describedpnewould expecta systemto assume
thatthey couldfly. Theruleswe have givenareinterpretedasgeneralor universal
— in fact, they shouldonly beinterpretedasindicatingdefaults. Thoughthereare
somepartialtechniquegor dealingwith this, how bestto automatelefaultreasoning
remainsan openresearchyuestion.Similarly, the categorieswe have mentionedn
the discussiorare generallyratherclear in the sensethat whethersomethingis a
bird, or amammalseemdo be a questionthat canhave a cleat yesor no answer
This is not the casewith vaguepredicatedike hot, or tall. In thesecasesnot only
is thereusuallysomeideaof a standarcbf comparisor(*Hot comparedo what?”),
which mustbe inferredfrom the contet, in someway; but the questionof whether
somethingis hot is one that often lacks a clearanswer— ratherthanyes, or no,
onemay beinclinedto answera questionlike Is it hot?, with areply like ‘a little’,
or ‘'somewnhat’. Again, thoughthereare someinterestingtheories,it is mainly an
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openresearchguestionhow to modelthe sort of reasoningwith fuzzy categories
thathumanscanperform.

2 We have suggestedhow onecananswerguestionspncethey areposed— but not
how one canreasonforwards’ independenof particularquestions.For example,
if someonesaysThe printer is broken heareramay typically drav a whole range
of conclusiongsuchas*”l will notbe ableto print the next chapter”,or “We will
have to call an engineer”),without particularquestionseingposed. The problem
hereis thatwhile therangeof inferencesiravn is large, it is notaslargeasit could
be (it could beinfinite, sinceevery conclusionwill typically leadto new chainsof
inferencedeingstarted)andit is not clearhow to controlthis process.

3 Wehave notgivenary indicationof how onewould solve theactualproblemsgraised
by the examplesin (18). One could, of course,simply recordinformation about
the relative sizesof known objectsasfacts,andin the sameway associatewith
otherclasseof objectsdefault sizes(e.g. sparravs aretypically lessthan10cms
tall), but this doesnotlook very plausibleasa modelof how humangepresenthis
knowledge.

4 We have not saidanything abouthow onemight reasonablysetaboutencodingall
the knowledgethat seemsto be needed,even assumingthat one had the ‘right’
format. The problemis thatwe cannotanticipatgjust what particularpiecesof real
world knowledgea systemmay needin general. The amountof knowledgethat
humanwriters assumeand readerssupply without apparenteffort or reflectionis
simply vast,andhighly unpredictableandthe effort involvedin actuallyencoding
it in this sort of way is prohibitive. Far more feasibleis the aim of equippinga
computerwith factsabouta specificdomain. As we will describein Chapterl0,
someadwancedso-calledKnowledge-Basedystemsareattemptingto do justthat.

7.5 Summary

In this chapterwe have looked at threekinds of knowledgethat seemto be involved in
solving somesortsof translationproblems,namely: semantic pragmatic,andreal world
knowledge.Particularproblemswe have looked atincludethetranslationof prepositions,
of tenseandaspectandof pronouns.As we statedat the beginning of the chaptey the
pointto stressasregardssuchknowledgeis thatits representatioandmanipulationpose
mary unsohed problems,and one shouldnot expectto find techniquesvhich exploit it
in existing commercialMT systemg(it follows that, for the mostpart, existing commer
cial MT systemamay be expectedto lack adequater generaltreatmentf the sortsof
problemwhich requiresuchknowledge).Ontheotherhand,suchprocessings nottotally
beyondthe reachof currenttheory In particular within certainlimits, andin restricted
domainstechniquef semanticpragmatic,and‘real world’ knowledgeprocessingan
be exploitedwith somesuccess.
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7.6 Further Reading

Introductiongo linguisticsemanticencludeHurfordandHeaslg (1983);Kempsorn(1977),
and,atarathermoreadwancedevel Cann(1993);ChierchisandMcConnell-Gine{1990).

The discussiorof tenseandaspecigiven hereis inspiredby that usedin the EUROTRA
project, which is describedn Allegranzaet al. (1991); Van Eynde(1993a). This, in its
turn,is inspiredby thework of Bruce(1972),andultimately Reichenbacli1947).

As regardspragmaticslevinson(1983);Leech(1983)areusefulintroductions.Relevant
work on discoursestructureincludesGroszandSidner(1986); Pustejosky (1987). The
treatmeniof commonsensenferenceandreal world knowledgeis the field of Artificial
Intelligence,seefor exampleRich (1983); Tennant(1981);Barr andFiegenbaun{1981);
Shapiro(1987). On semanticnets,seeSowa (1984). The perspectie we have taken
in this Chapteris ratherthat suggestedy the programminglanguageProlog. For an
easyintroductionto this seeRogers(1986). For more advancedmaterialdirectedat Al
applications,seeBratko (1986),for materialfocussedon NLP applications,seeGazdar
andMellish (1989).

The play-pen—writing-penexampleis from Bar-Hillel Bar-Hillel (1951).
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Chapter 8

Input

8.1 Intr oduction

In thescenariove imaginedin Chapter2, thetext wasdeliveredin theform of amachine-
readabledocumenthaving beenpreparedn sucha way asto facilitatetranslation. This

is animportanttime saver. In this chapterwe describehow the full potentialof machine
readablaexts canbeexploitedin threeways:first, by adoptingthe notionof an‘electronic
document’and embeddingan MT systemin a completedocumentprocessingsystem;
secondpy restrictingthe form of input by usingsimplified or controlled language and
third, by restrictingboththeform, andthe subjectmatterof theinputtextsto thosethatfall

within a sublanguage— it is herethattheimmediateprospectdor MT aregreatestThe
commonthemeof this chapteiis how thesuccessfuhpplicationof MT canbeenhancedby

ensuringthatthe input to the systemis ‘appropriate’. Briefly, the messagés this: having

texts in machinereadableform is a prerequisitefor sensibleuseof MT, but onecanget
muchbetterresultsby (i) adoptingcertainstandardormatsfor the input, (i) controlling
the input, so that problematicconstructionsgtc., are avoided, and (iii) wherepossible,
tailoringthe MT systemgo thelanguageof particulardomains.

8.2 The Electronic Document
8.2.1 Basicldeas

Every text thatis not deliveredas an electronicdocumenton a floppy disc, a magnetic
tape,or via a computemetwork will have to be put into the systemmanually Re-typing
atext into the computersolelyto make it availablefor MT is unlikely to be cost-efective

— it would oftenbe quicker to have thetext translatedlirectly by a humantranslator In

recentyearst hasbecomepracticabldo useanopticalcharactereade{OCR)to inputtext

availableonly in printedform. Clearly this is muchquicker thanre-typing,but checking
for andcorrectingscanningerrorscanbetime-consuming.
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However, if asis the casewith ETRANS asdescribedn Chapter2, the MT systemfits
into an overall documentproductionsystem(DPS),thentext canbe created translated,
re-editedandgenerallypreparedor publicationwithin the sameelectronicervironment.
In the first part of this chapterwe will explore this notion of an electronicdocumentin
somedetail.

TRIEHTE L LEbs —1 He
oy L Tl i
FlecTmouit.  ETTE U

TheRisksof Office Automation

Electronictext is simply text whichis availablein amachinereadablgorm. For example,
electronictext is producedoy ordinaryoffice word processorsAt its simplest,suchatext
is just a sequencef charactersand,for the charactersn usein generalcomputing(i.e.
the Englishalphabetnormal punctuationcharactersplus charactersuchasthe ‘space’
characterthe ‘line-feed’ characteretc.) thereis a standardrepresentatiomprovided by
the ASCII* codeswhich associategachcharactemith a seven or eightbit code(i.e. a
number— e.g. a is ASCII 97, b is ASCII 98, A is ASCII 65, the ‘space’ charactelis
ASCII 32). Unfortunatelythis standards not sufficient for encodingthelettersof foreign
alphabet@ndtheiraccentsgventhosebasedntheRomanalphabet|et alonenon-Roman
alphabetsand charactersn non-alphabeticscripts,suchas JapaneseharactergKanji).
Oneapproachto suchalphabetss to extendthe ASCII codesbeyond thoseneededby
English. Anotheris to represenforeign accentsand specialcharacterdy sequencesf
standardASCII charactersFor example,a Germaru with umlaut(ti) mightberepresented
thus:\ " {u}.

IASCII standsfor AmericanStandardCodefor Informationinterchange.
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Oneproblemis thatthereis (asyet) no genuineacceptedstandardoeyond basicASCI|,
with the further complicationthat mary word processorsisenon-ASCIl representations
‘internally’, asaway of representingext format(e.g. informationabouttypeface,under
lining, etc.) This lack of standardsneansthatit is necessaryo usespecialcorversion
programsif onewantsto freely import and export text from differentlanguagesand a
variety of DPSs(suchasword processors)Evenwhensuchprogramsexist, they do not
alwayspresere all theinformation(e.g.someinformationaboutformatmaybelost).

Partof agenerakolutionto theseproblemshowever, is to distinguishtwo component®f
aprinteddocumentthetext itself (a sequencef wordsandcharacters)andits rendition
— theform in which it appearon the page(or screen).For example,consideratitle or
heading. Therearethe wordswhich malke up thetitle — perhapsa nounphrasesuchas
‘The ElectronicDocument'— andthe particularpresentatioror renditionof thosewords
onthepage.In this bookall sectionandchaptetheadingsarealignedwith theleft mawgin
anddifferentlevels of heading(chapter section,subsection)are printedin a distinctive
typefaceandseparatedby a standardspacefrom the precedingandfollowing paragraphs
of text.

If we think aboutthis distinctionbetweertext andrenditionin electronictermsiit is easy
to seethat we have to codeboth the charactersn the text, and indicatehow we intend
partsof thattext to appeatwon screeror in printedform. In theearlydaysof electronictext

handling,this problemwassolvedin aratherdirectandobviousfashion:theauthorwould

typein notonly the substancef thetext but alsosomespecialcodesatappropriateplaces
to tell the printerto switchinto the appropriatdypefacesandpoint size. For example,in

typingin atitle theauthorwould carefullyinsertanappropriatenumberof carriagereturns
(non-printingcharactersvhich starta newline) to geta nice spacingbeforeandafter She
wouldalsomale surethetitle wascentredor left-alignedasrequired andfinally shewould

typein specialcodes(say\ [ 223\ [ - 447) beforeandafterthetitle stringto switchthe
printerinto a bold typefacewith 24 ‘points’ to theinch andbackto its usualfont andsize
immediatelyafterwards.

Therearethreeevidentproblemswith sucha procedure:

1 Thecodesusedarelikely to bespecificto particularprintersor word processinget-
upsandhencetheelectronicdocumentwill notbedirectly portableto othersystems
for revision, integrationwith otherdocument®r printing.

2 Theauthoris requiredto spendsomeof hertime dealingwith renditionproblems—
ataskthat(prior to the adventof electronicsystemshadalwaysbeencornveniently
delegatedto thecompositolin a printing house.

3 If atsomepointit is decidedhata differentrenditionof headingss required some-
onehasto go throughthe entiredocumentandreplaceall the codesandcharacters
associateavith therenditionof eachheading.

The printer codesare a sort of tiny little programfor a particularprinter The next de-
velopmentwas to replacetheserather specific programsby somemeansof stating di-

141



142 INPUT

rectly “I want this in 24 point Romanboldface” — perhapsby a ‘markup’ like this:
‘\roman\ 24pt\ bf '. Eachprinter or word processorcan then be equippedwith a
specialprogram(a so-called'driver’) which interpretsthis high-level codeandsendsthe
printeror screerappropriatespecificlow-level codes.Providing everyoneusedexactly the
samehigh-level codesn all systemsthe problemof portability would be solved.

However, thereis anothemway of tacklingthe renditionproblem. Whenonethinks about
it abstractlytheonly thing thatthe authorreally needgo putinto thetext is somemarkup
which says(in effect) ‘This is a heading’,or ‘This is a footnote’ or ‘This is anitem in
anitemlist’ andsoon. Eachpieceof text is thusidentifiedasbeinganinstanceof some
classof text elements.With suchmarkup,the authorno longerhasto worry abouthow
eachsuchmarked documentelementis going to be printed or shovn on screen— that
taskcanbe delegatedto the documentesigner(the modernequivalentof a compositor).
Thedocumentlesignercanspecifyanassociatiobetweereachtypeof documentlement
andthe high-level renditioncodesshewantsit to have. In otherwords,shecansaythat
shewantsall headinggo be printedin 24 point boldfaceRoman.Thedocumenhandling
systemthenensureshatheadingstc. aredisplayedandprintedasrequired.

This type of markup,wherethe authorsimply identifiesparticularpiecesof text asbeing

instance®f particulardocumentlementsis known asdescriptve or ‘intensional’ (‘inten-

tional’) markup. This notionis fundamentato all moderndocumentprocessingystems
andtechniques.Not only doesthis provide flexibility in how text is renderedprovided

thatthe way in which markupis madeis consistenfrom systemto systemthe resultis

thatelectronicdocumentsanbefreely passedetweersystems.

We cannow bealittle morepreciseaboutthe notionof anelectronicdocumentit contains
electronicor machine-readablext with descriptve markupcodeswhich may be usedto
determingherenditionandotherusage®f thedocumentBeforewe goonto give anidea
of how this canbe exploited for MT, it may be worth a brief descriptionof the standard
descriptve markup: SGML (Standardise@GeneralMarkup Languagewhich is specified
by the InternationalStandard€©rganization.It is our belief thatin the next few yearsno
seriouscommerciaMT systemwill be suppliedwithout somemeansof handlingSGML.

SGML specifieghat,ordinarily, text will bemarkedupin theway shavn in thelastexam-
ple above,i.e. with documentlementsurroundedy their namesn anglebraclets. An
officememomarkedupin SGML mightlook liketheexamplebelow. In additionto theac-
tualtext, variouspairsof SGML tagsdelimitingthememoelementsanbeseerhere. The
memoasawholestartswith <Menp> andendswith </ Meno> (where/ indicategheclos-
ing delimiter). In betweerthe Memotag pair we find the sub-elementsf the memo,also

marked-upwith pairedtags(<To>. .. </To>, <From> .. </Fronp, <Body>...

<P>..</P>...</Body>).

TherelationshipbetweerSGML tags,andtheway text is actuallyrendereds givenby an
associationable,suchatablemightsay e.g.thatthe bodyof amemoshouldbe separated
from the previous partby a horizontalline. Whenactuallyprinted, this memomight look
asin Figure8.1:
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A Memo Mark ed Up in SGML

<Meno>

<To>Mary Dal e, Purchasi ng</ To>

<FronmeTony Burrows</ Fronp

<Body>

<P>We would like to order 4 Sun ELCs with an
addi ti onal 8M of nenory. W don't need any ex-
ternal drives.</P>

<P>By the way, have you managed to get any
more info on SGW parsers for PCs? O on SGW
parsers for anything?</P>

</ Body>

</ Meno>

Thetaggingprinciplesof SGML areintendedo extendto very comple< andhighly struc-
tureddocumentsimposingsucha structurenot only allows very fine, andflexible control
of how documentsareprinted,it canalsoallow easyaccesso andmanipulationof infor-
mationin documentsandstraightforward consisteng checking.

Onething the SGML standarddoesnot do is try to specify a standardinventory of all

possibledocumentlements.Usersare perfectlyfreeto definetheir own documentypes
andto specify the elementsin thosedocuments. SGML provides a specialmethodof

doing this known as a Document Type Definition (DTD). A DTD is a sort of formal

grammarspecifyingall suchrelationsin a particulartype of document. For example,
sucha grammarmmight saythatall Memos(all our Memosat least)containa To element
followed by a From elementfollowed by a Body element,which itself containsat least
one Paragraph followed by zeroor more Paragraphs This meansthata Memohasthe
following sortof DTD (grosslysimplified):

Meno — To, From Body
Body — Paragraph, Paragraph*

Usinga DTD hasseveraladvantages:

1 The DTD makessurethat documentsaretruly portablebetweendifferent SGML

2For example, supposeone hasa printer manualmarked up in this way, with specialmarkupusedfor
the namesof printercomponentsvherever they occur It would be very easyto extracta list of printerparts
automatically togetherwith surroundingtext. This text might be a usefuladditionto a partsdatabase As
regardsconsisteny, it would be easyto checkthateachsectionconformsto arequiredpattern— e.g. thatit
containsalist of all partsmentionedn the section.
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MEMORANDUM

To: Mary Dale,Purchasing
From: Tony Burrows

We would like to order 4 Sun ELCs with an additional
8M of memory We don't needary externaldrives.

By the way, have you managedto get ary more info
on SGML parsersfor PCs? Or on SGML parsersfor

arything?

Figure 8.1 How aMemoMarkedUp in SGML Might AppearWhenPrinted

documentystemsthe documentystemreadsthe accompaying DTD to find out
whatsort of elementswill bein thedocumentandhow they will be arrangedwith

respecto eachother Thus,the documeniprocessingystemknows whatto expect
whenit encounterg& documentvhich is aninstanceof a certainDTD.

2 It ensureghatdocumentf a particulartype (e.g. usermanualsarealwaysstruc-
turally consistentith eachother It sufficesto definea DTD for the classof user
manualsandthenthe SGML documengprocessingystenmwill ensurehatall docu-
mentsproducedby thatDTD will indeedhave the sameoverall structure.In short,
DTDs help to promotea certainrigour which is extremely desirablein technical
documentation.

3 Theuseof DTDs in documentpreparatiorallows authorsto dealdirectly with the
contentof texts whilst having little or no directcontactwith theactualmarkupused.
Whathappensvith theusualsortof SGML systemis thatthereis awindow offering
theauthora choiceof documenentitiesappropriatdor thedocumensheis prepar
ing or revising. Thislist of documengntitiesis obtainedoy readingthe DTD for the
document.For example,in a memo,therewill be a choiceof To, From, andBody:
Theauthorclicks ontheappropriateelementandthe markupis enterednto thetext
(perhapsnvisibly). Whenactuallytyping in the Body, the choiceis narraveddown
to Paragraph Whilst this is not particularlyinterestingfor simpledocumentdike
memos,it is clearthatit would be be immenselyusefulin constructingcomple
documentsandin documentetrieval.

With this generalideaof ElectronicDocumentsand markup,we canlook at how an MT
systemcanexploit thefactthattexts arerepresenteth this way.
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8.2.2 SGML Markup and MT Input

An MT systemshould only attemptto translatethings that are translatable. Suppose
thatsometext containsthe acrorym ‘MAT’, which refersto a compaty called‘Machine
Aided TranslationLtd’. Clearlythe correcttranslationof thisis eitherjust MAT againor
somenew acrorym thatreflectsthe translationof the underlyingname— perhapsTAO
in French,beingthe acrorym for TraductionAssisée par Ordinateur, which itself is the
translationof Machine Aided Translation Whatis unquestionablyncorrectis a transla-
tion of theform pallaison this beingthesortof matthata catmightsit on. Thereademay
think thatthe MT systemoughtto have spottedthat MAT cannotbe a standardconcrete
nounbecausdt is capitalisedbut mary MT systemsoutinelyignorecapitalsbecaus¢hey
needto recogniserdinarywordswhich canappeamwith aninitial capitalletteratthestart
of asentence.

The way to dealwith this sortof problemis to ensurethatacroryms arerecognisedsa

particularclassof text elementsandmarked up assuch. This might be done(a) eitherby

the authorwhenthe text is being createdor (b) by specialtools usedbeforetranslation
which help translatorgo find acroryms andthe like andmarkthemup accordingly For

example,a specialisedsearchandreplacetool insidethe documentpre-editorcould look

for all sequencesf capitalisedvordsand,after queryingthe translatorto checkwhether
aparticularcandidatesequenceeally is anacrorym, insertthe appropriatenarkersin the
text. Thepointis thatoncethetext is markedup,the MT systemis in amuchbettersitua-
tion to know thatit is dealingwith anuntranslatableacrorym andto treatit accordingly

Similarly, considerfiguresanddiagramsin a document. Theseconsistusually of picto-
rial material,which is untranslatableanda translatabldext captionwhich characterises
the pictorial material. Recognisinghe markuptagswhich indicatethatthe following ma-
terial in the documents pictorial, the MT systemcan simply ignore everything until it
encounteranothertagtelling it thatit is aboutto seethe caption,which it cantranslate
asanormalpieceof text. Equally it is easyto askthe MT systemnto translatg(say)justa
singlechaptey becauséhe markupin thedocumenwill clearlyidentify the pieceof text
thatconstituteghe chapter Markupis thusa powerful tool in controllingthe MT process.

DTDsareparticularlyusefulin MT. SomeMT systemkeepa copy of eachsentence¢hey
have alreadyencounteredogetherwith its translation(the post-editedversion, if avail-
able). This habitis known in theindustryasTranslation Memory. Overtheyears MT
vendorshave foundthatin someorganizationanuchof the translatiorworkload consists
of entirelyre-translatingevisededitionsof technicalmanuals Theserevisededitionsmay
containasmuchas 90% of the materialthat wasalreadypresenin the previous edition
— andwhich was alreadytranslatedand post-edited. Henceautomaticallyrecognising
sentencealreadytranslatedand retrieving the post-editediranslation- asthe Transla-
tion Memorytechniqueallows — resultsin a 90% reductionin post-editingcosts(andan
enormousincreasen the overall speedof the translationprocess). This is clearly very
significant.

However, thesesortof performanceémprovementsarereally theresultof adefectize doc-
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umentationprocess.The problemis that the organizationpayingto have the translation
doneis not keepingpropertrack of which partsof areviseddocumenteally aredifferent
from the original version. Clearly only new or alteredmaterialreally needsto be even
consideredor translation.

Within the SGML standardt is possibleto addfeaturesto text elementdo recordwhen
they werelastaltered by whomandsoon. This versioncontrolinformationcanbe main-
tainedby the documensystemandit allows the userto extractrevisedelements.Indeed,
the principle canbe extendedso that earlierversionsof a givenrevisedelementare also
kept,allowing the userto reconstructiry previousversionof adocumenttary point.

Theresultof exercisingproperversioncontrolin documentatiotis thatonly new elements
for whichthereareno existing translationswill be submittecto thetranslationprocessin
this way, the documentprocessingystemtakessomeof the burdenotherwisecarriedby
the MT system(viz, the ‘T ranslatiorMemory’ facility).

Anotheradvantageof usingDTDsin MT involvesgeneralizinghe notion of adocument
slightly, to introducethe notion of a ‘multilingual document’.In SGML, thisis largely a
matterof alteringthe DTDs of monolingualdocumentypes.TaketheMemoexample:we
cangetamultilingual versionby specifyingthatthereis a copy of eachdocumentlement
for eachlanguageHereis arevised(andstill simplified)MemoDTD for two languages:

Meno — To, From Body
Body — Paragraph, Paragraph*

Par agraph — Paragraph-L1, Paragraph-L2

Thereare now two typesof Paragraph— Paragraphsn languageone and Paragraphs
in language?2. EachParagraptelementwill containonelanguagel paragraptollowed
by one language2 paragraph.(Thereare no languagespecificTo and From elements
becausat is assumedhatthey containonly propernames).This sortof techniquecanbe
generalisedo allow a documento carrytext in arbitrarily mary languagesThoughthis
allows a documentto containtext for more than onelanguagejt doesnot requireit —
documentlementsanbe empty— this would be the casefor targetlanguageslements
wherethe sourceelementasnot yet beentranslated.

Theimportantthingto understandiereis thatjustbecauséhesimplemultilingual DTD we
have describedinterleaves’ theelementdor differentlanguagegwe have a paragraptior

3Although mostelementsof the structureare exactly matchedtheremay sometimese differences.For
example,if the documentelementParagraphis composedf documentelementSentence(s)it is perhaps
unwiseto insistthateachSentencén eachlanguages pairedexactly with a singlecorrespondingentencén
every otherlanguagesincefrequentlythereis a tendeng to distribute informationacrosssentenceslightly
differently in differentlanguages.However, at leastfor technicalpurposesijt is usually perfectly safeto
assumehatthe languagesre pairedParagraphoy Paragraphgven thoughtheseunits may containslightly
differentnumbersof sentencefor eachlanguage.
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L1 followedby the correspondingparagraptior L2, etc.),this doesnot meanthatwe have
to view thedocumenthatway. For example,aMemoin English,FrenchandGermancan
beviewedonthescreerof adocumenprocessingystemwith all the Englishparagraphs,
printedtogetherandthe Frenchparagraphgrintedalongsidewith theGermarparagraphs
notshavn atall. Partof theflexibility in therenditionof amarked-updocumenis thatthe
text contentof classe®f elementsanbe hiddenor shavn atwill. In practicalterms,this
meanghat a translatorediting a multilingual documentwill have considerabldlexibility
in choosingthe way in which that documentis presentedon screenor on paper)andin
choosingthetype of elementshewishesto see.

Turning backto the MT caseyecallthatin the scenarian Chapter2, ETRANStakesthe

Germartext andthenmalkesavailabletheEnglishtranslatiorin themultilingualdocument.
It shouldnow be muchclearerhow thisworks. Translatablelementdrom the sourcetext

are passedo the ETRANS systemwhich then translategshem. The translatedtext is

thenplacedunderthe correspondindamet languagetext elementgwhich, up thatpoint,

have beenentirely emptyof text). Sofar asis linguistically possible the structureof the

documents presered.

In summaryit shouldbe clearthatthe generalideaof the ElectronicDocuments impor-
tantwithin the context of MT andcanmalke a considerableontribution to the successful
integrationof MT within the office ervironment.

8.3 Controlled Languages

The notion of controlledlanguagesvas introducedin Chapter2 wherewe describedit
asa form of languageusagerestrictedby grammarand vocalulary rules. The original
ideaaroseduring the 1930s,whena numberof influential linguistsand scholarsdevoted
considerableeffort to establishinga ‘minimal’ variety of English, a variety specifically
designedo make Englishaccessibléo andusableby thelargestpossiblenumberof people
world wide. BasicEnglish asit wascalled,differedfrom previous attemptso construct
universallanguagein thatit wasa perfectlywell-formedpartof English,ratherthansome
entirelyartificial or hybrid constructiorsuchasEsperantoOneof the centralideasof the
BasicEnglishmovementwasthatthenumberof general-purposeordsneededor writing
anything from a simpleletter of receiptthroughto a major speecton theworld economic
situationcould be a few hundredratherthanthe 75 000 upward availableto skilled native
spealers. This lexical economywasto be achievedin partby using‘operatorverbs’with
the setof nounsandadjectivesto standin for the vastnumberof derived verbswhich
arefrequentlyused. For example,whereasn ordinary Englishwe might write Thedisc
contoller designwasperfectedover numepusrevisions BasicEnglishwould say... was
madeperfect..., wheremale is one of the operatorverbsandperfectone of the licensed
BasicEnglishadjecties.

The authorsof Basic English explicitly recognisedhatthe dictionarywould needto be

extendedwith specialterminologyfor scientific and technicalwriting. However, even
if a text containedterminology specificto a certainsubjectfield, the generallanguage
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componenbf the text could perfectlywell be accommodate@ithin BasicEnglish. The
importantpoint remainsthat, for writing in a particularsubjectfield, no moreis needed
thanthe Basic Englishdictionarytogethermwith a (relatively small) technicalvocahlulary
for thatfield.

The ideawaslatertakenon by English-languagbasedpredominantlyNorth American)
corporationgnarketing capitalgoodson a world-wide basis. Ratherthantry to translate
enginemanualsandthe like into every possiblelanguagethat might be required,it was
assumedbhat if they werewritten with sufficient careand attention,they could be read
fairly easyby serviceengineerandmechanicsvith limited Englishskills.

Although controlledlanguagesvereintroducedpartly to avoid or reducehumantransla-
tion costs,two importantadditionalbenefitswere discovered. First, the readabilityand
clarity of a controlledlanguagetechnicaltext often seemsbetterthanuncontrolledtexts
— even for native Englishreaders.Second controlledlanguagegroducebetterresults
with MT thanuncontrolledanguages.

The reasondor controlledlanguagessuperiorMT performanceare easyto understand.
First, therestrictedvocalulary meanghatfewerwordsneedto beaddedo theMT system
dictionariesand more effort canbe put into gettingthe entrieswhich are requiredright.
Secondthegrammarcomponenbf thesystemcanbetailoredto handleall andonly those
constructionsvhich arelicensedby the controlledlanguagespecification a specification
which excludesthe mostdifficult andambiguousonstructionganyway.

A flavour of whatis involved canbe obtainedby looking at the writing rulesgivenabove
andthedictionaryexcerpton pagel49,which arebasedn thoseof PACE, the controlled
Englishusedby the UK Engineeringcompary PerkinsEngines? As will be clearfrom

thedictionaryexcerpt,the generalprincipleis ‘one word, onemeaning’,for example,the
only useof theverbadviseis ‘to give advice’. Thus,a usagesuchasPleaseadviseus of
the availability of parts at your earliestcorveniencevould not be allowed, sincehereit

meanstell’. A usefuldevelopmentof suchadictionaryfor MT purposesvould beto add
informationabouthow thesewordstranslate.

Usingarestrictedpool of wordsandtermsalsomeanghatthe systemdictionariescanbe
tailored (by the MT supplieror responsibldranslator)to cover exactly that setof words
andtheir translations.Being consistentaboutthe useof termswill alsohelpto improve
the overall consisteng andquality of the texts beingtranslated After all, oneof the sim-
plestandmostdirectbenefitsof MT for technicaltexts is thattermsarealwaystranslated
consistentlybecauséehey aresimply lookedupin anelectronicbilingual termdictionary.

In general,it canbe seenthat the rules are mainly advice on constructionghat should
be avoided, usually becausehey leadto ambiguity. The rulesfor controlledlanguages
tendto bestylistic guidelinesratherthanhardandfastgrammarspecificationsin general,
muchof the succes®f controlledlanguagess corporatelanguagetools stemsfrom the
emphasigplacedon critical analysisof the text andprecisepresentatiorof ideas. Thisis

“PACE’ standsfor ‘PerkinsApprovedClearEnglish’.
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The PACE Writing Rules

e Keepit short and simple:

1 Keepsentenceshort.

2 Omitredundantvords.

3 Orderthe partsof the sentencéogically.

4 Don’t changeconstructionsn mid-sentence.
5 Take carewith thelogic of andandor.

e Makeit explicit:

6 Avoid elliptical constructions.

7 Don'‘t omit conjunctionsor relatives.
8 Adhereto the PACE dictionary

9 Avoid stringsof nouns.

10 Do not use-ing unlessthe word appearshusin the PACE
dictionary

A samplefrom the PACE Dictionary

advantage n Benefit

adwerse adj Unfavourable

advice n Specialistintelligence

advise,d % To provide advice

aerosokontainer n

affect,ed v To have aneffecton

after advprep Beingbehindin succession,
following something

again adv Oncemore

against prep In contactwith

agglomerator n

agricultural adj Appertainingto agriculture

air n Thegaseghatsurround
theearth

airchagecooler n
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particularlyapparentn thefirst exampleon pagel51,whichillustratesthedramaticeffect
of usinga controlledversionof English.

It is not particularly difficult to train peopleto write controlledlanguagetext i.e. text
which generallyobseressomesetof fairly simplewriting rules. For example,the Xerox
corporationcurrently offers its technicalwriters a one-daycoursein writing with MCE
(Multinational CustomisedEnglish, a Xerox proprietarylanguage). British Aerospace
teacheghe rudimentsof Simplified English (a generalpurposetechnicalEnglishfor the
internationaberospacendustry)in afew fairly shorttrainingsessions.

The Effect of Using Controlled English

BEFORE:

It is equally importantthat there should be no seasonakthangesin
the proceduresas, althoughaircraft fuel systemicing due to water
contaminationsmore often met with in winter, it can be equally
dangerousluringthe summermonths.

AFTER:
Usethe sameprocedureall the time, becauseavaterin the fuel system
canfreezeduringwinter or summer

BEFORE: Loosenthe dynamoor alternatormountingandadjustment
link fasteners.

AFTER: Loosen the pivot fastenersof the dynamo or alternator
mounting.Loosenalsothe fastenersf theadjustmentink.

BEFORE: Referencdo renaving thejoints andcleaningof joint faces
hasto agreatextentbeenomittedfrom thetext, it beingunderstoodhat
thiswill becarriedoutwhereapplicable.

AFTER: Normally the text doesnot includeinstructionsto cleanjoint
facesor to renav joints. Theseoperationsnustbe done,if necessary

8.4 SublanguageMT

In the previous section,we looked at a methodof controlling the input to an MT sys-
tem, simplifying it by avoiding certainusesof words,andavoiding potentiallyambiguous
constructions Sincethe succes®f the METEO MT systemwhich we mentionedoriefly
in Chapterl, animportantstrandof MT hasinvolved concentratingon what we could
looselycall ‘MT for SpecialPurposeLanguages’or sublanguag®T. Here, ratherthan
imposingcontrolsor simplificationsonwriters,onetriesto exploit therestrictiondan terms
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of vocalulary and constructionghat usersof the languageor specializedourposeshor
mally accept,or simply obsene without reflection. The term sublanguageefersto the
specializedanguageaused(predominantlyfor communicatiorbetweenexperts)in certain
fieldsof knowledge for example thelanguagef weathereports stockmarletreports the
languageof somekinds of medicaldiscussionthe languageof aeronauticaéngineering.
Specializedvocahlulary is one characteristiof such‘languages’(they typically contain
wordsnot known to the non-specialisend alsowords usedin differentor more precise
ways). However sublanguagearealsooften characterisethy specialor restrictedgram-
maticalpatterns.In MT, it is quite commonto usethe term sublanguageatherlooselyto
refernotjustto sucha specializedanguagebut to its usein a particular typeof text (e.qg.
installationmanuals,jnstructionbooklets,diagnosticreports,learnedarticles),or with a
particular communicativgpurpose(communicatiorbetweenexperts,giving instructions
to non-eperts,etc).

The chief attractionof sublanguagend text type restrictionto MT researcherss the
promiseof improved output, without the needto artificially restrictthe input. Restrict-
ing the coverageto texts of particulartypesin certainsubjectdomainswill allow oneto
profit from regularitiesandrestrictionsin syntacticform andlexical content. This may
be importantenoughto permitsignificantsimplificationof the architectureandcertainly
leadsto a reductionin the overall coveragerequired. We reproducean examplefrom
Englishto Frenchoutputfrom METEO:

METEO: English-FrenchTranslation

METRO TORONTO.

TODAY... MAINLY CLOUDY AND COLD W TH OCCA-
SI ONAL FLURRI ES. BRI SK VWESTERLY W NDS TO 50
KM H H GH NEAR M NUS 7.

TONIGHT. .. VARI ABLE CLOUDI NESS. | SOLATED FLUR-
RIES. DIM N SH NG W NDS. LOW NEAR M NUS 15.

FRI DAY... VAR ABLE CLOUDI NESS. H GH NEAR M NUS
6.

LE GRAND TORONTO.

AUJOURD HUI ... GENERALEMENT NUAGEUX ET FRO D
AVEC QUELQUES AVERSES DE NI EGE. VENTS VI FS

D OUEST A 50 KM H MAXI MUM D ENVI RON MO NS 7.
CETTE NUT ... OCEL VAR ABLE. AVERSES DE N EGE
EPARSES. AFFAI BLI SSEMENT DES VENTS. M NI MUM

D ENVI RON MO NS 15.

VENDREDI ... CI EL VARI ABLE. NMAXI MUM D ENVI RON
MO NS 6.

Of course,the languageof meteorologicakeportsis specialin happeningo combinea
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rathersmallvocahulary with a simple,telegraphicstyle of writing (noticein particularthe
completeabsencef tensedfrom theseextracts— the few verbstherearein non-finite
forms). Nonethelessa simplification of lexical and possibly syntacticcoveragecan be
expectedin lessextremecases.To give an examplewith respecto lexical coverage,it
is reportedthat 114 of the 125 occurrence®f the verb to matc in a computersoftware
manualkranslatento theJapanesichisuru-sury whichis listedasoneof thelessfrequent
of thel5translationgjivenin asmall-sizeEnglish-Japanestictionary In theextractfrom
acorpusof telecommunicationtext givenbelaw, traffic alwayscorrespondso the French
traficandneverto circulation(which appliesonly to roadtraffic). Moreoverthedictionary
writer cansafelyignorethe meaningof bothtraficandtraffic concerninglealingsn illegal
merchandisd'drug traffic’). Also, for an increasingnumberof sublanguagesne can
rely ontheavailability of atermbank(anon-line(multilingual) terminologicaldictionary)
definingandstatingequivalencegor mary of thetechnicattermsthatwill beencountered.
This greatly easeghe job of dictionary construction. Suchexamplescan be multiplied
almostatwill.

As for syntactic coverage, examples of instruction manuals and other forms of
informative documentatiotypically shareanumberof commonfeatures.Therewill prob-
ably be noidioms, anda restrictedsetof sententiapatterns.Anothercommonfeatureis
therelatively simpletemporaldimensionof the text, e.g. predominantuseof the simple
present.Thereis alsothe commonoccurrenceof enumeratiorasa form of conjunction,
usually eithernumberedor insetby dashesgetc. Someof thesefeaturescan be seenby
comparingthe examplesof EnglishandFrenchgivenbelow, which aredravn from a cor
pusof texts aboutTelecommunicationsAll areof greatbenefitto the developeror userof
anMT system.For the developer they meanthattherearefewer problemsof ambiguity,
anddevelopmenteffort canbe concentratean a smallerrangeof constructions.For the
user thisshouldmeanthatbettercoverages obtained andthatthesystemperformsbetter

It is not, of coursethe casethatexpositorytexts in differentlanguagesiwaysexploit the
samedevicesfor a particularcommunicatre purpose. The following extractsfrom the
samecorpusshow thatEnglishandFrenchdiffer in their useof impersonatonstructions,
with Frenchfavouring suchconstructionsvith theimpersonakubjectpronounil (‘it’) far
morein this type of text thanEnglishdoes.But evenin thesecasesit is generallyeasier
to choosethe correcttranslation simply becauséhe rangeof possibilitiesin suchtextsis
smaller (Literal translationsof the phrasesve have picked out would be: ‘It is advisable
totakeaccounbf..., It is manifestlymuchmoredifficult..., and‘lt is advisabldo take....)

(1) a. In thisframework, the progressie evolution of the earthsegmentshouldbe
considered.
Dansce contexte, ‘ il con/ientdeprendreencompte{ I’ éwlution progressie
du secteuterrien.

(2) a. Settingupanew satellitesystemwhich may be eithera regional systemwith
the participation of a group of countries, or a purely national
(domestic)system,is obviously much more difficult than using an existing
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Extract from TelecommunicationsBilingual Corpus

French

La décision de mettre en oeuvre un nouweau syseéme a satellitesest la
congquenced’'un processusa long terme qui peut étre préccdé des phases
énuneréesci-apres:

o utilisation du secteur spatial d'un syseme a satellites existant,
géréralemenparlocationd’une certainecapacié de ce secteur;

e étudeséconomiqueset techniquespréliminairesde la validité et de
la rentabili® d’'un nouweau syséme, en tenantcompte de la crois-
sance du trafic et d'éwentuels besoins de nouveaux services de
télecommunications;

e expériencestechniqueset d’exploitation préliminaires, par exemple
avec un satellite existant, si cela estpossible,ou en lancantun satel-
lite expérimentalou pré-ogerationnel.

English:

The decisionto implementa new satellitesystemusually resultsfrom a long
termprocesswhich maybe precededy the phaseutlinedbelow:

o Utilization of the spacesggmentof anexisting satellitesystem- usually
by leasingspacesggmentcapacity

e Preliminary economicand technicalstudiesof the validity and prof-
itability of anew system consideringhetraffic grownth andthepossible
needfor new telecommunicatioservices.

e Technicalandoperationapreliminaryexperimentse.g. by usingan ex-
isting satellite,if available, or even by launchingan experimentalor
pre-operationasatellite.

system:

Il estmanifestemenbeaucoupplusdifficile | de mettreen placeun nouveau
syskmea satellites(sysemerégionalauquelparticipeun groupede paysou

systmepuremennational)qued’utiliser un sysemeexistant:

(3) a. Simultaneouslyarrangementshouldbe madefor recruitmentandtraining of

staf for installation,operatiorandmaintenance.

b. En mémetemps,‘ il corvientdeprendrq desdispositionspourle recrutement
etla formationdu personnefjui serachagé del'installation, del'exploitation

etdela maintenance.
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Text type canstronglyinfluencetranslation,not just becauseertainsyntacticconstruc-
tionsarefavoured(e.g. conjunctionby enumeration)but alsoby giving specialmeanings
to certainforms. An exampleof how thetext type canbe usefulin determiningtransla-
tional equivalentsis the translationof infinitive verb forms from Frenchor Germaninto
English. Infinitivesnormally correspondo Englishinfinitives, but are usuallytranslated
asEnglishimperatiesin instructionaltexts. Thus,in a printermanualonewould see(4b)
asthetranslationof (4a),ratherthantheliteral translation.

4) a RichtigeSpannun

‘correctvoltageto set’

b. correctvoltage

(5) a. lescommandes

‘to executethecommands’

b. the commands

Thus,concentratioron a sublanguageot only restrictsthe vocalulary andthe numberof
sourceandtargetlanguageconstructiongo be consideredit canalsorestrictthe number
of possibletargettranslationsGiventhe potentialthat sublanguagegrovide for improve-
mentsin the quality of outputof MT systemsandthe factthat mostcommercialinstitu-
tions do in fact have their major translationneedsin restrictedareas,t is not surprising
thatmary researclprototypesoncentrat®n restrictednput in variousways,andthatthe
designof toolsandresourcesupportingsublanguagenalysiss a majorareaof research.

8.5 Summary

In this chaptemwe have discussedhreewaysin which onecanincreasehelik elihoodof
MT beingsuccessfuby taking carewith the input to the system. We first concentrated
on theimportanceof integratingMT into the generaldocumentpreparatiorervironment,
introducingthenotionof theelectronicdocumentWe stressetheimportanceof standards
in theencodingof texts, andshaved how the procesof MT canbe aidedby theadoption
of the SGML markuplanguage. In the following section,we turnedto the contentof
texts themselesandintroducedhenotionof controlledlanguagesin which oneadoptsa
simplifiedform of thelanguagén orderto communicatesimply andunambiguouslywith
thereaderUsinga controlledlanguagenputgreatlyenhancethequality of outputof MT
systems.Finally we discusseagublanguag®T, or MT in restricteddomains,observing
thatthe languageusedin specializedechnicaldomainsis often quite differentfrom and
morerestrictedin style andcontentthanthe ‘generallanguage’andit is possibleto take
adwantageof thesecharacteristicby tailoringanMT systemto thelanguageof particular
domains.
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8.6 Further Reading

SGML is definedin ISO 8879,1986,whichis extensvely discussedn the standardefer
encebookon SGML.: Goldfarb(1986).An excellentintroductionto SGML is providedin
vanHerwijnen(1990).

Theexamplesof theuseof controlledlanguagehatwe give in thetext arebasednthose
in Pym (1990). SeePym (1990); Newton (1992b)for discussiorof the useof PACE as
partof thetranslationoperationin Perkins.

A noteworthy exampleof a controlledlanguagds SimplifiedEnglish (SE), which is de-
scribedin the AECMA/AIA SimplifiedEnglish Guide AECMA. This grew out of work
donein the late 1970s,0n behalfof the Associationof Europeaniirlines (AECMA) into
readabilityof maintenancelocumentationvithin thecivilian aircraftindustry As aresult,
an AECMA working groupresearchedhe proceduraltexts in maintenancenanuals. It
containsa limited generalvocahulary of about1500words anda setof Writing Rules,
similar to thosewe will describeabove.

On sublanguageArnold (1990)providesa shortoverview. Lehrbeger(1982)andGrish-
manandKittredge (1986)arecollectionsof articleson the subject.More detaileddiscus-
sionscanbe foundin Kittredge (1982), Kittredge (1987), Sager(1982), Slocum(1986),
Telleretal. (1988)andHirschman(1986).

Méttois describedn (HutchinsandSomers1992,Chapterl2), seealsolsabelle(1987).
Recentdevelopmentsaredescribedn Chandioux(1976),Chandioux(1989a),Chandioux
(1989b),andGrimailaandChandioux(1992).

Theexampleconcerninghe English-Japanegeanslationof matd in softwaremanualss
reportedn Tsujii etal. (1992).
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Chapter 9

Evaluating MT Systems

9.1 Introduction

How canyou tell if anMT systemis ‘good’? How canyou tell which of two systemss
‘better’? Whatdo ‘good’ and‘better’ meanin this context? Thesearethe questionghat
this chaptertriesto answer

In a practicaldomainlike MT, suchquestiongeduceto questionsof suitability to users’
needs:whatis the bestand mosteconomicalway to dealwith the users translationre-
quirements?n theideal case,it shouldbe possibleto give a simpleand straightforvard
answerto this questionin a consumersmagazine.An articlein sucha magazinewould
discusghe mostimportantissueswith a comparisoriabledisplayingthe achiezrementsof

differentMT systemson testsof importantaspectsuchas speedand quality. Unfortu-
nately theinformationnecessaryo make informedjudgementss notsoreadilyavailable,
partly because¢he methoddor investigatingsuitability arenot well developed.In reality;

MT userscan spendquite a lot of money finding out what a systemcan and cannotdo
for them. In this chapterwe will look at the kind of thing that shouldmatterto potential
usersof MT systemsandthendiscusssomeexisting methodsfor assessingT system
performance.

As we pointedout in theIntroduction(Chapterl), we think that,in theshortterm,MT is
likely to be of mostbenefitto largish corporateorganizationsloingalot of translation.So
we adoptthis perspectie here.However, mostof the considerationapplyto ary potential
user

9.2 Some Central Issues
Theevaluationof MT systemss acomple task. Thisis notonly becausenary different

factorsareinvolved, but becauseneasuringranslationperformancaes itself difficult. The
first importantstepfor a potentialbuyer is to determinethe translationalneedsof her
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organization. Thereforeshe needsto drav up a completeovervien of the translational
processjn all its differentaspects.This involves establishinghe size of the translation
task,thetext type of the materialandits form (is it machinereadableandif so,according
to which standards) It alsoinvolves consideringorganizationaissues.e.g. the tasksof

eachmemberof staf concernedn someway with translation. With thatinformationat
handshecanstartto investigatevhatthe consequencesf the purchaseof anMT system
would be. Thesearesomeof thefactorsto keepin mind:

Organizational Changes Incorporatingan MT systeminto the translationprocesswill
impact upon both the processand the personnelinvolved. Therewill be conse-
guencedor systemadministratorandsupportstaf, but above all for thetranslators
themseles,whosetaskswill changesignificantly Whereaseforethey will prob-
ably have spentthe major part of their time actually translatingor editing human
translationsthey will now find themselesspendinga lot of time updatingthe sys-
tem’s dictionariesand post-editingthe resultsof machinetranslation. Theremay
alsobe aneedto build automatictermbanks.Translatorswill needto receve train-
ing in orderto performthesenew tasksadequately

It is importantthatthe personnekupportthe changewerto MT. They may not al-
waysbeawareof thefactthatMT canleadto morejob satisactionamongtranslators
sinceMT systemsareparticularlyefficientattedious repetitve taskswhereasnore
challengingranslationwork oftenstill needgo bedoneby thehumantranslatorslf
translatorsn anorganizatiorhave decidedfor somereasoror otherthatthey donot
wantto work with MT, imposingit onthemis guaranteed to producepoorresults.

Technical environment We have emphasisedght from the startthatsuccesslependsn
parton MT beingeffectively incorporatecaspartof a wider documenfpreparation
processnsidean organization.Smoothhandlingof text throughouthe whole pro-
cesawill preventunnecessargielays.TheMT engineandthedocumentsystenmay
well comefrom differentsuppliersbut they mustadhereto the samestandardsand
formatsfor textual material.

Bearin mind thatgooddocumenfpreparatiorfacilities in themselescanimprove
translatoproductvity. A decader soagomuchof theproductvity increaselaimed
by somevendorsof smallerMT systemsouldbeattributedto their providing rather
goodmulti-lingual word processindacilities, at a time whenmary translatoraised
only anelectrictypewriter. SomeMT vendorsstill supplyawholeMT systenpack-
agewherethe engineis inextricably wrappedup with somespecialisedvord pro-
cessingandtext-handlingtool uniqueto that particularsystem.This is undesirable
ontwo counts:first, if you arealreadyfamiliar with agoodmulti-lingual word pro-
cessorlittle is gainedby having to learnanothemwhich doesmuchthe samethings;
secondjt is likely thatan MT vendors home-gravn text-processingacilities will
be inferior to the bestindependenproducts,becausamostof the effort will have
goneinto developingthetranslationengine.

Status of Vendor Buying an MT systemis a considerablénvestment,and the stability
andfuture solveng of the vendoris animportantconsideration After all, contact
with the vendoris ideally not just limited to theinitial purchaseof the system. A
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solventvendorcanprovide installationsupportandtrainingin the early stagesand
generalsupportand updatedater, which may improve performanceconsiderably
(e.g. specializeddictionaries,or nen languagepairswhich canbe integratedinto
theexisting MT set-up).

Key Issuedn the Evaluationof MT Systems:
The Importanceof After SalesSupport

Engine Performance: Speed In some circumstances, the speed at which the
enginechurnsout raw translatedext won't actually be crucial. If the systemre-
guiresinteractionwith thetranslatomwhilst it is translatingthenof courseit should
not amblealong so slowly asto to keepthe translatorwaiting all the time. But
if it is functioningwithout directinteraction,it canproceedat its own pacein the
backgroundvhilst thetranslatorgetson with otherjobssuchaspost-editingor hand
translationof difficult material. This aspectlsodepend®n the users translational
needs:f the users materialrequiresl5 hoursdaily on afastMT systemand20on
a slower one,no onewill noticethe differenceif the systemis runningovernight.
Of course therearesituationswherethe quick delivery of translationoutputis es-
sential.(Theagronomisin Chapter2, whowantsto processrery large quantitiesof
materialto alow level may be an example.) But in generalslow speeds the one
componenbof MT performanceof which upgradingis relatively easy: by buying
somefasterhardwarefor it to runon.

Engine Performance: Quality Thisis a major determinanof success.Currentgeneral
purposecommercialMT systemscannottranslateall texts reliably. Output can
sometimesbe of very poor quality indeed. We have alreadymentionedthat the
post-editingask(andwith it the cost)increasesstranslationquality getspoorer In
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theworstcaseusingMT couldactuallyincreasdranslationcostsby tying up trans-
latorsin editingandmaintenancéasks,ultimately takingup moretime thanwould
have beenrequiredto producetranslationsentirely by hand. Becauseof its enor
mousinfluenceon the overall translationcost, translationquality is a major aspect
in MT evaluation.

9.3 Evaluation of Engine Performance

Substantialong-termexperiencewith particularMT systemsn particularcircumstances
shavsthatproductivity improvementsandcost-saingsactuallyachiezedcanbevery vari-
able.Not all companiezanapplyMT assuccessfullyasthefollowing:

In the 1980s,PerkinsEngineswas achieving reportedcost savings of
around£4000 for eachdieselengineusermanualtranslatedon a PC-
basedWEIDNER MT system. Moreover, overall translationtime per
manualwas more than halved from around26 weeksto 9-12 weeks.
Manualswere written in PerkinsApproved Clear English (cf. Chap-
ter8).(Pym,1990,page91-2)

Differentorganizationsxperiencealifferentresultswith MT. Theabove examplesndicate
thatthekind of inputtext is oneof theimportantfactorsfor gettinggoodresults.A sound
systemevaluationis thereforeonewhich is executedwithin the compaly itself. An MT

vendormight provide you with translatednaterialwhich shovs whattheir systemcando.
Thereis, however, no guaranteghat the systemwill do the samein a differentcompaty

setting, with differenttexts. Only a company specificevaluationwill provide the client
with the feedbacksheultimately wants. Informationprovided by the MT vendorcanbe
usefulthough,e.g.if systemspecificationsndicatewhatsortof text typeit canor cannot
handleor whatsortof languageconstructionsareproblematidor their system.

In evaluatingMT systemsone shouldalsotake into accountthe fact that systemperfor
mancewill normallyimprove considerablyluringthefirst few monthsafterits installation,
asthe systemis tunedto the sourcematerials,asdiscussedn Chapter2. It follows that
performanceon aninitial trial with a sampleof the sort of materialto be translatedcan
only bebroadlyindicative of thetranslationquality thatmight ultimatelybe achieredafter
severalmonthsor yearsof work.

Somethingsimilarholdsfor thosestage®f thetranslatiorprocessvhichinvolve thetrans-
lator, lik e dictionaryupdatingandpost-editingof the output. Timesneededor thesetasks
will reduceastranslatorggainexperience.

So how do we evaluatea system?Early evaluationstudieswere mainly concernedvith
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thequality of MT. Of course assessingranslationquality is not just a problemfor MT: it

is a practicalproblemthathumantranslatorgace ,andonewhichtranslatiortheoristshave

puzzledover. For humantranslatorsthe problemis thattherearetypically mary possible
translationssomeof themfaithful to the original in somerespectge.g. literal meaning),
while otherstry to presere otherpropertiege.g. style,or emotionalimpact)?!

In MT, the traditionaltransformerarchitecturantroducesadditionaldifficulties, sinceits
outputsentencesftendisplaystructuresandgrammarhatareunknown to thetargetlan-
guage. It is the translators taskto find out what the correctequialentis for the input
sentencandits ill-formed translation.And, in turn, the evaluators taskis to find outhow
difficult thetranslators taskis.

In therestof this chaptemwe will describehe mostcommonevaluationmethodshathave
beenusedto dateanddiscusgheir advantagesnddisadwantages.

9.3.1 Intdligibility

A traditionalway of assessinghe quality of translationis to assignscoreso outputsen-
tences A commonaspecto scorefor is I ntelligibility, wheretheintelligibility of atrans-
latedsentences affectedby grammaticakrrors, mistranslationg@nduntranslatedvords.
Somestudiesalsotake styleinto accounteventhoughit doesnotreally affecttheintelli-
gibility of a sentence Scoringscaleseflecttop marksfor thosesentenceshatlook like
perfecttargetlanguagesentenceandbottommarksfor thosethataresobadlydegradedas
to preventtheaveragdranslator/galuatorfrom guessingvhatareasonableentencenight
bein the contet. In betweerthesetwo extremesputputsentenceareassignedigheror
lower scoresdependingn their degreeof awfulness— for example slightly fluffed word
order(“... in an interview referred Major to the economic situation...” will probablyget
a betterscorethan somethingwheremistranslatiorof wordshasrendereda sentencel-
mostuninterpretabl€”...the peace contract should take off the peace agreement....). Thus
scoringfor intelligibility reflectsdirectly the quality judgmentof the user;the lessshe
understandghe lower theintelligibility score.Thereforeit might seema usefulmeasure
of translationquality.

Is thereary principledway of constructinganintelligibility scoringsystem?Or ratheris

thereary generallyagreedandwell motivatedscoringsystem?We do not know of arny.

The major MT evaluationstudieswhich have beenpublishedreporton differentscoring
systemsthe numberof pointson the scoringscalesangingfrom 2 (intelligible, unintel-
ligible) to 9. The 9 point scalefeaturedin the famousALPAC Reportandwas not just
usedto scoretheintelligibility of MT, but alsoof humantranslation. As aconsequencte
scaleincludedjudgmentson fairly subtledifferencesn e.g. style. This scaleis relatively
well-definedandwell-tested Neverthelessve think thatit is toofine-grainedor MT eval-

uationandleadsto anundesirablalispersiorof scoringresults. Also, we think that style
shouldnot beincludedbecausédt doesnot affect theintelligibility of atext. Ontheother
hand,a two point scaledoesnot give us enoughinformationon the seriousnessf those

For anexcellentdiscussiorof therangeof aspectshata goodtranslationmayneedto take into account,
seeHatim andMasonHatim andMason(1990).
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errorswhich affect the intelligibility. (A two point scalewould not allow a distinction
to be dravn betweerthe examplesin the previous paragraphand completegarbage(or
somethingcompletelyuntranslatedanda fully correcttranslation.)Perhapsa four point
scalelike the onebelon would be moreappropriate.

An Example Intelligibility Scale

1 Thesentences perfectlyclearandintelligible. It is grammatical
andreaddik e ordinarytext.

2 The sentenceas generallyclear and intelligible. Despitesome
inaccuracier infelicities of the sentencepne can understand
(almost)immediatelywhatit means.

3 Thegeneraldeaof thesentencés intelligible only afterconsider
ablestudy Thesentenc&ontainsgrammaticakrrorsand/orpoor
word choices.

4 Thesentencas unintelligible. Studyingthe meaningof the sen-
tenceis hopelessgvenallowing for context, onefeelsthatguess-
ing would betoo unreliable.

Oncedevised, scoringscalesneedto be tested,to make surethat scaledescriptionsare
clearand do not containary expressionthat can be interpreteddifferently by different
evaluators.Thetestprocedureshouldberepeatedintil thescaledescriptionsareuniformly
interpretecby evaluators.

A reasonablsizegroupof evaluators/scoremustbe usedto scorethe MT output. Four
scorerds the minimum;abiggergroupwould malke theresultsmorereliable. Thescorers
shouldbe familiar with the subjectareaof the text they will scoreandtheir knowledge
of the sourcelanguageof the translationshouldalsobe good. Beforean official scoring
sessions held the scorersparticipatein a training sessiorin which they canbecomeac-
guaintedwith the scaledescription.This training sessiorshouldbe similar for all scorers.
During scoringit shouldbeimpossibleto referto the sourceanguageext.

9.3.2 Accuracy

By measuringntelligibility we getonly a partial view of translationquality. A highly
intelligible output sentenceneednot be a correcttranslationof the sourcesentence.lt
is importantto checkwhetherthe meaningof the sourcelanguagesentences presered
in the translation. This propertyis called Accuracy or Fidelity. Scoringfor accuray is
normallydonein combinationwith (but after) scoringfor intelligibility.

As with intelligibility, somesortof scoringschemeor accurag mustbe devised. Whilst
it mightinitially seemtemptingto justhave simple‘Accurate’and‘Inaccurate’labels,this
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could be somavhat unfair to an MT systemwhich routinely producedranslationsvhich
areonly slightly deviantin meaning.Sucha systemwould bedeemedustasinaccurateas
anautomatedMonty Python’phrasebookvhichturnstheinnocentrequesPlease line my
pockets with chamois 2 into thetargetlanguagestatemenMy hovercraft is full of eels. Ob-
viously enoughjf the outputsentencés completegobbledgook (deservingf the lowest
scorefor intelligibility) thenit is impossibleto assigna meaning,andso the questionof
whetherthetranslationrmeanghe sameasthe original cannotreally be answered(Hence
accurag testingfollows intelligibility rating).

The evaluationproceduras fairly similar to the oneusedfor the scoringof intelligibility.

However the scorersobviously have to be ableto referto the sourcelanguagetext (or a
high quality translationof it in casethey cannotspeakthe sourcelanguage)sothatthey
cancomparehe meaningof inputandoutputsentences.

As it happensijn the sort of evaluationconsiderechere,accurag scoresare muchless
interestingthanintelligibility scores.Thisis becausaccurag scoresareoftencloselyre-
latedto theintelligibility scoreshigh intelligibility normally meanshigh accurag. Most
of thetime mostsystemsdon't exhibit surrealor Monty Pythonproperties For somepur-
posest might beworth dispensingwith accurag scoringaltogetherandsimply counting
casesvherethe outputlookssilly (leadingoneto supposesomethinchasgonewrong).

It shouldbe apparenfrom the above that devising and assigningquality scoresfor MT
output— whatis sometimegalled‘Static’ or ‘Declarative Evaluation® — is notstraight-
forward. Interpretingtheresultantscoress alsoproblematic.

It is virtually impossible— evenfor the evaluator— to decidewhata setof intelligibility
andaccurayg scoredor asingleMT systemmightmeanin termsof cost-efectivenessasa
‘gisting’ device or asafactorin producinghighquality translation.To seethis, consideithe
sortof quality profile you might getasaresultof evaluation(Figure9.1), which indicates
thatmostsentenceseceveda scoreof 3 or 4, henceof middling intelligibility. Doesthat
meanthatyou canusethe systemo successfullygistagriculturalreports?0necannotsay

Turningto the high-qualitytranslationcasejt is clearthatsubstantiapost-editingwill be
required.But it is not clear— without furtherinformationabouttherelationshipbetween
measuredjuality andpost-editingtimes— what effect on overall translatomproductvity
thesystermwill have. Whilstit is presumablyruethatincreasinglyunintelligiblesentences
will tendto be increasinglydifficult to post-edit,the relationshipmay not be linear. For
example,it maybethatsortingout minor problems(which don't affectintelligibility very
much)is justasmuchof aneditingproblemascorrectingmistranslation®f words(which
affect intelligibility a greatdeal). We could for exampleimaginethe following two sen-
tencedo bepartof oursampletext in Chapter2. Thefirst oneis moreintelligible thanthe

2This comesfrom the sectionon ‘Talking to the Tailor’ in anEnglish-Italianphraseboolof the 1920s.

3Declarative’ hereis to be contrastedwith ‘procedural’. A declaratve specificatiorof a programstates
what the programshoulddo, without consideringthe orderin which it mustbe done. A proceduralspec-
ification would specifyboth whatis to be done,andwhen. Propertiedike Accuragy andIntelligibility are
propertieof a systemwhich areindependentf the dynamicsof the system or the way the systemoperates
atall — hence'non-procedural’ or ‘declarative’.
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% of
Sentences

1 2 3 4 5 6 7 8 9
Intelligibility

Figure9.1 Typical Quality Profilefor anMT System

secondyet moretime will beneededo fix theerrorsin it:

(1) a. Theprintpageshouldbe| from excel* ing | quality,
b. Theprintedpageshould his | excellentquality.

It is truethata comparatie evaluationof a numberof differentMT systemsnightdemon-
stratethat one systemis in all respectdetterthanthe others. The informationhowever
doesnot tell us whetherbuying the betterMT systemwill improve the total translation
process— the systemcouldstill be unprofitable And evenif two particularsystemshave
differentperformanceprofiles,it may not alwaysbe clearwhetheroneprofile is likely to
bebettermatchedo thetaskin handthantheother For example,look attheintelligibility
ratingsfor systemsA andB in Figure9.2. For systemA the majority of sentencesre
neithervery good nor bad (rating 3 or 4). SystemB, by comparisontendsto do either
quitewell (scoresof 7 arecommon)or quite badly (scoresl, and2 arefrequent).Which
systemwill bebetterin practice?t is notpossibleto say

9.3.3 Error Analysis

Ratherthan using broadindicatorsas guidesto scoreassignmentsyou could focus on
the errorsthe MT systemmales. The techniqueof error analysistries to establishhow
seriouslyerrorsaffect the translationoutput.

Themethodis this. To startoff, write down alargelist of all thetypesof errorsyou think
the MT systemmight make. During the evaluation,all the errorsin thetranslatedext are
countedup. Becausg/ou considersomeerrorsmoreseriousghanothers eachtypeof error
will bemultiplied by somewei ghting factor whichyouassigrtoit. Thescorethenfor each
individual sentencer thewholetext will bethe sumof all theweightederrors.So,if we
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SYSTEMA:—
SYSTEM B:=— -~

% of
Sentences

T 2 3 4 5 6 7 8 9
Intelligibility

Figure 9.2 Which Performance&urveis Better?

take the raw translationwe wereusingin the scenarion Chapter2 asan example,error
analysismightwork asfollows.

For the examplethreesortsof error areidentified. Thesethreesortsareerrorsinvolving
selectiorof a vs one asthetranslationof Germanrein, errorsin numberagreemenfe.g.*a
computers), anderrorsin the selectionof prepositions.Using someshortcodesfor each
errortype, eacherror occurrencds marked up in the raw output. The resultingmarked
text is givenbelow.

To calculatethe seriousnes®f the errors, weightsin the range0 to 1 are assignedo
thethreeerrortypes. The weightfor an errorin prepositionselectionis higherthanthat
for incorrectnumberbecausehe personresponsibleconsidershat incorrectnumberis
relatively lessserious.Thisis summarizedn thefollowing table.

ERRORTYPE | WEIGHT
a/one selection 0.4
Number 0.2
Preposition 0.6

Onthebasisof thisthetotal errorscorecanbecalculated.Therearetwo errorsin NUMber
agreementwo involving PREPositionsandoneinvolving A/ONE selectionsothe score
is: (2 x0.2) + (2 x 0.6) 4 (1 x 0.4) =2

Although this methodgivesmoredirectinformationon the usefulnes®f anMT system,
thereareimmediateproblemswith usingdetailederroranalysis. Thefirst is practical: it
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Markup of Errors

Adjustment of the print density:

e Turn the button an|A/ONE | or two positions in direction of
the dark indicator.

e Switch off the printer for a moment and then again a PREP |,
so that the test page is printed.

e Repeat the two previous steps as long as, until you see

Gray on the background of the page, similarly like atf PREP
easily unclean copies of a photocopier.

e Turn back the button a position.

Now you can connect the printer to the computer.

If you connect the printer to a Macintosh computers,
continue with the instructions in the chapter 3. If you use an other

computer, continue with chapters NUM | 4.

will usuallyrequireconsiderabldime and effort to train scorersto identify instancesof
particularerrors— andthey will alsoneedto spendmoretime analysingeachoutputsen-
tence. Second|s thereary goodbasisfor choosinga particularweightingscheme?Not
obviously. The weightingis in somecaseselatedto the consequencean error hasfor
post-editing:how muchtime it will take to correctthat particularmistale. In someother
casest merelyreflectshow badlyanerroraffectstheintelligibility of thesentenceConse-
guently theresultwill eitherindicatethe sizeof the post-editingtaskor theintelligibility
of thetext, with its relative usefulnessln both caseslevising a weightingschemewill be
adifficult task.

Thereis, however, athird problemandperhapghis is the mostseriousone: for someMT
systemsmary outputsentenceare so corruptedwith respecto naturallanguagecorre-
latesthatdetailedanalysisof errorsis not meaningful.Error typesarenotindependenof
eachother:failureto supplyarny numbetinflectionfor amainverbwill oftenmeanthatthe
subjectandverbdo not agreein numberasrequired. It will bedifficult to specifywhere
oneerrorstartsandanotherendsandthusthereis therisk of endingupwith agenerakerror
scaleof theform one, two, .... lots. Theassignmentf aweightingto suchcomplec errors
is thusatricky business.
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9.34 TheTest Suite

As we notedbefore for someyearsthetrend(atleastin researcltircles)hasbeentowards
TranslationEngineswith substantialinguistic knowledgein the form of grammars.LK

Engineshave adifferentperformancerofile from TransformeEnginedn thattheiroutput
will tendto containratherfewer badly degradedsentenceqPerhapstthe priceof failing

to produceanything in somecases).

Althoughthe useof linguistic-knovledgebasedechniquesendsto promotehigherintel-

ligibility (andAccurag) output,it is possiblethatthelinguistic knovledgeembeddedn

the systemis defective or incomplete. Sometimesa certaingrammarrule is too strict or

too generalto apply correctlyin all circumstancessometimesghe rulesthat handleone
phenomenoife.g. modalverbslike may in The printer may fail) andtherulesthathandle
anothemphenomenoiieg. negation)fail to work correctlytogethemwhenthetwo phenom-
enaco-occuror interactin asentence(For example,imaginethe problemsthatwill result
if The printer can not be cleaned (i.e. canbeleft uncleaned)andThe printer cannot be
cleaned (i.e. mustnotbecleanedareconfused.)

Keepingrackof thesesortsof constructionaérrorsanddeficitshasbecomeatherasevere
problemfor developersof MT systemsandotherlarge NLP systemsFor example,while

runningthe systemon a corpusof testtexts will reveal mary problems,mary potential
areasof difficulty arehiddenbecauséhe statisticsare suchthateven quite large corpora
will lack evena singleexampleof particulargrammaticatombinationf linguistic phe-
nomena.

Ratherthan churningthroughincreasinglylarge ‘natural’ text corpora,developershave
recentlyturnedtheir attentionto the useof suitesof speciallyconstructedestsentences.
Eachsentenceén the suitecontainseitheronelinguistic constructiorof interestor acom-
binationthereof. Thuspartof an Englishtestsuitemightlook asfollows.

Thisfragmentust churnsthroughall combinationsof modalverbslik e can, may together
with optionalnot. In practice,onewould expecttestsuitesto runto very mary thousands
of sentencedecausof the mary differentcombinationsof grammaticaphenomenshat
canoccur Suitesmayincludegrammaticallyunacceptablsentencege.g. * John not run)
which the parsershouldrecognizeasincorrect. In systemswhich usethe samelinguistic
knowledgefor bothanalysingandsynthesisindext, thefactthatanill-formed sentencés
rejectedn analysissuggestshatit is unlikely to be constructedn synthesisither

Nobody knows for sure how test suitesshould be constructedand usedin MT. A bi-
directionalsystem(a systemthat not only translatefrom Germanto Englishand from
Englishto German)will certainlyneedtestsuitesfor bothlanguagesThussucces# cor
rectly translatingall the sentences a Germartestsuiteinto Englishandall thesentences
in an Englishtestsuiteinto Germarwould definitely be encouragingHowever, standard
testsuitesareratherblunt instrumentsfor probingtranslationperformancen the sense
thatthey tendto ignoretypical differencedetweerthelanguagesnvolvedin translation.
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Extract from a Test Suite

Johnruns.

Johnwill run. modal auxiliaries
Johncanrun.

Johnmayrun.

Johnshouldrun.

Johncouldrun.

Johndoesnotrun. negation (with do-support)
Johnnotrun.

Johnwill notrun negation and modal auxiliaries.
Johncannotrun.

Johnmaynotrun.

Johnshouldnotrun.

Johncouldnotrun.

We canlook atanexample.In Englishtheperfecttensds expressedvith theauxiliary verb

have, likein He has phoned. In Germanhowevertherearetwo auxiliary verbsfor perfect
tense:haben andsein. Whichverbis useddepend®nthemainverbof the sentencemost

requirethefirst, somerequirethe second Soan Englishanda Germantestsuitedesigned
to checkthe handlingof perfecttensewill ook different.

The Germantestsuite thusteststhe perfecttensefor verbsthat take sein andverbsthat
take haben and thereforehave to test twice the numberof sentencego testthe same
phenomenon. However, if He has phoned is correctly translatedinto GermanEr hat

angerufen, then we still can not be surethat all perfecttensesare translatedcorrectly

For testingof the Englishgrammaralone thereis no reasorto includea sentencéike He

has gone into the Englishtestsuite, sincethe perfecttensehasalreadybeentested. For

translationinto Germanhowever it would be interestingto seewhetherthe auxiliary verb
seinis selectedy the mainverbgehen, giving the correcttranslationEr ist gegangen.

Giventhis sortof problem,it is clearthatmonolingualtestsuitesshouldbe supplemented
with further sentence#n eachlanguagedesignedo probespecificlanguagepair differ-
ences.They could probablybe constructedy studyingdatawhich hastraditionally been
presentedn bookson comparatre grammar*

In a bi-directionalsystemwe needtestsuitesfor bothlanguagesnvolved and testsuites
probingknown translationaproblemsbetweerthetwo languagesConstructingestsuites
is a very complicatedask, sincethey needto be completewith regardto the phenomena

“It would be nice to try to find possibleproblemareasby somesort of automaticscanningof bilingual
texts but thetoolsandtechniquesrenot availableto date.
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Part of English-German Test Suite

English:

He hasphoned.
He hadphoned.

German:

Erist gegangen. sein
Er hatangerufen.  haben
Erwargegangen. sein
Er hatteangerufen. haben

occurringin the presentandfutureinputtexts of theMT user Thusoneshouldfirst check
whetherthereareary existingtestsuitesfor thelanguagethatneedo betested(Thereare
severalmonolingualtestsuitesaround).Sucha suitecanbe modifiedby addingmaterial
andremoving restrictionsthatareirrelevantin the texts for which the systemis intended
(eg. thetexts to betranslatedmight not containarny questions).As far aswe know there
areno readily available test suitesfor translationalproblemsbetweentwo languagesto

testfor this, the evaluatorwill have to adaptexisting monolingualones.

Oncethetestsuiteshave beendevisedthey arerunthroughthe systemandaninventoryof
errorsis compiled. Clearly the testsuiteis animportanttool in MT systemdevelopment.
How usefulwill it befor auser of MT systems?

It is of coursepossiblefor theuserto runanMT systemon atestsuiteof herown devising
and,in somecasesthis may be perfectlyappropriate.lt is especiallyusefulto measure
improvementsn a systemwhenthe MT vendorprovidesa systemupdate.However, the
testsuiteapproactdoesentail somedravbackswhenusedto assessystemperformance
in comparisorwith competingsystemsTheproblemis familiar by now: how aretheeval-
uationresultsto beinterpretedSupposeystemA andSystenmB bothproduceacceptable
translationdor 40% of the testsentencesandthatthey actuallyfail on different,or only
partially overlapping,subsetf sentencesWhich oneis better? If SystemB (but not
SystemA) fails on testsentencesvhich embodyphenomenavith very low frequencies
in the users type of text material,thenclearly SystemB is the betterchoice. But users
typically do not have reliableinformationon the relative frequenciesof varioustypesof
constructionsn their material,andit is a complex taskto retrieve suchinformation by
goingthroughtexts manually(automatedoolsto do thejob arenotyetwidely available).

Thesameproblemof interpretabilityholdswhenMT systemsareevaluatecby anindepen-
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dentageng usingsomesortof standardsetof testsuites.Publishedestsuiteinformation
certainlygivesa muchbetterinsightinto expectedoerformancehanthe vaguepromisory
notesofferedwith currentsystemsjput it doesnt immediatelytranslateinto information
aboutlikely performanceén practice,or aboutcosteffectiveness.

Ontop of this thereis the problemof how to designa testsuite,andthe costof actually
constructingt. Researclis ongoingto determinewhatsortof sentenceshouldgo into a
testsuite: which grammaticaphenomenahouldbe testedandto whatextentshouldone
includeco-occurrencef grammaticaphenomenashouldatestsuitecontainsentencet
testsemanticphenomenand how doesonetesttranslationproblems? Theseand addi-
tional problemsmight be solvedin the future, resultingin properguidelinesfor testsuite
construction.

9.4 Operational Evaluation

In theprevioussectionsve have discussedarioustypesof quality assessmen©nemayor
disadwantageof quality assessmerfor MT evaluationpurposeshowever, is the factthe
overall performanceof an MT systemhasto be judgedon moreaspectghantranslation
guality only. Themostcompleteanddirectwayto determinevhethetMT performswell in
agivensetof circumstancess to carryoutanoperationakvaluationon sitecomparinghe
combinedMT and post-editingcostswith thoseassociatedvith pure humantranslation.
Therequiremenhereis thatthevendorallows thepotentialbuyerto testthe MT systemin
her particulartranslationervironment. Becausef the enormousnvestmenthatbuying a
systemoftenrepresentsyendorsshouldallow a certaintestperiod. During anoperational
evaluationa recordis keptof all the users costs,the translationtimesandotherrelevant
aspectsThisevaluationtechniques idealin thesensehatit givesthe userdirectinforma-
tion onhow MT would fit in andchangehe existing translatiorervironmentandwhether
it would be profitable.

Beforestartingup the MT evaluationthe usershouldhave a clearpictureof the coststhat
areinvolvedin the currentset-upwith humantranslation. Whenthis informationon the
costof thecurrenttranslationserviceis availablethe MT experimentcanbegin.

In an operationakvaluationof MT time playsanimportantrole. Translatorsneedto be
paid andthe moretime they spendon post-editingMT outputandupdatingthe systems
dictionaries,the lessprofitableMT will be. In orderto get a realisticidea of the time
neededor suchtranslatortasksthey needto receve propertraining prior to the exper
iment. Also, the MT systemneedsto be tunedtowardsthe texts it is supposedo deal
with.

During anevaluationperiodlastingseseralmonthsit shouldbe possibleto fully costthe
useof MT, andat the end of the period,comparisorwith the costsof humantranslation
shouldindicatewhetherin the particularcircumstancedIT would be profitablein finan-
cial termsor not.
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Oneproblemis thatthoughonecancomparecostin thisway, onedoesnotnecessarilyold

quality constant.For example,it is sometimesuspectedhat post-editedVT translations
tendto be of inferior quality to purehumantranslationshecausé¢hereis sometemptation
to post-editonly up to that point wherea correct(ratherthangood)translationis realised.
This would meanthat costbenefitsof MT might have to be setagainstafall in quality of

translation.Thereareseveralwaysto dealwith this. Onecoulde.g. usethe quality mea-
suremenscalegescribedibore (Section9.3.1).In this casewe would needafine-grained
scale like in the

ALPAC Report,sincethe differencedetweerpost-editedMT andHT will be small. But

whatdoesthis quality measuremenneanin practice?Do we have to worry aboutslight

differencesn quality if afterall an‘acceptabletranslationis produced?Maybea better
solutionwould be to askan acceptabilityjudgmentfrom the customer If the customer
noticesa quality decreasavhich worrieshim, thenclearly post-editingguality needgo be

improved. In mostcaseshowever, the experiencedranslator/post-editr is morecritical

towardstranslationquality thanthe customeitis.

In generalit seemsan operationalevaluationconductedby a userwill be extremely ex-
pensve, requiring 12 personmonthsr moreof translatortime. An attractve approachs
to integratethe evaluationprocessn the normal productionprocessthe only difference
beingthat recordsare kept on the numberof input words, the turnaroundtime and the
costsin termsof time spentin post-editing. The costof suchan integratedoperational
evaluationis obviously less.After all, if the systemis really goodthetranslationcostswill
have beenreducedandwill compensatéor someof the costsof the evaluationmethod.
(Ontheotherhand,if thesystemis notanimprovementfor thecompar, themoney spent
onits evaluationwill belostof course.)

9.5 Summary

The purchaseof an MT systemis in mary casesa costly affair andrequirescarefulcon-

sideration.It is importantto understandhe organizationaktonsequencesndto be aware
of the systems capacitiesUnfortunately it is not possibleto drav up a comparisortable

for MT systemson the basisof which MT buyerscould choosetheir system. Although

systemspecificationscan provide us with someuseful information there are too mary

aspectswvhich influencethe performanceof MT that cannotbe includedin suchatable.

FurthermoreMT will performdifferentlyin differenttranslatiorervironmentsdepending
mainly on the characteiof thetypical input texts. Without having the necessarynforma-

tion of the kind of input texts the userhasin mind, it is not possibleto make a reliable
predictionaboutthe costeffectivenesof anMT system.The consequencegrethatif we

wantinformationaboutan MT systemwe have to evaluateit, andthatthis evaluationhas
to be specificallyfor the users translationaheeds.

The evaluationstratgiesdiscussedn this chapterare stratgiesthat a buyer might want
to pursuewhenconsideringthe purchaseof an MT system. Althoughthey will provide
theclientwith a certainamountof usefulinformation,eachmethodhassomedravbacks,
whichwe have tried to pointoutin our discussion.
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9.6 Further Reading

Usefuldiscussiorof evaluationmethodscanbefoundin vanSlype(1982),andLehrbeger
andBourbeau(1987). Practicaldiscussiorof mary differentaspectof MT evaluation
canbe found in King and Falkedal (1990), GuidaandMauri (July 1986), andBalkan
etal. (1991).

A specialissueof the JournalMachine Trandation is dedicatedo issuesof evaluationof
MT (andother NLP) systems.The introductionto the issue,Arnold et al. (in pressb),
givesan overview of the stateof the issuesinvolved, going into more detail aboutsome
issuegylossedover here.Several of the articleswhich appeaiin thisissuereportpractical
experienceof evaluation,andsuggestechniquegfor example,Albisser(in press);Flank
etal. (in press)Jordan(in press)Nealetal. (in press).)

The problemsof focusingevaluationonthe MT engineitself (i.e. apartfrom surrounding
peripheralshrediscussedn Krauwer(in press).

As things stand,evaluatingan MT system(or other NLP system)involvesa greatdeal
of humanactiity, in checkingoutput,for example. A methodfor automatingpartof the
evaluationprocesss describedn Shiwen(in press).

Someof theissuednvolvedin constructiorof testsuitesarediscussedn Arnold etal. (in
pressa), andNerbonneetal. (in press).

In this chapterwe have generallytakentheusers’perspectie. However, evaluationis also
anessentiafor systemdevelopergwho have to beableto guagewhether andhow much,
their efforts areimproving a system). How evaluationtechniquecanbe appliedso asto
aid developerddiscussedn Minnis (in press).

Oneof thebestexamplesof MT evaluationin termsof rigour wasthatwhich formedthe
basisof the ALPAC reportPierceandCarroll (1966), which we mentionedn Chapterl
(it is normalto be rude aboutthe conclusionsof the ALPAC report, but this shouldnot
reflecton the evaluationon which the reportwasbasedthe evaluationitself wasa model
of careandrigour — it is the interpretationof the resultsfor the potentialof MT which
wasregrettable).

See(Nagao,1986,page59) for moredetailedscalesandcriteriafor evaluatingfidelity and
easeof understanding.

As usual,HutchinsandSomerdHutchinsandSomerg1992) containsa usefuldiscussion
of evaluationissueqChapter9).
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Useful Addr esses

ASLIB,

TheAssociationfor InformationManagement,
InformationHouse,

20-24,0Ild Street,

London,EC1V 9AP,

UK.

TheAssociationfor Computationalinguistics(ACL),
c/oDonaldE. Walker,

Bellcore,MRE 2A379,

445 SouthStreetBox 1910,

Morristown, NJ07960-1910,

USA.

The Associationfor Computationalinguistics(EuropearChapter),
c/oMichaelRosner

IDSIA,

CorsoElvezia36,

CH-6900Lugano,

Switzerland.

ComputationaLinguistics,
MIT Presslournals,

55 Hayward Street,
CambridgeMA 02142,
USA.

LanguagdndustryMonitor,
Uitgeverij LIM,
EersteHelmersstraat 83,
1054DT Amsterdam,

The Netherlands.

197



198 USEFULADDRESSES

MachineTranslation,

Kluwer AcademicPublishers,
POBox 322,

3300AH, Dordrecht,
TheNetherlands.

AmericanAssociationfor MachineTranslation,
Suite310,655, FifteenthStreet,
WashingtonDC 20005,

USA.

Asia-Pacific Associationfor MachineTranslation,
305AkasakaChuoMansion,2-17 Akasaka7-chome,
Minato-ku, Tokyo 107,

Japan.

EuropearAssociatiorfor MachineTranslation,
ISSCO,

54 routedesAcacias,
CH-1227CarouggGenea),

Switzerland.

InternationalAssociationfor MachineTranslation,
c/o AMTA,

Suite310,655, FifteenthStreet NW,
WashingtonDC 20005,

USA.
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Glossary

adjective phrase (AP) a completeconstructionheadedby an adjectve. APs typically
modify nounsandoccurascomplementso verbssuchasbe seempbecomeFor example:
Themanguilty of this heinouscrime wasimprisoned Johnseemsatherstupid

adjunct or modifier an optional or secondaryelementin a constructionwhich canbe
removedwithoutaffectingthestructuralktatusof therestof theconstruction For example,
yestedayin: Johnkickedtheball yesteday (Comparelohnkickedtheball wheretheball

is notanadjunct,becausé Johnkickedyestedayis ungrammatical).

affix morphemeplacedatthe beginning (prefix), middle (infix), or end(suffix) of theroot
or stemof aword, e.g.relegalize.

agreementthe procesawvherebythe form of oneword requiresa correspondingorm of
another- for example,the plural form boysrequiresa plural form of the demonstratie
determinethesé*this: theseboysvs *this boys

algorithm a prescribedsetof well-definedrulesor instructionsfor the solutionof a prob-
lem.

analysis the phasein naturallanguageprocessingsystems(including MT systems)in
which a structureor representatioris assignedo sourcelanguage(input) sentence®r
therepresentatioitself or the namefor themoduleof linguistic rulesinvolved.

anaphor aword or phrasewhichrefersbackto somepreviously expressedvord or phrase
or meaning(typically, pronounssuchasherself himself he, she.

antecedenttheword or phraseo which alaterword or phrasg(e.g.ananaphor) refers.
Artificial Intelligence (Al) the branchof ComputingScienceconcernedvith simulating
aspectof humanintelligencesuchas languagecomprehensiomnd production,vision,

planning,etc.

ASCII American StandardCodefor Information Interchange a standardsetof codes
usedfor representing@lphanumeriénformationin a computer
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aspecta propertyof verbsor sentencesyhich refersprimarily to the durationor type of
activity describede.g.thedistinctionbetweenSamsangandSamwassinging

attrib ute value pair Many contemporaryinguistic analysesisecollectionsof featuresor
attribute valuepairsto encodevariouspropertief alinguistic entity. In thepair [ number
sing], numberis theattribute andsingis thevalue.

auxiliary (AUX) in English,auxiliary verbsarethosewhich carry distinctionsof tense
aspect etc,suchasdo, beandhave Themodal auxiliariesincludecan/could may/might
shall/should oughtto, needandusedto. Auxiliary verbsareopposedo main verbs(walk,
play, etc.)

batch (processingasopposedo interactie processingln batchprocessinga computer
doesnot performtasksassoonasrequestedbut groupssimilar jobstogetheiinto batches
andcarriesthemout togetherat somelatertime (e.g. overnight). Interactive processing
allows theuserto issueaninstructionandhave it carriedout moreor lessinstantly

bitext a bilingual text which is alignedso that within eachbilingual chunkthe texts are
translationsof eachother The useof thetermdoesnot necessarilfcommitoneasto the
level at which a text is chunked andaligned,e.g. into sentence®r paragraphsbut the
chunksarevery oftensentences.

casea propertyof words, primarily nouns which variesaccordingto their syntacticfunc-

tion. Englishdistinguisheghreecasef pronounspneusedfor pronounswhich arethe

subjectof finite verbs(he I) onefor possessie pronounghis,my) andonefor pronouns
elsavhere(him, mg. The casesystemof mary otherlanguage$s muchmoreextensve.

CD-Rom acompactiscusedfor the storageof datain read-only(ROM) format.

collocation phrasesomposedf wordsthatco-occurfor lexical ratherthansemantiaea-
sons,for example,a heavysmoler is one who smoles a greatdeal, but someonewho
writesa greatdealis not a heavywriter. This seemdo bealexical fact, notrelatedto the
meaningof smoler or writer.

common sensereasoningreasoningon the basisof commonknowledge,asopposedo

purely logical reasoningpr reasoninghat dependssolely on the meaningsof words. A

purelylogical inferencemightbefrom If it is TuesdaySamis in Londonandlt is Tuesday
to the conclusionSamis in London An exampleof commonsensereasoningmight be
theinferencethatif someoneasksfor a phonebookit is because¢hey wantto look up a

numberandmake a phonecall.

complementatermfor all constituentof the sentenceequiredby a verb exceptfor the
subject(e.g.theobjectis acomplemenbf theverb).

compound two or more words which function asoneword (e.g. fireplace video-tape
door handlg. Most commonin English and closely relatedlanguagesare noun-noun
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compounddgunctioningasnouns. Becausesuchcompoundshave the externalbehaiour
anddistribution of alexical item, they areoftentakento be morphologicaktructures.

constituent a linguistic unit which is a componenbf a larger construction. Theseunits
can,in turn, beanalysednto furtherconstituentge.g.anoun phrasecanbeanalysednto
adeterminemandanoun).

constituent structur e the structureof anexpressiorin termsof the constituent syntactic
partsand their catgyories (as opposedio analysisin termsof grammaticalor semantic
relations).

contextall thefactorswhich systematicallydetermingheform, meaningappropriateness
or translationof linguistic expressions.One can distinguishbetweenlinguistic contet
(providedby the precedingutterancesr text) andnon-linguisticcontext (includingshared
assumptionandinformation).

controlled languagea speciallysimplified versionof a languagewhich is adopted(typ-
ically by a compaly or a documentatiorsectionof a compalry) asa partial solutionto a
perceved communicatiorproblem. Both the vocalulary andthe syntacticstructuresnay
berestricted.

corpus collection of linguistic data, either written texts or a transcriptionof recorded
speech. Typically, corporahave to be quite large to be of ary linguistic use (upwards
of 100,000tokens).

critiquing systema computemprogramwhich analyses text andindicateswhereit devi-
atesfrom the normsof languagause.

databasegenerally any collectionof informationthatcanbe created accessedandpro-
cessedutomatically Many sophisticategoftwarepackagegxist for creatingandaccess-
ing databasesf information.

dependencygrammar atype of grammarmwhich operateessentiallyin termsof typesof
dependenciesr grammaticalrelation betweenheadsand dependentlementsof a con-
structionratherthanin termsof constituenstructure.

derivational a term usedin morphology to refer to one of the two main processe®f
work-formation,the otherbeinginflectional. Derivational processesesultin words of
a differentclass. In English, the major derivational processs sufixation, e.g. derive-
derivation happy- happinessnation- national

electronic dictionary dictionary which is storedon computerand can be accessedy
programse.g. sothatdefinitionscanbelookedup anddisplayedon screen.

feature seeattrib ute-value pair
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finite aform of a verb thatcanoccurasthe headof a sentenceln Samwantsto leave
wantsis finite, leaveis non-finite.

gender 2 typesof genderaredistinguishedn linguistics— naturalgendey whereitems
referto the sex of realworld entities,and grammaticalgendey which hasnothingto do
with sex, but which signalsgrammaticalrelationshipsbetweenwordsin a sentenceand
whichis shavn e.g. by theform of thearticleor thenoun.

generation (alsosynthesisthe phasen a naturallanguageprocessingystem(including
MT systems)n which a stringsor sentenceare producedrom somesort of underlying
representatiortypically ameaningepresentationf somesortor thenamefor themodule
of linguistic ruleswhich causeshis to happen.

grammar the termis generallyusedto include syntax and morphology but may also
be usedin a wider senseo includerulesof phonology andsemantics A grammaris a
collectionof linguistic ruleswhich definealanguage.

grammatical relations the relationswhich hold betweena head (suchasa verb) andits
dependents For example, subjectand objectare grammaticalrelationsborneby con-
stituentsin a sentence.

head the centralor mostimportantelementin a constructionwhich determineghe ex-
ternal distribution of the constructionand placescertainrequirementson the words or
constituentst occurswith. For example theverbsawis headof thesentenc& hebig man
saw Mary and of the VP sawMary. Nounsare headsof NPs, prepositionsare headsof
PPs,adjectivesof APs,etc. In lexicography headis anothertermfor headword.

headwvord word forming the headingof anentryin adictionary

homographswordswhich have the samespellingbut which differ in meaning.e.g. bank
(financialinstitution) andbank(of ariver).

idiom a sequencef words which functionssemanticallyas a unit and with an unpre-
dictablemeaning(e.qg. kick the budket, meaningdie). Thisis generallyaccompaniedby a
degreeof syntacticrestriction.

imperative verb forms or sentencedypesthat are usedto expresscommandge.g. Go
away)

indexical a word which depend®n the context of utteranceor its meaning(e.qg. I, you,
here).

indir ect object (IOBJ) the constituentof a sentencemosttypically associatedvith the

goalor recipientrole. In Englishindirectobjectsareoften PPswith the prepositiorto, e.g.
Leegavethebookto his friend.
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inflectional termin morphology assignedo affixeswhich encodegrammaticaproperties
suchasnumber, tenseanddo not changethe part of speechof the stemsto which they
areattached.

interlingual languageéndependenta linguistic knowledgebasedapproachto MT where
translationproceedsn 2 stages analysis(whereinput string is mappedontoalanguage
independenceepresentatiomndgeneration cf. transfer

intransiti ve averbthatdoesnottake a dir ect object (e.g. die).
lexicon usedsynorymouslywith dictionary

light verbs (alsosupport verbs) verbsthat are semanticallyempty or relatively empty
(e.g.take in take a walk).

markup codesin some(text formatting) descriptionlanguagewnhich determinehow text
will look whenprinted.

metaphorin metaphoricalisagegxpressiong@reusedn awaythatappearditerally false.
For example,usingtheword boiling to describevaterwhichis simply too hotfor comfort.

mood atermappliedto sentencesndverbsto signalawide rangeof meaningsespecially
spealer’s attitudeto the factualcontentof utterancese.g. certainty possibility (e.g. Sam
must/maypbeat homg. Thedistinctionbetweeractive andpassie sentencesarbsis also
sometimegonsiderech mood.

morphology the branchof grammar which studiesthe structureor forms of words. The
mainbranchesreinflectional morphology, derivational morphology, andcompound-

ing.

natural languagea term which denotesa (naturally occurring) humanlanguageas op-
posedo computedanguagesndotherartificial languages.

NLP (Natural LanguageProcessing}he field of inquiry concernedwith the study and
developmentbof computersystemdor processingnatural(human)languages.

noun phrase (NP) acompleteconstructiorheadedby anoun. It canbe substitutedy, or
actasantecedenfor, a pronounof the appropriatesort:
[vp Themanwhol sawyesteday] hasjustknodkedat thedoor Canyoulet him in?

number the numberof a nounor noun phrasegenerallycorrespondgo the numberof
realworld entitiesreferredto (e.g.singularNPsdenotesingleindividuals(a table), plural
NPs denotecollectionsof individuals (two tableg. However the relationshipbetween
realnumberandgrammaticahumberis not alwaysstraightforvard - trouses is plural in
form yet denotesa singularentity (asin the committeeare consideringthat questionthis
afternoor) andsomenounsdo not have distinctsingularandplural forms (sheepsalmon).
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object (OBJ) alsodirectobject- the constituentof a sentencegenerallyassociatedvith
the entity which undegoesthe action. In English,the directobjectof averbis a NP and
normallyfollows theverb,e.g. PetersawMary .

OCR Optical CharactelReader A device which scansprintedtextual materialand con-
vertsit into electronicform, storingit in a file on the computeror disc. OCR technology
hasimproveddramaticallyin recentyearsandis now areasonablaccuratevay of making
text availablein electronicform.

participle thetermcoversbothaword derivedfrom a verb andusedasan adjective, as
in a singing woman andthe -ing and-en non-finiteforms of the verb, asin wassinging
(presenparticiple),hasgiven (pastparticiple).

particle anelementwhich occursin asingleform (like aprepositionin English)andwith
a function that doesnot easilyfit into standardpartsof speectclassifications.Particles
very often occurin constructionswith certainverbsin Englishwith varying degreesof
idiosyncraticinterpretation:Johntook off at greatspeed(i.e. left). May gaveherselfup
(i.e. surrendeed)

part of speech(category) the classof units usedin the descriptionof a languageg.g.
noun, verb, noun phrase, verb phrase

phonologythebranchof linguisticswhich studieghesoundsystem®f languagesPhono-
logicalrulesdescribehe patternof soundsuseddistinctively in alanguageandphonolo-
gistsareinterestedn thequestiorof whatconstitutes possiblesoundsystenfor anatural
language.

post-editing programthat performssomeoperationson the outputof anotherprogram,
typically formattingthe outputfor somedevice or filtering out unwanteditems.

predicate traditional and moderngrammarsoften divide sentenceso that constituents
otherthanthe subject are consideredogetherto form the predicate(e.g. John (subject)
kickedtheball (predicate).

prepositional phrase (PP) a phraseheadedby a preposition,a word suchas on, in,
between Prepositionscombinewith other constituentgusually noun phrases}o form
prepositionalphrases asin Themansaton the bench

probabilistic atermfor approacheso naturallanguagegrocessindgincludingMT) which
rely to someextenton statisticalmethods.

pronoun aword thatcansubstitutefor anoun phrase (e.g. he cansubstitutefor John).
prosodicindicatingstressor intonation.

reading a senseof aword thatcanbedistinguishedrom othersense®r meaningof the
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sameword.

relative clausea clausewhich qualifiesor restrictsthe meaningof the nounin a noun
phrase It maybeintroducedby wordssuchaswhao, which andthatin English:the man
who | sawthis morning, thewoman(that) | sentthe letter to.

root thatpartof awordthatis left whenall affixeshave beenremaoved(industryis theroot
of preindustria).

selectional restrictions selectionalrestrictionsare essentiallysemanticrestrictionson
combinationsof words. For example,verbsplacesuchrestrictionson their subjectsand
objects- theverbfrightengenerallyrequiresas(active) subjectsomethinganimatewhich
canexperiencdear

semanticsthe branchof linguisticswhich studiesmeaningin language.One candistin-
guishbetweerthe studyof themeaning®f words(lexical semanticsandthe studyof how
themeaningof larger constituentsomeabout(structuralsemantics).

semanticrole alsocalleddeepcase semanticrelation or thematic role. A semantiaole
is a descriptionof the relationshipthata constituenplayswith respecto the verbin the
sentenceThesubjectof anactive sentencés oftentheagentor experiencer. Otherroles
includeinstrumental, benefactive, patient: Peter (experiencer)died Thecat (agent)
chasedhedog (patient).

SGML StandardseneralizedarkupLanguageA generidanguagdor markingvarious
formattingandothertextual relationshipsn atext.

source languagewhen translating,the languageoneis translatingout of; in Frenchto
Englishtranslation Frenchis the sourcelanguage.

speechact a declaratve sentencecan be usedto performa numberof differentspeech
acts In utteringlt’s cold in here a spealer may performanactof requestinghe hearerto
closethewindow or turn up the heating.

stemthatpartof aword to which inflectional affixesareattachedit consistsof theroot
plusary derivational affixes

subcategorizationthe patternof complementselectedy head,e.g.theverbput subcat-
egorizesfor anNP anda PR We putthe car in the garage, but not*We putthecar.

subject the constituentof an active sentencanosttypically associatedvith the ‘doer’
or ‘undegoer’ of an action. The verb agreeswith the subjectin personand numberin
English.

sublanguagea languageusedto communicatdn a specializedechnicaldomainor for
a specializedpurpose,for example, the languageof weatherreports, expert scientific
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polemic or other modesof scientific discourseuseror maintenancenanuals,drug in-
teractionreports,etc. Suchlanguagés characterisedyy the high frequeng of specialized
terminologyandoftenalsoby arestrictedsetof grammaticapatterns.Theinterestis that
thesepropertiesnake sublanguagéexts easietto translateautomatically

suffix an affix thatis addedfollowing a root or stem, for examplethe boldface partsof
legalize, natioral.

syntax the rulesof a grammar which governthe way wordsare combinedto form sen-
tencesandotherphrasesn alanguage.

tag to tagatext is to annotatat with grammaticainformation. Usuallytaggingtakesthe
form of part-of-speechannotationdut semantidagsor tagsencodingotherlinguisticin-
formationcanbeused.Taggingis usuallyperformedautomaticallyor semi-automatically

target languagewhentranslating the languageoneis translatinginto; in Frenchto En-
glishtranslation Englishis thetargetlanguage.

tenseapropertyof verbsrelatingprimarily to thetime atwhichtheactionor eventdenoted
by the verbtakesplace. For example,pasttenseverbs,asin Samleft, describeeventsin
thepast.

testsuiteacollectionof sentence®r sentencéragmentscollatedto testthe capabilitiesof
atranslationsystemor otherNLP application.

thesaurusa list of wordsarrangedaccordingto meaningratherthanalphabeticallyasin
astandardlictionary

transfer thephasen MT wherea sourcdanguageaepresentatiors mappedntoatarget

languageaepresentatiom linguistic knovledgebasedapproactto MT wheretranslation
proceedsn threestages— analysigwhereinput stringis mappedntoa sourcelanguage
representationfransferandgeneration.
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