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Résuḿe- Abstract

Nousproposonsun formalismelexical pour desarchitecturesde transfertco-descriptivesdirigéespar le lexique

qui définissentle niveauanalytiquedesstructuressuperficiellessous-specifíeesde la repŕesentationdiscursive

(FUDRS)commele niveaude transfert. Nousexamineronsquelquesexemplesde non-concordancestructurelle

entresourceet cible dont on sait quela repŕesentationestextrêmementdifficile et nousdémontreronsainsi que

ce formalismepermetde traiter un grandnombrede divergencesstructurellesdansle lexique. Par conśequent,

cetteapprochepermetde développeret d’entretenirle syst̀emede traductiond’une façon économique.En effet,

lesmodulesdetransfertproprementditspeuventrestersimpleset facilesàentretenir, étantdonńequ’ils neportent

quesurlesroutinesdetransfert(etdegéńeration)globalesqui sontindépendantesdessingularit́esdu lexique.

We suggesta lexicon formalismfor lexically driven,co-descriptive transferarchitectureswhich assumetransfer

at the level of flat underspecifieddiscourserepresentationstructures. Consideringthe caseof somenotoriously

difficult structuralmismatchesbetweensourceand target, we show that this formalismallows a wide rangeof

structuraldivergenciesto be treatedlexically. As a consequencethis enableseconomicsystemdevelopmentand

maintenance,becausethebuilt-in transfermodulescanbekeptleanandeasyto maintain,asthey canberestricted

to globaltransfer(andgeneration)routineswhich areindependentof lexical pecularities.

1 Intr oduction

Upgradinga (commercial)MT-systemcontinuouslyis a very importanttask,which,asexperi-
enceshows,is mostlyaquestionof enlargingthelexicaandthetransferknowledgerespectively,
giventhatsource-(analysis-)andtarget-(generation-)grammarsarenormallyrelatively stable
andcompletefrom thefirst releaseon. Theproblemof MT-architectureswith, say’weak’ bilin-
gual lexica is that upgradingmeansupgradingthe lexicon and the transfergrammar, which
meansthatthelexicographer(very oftena humantranslator)mustbefamiliar with thetransfer
module/grammarandmustmaintainthetransferroutines,or thatthereis someonepermanently
in charge of this. Neitheralternative is desirable.Costsand instability areminimized if the
lexicographercanuseanexpressiveformalismwhichallowshim or herto formulatemosttypes
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of structuralchangelexically, suchthattheunderlyingtransferroutinecanremainstable.With
regardto systemarchitecture,this is theco-descriptivecorrespondance-basedapproach,where
thesourcelexical itemsco-describethecorrespondingtargetstructureinformations.

This approachis rathertraditionalandso far approved (see(Kaplanet al.1989),(Zajac1990),
(Dalrympleetal.1995)andothers).However, it isknownthatcorrespondance-basedapproaches
canrun into problemsin caseof structuraldivergenciesbetweensourceandtarget,mainlywith
socalledheadswitching-phenomena,asin (1):

(1) a. Le béb́evientdetomber.
b. DasBabyist geradeheruntergefallen.
b. THE BABY JUST FELL.

Given that venir translatesinto gerade/just, the translationof the headof (a) is an adjunctof
theheadof (b), which is thetranslationof a complementof (a). Two elementsexchangetheir
positionsin thestructuralhierarchyfor eachother, and,thus,destroy thehomomorphicpicture
betweensourceand target (see(Kaplan et al.1989)for the example). There is an ongoing
discussionaboutthis problem(see(SadlerandThompson1991),(KaplanandWedekind1993),
(Butt1994)andothers).Commonassumptionis thattheco-descriptionapproachusingfunction-
applicationandequalitymustfail whenfacedwith embeddedheadswitchingstructures(like
Peter thoughtthat the baby just fell), if formulatedfor the level of syntacticrepresentation,
including abstractsyntacticdescriptionslike LFG’s f-structures.This is so, because,at such
descriptive levels, circular structures,or, to the sameeffect, contradictorypath descriptions
areunavoidablew.r.t. suchcases,exceptoneassumesunintuitive restrictionoperations.Note
that the valueof the sententialcomplementof the thinking, which is the falling-structurein
the source,shouldbe the translationof the adverb in the target, which shouldsubsumethe
translationof the falling-structure,but without the adverbial substructure.However, thereis
no naturalsyntacticformal meanswhich would allow for hierachicallystructuringtheanalysis
into a sufficiently fine-grainedsetof substructures.1

Wesolvetheproblemby puttingtransferupto thesemanticlevel. Thereareseveralreasonswhy
transferat thelevel of semanticrepresentationshouldbepreferredto transferof syntacticstruc-
tures. We mentionthe correcttranslationof tenseandaspect,which is mucheasierwhenthe
semanticanalysisof thetemporalrelationsof thetext is available(see(KampandRohrer1983),
(KampandRohrer1985),(Eberleet al.1992),(Eberle2000)for a motivation). Anotherreason
is that thestructuraldifferencesbetweenthesemanticrepresentationsof sourceandtargetcan
beexpectedto be lesssignificant,whencomparedto syntacticanalysis.A third reasonis that
thecyclicity problemturnsinto a questionof semanticscopeat thelevel of semanticrepresen-
tation,suchthat conceptslike the restrictionoperator of (KaplanandWedekind1993),which
aresomehow artificial whenformulatedfor syntacticrepresentations(seealso(Butt1994)),on
the semanticlevel, can be formulatedquite naturally as constraintsaboutthe relative scope
of operators(seesection3 below). This result is importantalso insofar as it legitimatesthe

1Amongotherthings,it is for this reasonthatmostexistinganalytical,transfer-basedMachineTranslationsys-
temsdistributethetransferknowledgeinto relatively simple(conditioned)equivalencestatementsbetweensource
andtarget words,storedin the bilingual lexicon, andrelatively fine-grainedtransferknowledgeaboutstructural
change,storedin the transfermodule(s)proper. Someevenrenouncecompletelya bilingual lexicon andput all
transferknowledgein a transfergrammar.

For an overview to MT andits difficulties compare(D.J.Arnoldet al.1994),(Arnold2000),for an evaluation
of (commercial)systemscomparefor instance(HessandVolk1999),also(Seewald-Heeg1995);(Wahlster2000)
describesa recentresearchprototype;w.r.t to transfer, in particular, compare(DornaandEmele1996).
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lexically-driven co-descriptive architecture,which becauseof its advantageswith respectto
modularity, ergonomyand preferencelogic takes it over to graphrewriting approaches(see
(Dornaetal.1998),comparealsosection3).

However, theargumentsfor asemanticsbasedtransferapproacharepracticallyvalidatedonly if
thesystemcanmaximallyavoid multiplying out thoselexical andstructuralambiguitieswhich
are irrelevant to translatingthe sentence.In otherwords the representationsmustbe under-
specifiedandmustallow for dynamicsemanticevaluationtriggeredby the transferneeds.In
(Eberle2000)we presenteda (German-French)translationsystemwhich meetstheserequire-
ments.Its architectureis briefly outlinedin thenext section.2

2 Ar chitecture

The systemparsessentencesinto so called slot grammar-analyses(for the dependency ori-
entedslotgrammartheoryandformalismsee(McCord1989a)).¿Fromthesesyntacticanalyses,
thesystemconstructsflat underspecifieddiscourserepresentations(FUDRSs),which areaug-
mentedby informationfrom the syntax-semanticsinterface. We call thesedecoratedFUDRs
dependencestructures. They definethelevel of transfer. 3 Thetransferroutinerunsthroughthe
dependencestructure,guidedby the (semantic)orderingconstraintsof thesentencerepresen-
tation,translatingthenodestructuresby thespecificationsof thebilingual lexicon. (Basically,
this meansthatthetranslationof (theflat semanticsof) a non-deterministicallychosensubcat-
egorizedslot or adjunctis chosento be appliedto the presentargumenttranslation,provided
thereis nootherslotor adjunctwhichis known to havenarrow scopew.r.t. thefirst one).¿From
thetargetdependencestructure,thegenerationgrammarconstructsthetargetstring,wherethis
grammar(aswell asthe just describedrecursive transfer)mayusesourcesurfaceinformation
andalsomayrefinethesemanticinterpretationin orderto rendertheoutputcorrect.4

Figure1 rendersthisarchitecture,wheretheuseof theLFG-typicalprojectionsymbols
�

and �
shoulddemonstratetherelativesimilarity to theLFG-approach(see(KaplanandBresnan1982),
(Dalrympleet al.1995)).
However, we repeatit here,thedependencestructureis a semanticrepresentation,in contrast

to LFG’s f-structure.Therefore,in ourapproach,� (triggeredby lexical instructionsandgener-
ation) is not a mappingbetweenstructuresof differenttypes,but a relationbetweenstructures
of thesame(semantic)type,but differentsemanticgranularity. This is advantageous.

Basically, in slotgrammar, asentenceis analysedinto ahead(theverbnode),which is assigned
a numberof (subcategorized)slots(theverbcomplements)and,possibly, oneor moreadjunct
modifiers(like subordinatedclauses,adverbials,etc.). Giventhesentence(2), (2.syn)renders

2The transfersystemhasbeenimplemented(startingin 1996)andis partof the PersonalTranslatorproduct
line, whosetechnologyhasits rootsin theLMT project(McCord1989b).

3FUDRSshavebeenintroducedin (Eberle1997)mainlyto completeReyle’sUDRT-approach(cf. (Reyle1993))
by aneventsemanticcomponent,thisis by anaccountof thequalityandtemporalstructureof thesentenceevent(s)
with regardto quantification,modalizationandAktionsart. Flat meansamongotherthings,that the lexical items
arenot analyzedfurther thaninto their predicateargumentstructureat first, but areconnectedto possiblymore
analyticdisambiguatedrepresentations.

4Similar to approacheslikeVerbMobil (see(Kay etal.1994)for anoverview), weassumethatsemanticevalua-
tion, sincecostly, shouldbeguidedby transferneeds,insteadof generallyandglobalyrefiningtheunderspecified
basicdependencestructuresinto readingsof thesentences.Thereforetheinstructionformalismthatwewill sketch
in section(3) allows for constraintscontainingelementswhich triggersuchdynamicsemanticevaluation.
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Figure1: Relations

thecorrespondinganalysis:

(2) Pierrea donńeFido à Marie.
PIERRE HAS GIVEN FIDO TO MARIE.

(2.syn) AVOIR 	 subj(n):PIERRE
aux(i): DONNER 
 obj(n): FIDO

iobj(n): MARIE ��
HereAVOIR, PIERRE,. . .aretheanalysesof thecorrespondingwordsin (2), this, mainly, is
surfacepositioninformation(nodenumber)connectedto commonsyntacticandmorphologic
information.¿From(2.syn),thedependencestructure(2.dep)evolvesby flat semanticconstruc-
tion (whichinterpretestheauxiliarycomplex of sentenceswith analytictenseformsastenseand
aspectinformationaboutanintroducedeventdescriptionandthelike,see(Eberle2000)).

(2.dep)

donner

��� �� subj(n): pierre,
obj(n): fido,
iobj(n): marie

� ����
& OC

(2.dep)hasto be readas follows: donner, pierre, . . .are the flat semanticrepresentationsof
thecorrespondingwordsin thesentence(thatis: decoratedby relevantdistinguishedreferents,
tenseandaspectinformationandconnectedto possible,morespecificinterpretations).Theele-
mentsof thesetaresemanticfunctorswith respectto theobjectheadingtheset,whereaspecific
semanticinterpretation(aDRS)canbeconstructedby applyingthefunctorsin accordancewith
the scopeconstraintsof OC andwherethe relatorssubj(n),obj(n) . . . , via usinginformation
from thesyntax-semanticsinterface,determinethekind of modificationto apply. (In casethe
setof orderconstraintsis empty, theorderof theapplicationsis not furtherdetermined).Onthe
basisof this, it is easyto see,how the transferroutine � shouldwork by default: � appliedto
(2.dep)shouldresultinto thetargetdependencestructure(2.tdep).

(2.tdep)
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��� (donner)

��� ������ (subj(n)): ��� (pierre),� � (obj(n)): ��� (fido),� � (iobj(n)): ��� (marie)

� ����
& OC

where��� is thetransferrelationof nodeelements,this is, thetranslationof flat wordsemantics,
basicallythe relationbetweensourceandtarget word, andwhere � � is the transferrelationof
relators,translatingfor instancede-complementsof nouns,ncomp(p(de)), le mari dela femme,
into nouncomplementsof casegenitive, ngen, der Mannder Frau. The relative scopeorder,
OC, shouldbepreserved.

Summarizing,the basicdefault transferalgorithm we usecan be sketchedby the following
formula:

� (Mother

���� ��� slot� : Daughter� ,
...
slot� : Daughter�

� ������
& OC)

:= ��� (Mother)

���� ��� � � (slot� ): � (Daughter� ),
...� � (slot� ): � (Daughter� )

� ������
& OC

This allows for translatingsourcesentencesinto target sentences,which, w.r.t. the level of
dependencestructure,areisomorphic.

3 � -Instructions

Theformalmeansthatwesuggestin thefollowing extendthebasicsettingsof theLMT lexicon
formalism (see(Bernth1992)). A relevant (economic)featureof this is that sayingnothing
aboutthe translationof a specificslot, slot� , of an item means:translateit by default, this is
by � � (slot� ). A prerequesiteof this is to keeptrack of positionalinformation. For this reason,
we deviate slightly from the descriptionstyle of (2.dep)and(2.tdep)by renderingthe setof
subcategorizedmodifiersasorderedset, that is, asa list. Next to the sourcesetting(of the
thusrevisedtype(2.dep)),markedby � , andthecorrespondingtargetsetting,� , theconsidered
partof a bilingual lemma,asa third component,maycontainconditions,C, which restrictthe
acceptanceof thepresentedtranslationto sourcestructuressatisfyingC. For theexample(2),
therefore,wewill write:� donner � subj(n),obj(n),iobj(n) 
C: true� : geben

This meansthat donnerhasa 3-placereadingwhich is translatedinto geben, without further
preconditions,wherethe slotsaretranslatedisomorphically(accordingto � � ), with valuesas
definedby thecorrespondinglexical entriesandthesourcedependencerepresentation.¿From
this isomorphicdefault case,we candeviateby combinationsof the following local andnon-
local � -instructiontypes.
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3.1 Local ! -instructions

Weassumethefollowing basiclocal instructiontypes:

T1 � modifiesthefunctionof a slot: � (slot� ) "# � � (slot� )
T2 � suppressesaslot: � (slot� )= e

T3’ � introducesaslot: item(slotname,slot descr�%$'& )
itemhasat leasttwo arguments,wherethefirst definesthenew slotandthesecondits value(the
new word andits relationto thesemanticargument).Additionally, semantictype information
aboutthenew item maybegiven. Finally, in recursive manner, informationof slotsandmod-
ifiers of thenew item maybegiven. Therefore,via item, descriptionsof entire(V-, N-, A-. . . )
phrasescanbeintroduced.

Thelocal instructiontypesalsoincludethefollowing generalizationto adjunctsandpaths(over
adjunctsandsubcategorizedmodifiers):

T3 � introducesanadjunct:
item(adjctname,adjct descr�%$'& )

T4 � shiftsas-dpathinto a t-dpath:
tp(s-dpath,t-dpath)

Path shifting statementsof type T4 arerestrictedto downward paths( ( ) including the empty
path( ) ) at thetargetposition.

Insteadof illustrating thesemeansby correspondingexampleswe turn directly to the more
relevantnon-localinstructionsandto theconsideredstructuraldifficultiesandtheir definitions
whichwill makeuseof thetypesT1-T4also.

3.2 Non-local ! -instructions

Non-localinstructionsspeakaboutpositionswhich areoutsidethestructurewhich is (syntac-
tically) dominatedby thelexical item considered.Oneof theseinstructionsallows for upward
path shiftswhich arejust renamingsof the role the valueplaysw.r.t. its argument(in the se-
manticsense)in thetargetstructure:

T4’ � shiftsas-upathinto a t-upath:
tp(u(s-mod),u(t-mod))

(3) exemplifiesthis: therole playedby theadjectivechangesin transfer.

(3) Un médecinauxiliaire
Ein Hilfsarzt
AN ASSISTANT DOCTOR



Translationmismatchesin lexically-drivenFUDR-basedMT

In thetarget,it is notanadjectival attributeof theheadnoun(nadj), but acompoundof it (ncom-
pound). Wecouldrenderthischangewithin theentryof médecin, viaaT4 tp(d(nadj),d(ncompound))-
statement.However, sincethechangedoesnot really dependon theheadnoun,but is ratheran
intrinsicquality of auxiliaire, wewill incorporateit in theentryof theadjective,asfollows:� auxiliaire �  
C: u(nadj)- f� : ui(’Hilfs-’) � tp(u(nadj),u(ncompound)) 
Thereare3 othertypesof non-localinstructions:
Provided N namesa (source)structure(directly or via a pathdescription),andM the lexical
entry:

T5 � usesastructurewhich is coreferentto � (N):
. . . � (N). . .

T6 � usesthetranslationof asubstructureof * in thescopeof M, *,+-/. :
. . . � ( *0+-/. ). . .

T7 � constrainsadistantnode:� (N): � constraints

Moreprecisely, T6 meansto useastructureN whosesemanticfunctorsallow for having narrow
scopewith respectto M andwhich areconstrainedaccordinglyby the � -evaluation,whenthey
undergoacorrespondingspecific� -application.

TypesT5 andT7 allow thetreatmentof theverbto adverbswitchingcase(’a’ to ’b’ in (1)):� venir � subj(n),obj1(infde) 
C: mtv(M,TF,a)& d(obj)-w(V)� : � (V) &

V:


 item(vadv,gerade,templocadv),
tp(u-d(adjt),d(adjt)) �

& mtv(M,perf(TF),a)
Thismeans:giventheobj(infde)of venir is 1 andvenirhasmood 2 (infinitival,finite,.. . ), tense
featuresTF andvoiceactive,we translatevenir into thetranslationof V, wherethis translation
obtainsa new adverbialmodifier gerade, takesover the adjunctsof venir, if any, andinherits
themtv-featuresof venir, with TF replacedby its perfectivevariant.

WeusetypeT6, in orderto specifytheoppositecaseof switching(’b’ to ’a’ in (1)):� gerade
C: u(vadv)- f & dst(templocadv)� : venir 3 item(subj(n),� (u-d(s subj)),

item(obj(infde),� ( 4 +- �65 )) 7
Thismeansthatgeradeis translatedinto venir, providedit modifiesaverb 1 andcanbeshown
by semanticevaluation– this is themeaningof ’dst’ – to bea temporalmodifier in theactual
context, wherethesubjectof venirwill bethetranslationof the(surface)subjectof themodified
verbandwheretheobjectof venir is thetranslationof astructure,whichsyntacticallyis headed
by 1 (andwhich is the valueof the path 8 ) andwhich, semantically, doesnot omit a functor
whichis known to havenarrow scopewith respectto gerade. (id designatesthenodeof theitem
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considered).In addition,this translationcomesasinfinitival complement.Its subject,which is
coreferentto thematrix subject,is not realizedon thesurface.

Thesenon-localmeansareverypowerful andallow for specifyingnearlyall typesof structural
divergency. Dueto lackof space,onelastexampleis givenwhichusesawidevarietyof means.

(4) Nousdevonstourneret retournercesujet.
Wir müssendiesesThemavonallenSeitenbetrachten.
WE MUST INSPECT THIS SUBJECT FROM ALL ANGLES.� retourner� subj(n),obj1(n),iobj(n) 

C: w(A) & u(rconj)- (w(H) & u-modalverb& d(lconj) - tourner
& 9 (d(adjt)-f))
& u-d(obj)-(idée : plan : projet)
& 9 (d(iobj)-f) & 9 (d(adjt)-f)� : beleuchten; item(comp(p(; von< dat=)),; ; seite < f =,det(all,pl)= ),x =
H:t(A)

Providedretourneris embeddedin a V coordinationstructureasdescribedby (4), without fur-
thermodifications,asargumentof amodalverb,thecoordinationis contractedto thetranslation
of theright node(beleuchten) andis extendedby aprepositionalphrase(vonallenSeiten).

Of course,thelexicographermight definetemplatesfor frequentlyusedcomplex � -statements
andwrite theminto a normalizationdatabase.For instance,whendefiningthetemplateD1, in
thegeradeentryabove,he/shecanreplacethe � -statementby thefollowing shorterone:� : venir> 5%?A@CBD?FEHGJI .
D1
advtoverb(infde):= 3 item(subj(n),� (u-d(s subj))),

item(obj(infde),� ( 4 +- �65 )) 7
Notethatapplicationof arulelikeadvtoverbnormallychangesthesourcedependencestructure.
It will explicitly list the dst-conclusionswhich have beendrawn whenproving that the cond-
stipulationshold (monotonicmode); or can hold (non-monotonicmode). After application
of the venir-readingof gerade, the sourcedependencestructurewill assumegerade to be a
temporallocationandit will assumesomeof themodifiersof theverbmodifiedby geradeto
be in the scopeof gerade, and the othersto be outside. Of course,this might influencethe
choiceof transferequivalentsof the itemswhich arestill to be processed.5 On the basisof
therecursivetransferdefinition(whichby its defaulthomomorphiccharactercarriesoverscope
relationsof thesourceto thetargetandthelike), it guaranteesconsistency of sourceandtarget
in eachmomentof processing.

As aside-effectof thelexically drivenrecursive transferstrategy, adefault logic fallsoutwhich
ordersthenon-deterministicallychooseablealternativesby preferringinformationfrom a node
A to (conflicting) informationof a nodeB, if f, accordingto the dependency hierarchyof the
analysis,A is morespecificthanB. For example,thefollowing bilingual informationaboutthe

5Thus,thetranslationof mit Maria in Mit Maria ist Petergeradeangekommenwill dependon whetherthePP
hasscopeover theadverbialor not. In thefirst case,it will betranslatedby CommeMaria (CommeMaria, Peter
vientd’arriver/Peterjustarrived,asMaria did), in thesecondcaseit will betranslatedby avecMaria (Petervient
d’arriver avecMaria/AccompaniedbyMaria, Peterjust arrived).
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Frenchprepositionà:� aller
C: true� : gehen; tp(d(prep(̀a )-st(COUNTRY),d(prep(nach)) =� ÉtatsUnis
C: true� : VereinigteStaaten; tp(u(prep(̀a )-st(MOTIONV),u(prep(in)) =

Thefirst definition is partof theentryof theverballer andstipulatesthatan à-adjunct,when
addedto thealler-VP, is translatedinto Germannach in thecontext C1, aller à COUNTRY. The
seconddefinitionpresentsthe translationof EtatsUnis. Additionally, it dealswith thecase(s)
of specifictranslationsof prepositionswhich aretriggeredby theuseof ÉtatsUnis asinternal
argument,wherein the context C2, MOTIONV à EtatsUnis, à is translatedinto in. Given the
correspondingsentenceanalysis,wheretherestrictionsof bothtranslationvariantsaresatisfied,
thetranslationin will bepreferred,becauseit stemsfrom themorespecificnodeandoverrides
theconflictinginformationof thehighernode.

4 Concluding remarks

We would like to emphasizeagainthat an importantmotivation for a bi- (or multi-) lingual
lexiconwith anexpressiveco-descriptivecomponent,asis suggestedin thispaper, is to freethe
lexicographerfrom engineeringtasksand,by this,to contributeto efficientsystemdevelopment
and maintenance.In addition, it provides a preferencelogic for the correspondingtransfer
systemwhich ’f alls out’ of the architectureassuchandwhich, therefore,canbe obtainedfor
competingarchitectures(of thegraphrewriting typefor instance)byadditionalstatementsabout
therelevantstalematesituationsonly (which arefrequent).Thedefinitionof templatesallows
the lexicographerto acceleratethe conceptionof the transferco-descriptionsandto enhance
readabilityof the lexicon entries. The principle that semanticdisambiguationis guidedby
transferneeds,triggeredmostlyby theevaluationinstructionsaboutsemantictypeandscopeof
thelexical entries,guaranteestheruntimeeconomyof thesystem.
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