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Réesune - Abstract

Nousproposonsun formalismelexical pour desarchitecturegsle transfertco-descriptiesdirigéespar le lexique
qui définissentle niveauanalytiquedesstructuies superficiellessous-specifiesde la représentationdiscursive
(FUDRS)commele niveaude transfert. Nous examinerongjuelquessxemplesde non-concordancstructurelle
entresourceet cible donton saitquela repesentatiorestextrememendifficile et nousdémontreronsinsi que
ce formalismepermetde traiter un grandnombrede divergencesstructurellesdansle lexique. Par congquent,
cetteapprochgpermetde développeret d’entretenirle syseémede traductiond’une fagon €conomique En effet,

lesmodulesdetransfertproprementlits peuwentrestersimpleset facilesa entretenirétantdonré qu’ils ne portent
quesurlesroutinesdetransfert(et de gérération)globalesqui sontindépendantedessingulariesdu lexique.

We suggest lexicon formalismfor lexically driven, co-descriptre transferarchitecturesvhich assumeransfer
at the level of flat undespecifieddiscousse representatiorstructures Consideringthe caseof somenotoriously
difficult structuralmismatchedetweensourceandtarget, we show that this formalism allows a wide rangeof

structuraldivergenciegto be treatedlexically. As a consequencthis enablessconomicsystemdevelopmentand
maintenancehecausehebuilt-in transfermodulescanbe keptleanandeasyto maintain,asthey canberestricted
to globaltransfer(andgenerationyoutineswhich areindependentf lexical pecularities.

1 Intr oduction

Upgradinga (commercial)MT-systemcontinuouslyis a very importanttask,which, asexperi-
enceshaws,is mostlyaquestiorof enlagingthelexicaandthetransferknowledgerespecitiely,
giventhatsource-{analysis-Jandtarget- (generation-grammarsarenormally relatively stable
andcompleterom thefirstreleaseon. Theproblemof MT-architecturesvith, say’'weak’ bilin-
gual lexica is that upgradingmeansupgradingthe lexicon and the transfergrammay which
meanghatthelexicographei(very oftena humantranslator)mustbe familiar with the transfer
module/grammaandmustmaintainthetransferroutines,or thatthereis someongermanently
in chage of this. Neitheralternatve is desirable. Costsandinstability are minimizedif the
lexicographercanuseanexpressve formalismwhichallows him or herto formulatemosttypes
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of structuralchangdexically, suchthatthe underlyingtransferroutinecanremainstable.With
regardto systemarchitecturethis is the co-descriptre correspondance-basagproachwhere
the sourceexical itemsco-describehe correspondingarget structureinformations.

This approachis rathertraditionalandso far approved (see(Kaplanet al.1989),(Zajac1990),
(Dalrympleetal.1995)andothers).However, it is known thatcorrespondance-basagproaches
canruninto problemsn caseof structuraldivergenciedetweersourceandtarget, mainly with
socalledheadswitching-phenomenagsin (1):

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

Giventhat venir translatesnto gerade/just the translationof the headof (a) is an adjunctof
the headof (b), whichis thetranslationof a complemenbf (a). Two elementsexchangetheir
positionsin the structuralhierarchyfor eachother and,thus,destry the homomorphigicture
betweensourceand tamget (see(Kaplan et al.1989)for the example). Thereis an ongoing
discussioraboutthis problem(see(Sadlerand Thompson1991)KaplanandWedekind1993),
(Butt1994)andothers).Commonassumptionms thattheco-descriptiorapproachusingfunction-
applicationand equality mustfail whenfacedwith embeddedeadswitching structureqlike
Peter thoughtthat the baby just fell), if formulatedfor the level of syntacticrepresentation,
including abstractsyntacticdescriptiondike LFG’s f-structures. This is so, becauseat such
descriptve levels, circular structures,or, to the sameeffect, contradictorypath descriptions
areunavoidablew.r.t. suchcasesgxceptoneassumesinintuitive restrictionoperations.Note
that the value of the sententialcomplementof the thinking, which is the falling-structurein
the source,shouldbe the translationof the adwerb in the target, which shouldsubsumethe
translationof the falling-structure,but without the adwerbial substructure.However, thereis
no naturalsyntacticformal meanswvhich would allow for hierachicallystructuringthe analysis
into a sufficiently fine-grainedsetof substructures

We solvetheproblemby puttingtransferupto thesemantidevel. Therearesereralreasonsvhy
transferatthelevel of semantiaepresentatioshouldbe preferredo transferof syntacticstruc-
tures. We mentionthe correcttranslationof tenseand aspectwhich is mucheasierwhenthe
semanti@analysisof thetemporalrelationsof thetext is available(see(KampandRohrer1983),
(Kamp andRohrer1985)(Eberleet al.1992),(Eberle2000for a motivation). Anotherreason
is thatthe structuraldifferencesetweernthe semantiaepresentationsf sourceandtargetcan
be expectedto be lesssignificant,whencomparedo syntacticanalysis.A third reasons that
thecyclicity problemturnsinto a questionof semanticscopeat the level of semantiaepresen-
tation, suchthat conceptdik e the restriction operator of (KaplanandWedekind1993)which
aresomehav artificial whenformulatedfor syntacticrepresentationgseealso(Butt1994)),on
the semanticlevel, can be formulatedquite naturally as constraintsaboutthe relative scope
of operatorg(seesection3 below). This resultis importantalsoinsofar asit legitimatesthe

LAmongotherthings,it is for this reasorthatmostexisting analytical transferbasedviachineTranslatiorsys-
temsdistribute thetransferknowledgeinto relatively simple(conditioned)equivalencestatementbetweersource
andtarget words, storedin the bilingual lexicon, andrelatively fine-grainedransferknowledgeaboutstructural
change storedin the transfermodule(s)proper Someevenrenouncecompletelya bilingual lexicon and put all
transferknowledgein a transfergrammar

For an overview to MT andits difficulties compare(D.J.Arnold et al.1994),(Arnold2000),for an evaluation
of (commercial)systemscomparefor instance(Hessand Volk1999), also (Seavald-Hegy1995); (Wahlster2000)
describesarecentresearctprototype;w.r.t to transferin particular comparg DornaandEmele1996).
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lexically-driven co-descriptie architecture which becauseof its advantageswith respectto
modularity ergonomyand preferencdogic takesit over to graphrewriting approachegsee
(Dornaetal.1998),comparealsosection3).

However, theagumentgor asemantichasedransferapproactarepracticallyvalidatedonly if

the systemcanmaximally avoid multiplying out thoselexical andstructuralambiguitieswhich
areirrelevantto translatingthe sentence.Iln otherwordsthe representationsust be under

specifiedand mustallow for dynamicsemanticevaluationtriggeredby the transferneeds.In

(Eberle2000)we presenteda (German-Frenchiranslationsystemwhich meetstheserequire-
ments.Its architectures briefly outlinedin the next section.?

2 Architecture

The systemparsessentencesnto so called slot grammaranalysegfor the dependeng ori-
entedslotgrammartheoryandformalismsee(McCord1989a))¢ Fromthesesyntacticanalyses,
the systemconstructdlat undespecifieddiscouserepresentationgFUDRSSs),which areaug-
mentedby informationfrom the syntax-semanticsiterface. We call thesedecorated=UDRSs
dependencstructuies They definethelevel of transfer ® Thetransferoutinerunsthroughthe
dependencstructure guidedby the (semantic)orderingconstraintf the sentenceepresen-
tation, translatingthe nodestructuresy the specification®f the bilingual lexicon. (Basically
this meanghatthe translationof (the flat semantic®f) a non-deterministicallchosersubcat-
egorizedslot or adjunctis chosento be appliedto the presentargumenttranslation,provided
thereis nootherslotor adjunctwhichis known to have narrov scopew.r.t. thefirst one). ¢ From
thetargetdependencstructure the generatiorgrammarconstructshetargetstring, wherethis
grammar(aswell asthe just describedecursve transfer)may usesourcesurfaceinformation
andalsomayrefinethe semantidnterpretatiorin orderto renderthe outputcorrect.*

Figurel renderghis architecturewherethe useof the LFG-typicalprojectionsymbols$ ando
shoulddemonstrat¢herelative similarity to the LFG-approaclisee(KaplanandBresnan1982),
(Dalrympleetal.1995)).

However, we repeatit here,the dependencstructurels a semantiaepresentationn contrast
to LFG’sf-structure.Thereforejn ourapproachg (triggeredby lexical instructionsandgener
ation)is not a mappingbetweenstructuref differenttypes,but a relationbetweerstructures
of the same(semantic}ype, but differentsemantiagyranularity Thisis advantageous.

Basically in slotgrammayasentences analysednto ahead(theverbnode) ,whichis assigned
anumberof (subcatgorized)slots(the verb complementsand,possibly oneor moreadjunct
modifiers(lik e subordinateatlausesadwerbials,etc.). Giventhe sentencd?2), (2.syn)renders

2The transfersystemhasbeenimplementedstartingin 1996)andis partof the Personal Translator product
line, whosetechnologyhasits rootsin the LMT project(McCord1989b).

SFUDRSshave beenintroducedn (Eberle1997)mainlyto completeReyle’s UDRT-approach(cf. (Reyle1993))
by aneventsemanticomponentthisis by anaccounbf thequality andtemporalstructureof thesentencevent(s)
with regardto quantificationmodalizationand Aktionsart. Flat meansamongotherthings,thatthe lexical items
arenot analyzedfurther thaninto their predicateargumentstructureat first, but are connectedo possiblymore
analyticdisambiguatedepresentations.

4Similar to approachebk e VerbMobil (see(Kay etal.1994)for anoverview), we assumehatsemanticevalua-
tion, sincecostly, shouldbe guidedby transfemeedsjnsteadof generallyandglobalyrefiningthe underspecified
basicdependencstructuresnto readingof thesentencesThereforeheinstructionformalismthatwe will sketch
in section(3) allows for constraintsontainingelementsvhich trigger suchdynamicsemanticevaluation.
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Figurel: Relations

the correspondingnalysis:

(2) PierreadonreFido a Marie.
PIERRE HAS GIVEN FIDO TO MARIE.

(2.8yn) AVOIR g pj(n):PIERRE
[aUX(I)Z DONNER obj(n): FIDO ‘|
[iobj(n): MARIE]

HereAVOIR, PIERRE,...arethe analyse®f the correspondingvordsin (2), this, mainly, is
surfacepositioninformation (hodenumber)connectedo commonsyntacticand morphologic
information. ¢, From(2.syn),thedependencstructurg(2.dep)evolvesby flat semanticonstruc-
tion (whichinterpretegheauxiliary complex of sentencewith analytictens€formsastenseand
aspecinformationaboutanintroducedeventdescriptionandthelik e, see(Eberle2000)).

(2.dep)

subj(n): pierre

obj(n): fido,

donnert [OPI(N): marie } g o

(2.dep)hasto be readasfollows: donner pierre ...arethe flat semanticrepresentationsf
the correspondingvordsin the sentencéthatis: decoratedy relevantdistinguishedeferents,
tenseandaspecinformationandconnectedo possible morespecificinterpretations) Theele-
mentsof thesetaresemantidunctorswith respecto theobjectheadingheset,whereaspecific
semantianterpretationa DRS)canbeconstructedy applyingthefunctorsin accordancevith
the scopeconstraintsof OC andwherethe relatorssubj(n),obj(n) ..., via usinginformation
from the syntax-semanticsterface,determinethe kind of modificationto apply (In casethe
setof orderconstraintss empty the orderof theapplicationss not furtherdetermined)Onthe
basisof this, it is easyto see,how the transferroutiner shouldwork by default: 7 appliedto
(2.dep)shouldresultinto thetagetdependencstructure(2.tdep).

(2.tdep)
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Ts(subj(n)): 7. (pierre,
75(0bj(n)): 7, (fido),
7(donngy U Ts(0RI(M): - T (mari§ ] ¢ o¢
wherer,, is thetransferrelationof nodeelementsthisis, thetranslationof flat word semantics,
basicallythe relationbetweensourceandtarget word, andwherer; is the transferrelation of
relators translatingfor instancede-complementsf nouns,ncomp(p(de))le mari dela femme
into nouncomplement®f casegenitive, ngen der Mannder Frau. The relatve scopeordet
OC, shouldbepresered.

Summarizing,the basicdefault transferalgorithmwe use can be sketchedby the following
formula:

slot;: Daughter,

7(Mother! Slok: Daughter ] g 5y

Ts(slot): 7(Daughtey),
= 7, (Mother) Ts(slot,): 7(Daughtey) & OC

This allows for translatingsourcesentencesnto target sentenceswhich, w.r.t. the level of
dependencstructure areisomorphic.

3 r-Instructions

Theformalmeanghatwe suggesin thefollowing extendthebasicsettingsof theLMT lexicon

formalism (see(Bernth1992)). A relevant (economic)featureof this is that saying nothing

aboutthe translationof a specificslot, slot;, of anitem means:translateit by default, this is

by 7s(slot). A prerequesit®f this is to keeptrack of positionalinformation. For this reason,
we deviate slightly from the descriptionstyle of (2.dep)and (2.tdep)by renderingthe set of

subcatgorizedmodifiersas orderedset, that is, asa list. Next to the sourcesetting (of the

thusrevisedtype (2.dep)), markedby e, andthe correspondingarmgetsetting,r, the considered
partof a bilingual lemma,asa third componentmay containconditions,c, which restrictthe

acceptancef the presentedranslationto sourcestructuressatisfyingc. For the example(2),

thereforewe will write:

 donnerisubj(n),obj(n),iobj(n)

C: true

7 . geben

This meansthat donnerhasa 3-placereadingwhich is translatednto geben without further
preconditionswherethe slots are translatedsomorphically(accordingto 7,), with valuesas
definedby the correspondindexical entriesandthe sourcedependenceepresentationé, From
this isomorphicdefault case we candeviate by combinationsof the following local andnon-
local r-instructiontypes.
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3.1 Local m-instructions

We assumehefollowing basiclocal instructiontypes:

T1 7 modifiesthe functionof a slot: 7(slot)#7,(slot)
T2 7 suppresseaslot: r(slot)= e

T3 7 introducesaslot: item(slotnameslot desci_4)

itemhasatleasttwo agumentswherethefirst defineshenew slotandthesecondts value(the
new word andits relationto the semanticargument). Additionally, semantictype information
aboutthe new item may be given. Finally, in recursve manneyinformationof slotsandmod-
ifiers of the new item may be given. Therefore via item, descriptionf entire(V-, N-, A-...)
phrasescanbeintroduced.

Thelocal instructiontypesalsoincludethefollowing generalizatiorio adjunctsandpaths(over
adjunctsandsubcatgorizedmodifiers):

T3 7 introducesanadjunct:
item(adjctnameadjct.descr_4)

T4 r shiftsas-dpathinto at-dpath:
tp(s-dpath,t-dpath

Path shifting statement®f type T4 arerestrictedto downward paths(d) including the empty
path(e) atthetargetposition.

Insteadof illustrating thesemeansby correspondingexampleswe turn directly to the more
relevantnon-localinstructionsandto the consideredstructuraldifficultiesandtheir definitions
whichwill make useof thetypesT1-T4 also.

3.2 Non-local r-instructions

Non-localinstructionsspeakaboutpositionswhich are outsidethe structurewhich is (syntac-
tically) dominatedoy the lexical item considered Oneof theseinstructionsallows for upwad
path shiftswhich are just renamingsof the role the value playsw.r.t. its agument(in the se-
manticsense)n thetargetstructure:

T4’ r shiftsas-upathinto at-upath:
tp(u(s-mod),u(t-mod))

(3) exemplifiesthis: therole playedby the adjectve changesn transfer

(3) Un médecinauxiliaire
Ein Hilfsarzt
AN ASSISTANT DOCTOR
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In thetarget,it is notanadjectval attributeof theheadnoun(nad)), butacompoundof it (hcom-
pound. We couldrenderthischangewithin theentryof médecinviaaT4 tp(d(nadj),d(ncompound))
statementHowever, sincethe changedoesnotreally dependonthe headnoun,but is ratheran
intrinsic quality of auxiliaire, we will incorporatat in the entry of theadjectve, asfollows:

o auxiliaire]
c: u(nadj)- f
7 1 UiCHilfs-) [tp(u(nadj),u(ncompound))

Thereare3 othertypesof non-localinstructions:
Provided N namesa (source)structure(directly or via a pathdescription),andM the lexical
entry:

T5 7 usesastructurewhichis coreferento 7(N):
..T(N)...

T6 7 usesthetranslationof a substructuref N in thescopeof M, NZM:
L T(NZM), .

T7 7 constrainadistantnode:
7(N): 7_constraints

More precisely T6 meando usea structureN whosesemantidunctorsallow for having narrov
scopewith respecto M andwhich areconstrainedgccordinglyby the o-evaluation,whenthey
undego a correspondingpecificr-application.

TypesT5 andT7 allow thetreatmenbf theverbto adverbswitchingcase(’a’ to’b’ in (1)):

. m[subj(n),objl(infde])

c: mtv(M,TFa)& d(obj)-w(V)

T 7(V) &

item(vadvgerade,temploadv),
v- [ aadd ogaci) ]
& mtv(M,perf(TF),a)

Thismeansgiventheobj(infde)of veniris VV andvenirhasmood M (infinitival, finite,...), tense
featuresTF andvoice active, we translatevenir into the translationof V, wherethis translation
obtainsa new adwerbial modifier gerade takesover the adjunctsof venir, if any, andinherits
themtv-featuresof venir, with TF replacedy its perfectve variant.

We usetype T6, in orderto specifythe oppositecaseof switching('b’ to’a’ in (1)):

e gerade

C: u(vadv)-f & dst(templocadv)

item(subj(n)r(u-d(s subj)),

~  venirlitem(obj(infde)r (uZ'))
Thismeanghatgeradeis translatednto venir, providedit modifiesaverbV andcanbeshown
by semanticevaluation— this is the meaningof 'dst’ — to be a temporalmodifierin the actual
contet, wherethesubjectof venirwill bethetranslatiorof the (surface)subjectof themodified
verbandwherethe objectof veniris thetranslationof a structure which syntacticallyis headed
by V' (andwhich is the value of the path«) andwhich, semanticallydoesnot omit a functor
whichis known to have narrav scopewith respecto gerade (id designatethenodeof theitem
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considered)In addition,this translationcomesasinfinitival complementlts subjectwhichis
coreferento the matrix subject,s notrealizedon the surface.

Thesenon-localmeansarevery powerful andallow for specifyingnearlyall typesof structural
divergeng. Dueto lack of spacepnelastexampleis givenwhich usesawide varietyof means.

(4) Nousdevonstourneretretournercesujet.
Wir missendiesesThemavon allen Seitenbetrachten.
WE MUST INSPECT THIS SUBJECT FROM ALL ANGLES.

e retournenSubj(n),obj1(n),iobj(n)
c:  w(A) & u(rconj)- (w(H) & u-modalverb& d(lconj)- tourner
& —(d(adjt)-f))
& u-d(obj)-(idée| plan| projet)
& —(d(iobj)-f) & —(d(adjt)-f)
++  beleuchteHtem(comp(dyon|da))[sete|f]det(al,pl)),x]
H:t(A)
Providedretourneris embeddedn aV coordinationstructureasdescribedy (4), without fur-
thermodificationsasargumentof amodalverb,thecoordinations contractedo thetranslation
of theright node(beleutiten) andis extendedby a prepositionaphrasgvonallen Seiten.

Of course the lexicographemight definetemplatedor frequentlyusedcomplex 7-statements
andwrite theminto a normalizationdatabase.For instancewhendefiningthetemplateD1, in
thegeradeentryabove, he/shecanreplacethe r-statemenby the following shorterone:

7 ven i radvtoverb

D1

advtorerb(infde):= ritem(subj(nyr(u-d(s subj))),
item(obj(infde)r (uZi4))

Notethatapplicationof arulelik e advtorerbnormallychangeshesourcedependencstructure.
It will explicitly list the dst-conclusionsvhich have beendravn whenproving thatthe cond-
stipulationshold (monotonicmode); or can hold (non-monotonicnode). After application
of the venir-readingof gerade the sourcedependencstructurewill assumegeradeto be a
temporallocationandit will assumesomeof the modifiersof the verb modifiedby geradeto

be in the scopeof gerade andthe othersto be outside. Of course,this might influencethe
choiceof transferequivalentsof the itemswhich arestill to be processed?® On the basisof

therecursve transferdefinition (which by its defaulthomomorphiacharactercarriesover scope
relationsof the sourceto thetargetandthelike), it guaranteesonsistenyg of sourceandtarget
in eachmomentof processing.

As aside-efect of thelexically drivenrecursve transferstratey, a defaultlogic falls outwhich
ordersthe non-deterministicallichooseablalternatvesby preferringinformationfrom a node
A to (conflicting) information of a nodeB, iff, accordingto the dependeng hierarchyof the
analysisA is morespecificthanB. For example thefollowing bilingual informationaboutthe

5Thus,thetranslationof mit Maria in Mit Maria ist Peter geradeangekommerwill dependonwhetherthe PP
hasscopeoverthe adwerbialor not. In thefirst casejt will betranslatedby CommeMaria (CommeMaria, Peter
vientd'arriver/Peterjustarrived,asMaria did), in thesecondcaset will betranslatedy avecMaria (Petervient
d’'arriver avecMaria/Accompaniedby Maria, Peterjustarrived).
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Frenchprepositiona:
o aller
c: true

- gehe,{ltp(d(prepél)—st(couNTRY),d(prep(nalo))]

e EtatsUnis
true

7. VereinigteStaaten

[tp(u(prepd )-st(MOTIONV),u(prep(n))]

Thefirst definitionis partof the entry of the verb aller and stipulateshat an a-adjunct,when
addedo thealler-VP, is translatednto Germamacd in the context C1, aller & COUNTRY. The
seconddefinition presentghe translationof EtatsUnis. Additionally, it dealswith the case(s)
of specifictranslationf prepositionsvhich aretriggeredby the useof EtatsUnis asinternal
argument,wherein the context C2, MOTIONV a EtatsUnis, ais translatednto in. Giventhe
correspondingentencanalysiswheretherestrictionsof bothtranslatiorvariantsaresatisfied,
thetranslationin will be preferred pecausét stemsfrom the morespecificnodeandoverrides
the conflictinginformationof thehhighernode.

0

4 Concluding remarks

We would like to emphasizeagainthat an importantmotivation for a bi- (or multi-) lingual
lexiconwith anexpressve co-descriptre componentasis suggesteth this paperis to freethe
lexicographefrom engineeringasksand,by this, to contributeto efficient systendevelopment
and maintenance.In addition, it provides a preferencdogic for the correspondingransfer
systemwhich 'falls out’ of the architectureassuchandwhich, therefore ,canbe obtainedfor
competingarchitecturegof thegraphrewriting typefor instancepy additionalstatementabout
the relevant stalematesituationsonly (which arefrequent). The definition of templatesallows
the lexicographerto acceleratéhe conceptionof the transferco-descriptionandto enhance
readability of the lexicon entries. The principle that semanticdisambiguations guided by
transfemeedstriggeredmostly by theevaluationinstructionsaboutsemantiadypeandscopeof
thelexical entries,guaranteethe runtimeeconomyof the system.
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