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Abstract

It hasbeenshawvn that LFG-MT (Kaplanet al., 1989) hasdifficulties with Headswitchingdata(Sadleret al.,
1989,1990; Sadler& Thompson,1991). We revisit theseargumentsin this paper Despiteattemptsat solving
theseproblematicconstructionsisingapproachebasedn linearlogic (VanGenabithetal., 1998)andrestriction
(Kaplan& Wedekind,1993),we pointoutfurtherproblemswhich areintroduced.

Wethenshav hov LFG-DOP(Bod & Kaplan,1998)canbeextendedo sene asanovel hybrid modelfor MT,
LFG-DOT (Way, 1999,2001), which promisesto improve uponthe DOT modelof translation(Poutsmal998,
2000) aswell as LFG-MT. LFG-DOT improves the robustnessof LFG-MT throughthe use of the LFG-DOP
Discard operator which producesgeneralizedragmentsby discardingcertainf-structurefeatures. LFG-DOT
can,therefore dealwith ill-formed or previously unseerinput whereLFG-MT cannot. Finally, we demonstrate
thatLFG-DOT cancopewith suchtranslationaphenomenavhich prove problematidor otherLFG-basednodels
of translation.

1 Headswitchingin LFG-MT

Kaplanetal. (1989)illustratetheir LFG-MT proposakwith thewell-known headswitchingasevenirdeX «+—has
just X-ed asin (1):

Q) Thebabyjustfell +—Le bébévientdetomber
They proposeo dealwith suchproblemsin two ways. Thefirst of theseis asin (2):
2) just (1 PRED) = ‘just{(t ARG))", (1 PRED)= venir, (1 XCOMP)=7(1 ARG)

Thatis, the XCOMP functionof venir (in (1), detombe) correspondso the ARG functionof just(in (1), thebaby
fell), asshavn by therespectre sourceandtargetf-structuresn (3) and(4):

[ PRED ‘just([fall])’

SUBS PRED ‘baby’
3) SPEC the
ARG TENSE PAST

PRED  ‘fall{[baby]’

SUBJ PRED ‘bébe
SPEC le
TENSE  PRES

() PRED ‘venir([béke],[tomber}’
DE +

XCOMP SUBJ [

PRED ‘tomber([bébe]y



Thesecondapproachs wherejustis nottreatedasa headsubcatgorizingfor anARG, but asa ‘normal’ adwerbial
sententiamodifier. Instead headswitchingccursbetweersourceandtargetf-structuresasin (5):

S— NP ADVP VP

(5) (tSUBJ)H (tSADJ)=, =l
(T1SADIXCOMP) =11
just ADV, (1 PRED)=just fall: V, (1 PRED)=fall
(1 PRED)=venir (71SUBJ)=(1SUBJ)
(71 PRED)=tomber

Herether annotatiorto ADVP stateghatther of the motherf-structureis the XCOMP of ther of the SADJslot.
This setof equationgalongwith othersof a moretrivial nature)produceshef-structure(6):

SUBJ PRED ‘baby
SPEC the
TENSE PAST

(6)
PRED ‘fall{[baby]’

| SADJ {[ PRED ‘just ]}

1.1 Embedded Casesof Headswitching

However, Sadleretal. (1989,1990)shav thatneitherapproachs ableto dealelegantlyandstraightforvardly with
morecomplex casef headswitchingasin (7):

@) | think thatthe babyjustfell +—Jepensejuele bébké vientdetomber

In (7), the headswitchingphenomenonakes placein the sententialCOMR ratherthanin the main clause,asin
(1). Herethe structurein (3) mustbea COMPto a PREDiIn a higherf-structure.Hence the normalf-description
onembedded nodes(t COMP = |) mustbe optional,andinsteadthe structurein (3) mustbe unifiedto theroot
f-structureasthevalueof its COMP node.This canbe handledby the disjunctionin (8):

VP — V that S
{(tCOMP)=, (tCOMPARG)=}

We requirethis disjunctionon embedded nodesto include (1COMP ARG)=| just in casethey containsucha
headswitchingonstructionasf-structure(9) shows:

(8)

[ SUBJ [PRED o ]
PRED ‘think i, [just])’

[ PRED ‘just([fall])’
9)

SUB] PRED ‘baby
COMP SPEC the
ARG TENSE PAST

] I PRED ‘fall{[baby]y

Otherwise structure(3) (rootedin just) is not connectedo the higherCOMP slot. Neverthelessthe solutionpro-
posedn (8) seemalittle ad hog, requiringadisjunctionjustin casethesententialCOMPincludesa headswitching



case.We shall seein the next sectionthatif suchheadswitchingadverbsco-occur thenfurther disjunctsarere-
quired,unlessthesecanbeabbreiatedby a functionaluncertaintyequation.

If we choosethe secondapproach(5), wherejust is a sententialmodifier, given that the headswitchings a
operationwe requirethelexical entryfor thinkin (10):

(10) think V, (r 1 PRED)= penserr (+ SUBJ)= (7 + SUBJ), (+ COMP)= (r + COMP)

This specifieghatr of the motherf-structures COMP slot is the COMP of the r of the mothers f-structure. That
is, boththis agumentthe COMPR andthe SUBJof think areto be translatedstraightforvardly. Thisis indeedthe
casein (11):

(11) | think thatthe babyfell «+—Jepensequele bébé esttombé.

However, whenthe COMP includesa headswitchingcase,asin (7), we endup with a doubly rootedtarget f-
structurebecausef a clashbetweertheregularr equationin the lexical entryfor think, (10), andthe structuralr
equatioronthe ADVP in the(5), whichrequiregher of the samepieceof f-structureto bethe XCOMP of the of
the SADJslot. Onepieceof f-structureis requiredto fill two inconsistenslots.We will now illustratethisin detail.

Thec- andf-structuredor the sourcesentencén (7), | thinkthatthebabyjustfell, areshovnin (12):

S.f
NP, fo VP f3
e e
(12) | V that S.fa
think NPfs  ADVRfs VP f7

thebaby just fell



[ suBjJ f2[ PRED I ]
PRED ‘think [i],[f all])’
susy 7| PRED ‘baby
Fiofo SPEC the
TENSE PAST
COMP  f4, fr
PRED ‘fall{[baby])’
SADJ {f6[ PRED ‘just ]}

Thesetof  equation®btainedarethosein (13):

(13)

Fromthelexical entryfor think, (10):
7 f3 PRED= penser

7f3 SUBJ= ((7f3) SUBJ)

7f3 COMP= ((7f3) COMP)

Fromtherulesandentriesin (5):
T fo PRED=venir

7 f PRED=tomber

7f1 = (7(f1 SADI)XCOMP)

Fromstraightforvardequationdor the NPs:
Tf» PRED=je

7fs PRED= bébé

Tf5 SPEC=le

|

Now, from the c-structurein (12), we seethat f3’s COMPis f,, sotheequationr fs COMP= ((7f3) COMP)can
bealteredquitesimplyto 7 f4 = ((7f3) COMP).By the sametoken, f,’s SADJis fs. We now have two equations
which cannotbothbe solvedwith theresultthatatargetf-structureis formed. Theclashis shavnin (14):

(14)

Thisresultsin the constructiorof thetwo partialtargetf-structuresn (15):

(15)

7 (+ COMP)= (r + COMP)
71 =7 (+ SADIXCOMP)

741 = (7 fs) COMP)
rfs = (7fs) XCOMP)

[ suB)  7fs]
PRED ‘venir{[bébke],[tomber}’
Tfs o
SUBJ rfs PRED ‘békée
XCOMP  7f4 SPEC le
i PRED ‘tomber[bébke])’

Tf3

SUBJ rf:[ PRED ‘Je' |

PRED ‘pensetfie][...])’

COMP rfa[ ]

Thatis, 7 f4 is requiredto be both the XCOMP of venir andthe COMP of pensersimultaneouslya conflict that
needsto be resohed if a propertargetf-structureis to be produced. As was donein (8), we might disjoin the

problematicr equationin (10) with anequationfor the‘special’ casein (16):



(16) (r + COMP)= 7 (+ COMP SADJ)

Thatis, 7 of themotheratthe COMPslotis  of themothers COMP SADJslot. Thisis clearlyundesirablesince
it mustbe specifiedfor every embeddingerh

1.2 Scoping of Multiple Adverbs

In asimilarfashion,Sadleretal. (1989,1990)shaw thatthetwo approachesf Kaplanetal. cannotdealstraight-
forwardly with othercomplex caseof headswitchingnvolving scopingof multiple adwerbs,asin (17):

(17) a. Janzwemttoevallig graag—
b. Johnhappengo liketo swim

c. *Johnlikesto happerto swim

Thatis, despitethe factthat (17¢) is a grammaticalkstring of English, it is not the translationof (17a)—(17b)is.
(17c¢)is thetranslationof Jan zwemigraag toevallig. Giventhattheword orderdiffers,we have a differentscoping
of theadverbs,resultingin a differenttranslation Let usassumehe Srulein (5), andthelexical entriesin (18):

(18) graag: ADV, (T PRED)= graag,(r1 PRED)= like

zwemmenV, (1 PRED)=zwemmen(r1 SUBJ)= (1 SUBJ),(7t PRED)= swim
Let usalsoassumehe somavhatsimplersentencg19):
(29) Janzwemtgraag(—Johnlikesto swim)
GiventheSrulein (5), andthelexical entriesin (18), thef-structurefor (19)is (20):
[ suBs [ PRED wan' | ]
TENSE PRES

(20)
PRED ‘zwemmer[Jan)’

| sADy {[ PRED ‘graag’ ]}

This objectis very similarto thef-structurein (6). The otherpossibilityis thatthelexical entryfor graag is (21):
(21) graag: (1 PRED) =‘graadg(1 ARG))’, (7t PRED)=like, (7t XCOMP)=7(1 ARG)

In this casethef-structurein (22) would be built for the Dutchsentencén (19):

[ PRED ‘graag[zwemmen)’

SUBJ  ‘Jan’
(22)
ARG TENSE PRES

PRED ‘zwemmer{[Jan)’

Beinganadwerbof the sametype,toevallig canoccurin similar contexts asgraag, asin (23):



(23) Janzwemttoevallig (—Johnhappengo swim)

As seenin (17),suchadwerbscanco-occur To maintainthis approactandproducehetranslation(17b),we require
thef-structurein (24):

[ PRED ‘toevallig([graag)’
[ PRED ‘graag[zwemmen}’
(24) SUBJ  Jan’

ARG
ARG TENSE PRES

PRED ‘zwemmer[Jan)’

To associatehe embedded nodewith anf-structurewhich is the valueof COMP ARG ARG of the motherS’s
associatedstructure we would needto add (1t COMP ARG ARG) = | to thedisjunctionon Sin (8). We maybe
ableto simplify theseequationausingfunctionaluncertaintyasin (f COMPARG*) = |. Neverthelessit remains
very unnaturalto annotateembeddeds symbolsto allow for the possibility that they may contain(any number
of) subcatgorizing ADVs of this type. It shouldbe clearthatcasedike (25) are problematicin the sameway as
(7)-(16):

(25) Ik denkdatJantoevallig graagzwemt.

Thealternatve f-structurecorrespondingo (17a)is (26):

SUBJ PRED ‘Jan
NUM  SG
(26) PRED ‘zwemmer{(1SUBJ)’

TENSE  PRES
ADJUNCT {[ PRED ‘toevallig’ ][ PRED ‘graag’ ]}

Giventheoriginal formulationof LFG, thereis no way of producingthe requiredembeddingf graag (‘likingly’)
undertoevallig (‘by chance’),and not vice versa,without resortingto tuning: underboth approachesutlined,
changingour c-structureassumption$o dealwith a difficult translationcasenecessitatethe abandonmeraf mod-
ularity.

In generalthis approactrequiresthe tuning of f-structureswhich is arguablyas problematicas producinga suf-
ficiently abstractrepresentatiofior simpletransferin othersystems.For example,sinceGermanandDutch both
have suchadwerbs,asshowvn in (27), it is possibleto treatthemas ‘normal’ adwerbsandstill produceadequate
translations:

(27) a. NL: toevallig —DE: zufallig
b. NL: graag—DE: gerne

Hencethedangeexistsof producingdifferentsourcdanguagé-structuresaccordingo thetargetlanguageequire-
ments:the casesvherethe adwerbsaretop-level PREDs(suchas(21), for instance)s appropriateor translation
from Dutchto English,justbecausehis involvesthe switchingof heads.The alternatve lexical form for thesame
adwerb, (18), is requiredfor translationfrom Dutchto Germanwherethereis no headswitchindor this example.



REL ‘toevallig’ REL ‘graag’
REL ‘graag’ b REL ‘toevallig’
ARG1 REL ‘zwemmen’ | ARG1 REL ‘zwemmen’

ARG1 ARG1
ARG1 ‘Jan’ ARG1 ‘Jan’

a.

Figurel: S-structureslervedusingRestriction

1.3 Other Solutions
1.3.1 Restriction

Given caseawith adwerbial modifierssuchas(17), Kaplan& Wedekind(1993)attemptto solve themby thein-
troductionof the notion of restriction which seeksto overcomeproblemsin mappingbetweenflat syntacticf-
structurego hierarchicasemanticones.Theintuition is thatin suchcasesemantiainits correspondo subset®of
functionalinformation,andrestrictingthef-structure(in otherwords,remaoving graag andtoevallig in turnfrom the
adjunctsetin (26)) enableq26) to be associatedavith the alternative s-structuresn Figurel. Kaplan& Wedekind
(opcit., p.199)definetherestrictionof anf-structureby anelemenbf anelements set-alue,asin (28):

(28) If fis anf-structureanda is anattribute:
f\(ag)=
f\a if (fa)—{g} =10

f\alU {(a, (fa)—{g})} otherwise

Thatis, therestrictionof anf-structuref by aparticularmemberof anattributea’s set-\alueis the f-structurewhich
resultsfrom deletingthat memberof the set,andalsothe attributeitself if anemptysetresults. We canillustrate
how restrictionworksin (29), taking (26) asinput:

SUBJ PRED ‘Jan
NUM SG
(29) f=| PRED ‘zwemmer{(1SUBJ)’ g=[ PRED ‘toevallig’ ]

TENSE PRES
ADJUNCT {[ PRED ‘toevallig’ |.[ PRED ‘graag' |}

SUBJ PRED ‘Jan
NUM SG
f\{9)=| PRED ‘zwemmenr{(1SUBJ)’

TENSE PRES
ADJUNCT  {[ PRED ‘graag’ |}

We arenow in apositionto describehe semanticorrespondencder sentencesontainingadwerbs,suchas(17a),
usingthe restrictionoperator Let f be the f-structure(26), g the f-structurecorrespondingdo graag andt the f-
structurecorrespondingo toevallig. We give in (30) the constraintsecessaryo map(26) into the s-structurgb)
in Figurel, wheregraag haswide scope:



(30) a. (of REL) = (cg REL)

b. (of ARG1) =o[f \{ADJUNCT g)]
(o[f \(ADJUNCT g)] REL) = (¢t REL)
(

o[f \ (ADJUNCT g)] ARG1)
= o[f \ (ADJUNCT g )]
= o[f \ ADJUNCT]

(30a,b)describethe outermosiREL and ARGL1 configurationin Figure 1b, and (30c,d)describethe next level of
embeddingat s-structure Theseconstraintsallow f-structuresubsumptiorrelationsto be mappednto the desired
hierarchicak-structuresHowever, we notethatthenumberof suchconstraintsvill grow in proportionwith thesize
of the setof adjuncts Kaplan& Wedekind(op cit., p.200)give arule which generatesodescriptiorconstraintsas
in (31):

(31) For f anf-structureg € (f ADJUNCT), andg asentencedwerb,
of =og,and
(cf ARG1) = o[f \ (ADJUNCT g)]

(31) allowseachelemento beselectechon-deterministicalljrom anadjunctsetto contrituteto therelationfor the
s-structureof the enclosingf-structure.Furthermorethe s-structurecorrespondingo the f-structureminusthe se-
lectedmembebecomeshe ARG1 of thatrelation.Giventhattherestrictionoperatiorappliesnon-deterministically
to all memberof a set,we get, ashere,a correctandsomeincorrectstructureswith respecto sentencgl17), s-
structureFigure lais correctwhilst Figure1b is incorrect. Althoughthis may be seenasanimprovementon the
codescriptionapproachwherethe productionof the correctf-structurecould not be guaranteedit nevertheless
leavessomethingo bedesiredn thathumaninterventionis necessaryo manuallyselectheoptimalstructurefrom
the (possiblylarge) setof candidatesolutions.

1.3.2 Linear Logic

Somecase®f headswitchingnotablyadjunctsandembeddedheadswitchingpghenomenahave beentackledusing
linearlogic to formalizetransferrules(Van Genabithet al., 1998). Neverthelesswhenit comesto headswitching
caseghelinearlogic approactencountersomeproblems.Van Genabithetal. usethelike +— gerneexamplein
the sentencgair Hansschwimmtgerne +— Hanslikesswimming Giventhe appropriate-structuresthe source
setof meaningconstructorsn (32)is derived:

(32)
(f2)s ~ hans

VX [(f2)s ~ X —o (f1) ~ schwimmen(X)] p F (fi)o ~ gerne(schwimmen(hans))
vP [(fl)o ~ P —o (fl)o’ ~ geTne(P)]

Themeaningconstructofor like is (33):
(33)
like: VX,P[((1 SUBJ)o ~» X ®VYY ((t XCOMP SUBJ), ~Y —o (t XCOMP), ~» P(Y))) —o
tor like(X, P(X))]

This final term, like(X,P(X)) indicatesthat X is the subjectof like, andthat someavherein its secondargument,
X re-entersaasthe XCOMP SUBJ.The completesetof meaningconstructorgor Hanslikesswimmingis givenin
(34):



(34)

(f2)s ~ hans
VX, P[((f2)s ~ X @YY ((f2)e ~ Y =0 (f1)g ~ P(Y))) =0 (f3)e ~ like(X, P(X))]
VX [(f2)o ~ X =0 (f1)e ~ swim(X))]

F (f3)o ~ like(hans, swim(hans))

The transferconstructorgerne —o; like consumeghe entire meaningconstructorfor gerneasthereare no left-
commonprefixesin themeaningconstructorsandthe meaningconstructoffor likein (35)is derived:

(35)
VF [VP(F, ~ P —o F, ~» gerne(P))

—0¢

VX, P ((F SUBJ)y ~» X VY ((F XCOMP SUBJ)y ~» Y —0 Fy ~» P(Y)) —0 F, ~» like(X, P(X)))]

Now the first problemwith this approachcanbe seen. On the right-handside of the —o; , we obsenre thatthe
meaningconstructohasrewritten a node F' ratherthananodeF X COM P to matchP(Y"). Consequentlywith
theinstantiatedsourcemeaningconstructor@ndthetransferconstructorsthe equationsn (36) areproduced:

(36)

schwimmen —o; swim L
. t
gerne —oy like

Souceu {

1. (f2)e ~ hans
2. VX [(f2)o ~ X =0 (f1)o ~ swim(X)] -
3. VX,P[((f2)o ~» X VY ((f2)o ~ Y —o (fi)s ~ P(Y))) —o (f1)s ~ like(X, P(X))]

(f1)o ~ like(hans, swim(hans))

Comparisorof thethird targetmeaningconstructowith (33) shavsthatthetransferoperatiorhasrewrittenasingle
node( f1), ratherthanaccessing complementode(f; XCOM P), to matchagainstP(Y). VanGenabithetal.
thengive anexampleof embeddedheadswitchingnvolving thelike «+— gernecaseandunsurprisinglythe same
faultis uncoveredagain.

Transfershoulddeliver exactly the setof meaningconstructorsiswould be obtainedoy independenanalysisof the
targetstring. If it doesnot, targetlanguagegeneratiorfrom underspecifiedetsof targetmeaningconstructorswill
not producethe requiredoutput,andthe overall translationobtainedwill bewrong. VanGenabithetal. proposeo
rectify the problemby ‘pushingdown’ the predicate-agumennucleusof verbsone(or more,asappropriatejevels,
via functionaluncertaintyover XCOMP. Hencethe transferconstructorschwimmen —o; swimgetsamendedo

(37):

(37) schwimmen —o; swim
VF, X (F, ~ schwimmen(X) —o; (F XCOM Px), ~ swim(X))

Furthermorethe transferconstructorgerne —o; like is alsoredefinedgiven the knowledgethat the predicate-
argumentstructureandthe correspondingemantigrojectorassociatedvith the translationof the propositionin
the scopeof the sourceadjunctis ‘pusheddown’ via functionaluncertaintyin (37) on thetamgetside. Giventhese
amendmentghe setof tagetmeaningconstructorproduceds identicalto thosein (33), asrequired.



However, therearea numberof problemswith this solution. It is clearthatanyverbplusassociatedrgumentscan
occurasthe complemenbf like. Consequentlythe amendedransferconstructorin (37) will have repercussions
for everyverbaltranslationrelation. Thatis, all transferconstructorselatingverbswill needto include suchan
equationjustin caseit everoccursasan XCOMP in aninfinitival phraseof anothewerh Furthermoretheaddition
of how to translateverbssuchasschwimmen—— swimin the eventof swimappearingasthe complemenbf like
hasnothingto do with thetranslationrelationin questionat all: the translationof schwimmenasswimis a case
of simpletransfer Informationaboutswimasan XCOMP hasnothingto do with swim or schwimmenbut is an
artefactof thelike «+— gernecase.Consequentlyt shouldberemovedfrom the context of schwimmern— swim
andrelocatedn its properplace.If theapproachs subsequentlynableto dealwith headswitchingexamplesthen
sobeit, but at leastthe basictranslationrelationsarekeptintactanduntaintedby ad hocinformationwhich does
notbelongthere.

2 LFG-DOT: anew Mode of Trandation

While LFG’s T equationsarein themainableto link exactlythosesource-tagetelementahich aretranslationf
eachother, leadingto eleganttranslationmodelssuchasthat of Kaplanetal. (1989),we have describech number
of casesin particularembeddedheadswitchingexampleswherethis machineryandothersareunableto cope.

Way (2001)proposesheuseof LFG-DOP(Bod & Kaplan,1998)asthe basisfor aninnovative MT system LFG-
DOP combineghe syntacticrepresentationsf LFG with the statisticallanguagamnodellingof DOP (Bod, 1998)
to createa new, more powerful hybrid modelof languageprocessing LFG-DOP representationsonsistof LFG
(¢, f) pairswith amapping¢ betweerthem. The RootandFrontier decompositioroperationsof DOP operateon
CF-PSGtreesonly, sotheseoperationsare adaptedn LFG-DOP usingthe notion of ¢-accessibilityto stipulate
exactly which c-structurenodesarelinked to which f-structurefragments therebymaintainingthe fundamentals
of ¢- andf-structurecorrespondencéA third, new decompositioroperationDiscam, is introducedin LFG-DOP
by which generalizedragmentsproducecdby RootandFrontier arecreatedby freely deletingany combinationof
attribute-valuepairsfrom anf-structureexceptthosethatare ¢-linkedto someremainingc-structurenode,or that
aregovernedby thelocal predicate Fragmentsarecombinedogethelin two stagesc-structuregrecombinedby
leftmostsubstitutionasin DOR subjectto the matchingof their nodes.F-structuregorrespondingo thesenodes
arethenrecursvely unified,andtheresultingf-structuresaresubjectedo the grammaticalitychecksof LFG. LFG-
DOP probabilitymodelsarebasedon relative frequeny: Bod & Kaplan(1998)give differentpossibledefinitions
of competitionsetsfrom which samplederivationsarechosen.

Way (2001) presentfour modelsof translationwhich useLFG-DOP astheir languagemodels,but which differ
with respecto how translationsare obtained.We shall presenthesebriefly here,andcommenton their ability to
handlemorecomplex headswitchingexamplessuchas(7).

2.1 LFG-DOT1: Trandationviat

Givena sourcelanguagd-FG-DOPtreebankthe modelbuilds a taget f-structuref’ from a sourcec-structurec
andf-structuref, the mappingbetweenthemLFG-DOP+, andthe LFG translationequations-. Fromthis target
f-structuref’, atamgetstringis generatedia atargetlanguage. FG-DOPmodel,asin (38):



LFG-DOP+

¢ f
(38) |7
CI fl
LFG-DOP+¢'

While LFG-DOT1 containssourceandtargetLFG-DOPlanguagenodels therebyaddingrobustnesso LFG via the

Discard operationjt maintaingheuseof r equationgo drive thetranslationcomponentUnsurprisinglytherefore,
the problemsof LFG-MT whenconfrontedwith certainheadswitchinglataare maintainedn LFG-DOT1, sowe

do not considetthis modelfurtherhere.

2.2 LFG-DOT2: Trandationviar and ~

LFG-DOT 1 relatedanguagesustatthelevel of f-structure(via 7), andsofailsin thesamewvayasLFG-MT with the
headswitchinglatapresentedh sectionl. Way (2001)demonstratethatthe DOT2 systenof translation(Poutsma,
2000)is ableto handleembeddedheadswitchingasescorrectly® Accordingly, they relation,which links source
andtargetsubtredragmentsn DOT, is introducednto the LFG-DOT2 translationmodel. This requiresintegrated
bilingual LFG-DOP corpora,whereeachnoden in a sourcec-structurereec is relatedbothto its corresponding
f-structurefragmentf (via LFG-DOP+) andits corresponding-structurenoden’ in atargetc-structurdreec’ (via
~). In addition,eachf-structurefragments in a source-structuref is relatecto its correspondinganguagdragment
s' in atamgetf-structuref’, via r, asshovnin (39):

LFG-DOP¢
¢ f
(39) v [
cI fl
LFG-DOP+/

Thatis, thetranslationcomponentonsistof anintegrationof the~y probabilitieswith the - mapping.Way (2001)
describedow thesetwo translationsourcesnight bestbe combinedput this neednot concerrushere.Ultimately,
despitethefactthat LFG-DOT2 is a richermodelthanLFG-DOTL1, it too is rejectedasit continueso maintainr
equationsvhich areincapableof ensuringhatthe correcttranslationis obtainedn all casef headswitching.

The presencef the f-structureinformationis requiredin orderto allow Discad to run andtherebymale LFG-
DOT morerobustthanLFG-MT. However, Discard canoperatevhetherthef-structuresarelinkedvia = or not, so
it would appearthatthe 7 operationitself is not needed. The next two LFG-DOT models,therefore omit the 7
operationandusethe v relationto producetranslations.

1Therearetwo remainingcaveats:(i) in dealingwith ill-formed translationpairssuchas (John swim Jan zwemmey) DOT2 considersuch
pairsas‘grammaticalwith respecto the corpus’. In LFG-DOT, suchpairscanbe handledonly by remaing certainatrribute-value pairsin
therespectie f-structuresvia Discad in orderto permitthemto be unified. Suchderivationsareconsideredungrammatical’in line with our
intuitive notion of well-formedness(ii) DOT2 cannothandlesuchcasedully compositionally With respecto thislatterpoint, we shallseethat
LFG-DOT3 suffersin the sameway, but LFG-DOT4 avoidsthe problemof limited compositionality

2We leave for futurework the questionasto whetherthis approachis fruitful for languagesvhich differ significantlyatthelevel of surface
structureg.g. EnglishandWarlpiri. In suchcasesperhapanLFG-DOT1 or LFG-DOT2 modelmaybebetterto relatetranslationabquivalents
atthelevel of f-structureratherthanc-structure.



SuBJ [ NUM  SG
PRED fell (1 SUBJ))
TENSE  PAST

VP

FIN +

,5/:“991—»«-“{'[ PRED  ‘just ]}

SUBJ [ NUM  SG
PRED venir((t SUBJ)(T XCOMP)Y'
TENSE PRESENT

SuBJ [ NUM SG

N CB’ME;;;;.,, PRED  ‘tombe (1 SUBJ))'

Figure2: Thejust«+— venirdecasein LFG-DOT3

2.3 LFG-DOT Model 3: Trandation viay with Monolingual Filtering

The LFG-DOT3 translationmodel containsthe DOT2 ~ links betweensourceand target c-structuresput with
additionalsyntacticfunctionalconstraintsvhich preventtheformationof certainungrammaticastructuregcf. note
1), therebyenablingcorrecttranslationgo be outputwith appropriatgorobabilities.Thef-structureinformationcan
beseenthereforeasusefulfor monolingualdisambiguatiorin bothsourceandtamgetsides.lll-formed or unknovn
inputis still processablby runningDiscard overthesetof linkedsourceandtamget(c, LFG-DOP-+, f) fragments.
TheLFG-DOT3 architecturés shavn in (40): 3

LFG-DOP+
f

C
@) 4 |
CI fl

LFG-DOP+/

In orderto exemplify how headswitchings dealtwith in LFG-DOT3, let usconsidetthejust «+—venirde case(1).
In termsof LFG-DOT 3, thetranslationrelationis shavn in Figure2. The~ link betweersemanticallyequivalent
elementsn the sourceandtargetc-structureganbe seenonthe VP nodes fell is notconsideredo be semantically
equivalentto tomberowing to their differentFIN(ite) values,addedto thefactthatfell hasa TENSEvaluewhilst
tomberdoesnot. Hencethistranslatiorfragmentanonly bereusedy substitutinghis pairwith associatedingular
NP subjectsattheappropriatsmodesin anS-linkedfragment.In this respectaswith DOT2 (andLFG-DOT2), this
LFG-DOT3 modelcontinuedo suffer from limited compositionality We addresshis concerrfurtherin section2.4
dealingwith the LFG-DOT4 model,which hasanextralevel of processingalled'ExtendedTransfer’.In all other
respectsiLFG-DOT3 andLFG-DOT4 arethe samemodels,sowhile we endup rejectingLFG-DOT3 in favour of
LFG-DOT4, muchof theensuingdiscussions relevantto our final choiceof model,LFG-DOT4.

2.3.1 LFG-DOT3and Embedded Headswitching

Having shavn how LFG-DOT 3 copeswith aheadswitchingroblem we shallnow investigatevhethel.FG-DOT3
canhandletranslationexampleswhich LFG-MT finds problematic.We shavedthatin example(7), the default
equationsn theentryfor think (10) clashwith thoseon the structuralrule for ADVP (5).

SWay (2001)provesthat LFG-DOT2 andLFG-DOT3 aredifferentmodelsby shaving thatwhile 7 links canbeinferredfrom ¢ andry links
in thegenerakasethisis not possiblevhenmorecomple translationdatais examined.
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Figure3: LFG-DOT3 representatioffior the embeddedeadswitchingcasel think that the babyjust fell +—Je
penseajuele béké vientdetomber

The LFG-DOT 3 representationtor the full treesin (7) areshavn in Figure3.* Sourceandtargettreesarelinked
atthe topmostS, NP, V and VP levels, aswell asat S, COMP andembeddeds levels. Given thateachsource
fragmentwill belinkedto its targetcounterparwith the sameabel,each{source, target) linked paircanbedeleted

to make thenew linkedfragmentpairin (41):

4In this andsomesubsequergxamples g and-y links areomittedfor reasonf clarity.
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Thetreesin (41) arelinkedat S, NP, VP, DET andN levels. Oncethesearedeleted the remainingfragmentsare
linkedatembedded/P level, exactlyasin Figure2. Thatis, embeddedheadswitchingasesn LFG-DOT 3 aredealt
with in exactly thesamemannemasnon-embeddeleadswitchingasesGiventhatfragmentsuchasFigure2 and
(41) exist, suchcomplex casesanalsobedealtwith compositionallyas(42)illustrates:
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Thatis, the lower linked sourceand target sentenceair is substitutednto the sourceandtarget S-nodesn the
uppertrees. At the sametime, their f-structuresare meigedwith the COMP f-structuresof the sourceandtarget
f-structuregespectiely. Thisis, of coursejustonepossiblederivationof this translation.Otherswill be produced
in the usualmannerandtheir probabilitiessummedn orderto derive probabilitiesfor the translationasa whole
with respecto the corpus.

24 LFG-DOT4: Trandation via~y and ‘Extended Transfer’

In theprevioussectionwe obsenedthattheoutstandingroblemwith Model 3is its retentionof the DOT2 problem
of limited compositionality Returningto thejust «+—venir de headswitchingasen Figure2, we wouldlike to be
ableto ‘relax’ someof the constraintsn orderto map{fell, tomber) to make thesdinkedfragmentsnoregeneral,
andhencemoreuseful.In sodoing,we would remove this problemof limited compositionality

In LFG-DQOT4, thebasictranslatiorrelationis expressedy v, aswith LFG-DOT3. In LFG-DOT4, however, there
is asecondapplicationof Discard, by which ‘lemmatized’'formsarearrivedatonwhich ‘extendedransfer’canbe
performed Discard relaxesconstraintsn orderto producea setof generalizedragmentswith the potentialto deal
with ill-formed or unknavn input. Oncethe TENSE andFI Nfeaturehave beenrelaxedonthelowestverbsin both
fragmentsn Figure2, they canberegardedastranslationallyequivalent.Giventhis, { fell, tomber) arelinkedand
lemmatizedasin (43):
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Now that (FALL, TOVBER) arelinked, they can be deletedto producethe generalizedorm of the translation
relation,namely(44):
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If fragmentpairssuchas (44) prove subsequentlyo be of usein combiningwith otherfragmentsary resultant
translatiorwill bemarkedasungrammaticalvith respecto thecorpusgiventhatDiscard wasusedn its derivation.
Neverthelessevenif we restricttheimpactof Discard on the probability spacgcf. Way, 1999,2001;Bod, 2000),
in orderto ensurdahattranslation®btainedvia RootandFrontier arepreferredoverthosederivedvia Discard, such
translationswill recevve someprobability, whereaghe semi-compositionarariantsfrom which they werederived
may not beableto produceanytranslation.

3 Contributionsand Further Work

We describedhetwo waysin which the original LFG modelof translationKaplanetal., 1989)attemptedo cope
with headswitchinglata.We summarizegreviousaccountgSadleretal., 1989,1990)whichshavedthatLFG-MT

cannotcopewith certaincase®f headswitchingOtherattemptsat solvingthesecaseausingrestriction(Kaplan&

Wedekind,1993)andlinearlogic (VanGenabithetal., 1998)introducefurtherproblems.



We thenpresentec numberof new hybrid modelsof translationbasedon LFG-DOPR Thefirst, LFG-DOT1, uses
LFG-DOPfor the sourceandtargetlanguagemodels but importsthe = equationgrom LFG-MT asthetranslation
relation. Accordingly, thereforejt fails to copewith embeddedheadswitchingindothercomplex datain the same
way astheoriginal LFG-MT model.Giventhis, we augmented FG-DOT1 with the functionfrom DOT2 to give
animproved modelof translation.Neverthelessgiventhatr equationdail to derive the correcttranslationin all
casessubsequentFG-DOT modelsomit ther functionandrely wholly on+y to expresshetranslatiorrelation.
LFG-DOT 3 usesf-structureinformationpurelyfor monolingualfiltering. The presencef this functionalinforma-
tion preventstheformationof certainill-formed structuresvhich canbe producedn DOT2. LFG-DOT3, therefore,
hasa notionof grammaticalitywhich is missingfrom DOT2. Importantly this canbe usedto guidethe probability
modelsin the mannerequired. We shaved that LFG-DOT 3 copeswith casesof embeddedheadswitchingn ex-
actlythesameway asnon-embeddeleadswitchingxamples However, like DOT2, it suffersfrom the problemof
limited compositionalitysothatin somecaseshe minimal statemenbf thetranslatiorrelationis impossible.
LFG-DOT4 addsan ‘ExtendedTransfer' phaseto LFG-DOT3 by producinglemmatizedforms using a second
applicationof Discard. This extensionovercomeshe problemof limited compositionalityenablingthe statement
of thetranslatiorrelationin anintuitive, concisefashion.

More generallywe have shovn:

1. thatLFG-DOPcansene asamodelof translation;

2. that contraryto previous perception basicstatement®f translationrelationscan be statedat the level of
c-structureratherthanat ‘deeper’levelsof linguistic analysis providedthatthesetreesareaccompaniedy
syntactic(f-structure)informationwhich actsasa monolingualfilter on the structuregproduced.

As to futurework, the modelspresentedhereneedto betestedmorethoroughlyon large-scald.FG-DOT corpora,
andthework of Franketal. (2001, this volume)on producingsuchresourcesutomaticallyseemsgpromisingin

thisregard. Thework describedereandin (Way, 2001)usesasits evaluationmetricthe ability to copewith *hard’

translationcasessuchas embeddedheadswitching Neverthelessaswell asexaminingsuchcomple translation
phenomenawe needto investigatehow well our modelsdeal with simplertranslationdata,suchas Fido barks
sentencesDifferentprobability modelswill alsobe evaluated(cf. Bonnemaet al., 2000),aswill the possibility
of pruningthe searchspace py cutting down the numberof fragmentsproduced(cf. Sima’an,1999)in orderto

improvetheefficiengy of themodelsproposed.
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