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Abstract

It hasbeenshown that LFG-MT (Kaplan et al., 1989)hasdifficulties with Headswitchingdata(Sadleret al.,

1989,1990;Sadler& Thompson,1991). We revisit theseargumentsin this paper. Despiteattemptsat solving

theseproblematicconstructionsusingapproachesbasedon linearlogic (VanGenabithetal., 1998)andrestriction

(Kaplan& Wedekind,1993),wepointout furtherproblemswhichareintroduced.

Wethenshow how LFG-DOP(Bod& Kaplan,1998)canbeextendedto serveasanovel hybridmodelfor MT,

LFG-DOT (Way, 1999,2001),which promisesto improve uponthe DOT modelof translation(Poutsma1998,

2000)as well as LFG-MT. LFG-DOT improves the robustnessof LFG-MT throughthe useof the LFG-DOP

Discard operator, which producesgeneralizedfragmentsby discardingcertainf-structurefeatures. LFG-DOT

can,therefore,dealwith ill-formed or previously unseeninput whereLFG-MT cannot.Finally, we demonstrate

thatLFG-DOT cancopewith suchtranslationalphenomenawhichproveproblematicfor otherLFG-basedmodels

of translation.

1 Headswitching in LFG-MT

Kaplanetal. (1989)illustratetheirLFG-MT proposalwith thewell-known headswitchingcasevenirdeX ��� has

justX-ed, asin (1):

(1) Thebabyjust fell ��� Le béb́evientdetomber.

They proposeto dealwith suchproblemsin two ways.Thefirst of theseis asin (2):

(2) just: (
�

PRED) = ‘just ��� � ARG�
	 ’, ( � � PRED)= venir, ( � � XCOMP)= ��� � ARG)

Thatis, theXCOMPfunctionof venir (in (1), detomber) correspondsto theARG functionof just (in (1), thebaby

fell), asshown by therespectivesourceandtargetf-structuresin (3) and(4):

(3)


�������
PRED ‘just � [fall] � ’
ARG


���� SUBJ � PRED ‘baby’

SPEC the �
TENSE PAST

PRED ‘f all � [baby]� ’
������
���������

(4)


������������
SUBJ � PRED ‘béb́e’

SPEC le �
TENSE PRES

PRED ‘venir� [béb́e],[tomber]� ’
XCOMP


�� DE +

SUBJ ���
PRED ‘tomber� [béb́e]� ’

����
� ������������



Thesecondapproachis wherejust is not treatedasa headsubcategorizingfor anARG, but asa ‘normal’ adverbial

sententialmodifier. Instead,headswitchingoccursbetweensourceandtargetf-structures,asin (5):

(5)
S � � NP ADVP VP

(
�
SUBJ)=� (

�
SADJ)=� �

= �
( � � SADJXCOMP)= � �

just: ADV, (
�

PRED)= just fall: V, (
�

PRED)= fall

( � � PRED)= venir ( � � SUBJ)= ��� � SUBJ)

( � � PRED)= tomber

Herethe � annotationto ADVP statesthatthe � of themotherf-structureis theXCOMPof the � of theSADJslot.

Thissetof equations(alongwith othersof a moretrivial nature)producesthef-structure(6):

(6)


�����������
SUBJ � PRED ‘baby’

SPEC the �
TENSE PAST

PRED ‘f all � [baby]	 ’
SADJ �! PRED ‘just’ "$#

� �����������
1.1 Embedded Cases of Headswitching

However, Sadleretal. (1989,1990)show thatneitherapproachis ableto dealelegantlyandstraightforwardlywith

morecomplex casesof headswitching,asin (7):

(7) I think thatthebabyjust fell ��� Jepensequele béb́evientdetomber.

In (7), the headswitchingphenomenontakesplacein the sententialCOMP, ratherthanin the main clause,as in

(1). Herethestructurein (3) mustbea COMPto a PREDin a higherf-structure.Hence,thenormalf-description

on embeddedS nodes(
�

COMP= � ) mustbeoptional,andinsteadthestructurein (3) mustbeunifiedto theroot

f-structureasthevalueof its COMPnode.Thiscanbehandledby thedisjunctionin (8):

(8)
VP � � V that S� ( � COMP)=� , (

�
COMPARG)=� #

We requirethis disjunctionon embeddedS nodesto include(
�
COMP ARG)=� just in casethey containsucha

headswitchingconstruction,asf-structure(9) shows:

(9)


������������������

SUBJ  PRED ‘I’ "
PRED ‘think � [i],[just] 	 ’
COMP


����������
PRED ‘just � [fall] 	 ’
ARG


������ SUBJ � PRED ‘baby’

SPEC the �
TENSE PAST

PRED ‘f all � [baby]	 ’
� ������
������������

��������������������
Otherwise,structure(3) (rootedin just) is not connectedto thehigherCOMPslot. Nevertheless,thesolutionpro-

posedin (8) seemsalittle adhoc, requiringadisjunctionjust in casethesententialCOMPincludesaheadswitching



case.We shall seein the next sectionthat if suchheadswitchingadverbsco-occur, thenfurther disjunctsarere-

quired,unlessthesecanbeabbreviatedby a functionaluncertaintyequation.

If we choosethe secondapproach(5), where just is a sententialmodifier, given that the headswitchingis a �
operation,we requirethelexical entryfor think in (10):

(10) think: V, ( � � PRED)= penser, � (
�

SUBJ)= ( � � SUBJ), � (
�

COMP)= ( � � COMP)

This specifiesthat � of themotherf-structure’sCOMPslot is theCOMPof the � of themother’s f-structure.That

is, boththis argument,theCOMP, andtheSUBJof think areto betranslatedstraightforwardly. This is indeedthe

casein (11):

(11) I think thatthebabyfell ��� Jepensequele béb́eesttomb́e.

However, when the COMP includesa headswitchingcase,as in (7), we end up with a doubly rootedtarget f-

structurebecauseof a clashbetweentheregular � equationin thelexical entryfor think, (10),andthestructural�
equationontheADVP in the(5), whichrequiresthe � of thesamepieceof f-structureto betheXCOMPof the � of

theSADJslot. Onepieceof f-structureis requiredto fill two inconsistentslots.Wewill now illustratethis in detail.

Thec- andf-structuresfor thesourcesentencein (7), I think that thebabyjust fell, areshown in (12):

(12)

S,%'&
NP, %)( VP, %+*

I V that S,%-,
think NP, %). ADVP, %+/ VP, %+0

thebaby just fell



%'&-12%+*

�������������������

SUBJ %)(3 PRED ‘I’ "
PRED ‘think � [i],[f all] 	 ’
COMP % , 14%)0


�����������
SUBJ % . � PRED ‘baby’

SPEC the �
TENSE PAST

PRED ‘f all � [baby]	 ’
SADJ �-% /  PRED ‘just’ "5#

�������������

���������������������
Thesetof � equationsobtainedarethosein (13):

(13) Fromthelexical entryfor think, (10):�6%+* PRED= penser�6%+* SUBJ= �
�7�6%+* ) SUBJ)�6%+* COMP= �
�7�6%+* ) COMP)

Fromtherulesandentriesin (5):�6% / PRED= venir�6% 0 PRED= tomber�6%-,98:�7���;%-, SADJ)XCOMP)

Fromstraightforwardequationsfor theNPs:�6%+( PRED= je�6%+. PRED= béb́e�6%+. SPEC= le

Now, from thec-structurein (12), we seethat %+* ’s COMPis % , , sotheequation�6%+* COMP= ���<�6%+* ) COMP)can

bealteredquitesimply to �6% , = �
�7�6%+* ) COMP).By thesametoken, % , ’s SADJis %+/ . We now have two equations

whichcannotbothbesolvedwith theresultthata targetf-structureis formed.Theclashis shown in (14):

(14)
� (
�

COMP)= ( � � COMP) �6% , = ���<�6%+* ) COMP)� � = � (
�

SADJXCOMP) �6% , 8:���<�6%+/ ) XCOMP)

This resultsin theconstructionof thetwo partialtargetf-structuresin (15):

(15) =$>@?

���������

SUBJ =$>BA �C�
PRED ‘venirD [béb́e],[tomber]E ’
XCOMP =$>@F 
�� SUBJ =$>BA � PRED ‘béb́e’

SPEC le �
PRED ‘tomberD [béb́e]E ’ ����

����������� =G>IH 
���� SUBJ =G>@J � PRED ‘Je’ �
PRED ‘penserD [je],[...] E ’
COMP =G> F � �

������
That is, �6% , is requiredto beboth the XCOMP of venir andtheCOMPof pensersimultaneously, a conflict that

needsto be resolved if a propertarget f-structureis to be produced. As wasdonein (8), we might disjoin the

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



(16) ( � � COMP)= � (
�

COMPSADJ)

Thatis, � of themotherat theCOMPslot is � of themother’sCOMPSADJslot. This is clearlyundesirable,since

it mustbespecifiedfor everyembeddingverb.

1.2 Scoping of Multiple Adverbs

In a similar fashion,Sadleret al. (1989,1990)show thatthetwo approachesof Kaplanet al. cannotdealstraight-

forwardlywith othercomplex casesof headswitchinginvolving scopingof multipleadverbs,asin (17):

(17) a. Janzwemttoevallig graag� �
b. Johnhappensto like to swim

c. *Johnlikesto happento swim

That is, despitethe fact that (17c) is a grammaticalstring of English,it is not the translationof (17a)—(17b)is.

(17c)is thetranslationof Janzwemtgraag toevallig. Giventhatthewordorderdiffers,wehavea differentscoping

of theadverbs,resultingin a differenttranslation.Let usassumetheSrule in (5), andthelexical entriesin (18):

(18) graag: ADV, (
�

PRED)= graag,( � � PRED)= like

zwemmen: V, (
�

PRED)= zwemmen,( � � SUBJ)= ��� � SUBJ),( � � PRED)= swim

Let usalsoassumethesomewhatsimplersentence(19):

(19) Janzwemtgraag( � � Johnlikesto swim)

GiventheSrule in (5), andthelexical entriesin (18), thef-structurefor (19) is (20):

(20)


����������
SUBJ  PRED ‘Jan’ "
TENSE PRES

PRED ‘zwemmen� [Jan]	 ’
SADJ �  PRED ‘graag’ " #

������������
Thisobjectis verysimilar to thef-structurein (6). Theotherpossibilityis thatthelexical entryfor graag is (21):

(21) graag: (
�

PRED) = ‘graag�
� � ARG�
	 ’, ( � � PRED)= like,( � � XCOMP)= ��� � ARG)

In thiscase,thef-structurein (22)wouldbebuilt for theDutchsentencein (19):

(22)


���������
PRED ‘graag� [zwemmen]	 ’
ARG


����� SUBJ ‘Jan’

TENSE PRES

PRED ‘zwemmen� [Jan]	 ’
� �����
�����������

Beinganadverbof thesametype,toevallig canoccurin similar contextsasgraag, asin (23):



(23) Janzwemttoevallig ( � � Johnhappensto swim)

As seenin (17),suchadverbscanco-occur. To maintainthisapproachandproducethetranslation(17b),werequire

thef-structurein (24):

(24)


�������������
PRED ‘toevallig � [graag]	 ’
ARG


���������
PRED ‘graag� [zwemmen]	 ’
ARG


����� SUBJ ‘Jan’

TENSE PRES

PRED ‘zwemmen� [Jan]	 ’
�������
�����������
���������������

To associatetheembeddedS nodewith an f-structurewhich is thevalueof COMPARG ARG of themotherS’s

associatedf-structure,we would needto add(
�

COMPARG ARG) = � to thedisjunctionon S in (8). We maybe

ableto simplify theseequationsusingfunctionaluncertaintyasin (
�

COMPARG*) = � . Nevertheless,it remains

very unnaturalto annotateembeddedS symbolsto allow for the possibility that they maycontain(any number

of) subcategorizingADVs of this type. It shouldbeclearthatcaseslike (25) areproblematicin thesameway as

(7)-(16):

(25) Ik denkdatJantoevallig graagzwemt.

Thealternative f-structurecorrespondingto (17a)is (26):

(26)


���������
SUBJ � PRED ‘Jan’

NUM SG �
PRED ‘zwemmen� ( � SUBJ)	 ’
TENSE PRES

ADJUNCT �  PRED ‘toevallig’ " ,  PRED ‘graag’ " #
� ���������

Giventheoriginal formulationof LFG, thereis no way of producingtherequiredembeddingof graag (‘likingly’)

undertoevallig (‘by chance’),and not vice versa,without resortingto tuning: underboth approachesoutlined,

changingourc-structureassumptionsto dealwith adifficult translationcasenecessitatestheabandonmentof mod-

ularity.

In general,this approachrequiresthe tuningof f-structures,which is arguablyasproblematicasproducinga suf-

ficiently abstractrepresentationfor simpletransferin othersystems.For example,sinceGermanandDutchboth

have suchadverbs,asshown in (27), it is possibleto treat themas ‘normal’ adverbsandstill produceadequate

translations:

(27) a. NL: toevallig � � DE: zufällig

b. NL: graag� � DE: gerne

Hencethedangerexistsof producingdifferentsourcelanguagef-structuresaccordingto thetargetlanguagerequire-

ments:thecaseswheretheadverbsaretop-level PREDs(suchas(21), for instance)is appropriatefor translation

from Dutchto English,justbecausethis involvestheswitchingof heads.Thealternative lexical form for thesame

adverb,(18), is requiredfor translationfrom Dutchto German,wherethereis noheadswitchingfor thisexample.



a.


���� REL ‘toevallig’

ARG1


�� REL ‘graag’

ARG1 � REL ‘zwemmen’

ARG1 ‘Jan’ � ���� ������ b.


���� REL ‘graag’

ARG1


�� REL ‘toevallig’

ARG1 � REL ‘zwemmen’

ARG1 ‘Jan’ � ���� ������
Figure1: S-structuresderivedusingRestriction

1.3 Other Solutions

1.3.1 Restriction

Given caseswith adverbialmodifierssuchas(17), Kaplan& Wedekind(1993)attemptto solve themby the in-

troductionof the notion of restriction, which seeksto overcomeproblemsin mappingbetweenflat syntacticf-

structuresto hierarchicalsemanticones.Theintuition is thatin suchcasessemanticunitscorrespondto subsetsof

functionalinformation,andrestrictingthef-structure(in otherwords,removinggraag andtoevallig in turnfrom the

adjunctsetin (26)) enables(26) to beassociatedwith thealternative s-structuresin Figure1. Kaplan& Wedekind

(opcit., p.199)definetherestrictionof anf-structureby anelementof anelement’sset-value,asin (28):

(28) If f is anf-structureanda is anattribute:%�K9�ML9NG	O8P %�KQL if �;%RLG�!�S�@N # 8UT%�KQLWVX�5�<LY1Q�M%RLG�Z�S�@N # 	 # otherwise

Thatis, therestrictionof anf-structuref by aparticularmemberof anattributea’sset-valueis thef-structurewhich

resultsfrom deletingthatmemberof theset,andalsotheattribute itself if anemptysetresults.We canillustrate

how restrictionworksin (29), taking(26)asinput:

(29) f =


������ SUBJ � PRED ‘Jan’

NUM SG �
PRED ‘zwemmen� ( [ SUBJ)� ’
TENSE PRES

ADJUNCT \6� PRED ‘toevallig’ � , � PRED ‘graag’ �^]
�������� g = � PRED ‘toevallig’ �

_a` �cbB� =


������ SUBJ � PRED ‘Jan’

NUM SG �
PRED ‘zwemmen� ( [ SUBJ)� ’
TENSE PRES

ADJUNCT \6� PRED ‘graag’ �B]
��������

We arenow in apositionto describethesemanticcorrespondencesfor sentencescontainingadverbs,suchas(17a),

usingthe restrictionoperator. Let f be the f-structure(26), g the f-structurecorrespondingto graag and t the f-

structurecorrespondingto toevallig. We give in (30) theconstraintsnecessaryto map(26) into thes-structure(b)

in Figure1, wheregraag haswidescope:



(30) a. �<d�%RegfihQ�O8j�MdYNie9fkhl�
b. �<d�%Rmnego�p^�O8qdsr %RKn�<mntvuxwgy{z9|}N~	��
c. �<dsr %RK9�<m�t�u3w�y{z9|WN~	��~egfihl�s8:�<d��xegfihQ�
d. �<dsr %RK9�<m�t�u3w�y{z9|WN~	��~m�ego�p^�8�dsr %�K9�<m�t�u3w�y{z9|}Ng��	��8�dsr %�KQm�tvuxwgy{z9|��

(30a,b)describetheoutermostREL andARG1 configurationin Figure1b, and(30c,d)describethenext level of

embeddingat s-structure.Theseconstraintsallow f-structuresubsumptionrelationsto bemappedinto thedesired

hierarchicals-structures.However, wenotethatthenumberof suchconstraintswill grow in proportionwith thesize

of thesetof adjuncts.Kaplan& Wedekind(opcit., p.200)givearulewhichgeneratescodescriptionconstraints,as

in (31):

(31) For f anf-structure,N����M%Rmntvuxwgy{z9|n� , andg asentenceadverb,d�%�8qdYN , and�<d�%Rmnego�p^�O8qdsr %RKn�<mntvuxwgy{z9|}N~	��
(31)allowseachelementto beselectednon-deterministicallyfrom anadjunctsetto contributeto therelationfor the

s-structureof theenclosingf-structure.Furthermore,thes-structurecorrespondingto thef-structureminusthese-

lectedmemberbecomestheARG1of thatrelation.Giventhattherestrictionoperationappliesnon-deterministically

to all membersof a set,we get,ashere,a correctandsomeincorrectstructures:with respectto sentence(17), s-

structureFigure1a is correctwhilst Figure1b is incorrect. Althoughthis maybeseenasan improvementon the

codescriptionapproach,wherethe productionof the correctf-structurecould not be guaranteed,it nevertheless

leavessomethingto bedesiredin thathumaninterventionis necessaryto manuallyselecttheoptimalstructurefrom

the(possiblylarge)setof candidatesolutions.

1.3.2 Linear Logic

Somecasesof headswitching,notablyadjunctsandembeddedheadswitchingphenomena,havebeentackledusing

linear logic to formalizetransferrules(VanGenabithet al., 1998). Nevertheless,whenit comesto headswitching

casesthelinearlogic approachencounterssomeproblems.VanGenabithet al. usethe like ��� gerneexamplein

thesentencepair Hansschwimmtgerne ��� Hanslikesswimming. Giventheappropriatef-structures,thesource

setof meaningconstructorsin (32) is derived:

(32) ��� �� �;% ( �
������L5�3��Y� rc�M% ( ���n� � �����M% & ���n���^�@�6����� �v¡^�O� � �¢���£ rc�M% & ���n� £ ���k�;% & �
���¤N$¡^¥-��¡$� £ ��� ¦ �§�¨ª© �;%'&I� � �¤N$¡^¥-��¡$�M�^�@�6����� �v¡^�O�M��L«�3�-�
�
Themeaningconstructorfor like is (33):

(33) ¬c­<®«¯±°³²G´�µ¢¶S·¹¸¢¸»º�¼3½Q¾g¿YÀ;ÁQÂÃ´ÅÄv²$ÆÇ¸¢¸»ºÈ´ÊÉÈË�Ì}¶}¼3½Q¾g¿YÀ;ÁQÂÃÆqÍGÎn¸»º±´RÉÈË�ÌÏ¶�À;Á±ÂÃ¶g¸»ÆnÀ¢À¢À!Í$ÎºBÁ^ÂÃ¬c­<®«¯+¸»´�µ�¶g¸»´ÊÀ¢ÀMÐ
This final term, like(X,P(X)), indicatesthat

�
is the subjectof like, andthat somewherein its secondargument,�

re-entersastheXCOMP SUBJ.Thecompletesetof meaningconstructorsfor Hanslikesswimmingis givenin

(34):



(34) ��� �� �;%+(B� � ����L5�3���� 1 £ rc���;% ( �
��� �ÒÑ���Ó ���;% ( �
��� Ó �����;% & �
��� £ � Ó �
���È�����M% * ���9�ÕÔ<�×ÖG¡$� � 1 £ � � �
������ rØ�;% ( �
��� � �����;% & �
�����B������� � �¢� ¦ �§�¨© �M% * ���n�ÕÔ7�×ÖG¡$�;�6L5�3�«14�B�������M��L«�3�-�
�
The transferconstructorgerne ���+Ù like consumesthe entiremeaningconstructorfor gerneasthereareno left-

commonprefixesin themeaningconstructors,andthemeaningconstructorfor like in (35) is derived:

(35) ²~ÚÏ· ²G¶g¸7Ú Á ÂÛ¶ÜÍGÎQÚ Á ÂÞÝ'¯àß@á6¯)¸7¶�À¢ÀÍGÎ@â²G´�µ×¶Ï¸¢¸7Ú�¼3½Q¾9¿YÀ;Á±ÂÃ´UÄ�²GÆÇ¸¢¸7Ú{´ÊÉÈË�ÌÏ¶}¼3½Q¾9¿YÀ;ÁÈÂÞÆUÍ$ÎQÚYÁQÂã¶g¸»Æ9À¢À!Í$ÎQÚYÁQÂã¬c­<®'¯+¸»´�µ×¶g¸»´ÊÀ¢À¢ÀMÐ
Now the first problemwith this approachcanbe seen.On the right-handsideof the ��� Ù , we observe that the

meaningconstructorhasrewritten a node ä ratherthana node ä � z�å�æ £ to match
£ � Ó � . Consequently, with

theinstantiatedsourcemeaningconstructorsandthetransferconstructors,theequationsin (36) areproduced:

(36)

Source ç P �^�@�6����� �v¡^�{��� Ù �@���;�NG¡B¥-��¡���� Ù Ô<�¢Ö~¡ è © Ù��� �� p'éX�;%+(B� � ���6L5�3�ê é ��� rØ�;%+(-� � � � �����;%'&I� � ���@���;��� � ���ë é ��� 1 £ rc���;%+(^� � � �ÒÑ���Ó ���M%)(^� � � Ó �����;%'&I� � � £ � Ó �
���È�����M%«&I� � �ÕÔ<�¢Ö~¡5� � 1 £ � � ���¢� ¦
�§�¨ ©�;%'&I� � ��Ô7�×ÖG¡$�M��L5�3�'12�B�����ì�;�6L5�3�-���

Comparisonof thethird targetmeaningconstructorwith (33)showsthatthetransferoperationhasrewrittenasingle

node �;%'&I� � ratherthanaccessinga complementnode �M%'& � z�å�æ £ � � to matchagainst
£ � Ó � . VanGenabithetal.

thengive anexampleof embeddedheadswitchinginvolving the like ��� gernecase,andunsurprisinglythesame

fault is uncoveredagain.

Transfershoulddeliverexactlythesetof meaningconstructorsaswouldbeobtainedby independentanalysisof the

targetstring. If it doesnot, targetlanguagegenerationfrom underspecifiedsetsof targetmeaningconstructorswill

notproducetherequiredoutput,andtheoverall translationobtainedwill bewrong.VanGenabithetal. proposeto

rectify theproblemby ‘pushingdown’ thepredicate-argumentnucleusof verbsone(or more,asappropriate)levels,

via functionaluncertaintyover XCOMP. Hencethe transferconstructorschwimmen ���-Ù swimgetsamendedto

(37):

(37) schwimmen ���-Ù swim:� äÈ1 � �<ä!���í�^�@�~���;���v¡B�O� � �l���-Ùa�Mä � z�å�æ £kî �������@���;��� � ���
Furthermore,the transferconstructorgerne ���-Ù like is alsoredefinedgiven the knowledgethat the predicate-

argumentstructureandthecorrespondingsemanticprojectorassociatedwith the translationof thepropositionin

thescopeof thesourceadjunctis ‘pusheddown’ via functionaluncertaintyin (37) on thetargetside.Giventhese

amendments,thesetof targetmeaningconstructorsproducedis identicalto thosein (33),asrequired.



However, therearea numberof problemswith thissolution.It is clearthatanyverbplusassociatedargumentscan

occurasthecomplementof like. Consequently, theamendedtransferconstructorin (37) will have repercussions

for everyverbaltranslationrelation. That is, all transferconstructorsrelatingverbswill needto includesuchan

equation,just in caseit everoccursasanXCOMPin aninfinitival phraseof anotherverb. Furthermore,theaddition

of how to translateverbssuchasschwimmen��� swimin theeventof swimappearingasthecomplementof like

hasnothingto do with the translationrelationin questionat all: the translationof schwimmenasswim is a case

of simpletransfer. InformationaboutswimasanXCOMP hasnothingto do with swim, or schwimmen, but is an

artefactof the like ��� gernecase.Consequentlyit shouldberemovedfrom thecontext of schwimmen��� swim

andrelocatedin its properplace.If theapproachis subsequentlyunableto dealwith headswitchingexamples,then

sobeit, but at leastthebasictranslationrelationsarekept intactanduntaintedby ad hoc informationwhich does

notbelongthere.

2 LFG-DOT: a new Model of Translation

While LFG’s � equationsarein themainableto link exactly thosesource-targetelementswhicharetranslationsof

eachother, leadingto eleganttranslationmodelssuchasthatof Kaplanet al. (1989),we have describeda number

of cases,in particularembeddedheadswitchingexamples,wherethismachinery, andothers,areunableto cope.

Way (2001)proposestheuseof LFG-DOP(Bod & Kaplan,1998)asthebasisfor aninnovativeMT system.LFG-

DOPcombinesthesyntacticrepresentationsof LFG with thestatisticallanguagemodellingof DOP(Bod, 1998)

to createa new, morepowerful hybrid modelof languageprocessing.LFG-DOPrepresentationsconsistof LFG�<�+12%ï	 pairswith a mappingð betweenthem.TheRootandFrontier decompositionoperationsof DOPoperateon

CF-PSGtreesonly, so theseoperationsareadaptedin LFG-DOPusingthe notion of ð -accessibilityto stipulate

exactly which c-structurenodesarelinked to which f-structurefragments,therebymaintainingthe fundamentals

of c- andf-structurecorrespondence.A third, new decompositionoperation,Discard, is introducedin LFG-DOP

by which generalizedfragmentsproducedby RootandFrontier arecreatedby freely deletingany combinationof

attribute-valuepairsfrom anf-structureexceptthosethatare ð -linkedto someremainingc-structurenode,or that

aregovernedby thelocal predicate.Fragmentsarecombinedtogetherin two stages:c-structuresarecombinedby

leftmostsubstitution,asin DOP, subjectto thematchingof their nodes.F-structurescorrespondingto thesenodes

arethenrecursively unified,andtheresultingf-structuresaresubjectedto thegrammaticalitychecksof LFG. LFG-

DOPprobabilitymodelsarebasedon relative frequency: Bod & Kaplan(1998)give differentpossibledefinitions

of competitionsetsfrom whichsamplederivationsarechosen.

Way (2001)presentsfour modelsof translationwhich useLFG-DOPastheir languagemodels,but which differ

with respectto how translationsareobtained.We shallpresentthesebriefly here,andcommenton their ability to

handlemorecomplex headswitchingexamplessuchas(7).

2.1 LFG-DOT1: Translation via ñ
Givena sourcelanguageLFG-DOPtreebank,themodelbuilds a target f-structure%�ò from a sourcec-structurec

andf-structuref, themappingbetweenthemLFG-DOP-ð , andtheLFG translationequations� . Fromthis target

f-structure%�ò , a targetstringis generatedvia a targetlanguageLFG-DOPmodel,asin (38):



(38)

LFG-DOP-ð� % ��Iò %�ò
LFG-DOP-ðYò

While LFG-DOT1containssourceandtargetLFG-DOPlanguagemodels,therebyaddingrobustnessto LFGvia the

Discard operation,it maintainstheuseof � equationsto drivethetranslationcomponent.Unsurprisingly, therefore,

theproblemsof LFG-MT whenconfrontedwith certainheadswitchingdataaremaintainedin LFG-DOT1, sowe

donotconsiderthismodelfurtherhere.

2.2 LFG-DOT2: Translation via ñ and ó
LFG-DOT1relateslanguagesjustatthelevelof f-structure(via � ), andsofailsin thesamewayasLFG-MT with the

headswitchingdatapresentedin section1. Way(2001)demonstratesthattheDOT2 systemof translation(Poutsma,

2000)is ableto handleembeddedheadswitchingcasescorrectly.1 Accordingly, the ô relation,which links source

andtargetsubtreefragmentsin DOT, is introducedinto theLFG-DOT2 translationmodel.This requiresintegrated

bilingual LFG-DOPcorpora,whereeachnoden in a sourcec-structuretreec is relatedboth to its corresponding

f-structurefragmentf (via LFG-DOP-ð ) andits correspondingc-structurenode��ò in a targetc-structuretree �Iò (viaô ). In addition,eachf-structurefragment� in asourcef-structuref is relatedto its correspondinglanguagefragment�^ò in a targetf-structure%�ò , via � , asshown in (39):

(39)

LFG-DOP-ð� %ô ��Iò %�ò
LFG-DOP-ð ò

Thatis, thetranslationcomponentconsistsof anintegrationof the ô probabilitieswith the � mapping.Way (2001)

describeshow thesetwo translationsourcesmightbestbecombined,but thisneednotconcernushere.Ultimately,

despitethefact thatLFG-DOT2 is a richermodelthanLFG-DOT1, it too is rejectedasit continuesto maintain �
equationswhichareincapableof ensuringthatthecorrecttranslationis obtainedin all casesof headswitching.

The presenceof the f-structureinformationis requiredin orderto allow Discard to run andtherebymake LFG-

DOT morerobustthanLFG-MT. However, Discard canoperatewhetherthef-structuresarelinkedvia � or not,so

it would appearthat the � operationitself is not needed.2 Thenext two LFG-DOT models,therefore,omit the �
operationandusethe ô relationto producetranslations.

1Therearetwo remainingcaveats:(i) in dealingwith ill-formed translationpairssuchas � Johnswim, Jan zwemmen� , DOT2 considerssuch

pairsas‘grammaticalwith respectto the corpus’. In LFG-DOT, suchpairscanbe handledonly by removing certainatrribute-value pairsin

therespective f-structuresvia Discard in orderto permitthemto beunified. Suchderivationsareconsidered‘ungrammatical’,in line with our

intuitive notionof well-formedness;(ii) DOT2 cannothandlesuchcasesfully compositionally. With respectto this latterpoint,weshallseethat

LFG-DOT3 suffersin thesameway, but LFG-DOT4 avoidstheproblemof limited compositionality.
2Weleave for futurework thequestionasto whetherthis approachis fruitful for languageswhich differ significantlyat thelevel of surface

structure,e.g.EnglishandWarlpiri. In suchcases,perhapsanLFG-DOT1 or LFG-DOT2 modelmaybebetterto relatetranslationalequivalents

at thelevel of f-structureratherthanc-structure.
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FIN +
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DE +

FIN -
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��������

Figure2: The just ��� venirdecasein LFG-DOT3

2.3 LFG-DOT Model 3: Translation via ó with Monolingual Filtering

The LFG-DOT3 translationmodel containsthe DOT2 ô links betweensourceand target c-structures,but with

additionalsyntacticfunctionalconstraintswhichpreventtheformationof certainungrammaticalstructures(cf. note

1), therebyenablingcorrecttranslationsto beoutputwith appropriateprobabilities.Thef-structureinformationcan

beseen,therefore,asusefulfor monolingualdisambiguationin bothsourceandtargetsides.Ill-formed or unknown

input is still processableby runningDiscard overthesetof linkedsourceandtarget �M�+1 LFG-DOP-ðx14%ï	 fragments.

TheLFG-DOT3 architectureis shown in (40): 3

(40)

LFG-DOP-ð� %ô � ò % ò
LFG-DOP-ðYò

In orderto exemplify how headswitchingis dealtwith in LFG-DOT3, let usconsiderthe just ��� venirdecase(1).

In termsof LFG-DOT3, thetranslationrelationis shown in Figure2. The ô link betweensemanticallyequivalent

elementsin thesourceandtargetc-structurescanbeseenontheVP nodes.fell is notconsideredto besemantically

equivalentto tomberowing to their differentFIN(ite) values,addedto thefact that fell hasa TENSEvaluewhilst

tomberdoesnot. Hencethistranslationfragmentcanonlybereusedbysubstitutingthispairwith associatedsingular

NPsubjectsat theappropriatenodesin anS-linkedfragment.In this respect,aswith DOT2 (andLFG-DOT2), this

LFG-DOT3 modelcontinuesto suffer from limited compositionality. Weaddressthisconcernfurtherin section2.4

dealingwith theLFG-DOT4 model,which hasanextra level of processingcalled‘ExtendedTransfer’.In all other

respects,LFG-DOT3 andLFG-DOT4 arethesamemodels,sowhile we endup rejectingLFG-DOT3 in favour of

LFG-DOT4, muchof theensuingdiscussionis relevantto ourfinal choiceof model,LFG-DOT4.

2.3.1 LFG-DOT3 and Embedded Headswitching

Having shown how LFG-DOT3 copeswith aheadswitchingproblem,weshallnow investigatewhetherLFG-DOT3

canhandletranslationexampleswhich LFG-MT findsproblematic.We showedthat in example(7), thedefault �
equationsin theentryfor think (10)clashwith thoseon thestructuralrule for ADVP (5).

3Way(2001)provesthatLFG-DOT2 andLFG-DOT3 aredifferentmodelsby showing thatwhile � links canbeinferredfrom
�

and 
 links

in thegeneralcase,this is not possiblewhenmorecomplex translationdatais examined.
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����������
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	5üØý ’
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������������
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NUM SG �
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FIN +

XCOMP


� DE +

SUBJ � �
PRED ‘tomberõ�� � � ý ’
FIN -

��
� ������������

���������������������
Figure3: LFG-DOT3 representationfor the embeddedheadswitchingcaseI think that the babyjust fell ��� Je

pensequele béb́evientdetomber

TheLFG-DOT3 representationsfor thefull treesin (7) areshown in Figure3.4 Sourceandtargettreesarelinked

at the topmostS, NP, V andVP levels, aswell asat �� , COMP andembeddedS levels. Given that eachsource

fragmentwill belinkedto its targetcounterpartwith thesamelabel,each� source, target	 linkedpaircanbedeleted

to make thenew linkedfragmentpair in (41):

4In thisandsomesubsequentexamples,
�

and 
 links areomittedfor reasonsof clarity.



(41)

S
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Det N Adv V
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������������
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��
PRED ‘fell ����[����������M� ’
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��������������
S
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FIN -

�����

���������������������
Thetreesin (41) arelinkedat S, NP, VP, DET andN levels. Oncethesearedeleted,theremainingfragmentsare

linkedatembeddedVP level,exactlyasin Figure2. Thatis,embeddedheadswitchingcasesin LFG-DOT3 aredealt

with in exactly thesamemannerasnon-embeddedheadswitchingcases.GiventhatfragmentssuchasFigure2 and

(41)exist, suchcomplex casescanalsobedealtwith compositionally, as(42) illustrates:

(42)

S

NP VP

I V  �

think COMP S

that


������
SUBJ � PRED ‘I’ �
PRED ‘think ���Ø[����������"�Ø[�%('$)+*$�<� ’
TENSE PRES

COMP � THAT + �
��������

S

NP VP

Je V  �

pense COMP S

que


������
SUBJ � PRED ‘Je’ �
PRED ‘penser�,��[����������-��[�%('$)+*$�M� ’
TENSE PRES

COMP � QUE + �
��������



.

S

NP VP
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��
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��������������
S
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�������������������
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� PRED ‘béb́e
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��
PRED ‘venir���Ø[����������"�Ø[$#&%('�)+*$�<� ’
TENSE PRES

FIN +

XCOMP


���� DE +

SUBJ ���
PRED ‘tomber����[����������M� ’
FIN -

� ����

� �������������������
That is, the lower linked sourceandtarget sentencepair is substitutedinto the sourceandtarget S-nodesin the

uppertrees.At thesametime, their f-structuresaremergedwith theCOMP f-structuresof thesourceandtarget

f-structuresrespectively. This is, of course,justonepossiblederivationof this translation.Otherswill beproduced

in theusualmannerandtheir probabilitiessummedin orderto derive probabilitiesfor the translationasa whole

with respectto thecorpus.

2.4 LFG-DOT4: Translation via ó and ‘Extended Transfer’

In theprevioussection,weobservedthattheoutstandingproblemwith Model3 is its retentionof theDOT2problem

of limited compositionality. Returningto the just ��� venirdeheadswitchingcasein Figure2, wewould like to be

ableto ‘relax’ someof theconstraintsin orderto map �;%�¡-Ô<Ô×1
�0/-�+1I¡B¥)	 to maketheselinkedfragmentsmoregeneral,

andhencemoreuseful.In sodoing,wewould removethisproblemof limited compositionality.

In LFG-DOT4, thebasictranslationrelationis expressedby ô , aswith LFG-DOT3. In LFG-DOT4, however, there

is asecondapplicationof Discard, by which ‘lemmatized’formsarearrivedatonwhich ‘extendedtransfer’canbe

performed.Discard relaxesconstraintsin orderto produceasetof generalizedfragmentswith thepotentialto deal

with ill-formed or unknown input. OncetheTENSE andFIN featureshavebeenrelaxedonthelowestverbsin both

fragmentsin Figure2, they canberegardedastranslationallyequivalent.Giventhis, �M%�¡-Ô<Ô�1��0/-�21à¡^¥)	 arelinkedand

lemmatized,asin (43):



(43)

VP

ADV V

just FALL


���� SUBJ � NUM SG �
PRED ‘f all D ¸»º�¼3½Q¾9¿YÀ E ’
SADJ 3 � PRED ‘just’ �54

� ����
VP
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����������
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XCOMP


��� SUBJ � NUM SG �
DE +

PRED ‘tomberD ¸»º�¼3½Q¾g¿�À E ’
�����
������������

Now that � FALL,TOMBER 	 are linked, they can be deletedto producethe generalizedform of the translation

relation,namely(44):

(44)

VP

ADV V

just

� SUBJ � NUM SG �
SADJ 3 � PRED ‘just’ � 4 �

VP

V 67

vient COMP V

de


������ SUBJ � �
PRED ‘venirD ¸»º�¼3½Q¾g¿YÀ4¸»º±´RÉÈË�ÌÏ¶�À E ’
XCOMP � SUBJ � NUM SG �

DE + �
��������

If fragmentpairssuchas(44) prove subsequentlyto be of usein combiningwith otherfragments,any resultant

translationwill bemarkedasungrammaticalwith respectto thecorpus,giventhatDiscard wasusedin its derivation.

Nevertheless,evenif we restricttheimpactof Discard on theprobabilityspace(cf. Way, 1999,2001;Bod,2000),

in orderto ensurethattranslationsobtainedvia RootandFrontierarepreferredoverthosederivedvia Discard, such

translationswill receive someprobability, whereasthesemi-compositionalvariantsfrom which they werederived

maynotbeableto produceanytranslation.

3 Contributions and Further Work

We describedthetwo waysin which theoriginalLFG modelof translation(Kaplanetal., 1989)attemptedto cope

with headswitchingdata.Wesummarizedpreviousaccounts(Sadleretal., 1989,1990)whichshowedthatLFG-MT

cannotcopewith certaincasesof headswitching.Otherattemptsat solvingthesecasesusingrestriction(Kaplan&

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



We thenpresenteda numberof new hybrid modelsof translationbasedon LFG-DOP. Thefirst, LFG-DOT1, uses

LFG-DOPfor thesourceandtargetlanguagemodels,but importsthe � equationsfrom LFG-MT asthetranslation

relation.Accordingly, therefore,it fails to copewith embeddedheadswitchingandothercomplex datain thesame

wayastheoriginalLFG-MT model.Giventhis,weaugmentedLFG-DOT1 with the ô functionfrom DOT2 to give

an improvedmodelof translation.Nevertheless,giventhat � equationsfail to derive thecorrecttranslationin all

cases,subsequentLFG-DOT modelsomit the � functionandrely wholly on ô to expressthetranslationrelation.

LFG-DOT3 usesf-structureinformationpurelyfor monolingualfiltering. Thepresenceof this functionalinforma-

tion preventstheformationof certainill-formed structureswhichcanbeproducedin DOT2. LFG-DOT3, therefore,

hasa notionof grammaticalitywhich is missingfrom DOT2. Importantly, thiscanbeusedto guidetheprobability

modelsin themannerrequired.We showedthatLFG-DOT3 copeswith casesof embeddedheadswitchingin ex-

actly thesamewayasnon-embeddedheadswitchingexamples.However, likeDOT2, it suffersfrom theproblemof

limited compositionality, sothatin somecasestheminimalstatementof thetranslationrelationis impossible.

LFG-DOT4 addsan ‘ExtendedTransfer’ phaseto LFG-DOT3 by producinglemmatizedforms using a second

applicationof Discard. This extensionovercomestheproblemof limited compositionality, enablingthestatement

of thetranslationrelationin anintuitive,concisefashion.

Moregenerally, wehaveshown:

1. thatLFG-DOPcanserveasamodelof translation;

2. that contraryto previous perception,basicstatementsof translationrelationscanbe statedat the level of

c-structure,ratherthanat ‘deeper’levelsof linguisticanalysis,providedthatthesetreesareaccompaniedby

syntactic(f-structure)informationwhichactsasamonolingualfilter on thestructuresproduced.

As to futurework, themodelspresentedhereneedto betestedmorethoroughlyon large-scaleLFG-DOT corpora,

andthework of Franket al. (2001,this volume)on producingsuchresourcesautomaticallyseemspromisingin

this regard.Thework describedhereandin (Way, 2001)usesasits evaluationmetrictheability to copewith ‘hard’

translationcasessuchasembeddedheadswitching.Nevertheless,aswell asexaminingsuchcomplex translation

phenomena,we needto investigatehow well our modelsdealwith simpler translationdata,suchasFido barks

sentences.Differentprobabilitymodelswill alsobeevaluated(cf. Bonnemaet al., 2000),aswill the possibility

of pruningthe searchspace,by cuttingdown the numberof fragmentsproduced(cf. Sima’an,1999)in orderto

improvetheefficiency of themodelsproposed.
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