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Abstract

We presentanapproachto VP ellipsisthatallowsthedirectderivationof
sourceandtarget sentences(the former neednot be unique)during seman-
tic construction.Specificsyntacticconstituentstructuresareassociatedwith
ellipsispotential,which canthenbe dischargedby pro-verbslike did (too).
Thedeterminationof sourceandtargetsentence,whichis donewith semantic
featuresin an HPSGframework, is coupledwith a comprehensive analysis
of ellipsis,which alsohandlesits interactionwith scopeandanaphora.

1 Introduction

VP ellipseslike (1) consistof two sentences,the source sentence(SoS)and the
target sentence(TaS).In theTaSa VP is left out andreplacedby a pro-form,here
doestoo. The SoSandthe TaShave the samemeaning,except for the semantic
contributionsof therespective subjectNPs,in thiscaseJohn in theSoSandBill in
theTaS.

(1) Johnwantsto readJaneEyre, andBill doestoo.

Sentence(1) is notambiguousw.r.t. potentialSoSs.Thus,thereis only onefeasible
wayof understandingtheTaS:‘Bill wantsto readJaneEyre’. But thisis notalways
so. E.g., the TaSof (2) may be understoodas‘Bill reads’or ‘Bill wantsMax to
read’. Suchsentences,wheretheTaSis partof a relative clausewithin anobject
NP, arecalled‘antecedent-contained deletions’(ACD).

(2) JohnwantsMax to readeverythingthatBill does.

Thequestionwe areaddressingin thispaperis: givenanelliptical targetsentence,
wheredo we find a suitablesourcesentence?Therearefew previous approaches
to anautomaticdeterminationof sourceandtargetsentencesin VP ellipsis. Hardt
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(1997)considersall VPswithin thepreviousthreesentencesaspotentialSoS-VPs
andranksthemby several heuristics. We feel, however, that the setof possible
SoSscanbenarroweddown muchmore,usinghardsyntacticconstraints.
Themain ideaof our approachis that thereis alwaysa kind of joint betweenSoS
andTaS.Sentenceconjunctioncanfunctionassucha joint, ascanstructuresthat
underlieACD cases(in particular, VPsthatconsistof a transitive verbandanNP).
Thesejoints canbe identified as constituentstructuresin the syntacticanalysis.
Given an elliptical target sentence,theremust be sucha joint above it, and for
eachjoint we can specify wherethe sourcesentencecandidatesit licensesare.
So we associatecertainconstituentstructureswith ellipsis potential, that is, they
collectsourcesentencecandidates.(If theellipsisis ambiguouswith respectto the
possiblesourcesentence,thenmorethanonecandidateis gathered.)Thispotential
can only be discharged by a pro-form like do (too). Discharging the potential
meansdeterminingthemeaningof thetargetsentenceby relatingit to themeaning
of oneof thesourcesentencecandidates.For ellipseslike (2) with morethanone
feasibleSoS,the ellipsis potentialwill comprisemore than one candidate. We
modelthisunderdeterminationby semanticunderspecification.
Therearetwo questionsconnectedwith ellipsis: on theonehandfindingasuitable
SoScandidate,on theotherhandreconstructingthemissingmaterial.We couple
our approachto finding SoScandidateswith a reconstructionusingtheConstraint
Languagefor LambdaStructures(CLLS) (Egg,Niehren,Ruhrberg, andXu 1998;
Egg, Koller, andNiehren2001). It reconstructsthe missingmaterialwithin the
semanticstructure,in asimilar wayasDalrymple,Shieber, andPereira(1991).

Plan of the paper. In Section2 we give a brief introductioninto theConstraint
Languagefor LambdaStructuresandshow how it canbe usedto modelellipsis.
The centralsectionis Section3, wherewe presentour approachto finding ellip-
sis antecedents.Section4 comparesit to the otherapproachesmentionedabove.
Section5 concludesanddelineatesfurtherresearch.

2 CLLS

In this section,we give a brief overview of theConstraintLanguagefor Lambda
Structures,CLLS. An extensive introduction(including all the necessarydefini-
tions)aregivenin thepaperby Egg,Koller, andNiehren(2001).Generallyspeak-
ing, CLLS is a languagefor thepartialdescriptionof

�
-termsthatcanbeusedin

anunderspecifiedanalysisof scope,ellipsis,andanaphora.
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2.1 Introduction to CLLS

A constraintin theConstraintLanguagefor LambdaStructuresdescribesa
�
-term

asa lambdastructure, whichis anode-labelledtreeenrichedby additionaledgesto
model

�
-binding. Let usexplain this in two steps.First, termscanberepresented

astrees.For example,the term ���	�
����
�
 canbe drawn asthe tree(3). Functional
applicationis representedby a nodewith thebinary label ‘@’ for apply. Its first
child is thefunctionbeingapplied,thesecondchild is theargument:

(3) @ �
f � @ �

g � b �
Second,

�
-termscanbe representedas treesdecoratedwith

�
-links. For exam-

ple, the
�
-term

����� ��� � 
 canbe drawn as the lambdastructure(4). Abstraction
andboundvariablesarerepresentedusingthe labelslam andvar, andthe

�
-link

indicateswhichvariableis boundby whichbinder:

(4) lam �
@ �

f � var �
Anaphoricbinding in lambdastructuresis handledin a similar way as

�
-binding:

an anaphorresultsin a nodelabelled ANA, and an anaphoricbinding edge(an
ante-link from ananaphornodeto thenodefor its antecedent)indicateswhereit is
bound.Note thatwhile themechanismis similar to

�
-binding,anaphoricbinding

edgesand
�
-bindingedgesaredistinct.

f X

X 1 X 2

Y

X Y 1

Y 0

X 1

X 0Y

X

lam

var ana
Y

labeling dominance

X

lambda
binding

anaphoric
binding

parallelism

Figure1: Theliteralsof CLLS

The languageCLLS consistsof predicatesfor describinglambdastructures.Its
syntaxis definedas follows. ����� , etc. arevariableswhich denotenodesin a
lambdastructure. � ����� � � ����� � � ����� ���! "
$#%�'&)(*�# � ���+
 � �,# ante ���+
 � �#-�/.10%� �32 �
.405� � # �768�:9
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A CLLS formulaor constraint is a conjunctionof atomicliterals; it is satisfiedby
a lambdastructureanda variableassignmentiff all its literalsaresatisfiedin the
following sense.A labelling literal � � ����� � � ����� ���! ;
 is satisfiediff � denotes
a nodewith label � andchildrenthat aredenotedby � � � ����� ���! . A dominance
literal �<&=(>� is satisfiediff � denotesa (reflexive, transitive) ancestorof � in
thelambdastructure.Thebindingliterals

� ���+
 � � andante ���?
 � � aresatis-
fied iff the lambdastructurecontainscorrespondinglambdaor anaphoricbinding
edges.Themostcomplex literalsaretheparallelismliterals; we returnto themin
aminute.Figure1 illustratestheliteralsof CLLS.
By a partial descriptionof a lambdastructure,we canmodelsemanticunderde-
termination,in particularscopeambiguity. For instance,thesentence(5) hastwo
closely relatedreadings(eitherquantifiermay outscopethe other one)as repre-
sentedin (6):

(5) Every linguist attendsaworkshop.

(6) (a)
��@BA�C=DFEHG�I%C"J=
H� �"K�ML3N5LOD�PRQTS�U%V�W)S G�XY
H� � P��@%XZXYLOU%[ K 
\P=
�
 (b)

�ML3N5LOD�PRQTS]U1V�W)S G�XY
H� � P��@BA�C=DFEHG�I%C"J=
H� �"K��@1X^XYLOU%[ K 
_P=
�

Two

�
-structurescorrespondto these

�
-terms.We describethemboth in a single

CLLS constraint,which we draw asa constraint graph, shown in (7). Thenodes
in this graphstandfor variablesin a constraintandtheedgesandlabelsrepresent
differenttypesof literals.A nodeconnectedto its childrenby solid linesrepresents
a labelling literal, dottedlines standfor dominanceliterals, anda dashedarrow
standsfor

�
-binding.

(7) @ �
@ �

a � workshop � lam �� @ �
@ �

every � linguist � lam ��
@ �

@ �
attend � var � var �

The constraintgraphin (7) is satisfiedby all
�
-structuresinto which the graph

canbeembeddedin sucha way thatno labellednodesof thegraphoverlap. The
descriptionleavestheorderingbetweenthequantifierfragmentsunspecified.But
sincebothfragmentsdominatethenuclearscopeand,like trees,

�
-structurescan-

notbranchupwards,oneof thequantifierfragmentsmustdominatetheother.
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2.2 Representing ellipsis in CLLS

Parallelism literals statethat two piecesof a
�
-structurehave thesamestructure.

A parallelismliteral �/.10%� �32 �`.405� � saysthat‘ �/. upto � � ’ looksthesameas‘ �
.
upto � � ’. Considerthe lastpicturein Fig. 1. � . denotesa nodethat is above the
nodefor � � , andtogetherthey designatea treewith a hole: thetreestartingat the
nodefor � . , from which anothertreehasbeencut out, namelythetreestartingat
thenodefor � � . Wecall suchatreewith aholeasegment. In thesameway, � . 0a� �
designatesasegment,andtheparallelismliteral statesthatthesetwosegmentshave
thesamestructure.
Parallelismliteralscanbeusedto modelellipsis. Considere.g. theelliptical sen-
tence(8):

(8) Everymanslept,andMary did, too

Themeaningof its TaSsodoesMary is equalto theoneof its SoSeverymanslept,
exceptthat thesemanticcontribution of the sourceparallelelementevery man is
replacedby the oneof the target parallelelementMary. The constraintsfor SoS
andTaSare(9a)and(9b). Thefirst partof theconstraintfor sentence(8) conjoins
the SoSandTaSstructures,asexpressedin (9c). Two occurrencesof the same
variablename,like � � in (9a) and (9c), describethe samevariable,so the two
constraints(9a)and(9c)areto bejoinedat � � .
(9) (a) @ �b� �

@ �B� �
every � man � lam � �

@ �
sleep � var �

(b) @ �B�/c
Mary �$�!d lam � �

@ �� var �
(c)

6 ���B� � ��$�/c
The secondpart of the constraintis the parallelismliteral (10), which statesthat
the treewhich is the semanticsof theSoShasthesamestructureasthe treethat
is thesemanticsof theTaS,exceptfor thetwo subtreeswhicharethesemanticsof
theSoSsubjectandtheTaSsubject.1 The

�
-structure(11), theintendedsemantic

representationof (8), satisfiesall constraintsin (9a),(9b), (9c),and(10).

(10) � � 0%� � 2 �/c10%�!d
1SincepropernamesandquantifierNPscanbeparallelelementsin anellipsis(asin (8)), proper

namesaretype-raised;theconstantMary in (9b)correspondsto a e -termof type f�fhgHi�jFkZi�jFk .
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(11)
6 �

@ �
@ �

every � man � lam �
@ �

sleep � var � @ �
Mary � lam �

@ �
sleep � var �

CLLS canalsohandletheinteractionof ellipsisandscope,asin (12)andtheinter-
actionof ellipsisandanaphorathatarisefrom ‘strict’ and‘sloppy’ reconstructions
of pronouns.Wereferto Eggetal. (2001)for analysesof theseissuesin CLLS.

(12) Every linguist attendsaworkshop.Every computerscientistdoes,too.

3 The analysis

Our syntax-semanticsinterfaceassignseachsyntacticconstituenta CLLS con-
straint.If aconstituentX hasdaughterslnm�� ����� ��l=o , thentheconstraintfor X hasthe
form � p�q3rts 6  uv�w � constraintfor lnx��
where

� p�q3rts is a constraintassociatedwith thephrasestructurerule l;m�� ����� ��l)oRyl . In prose: the constraintfor a complex constituentis the conjunctionof the
constraintsof its immediateconstituents(ICs),plustheconstraintthatstemsfrom
therelevantphrasestructurerule.
For theconstructionof complex constraints,eachconstituentmakesaccessibletwo
distinguishedCLLS nodevariablesof its constraintby auxiliary features,a tech-
nique reminiscentof the semanticconstructionin MRS (Copestake, Flickinger,
andSag1997). The featuresarecalled the SCOPE andthe ROOT featureof the
constraint. The value of SCOPE modelsthe local scopedomain; usually this is
theuppermostvariablein theconstraintfor thelowestsentencethatcomprisesthe
constituentin thesyntacticstructure.This informationis neededto handlescope
islandslike e.g.relative clauses.Thevariablethatis thevalueof theROOT feature
is theuppermostvariablein theconstraintfor theconstituent.(Sometimeswe will
talk aboutSCOPE andROOT of a constituentz in orderto abbreviate theclumsier
‘value of the SCOPE or ROOT featureof z ’.) Finally, we encodethe constraint
associatedwith aconstituentin a featureCON.
This informationis collectedin asemanticfeatureSEM, which lookslike this:

(13)
SEM

{|
SCOPE the scope variable
ROOT the root variable
CON the constraint for this constituent

}~
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To constructthe constraintfor a complex constituent,the constraint

� p�q3rts that
comeswith a phrasestructurerule refers to the SCOPE and ROOT of the con-
stituent’s ICs. Thisconstraint

� p�qHrts ‘gluestogether’theconstraintsof theICsusing
theseSCOPE andROOT variables. In this way, we ensurethat the constraintsfor
theindividualconstituentsform acoherentwhole.Moreover, theconstraintfor the
complex constituentintroducesSCOPE andROOT featuresof its own.

VP y TV NP

@ ��B������
aman

lam ��
@ �B�������B����Y�

see

var �
Figure2: A phrasestructureruleandtheassociatedconstraint

An example is shown in Fig. 2: it is the constraintassociatedwith the phrase
structureruleVP y TV NP, plustwo trianglesthatsketchwheretheconstraints
for the two childrenareattached.The variable � ���� is the ROOT variableof the
NP constituent,and analogouslyfor ����Y� and ������ . Note the introductionof a
ROOT nodefor theVP constraint:it is thenodeimmediatelybelow thedominance
relationthatis labelledby ‘@’.2

To handleVP ellipsis in this framework, we addtwo morefeaturesto SEM. The
exceptionin aVP ellipsisis alwaysthesubjectof thesentence.Soweuseafeature
SEM # SUBJECT to storethevariablethatis theROOT of thesubjectof thesentence.
And we collectthelist of SoScandidatesin a featureSEM # SOS. Eachcandidateis
representedby apairof variables:theROOT variablefor thesubjectof thesentence,
andthetheSCOPE variablefor thatsentence.

3.1 A Case of Conjunction Ellipsis

We first show what our analysislooks like for sentence(8). In this case,source
andtarget sentenceareconnectedby a conjunction.Theconstituentstructurefor
this sentenceis givenin Fig. 3 (wherewe have omittedtheirrelevantdetailsof the
NPeveryman). It is annotatedwith theSEM featurevalues.Theconstraintthatthe
syntax/semanticsinterfaceconstructsfor this sentenceis shown in (9).
Therelevantpartsof theinterfacerulesareshown in Fig. 4. They aresimplifiedin

2The SCOPE nodesareneglectedhere;the rule would merely identify the SCOPE nodesof NP,
VP, andTV.
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��Y�^�����M�3����� ��M�4� �������� � � ���Z�����Y�  3¡�¢ ��� ���3����� �£ �1��¤ � � �� ¥Z¦ ��§Y¨ ��� �M�3����� ��M�4� �������� � � ��
¡F¢�© ��ª������M�3����� «�M�4�­¬�¬ � ® � ¯�¯ °������� ± � ��

² ¡��^� ��� ���3����� «£ �1��¤ ± � �� ©�³�© ¨�´Y´ ����� ���3����� «���4� ¬]µ�µ�µ ¶ µ�µ�µ�¯ °�M�H��� ±�3��·¹¸�º ¶ »�¼�½ º ¶ »	¾ « ¼ ±
� ����

Figure3: Constituentstructurefor sentence(8)

(a)S y NP VP (b) S y S Conj S (c) lex. entrydo (too){¿¿¿¿¿¿¿¿¿¿¿¿¿|
DTR1 À^ÁYÁYÁ�À SEM Â ROOT Ã

SCOPE Ä Å
DTR2 À^ÁYÁYÁ�À SEM

{|
SOS Æ
SUBJ Ã
SCOPE Ä }~ÁYÁYÁ�À SEM

{|
SOS Æ
SUBJ Ã
SCOPE Ä }~

}ÈÇÇÇÇÇÇÇÇÇÇÇÇÇ~
{¿|
DTR1 ÀZÁYÁYÁ�À SEM Â SCOPE Ã

SUBJ Æ Å
DTR3 ÀZÁYÁYÁ�À SEM À SOS f�f Æ , Ã k�k

} Ç~ ÁYÁYÁ�À SEM

{¿¿| SCOPE Ã
SOS fMÁ^ÁYÁ Æ Á�ÁYÁ k
SUBJ Ä
CON s( Æ )/f( Æ ) É Ã / Ä

} ÇÇ~

Figure4: Interfacerulesusedin Fig. 3

that therespective immediateconstituentsappearasDTR1 . . . DTRn; dotsin paths
abbreviate SYNSEM # LOC. The rule in (a) collectsinformationon SUBJECT and
SCOPE of a sentence.This informationis turnedinto ellipsispotentialin (b). The
conjunctionis thejoint betweenSoSandTaS,asit putstheSoSto the SOS list of
theTaS.Thelexical entry(c) thendischargestheellipsispotential.
Now we take a closer look at the interactionof the rules, startingat Ê � . Here
Fig. 4 (a) identifiesthe SUBJ valueof the sentencewith theNP’s ROOT value,in
this casethe root 2 of every man. Now at Ê , the interfacerule (b) builds up
ellipsispotentialfor theSoScandidateÊ � . It identifiesthe SOS valueof its DTR3
(whichwill laterbedeterminedto be Ê � ) with asingletonlist.3 Its memberis apair
consistingof theSUBJ andSCOPE valuesof Ê � . By rule(a)of Fig. 4, theSOS value
7 andthe SCOPE value 3 of Ê � arehandeddown to did too, andthe SUBJ of

did too is identifiedwith theROOT value 4 of Mary.
3This is a simplificationin thatfor otherconjunctions(e.g.,as) theremaybemorethanoneSoS

candidate.Weenvisagethatafutureanalysiswill admitfor thispossibility, andthatthelexical entries
of conjunctionswill carryinformationto determinetherangeof SoScandidatesand,eventually, also
preferencesbetweenthesecandidates.

clement
169



Now in did too, the built-up ellipsis potential is discharged accordingto the
lexical entry (c): its constraintin CON is a parallelismliteral. It saysthat the
semanticsof the SoSup to the root of the SoSsubjecthasthe sameform asthe
semanticsof the TaSup to theTaSsubject. (‘f ’ and‘s’ arefunctionsthat mapa
pair to its first andsecondmember, respectively.) TheSoSvaluesarea tuplefrom
the SOS list, which in this casepossessesonly oneentry anyway. The TaSlocal
scopeandsubjectvariablesarethe SCOPE andSUBJ valuesof did too. For our
example(8) this meansthat themeaningof Ê � with theexceptionof thesemantic
contribution of everymanis thesameastheoneof Ê � exceptfor thesemanticsof
Mary.

3.2 Two Cases of Antecedent-Contained Deletion

In this paragraphwe show what our analysislooks like for antecedent-contained
deletioncases.We examinetwo sentences,first (14), which hasjust onereading,
andthen(2), repeatedhereas(15),which is ambiguous.

(14) JohngreetedeveryonethatBill did.

(15) JohnwantsMax to readeverythingthatBill does.

�
@ �

@ �
every � lam ��B� .

@ �
Bill �$� � lam � �

@ ��
var � var �

lam ��ÌË @ �
John �$� � lam ��

@ �
@ �

greet � var � var �
ËÍ05� � 2 � . 0%� �

Figure5: Constraintfor sentence(14)

Theconstraintfor sentence(14)is shown in Fig.5. Its constituentstructureis given
in Fig.6 (with thesyntacticstructureof theellipticalNPsimplified),annotatedwith
theSEM featurevalues.
In this case,the joint thatbuilds up theellipsispotentialis a VP thatconsistsof a
transitive verbandanNP. We needanadditionalinterfacerule thatachievesthis,
plusan interfacerule thatpercolatesSOS informationdown into a relative clause.
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ÎRÏ�Ð�Ñ�Ð ÒÐ�ÓaÔ)Õ Ö ×Ø�Ù3Ú4ÛÝÜßÞ Ñ�Ñ"à Ö á â1ã ÏMÐ�Ñ�Ð ÒÐ�ÓaÔ)Õ Ö ×ä4å5æ1æHç5æ4è Ï�Ð�Ñ�Ð é�ê ë ÒÐ�ÓaÔ)Õ Ö × ì ã Ü Ð�Ñ;Ðîí Ò ï8ðFð Ö ñZò�ó�ó	ô õ áæ�ö5æ�å4÷ Ù3Û æ ø æ%ù4ú%ù Ü Ð�Ñ�Ð õ áç Ú)û ç Î%ü Ï Ð�Ñ�Ð õÐ�ÓaÔ)Õ ü ×ýÿþ ù1ù Ü]Þ Ñ�Ñ"à ü á è þ è������ � Ñ�� �	� 
 �
����� 
 �
� � � üÐ�Ñ�Ð ð����	� 
 ���	� ó õÐ � Ñ���� �Ð�ÓaÔ)Õ ü
������

Figure6: Constituentstructurefor sentence(14)

Thesetwo additionalinterfacerulesaregivenin Fig. 7. Therule in (a)addsanSoS
candidateto the SOS list. While thevariablefor thesentencesubjectis locatedas
before,theuppermostvariableof thesentence(therelative clause,in this case)is
partof theconstraintfor theVP, which is shown in Fig. 7 (c). It reappearsin Fig.
5.
Rule(a) of Fig. 7 is appliedatVP in Fig. 6. It statesthattheSOS andSUBJ values
of VP arethesameasthoseof its headdaughtergreeted. Sincewe assumethat
thederivation of the SOS valueof a sentenceis completedoncewe have reached
thefinite verb,weassigntheSOS feature 6 of thefinite verbgreeted theempty
setasavalue.In thisway, weexpressthefactthatthereis nofurtheraugmentation
of the SOS valueof thesentence.Furthermore,therule addsa new elementto the
NP’s setof potentialsourcesentences.Thefirst elementof this pair is theSUBJ of
VP, which is the ROOT of John. Thesecondelementof thepair, theuppermost
variable Ë of therelative clause,canbestbeseenin Fig. 5.
The rule (b) of Fig. 7 is appliedat NP andRelCl. It handsdown the SOS value
from the constituentto its semantichead.Finally, the pro-form againdischarges
the built-up ellipsis potentialby Fig. 4 (a). It picks the only element 5 of the

SOS list 3 to determinethe SoSand usesit to constructthe parallelismliteralËÍ05� � 2 � . 0%� � .
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(a)VP y TV NP{¿¿¿¿¿¿¿¿¿¿¿¿¿|
DTR1 ÀZÁYÁ�Á�À SEM

{|
SOS Ã
SUBJ Æ
CON Ä }~

DTR2 ÀZÁYÁ�Á�À SEM Â SOS Ã � f�f Æ , � k�k
CON � ÅÁYÁYÁ�À SEM

{|
SOS Ã
SUBJ Æ
CON (c)

}~
} ÇÇÇÇÇÇÇÇÇÇÇÇÇ~

(b) NP y NP RelCl
RelCl y RelPron SÂ DTR2 ÀZÁYÁYÁ�À SEM À SOS ÃÁYÁYÁ�À SEM À SOS Ã Å

(c) @ ��$� ���� lam ��ÌË
@ �$�������B����Y� var �

Figure7: Additional interfacerulesfor handlingACD

Now we turn to themorecomplicatedACD sentence(15). It hasthreereadings.
Either the target sentencemeans. . . that Bill reads, which leadsto a de dicto/de
re ambiguity:eitherthereis a concretelist of booksthatJohnwantsMax to work
through;or JohnthinksthatMax shouldreadanything thatBill reads,whatever it
may be. The constraintin Fig. 8 anticipatesthis ambiguityby leaving the scope
betweenwantsand everythingopen. Or the target sentencemeans. . . that Bill
wantsMax to read. Herethereis no dedicto/dere ambiguity, a point notedin Sag
(1976).
The analysisof this sentenceis similar to that of the moresimpleACD example
(14). Themaindifferenceto thesimplerexampleis thatwe now make useof the
list valueof the SCOPE featureto encodethe fact that thereareseveral available
TaS.
Two factorsare crucial for the derivation of an SOS value with more than one
element:first, theinterfacerule for controlverbsaddsatupleto theargumentVP’s
SOS list – seeFig. 9 (a). In this case,this tupleconsistsof the ROOT of Max and
thevariable Ë � , a local scopedominatedby thesemanticsof wants. Second,to
read doesnot set its SOS value to nil, in contrastto greeted above. This
encodesthe observation that the SOS list of a VP whoseheadis infinite canbe
further augmentedif the VP is the argumentof anotherverb, e.g. a control or
raisingverb.
Fig. 10 demonstratesthederivationof theSOS list for (15). TheinterfaceruleFig.
9 (a) appliesat the top VP nodeandaddsan elementto the SOS list of wanted
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@ �
@ �

forall � lam ��B� .
@ �

bill �$� � lam ��
@ ��

var � var �

lam ��ÌË�. @ �
john �>� � lam ��

@ �
@ �

want � ��ÌË �
@ �

@ �
read � var � var �

var �
@ �

max �b� � lam � �

either Ë�.405� �32 �/.�0%� � or Ë � 05� �12 �/.40%� �
Figure8: Constraintfor sentence(15)

(i.e., to the emptysetsincethis is the transitive verb). The list with oneelement
is thenthevalueof the lower VP’s SOS feature.The SOS list of theNP argument
of this VP is thenaugmentedby the interfacerule 7(a) in thesamefashionasfor
sentence(14). Soin this case,theSOS list from which theSoSof Bill does is
determinedhastwo elements,correspondingto thetwo potentialSoSsin sentence
(15).
Correspondingly, we getto two differentfeasibleparallelismconstraints.TheTaS
segmentof theconstraintis alwaysthesame,it is � . 0%� � . If theSoSsegmentisË . 0a� � , thenJohn, andwith it wants, arebelow Ë . , andJohn is thesourceparallel
element.Hence,theTaSmeaningis . . . thatBill wantsMaxto read, andmustbede
re,sinceeveryoutscopeswants. Thisrulesoutadedictoreadingfor thisconstraint
alternative, asdesired.
If theSoSsegmentis Ë � 0a� � , then Ë � mustbeabove Max, andtheTaSmeaningis
. . . that Bill reads. Now wantscanbeeitherabove or below Ë . : if it is above Ë . ,
wantsoutscopesevery, sothis is thededicto reading.If, however, wantsis belowË . , thenwe obtainthe de re reading. The resultingrepresentationsfor the three
readingsaresketchedin Fig. 11.

4 Related work

The issueof how to determinethe numberof available readingsof an elliptical
sentenceis widely discussedin the literature. However, attentionfocuseson the
problemof how to constrain thenumberof availablereadingsfor analreadyiden-
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Figure9: Interfacerule for controlverbs

tified setof antecedentcandidatesfor agivenellipsis(seee.g.Sag1976andFiengo
andMay 1994).In contrast,therearefew previousapproachesto anautomaticde-
tectionof antecedentcandidatesfor an elliptical sentence(Hardt 1997; Gregory
andLappin1998;Lappin1999;Ginzburg andCooper2001).
Theapproachthatcomesclosestto whatwe aredoingis theoneby Hardt(1997).
He presentsa corpus-baseddeterminationof antecedentsof VP ellipses(source
sentenceVPsin our terminology).His basicstrategy is to useheuristicsto choose
anantecedentVP from a setof potentialantecedentVP candidates.This setcom-
prisesalmostall VPswithin thelast threesentences.4 He thenrankstheelements
of this setby severalheuristics.For instance,thereis a preferencefor morerecent
antecedents.Another importantgroupof heuristicscomparesthe parallel mate-
rial in ellipsisandpotentialantecedents,i.e., theovert materialin theellipsisand
thematchingmaterialin thepotentialantecedent.Preferenceis givento potential
antecedentswith similar parallelmaterial.
An examplefor suchacheckis thecomparisonof auxiliaries(Hardt’s ‘aux-match’
and‘parallel-match’), i.e.,auxiliariesof ellipsisandpotentialantecentshouldhave
thesamebaseform. This may overrulethe recency factor, e.g.,in (16). Herebe
ideal is chosenasantecedentover themorerecentadvises, becauseit involvesthe
sameauxiliary (would) astheellipsis:

(16) Someonewith amaster’s degreewould beideal,litigation sciencesadvises.
4Theonly VPsthatareruledoutarethosethatcontaintheVP ellipsisin asententialcomplement

ase.g.in (i). HeretheVP saidthat shewouldnot is notavailableasanantecedentto theVP ellipsis
in theembeddedsentence:

(i) Shesaidshewould not
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Figure10: Constituentstructurefor sentence(15)

Sowouldbesomeonerecentlydivorcedor widowed.

In caseswith morethanonepossibleantecedent,liketheexample(15)thatwehave
studiedin the previous section,it is necessaryto useheuristicsto determinethe
sourcesentence.However, we feel thatHardt’s approachusesheuristicseven for
caseswhensyntacticstructureseemsto makeaSoScandidatenotonly dispreferred
but actuallyimpossible.(17)mayillustratethispoint:

(17) Améliecameto thestudio.Sheentered,andAriadnedid, too

Our analysiswould requirethefirst elementof theconjunctionto betheSoS.I.e.,
what Ariadneis reportedto have doneis entering,andnot comingto the studio.
Hardt would obtainthe very sameresultby his recency heuristics.However, we
believe that our analysiscapturesa generalfact aboutVP ellipsis in the caseof
sentenceconjunctionwith and, viz., thataTaSin thesecondconjunctmustalways
pick the first conjunctas its SoS.This is also responsiblefor the interpretation
of sentenceslike (18), wherethe recency heuristicswould have to be overridden
by anotherheuristicsin a purely heuristicanalysisin orderto avoid the incorrect
selectionof hatedrap songsastheantecedentof theellipsis.Theinterpretationof
(18) is thatAriadneexpressedherdislike of rapsongs:

(18) Améliesaidthatshehatedrapsongs,andAriadnedid, too
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Figure11: Sketchof thethethreereadingsof sentence(15)

But ourapproachandaheuristics-basedonelikeHardt’sareby nomeansmutually
exclusive. Rather, we believe that they shouldbe integrated,sincethey arewell
suitedto complementoneanotherin thetaskof ellipsisresolution.Syntacticinfor-
mationcanbeusedashardconstraintsonthesetof potentialantecedents(or source
sentences).This syntacticinformationwill (andshould)fail to chooseonesingle
potentialantecedentin caseslike (15), which have several potentialantecedents.
Herepreferenceslike the onesdiscussedby Hardt canselectthe mostpreferred
antecedentcandidate.Seesection5 for asketchof whatsuchanintegrationmight
look like.
GregoryandLappin(1998)andLappin(1999)focusonACD cases.Herenaiveap-
proachesto VP ellipsisresolution(which simply copy anavailableVP andsubsti-
tuteit for thepro-form)run into infinite recursion,sincethepro-formis partof the
VP. For thesesentences,they automaticallydetecttheantecedent,thenreconstruct
theellidedpartwithin thesyntacticsurfacestructure.(Thereconstructionmecha-
nismis theoneby LappinandShih1996.)TheirapproachcruciallyusestheHPSG
(PollardandSag1994)treatmentof unboundeddependenciesandrelative clauses.
Roughly, they definea meansof identifying the VP of the SoSstartingfrom an
elliptical pro-formlike does. This identificationpropagatesalongstructure-shared
informationin thesyntaxtree.OncetheVP is identified,it is copiedinto thesyntax
treefor theTaS.Recursionis avoidedby substitutinga tracefor theNP of which
the pro-form is a part. E.g., in (14) they setout from doesand identify the the
VP asreadeverythingthat Bill does. They thencopy read(with a tracein object
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position)into thetargetsentence.
However, we envisageproblemswith thisstrategy for ACD caseswith severalpo-
tential SoSslike (15): herewantsMax to readeverythingthat Bill doesis also
availableasa potentialSoS-VP. Even if the analysiscould be generalizedto de-
rive this additionalpossibility, it couldnot capturetheresultingambiguityof (15)
directly in a semanticrepresentation,sinceit operatesdestructively on syntactic
treestructures.But sucha representationwould beimportantfor anintegrationof
preferences:it would serve asthe input to a moduleof languageprocessingthat
resolvesambiguitieslike in (15)onthebasisof all kindsof preferences.Weexpect
preferencesto arisenotonly within syntax;otherkindsareboundto emergein the
domainsof semanticsor world andcontext knowledge.
Ginzburg andCooper(2001)dealwith casesof clarificationellipsis,i.e. dialogues
likeDid Boleave?– Bo?Thisproblemis quitedifferentfrom theellipsiscaseswe
areconsideringin that theelidedmaterialellipsishasto bereconstructednot asa
copy (on somelevel) of SoSmaterialbut asoneof severalfixedpossiblereadings
of a clarificationellipsis. The analysisis relying critically on informationstruc-
turefor determiningthemostlikely utteranceto which theclarificationquestionis
referring.

5 Further research

Weenvisageextendingourapproachto onethat� usespreferencesaswell ascertainknowledgeto determinethemostsuitable
SoScandidate,� integratesdifferentsourcesof informationfor determiningcandidates,and� canhandledifferentkindsof ellipsis.

Theapproachthatwe have presentedis constructedin sucha way that it is exten-
sible. Preferencesareespeciallyeasyto integrate: the SOS featureis list-valued,
i.e., it cancontainmorethanonecandidate(we have seenthat featurein usewith
thethird example,sentence(15)). Theelementsof this list canbeannotatedwith
preferencesto markthemostsuitablecandidate.
For example,considersentences(19) and(20). In bothcases,boththewhen- and
the main clausearepotentialSoSs,and in both casesthe ‘IBM’-sentenceis the
preferredcandidate,i.e., theelliptical sentencesmeannowthey don’t haveto goto
IBM. Thisshows thatnohardsyntacticconstraintlikee.g.‘Consideronly themain
clauseasSoScandidate’canbeusedto gettheright readingsin bothcases.
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(19) In thepast,customershadto go to IBM whenthey outgrew theVax. Now
they don’t have to.Hardt’s (1997)

(20) Customershadusuallyoutgrown theVax,whenthey hadto go to IBM.
Now they don’t have to.

To handlethesesentences,we would first have to extendour analysissuchthat
conjunctionscanbuild up ellipsispotentialwith morethanonepotentialSoS.To
decidebetweenthetwo potentialSoSs,onecouldapplyHardt’s aux-match prefer-
enceasillustratedin Sec.4 on sentence(16). In eithercase,this heuristicswould
selectthe‘IBM’-sentence.
An interestingquestionrelatedto conjunctionsthat collect more than one an-
tecedentcandidateis: do differentconjunctionsbuild up differentellipsis poten-
tial?
Second,to integratesemanticinformation in the antecedentcandidateselection,
wecouldmakeuseof thefactthatCLLS constraintsareconstructedincrementally.
In a situationwheretheellipsisantecedenthasnot yet beendetermined,thecon-
straint for the elliptical sentenceexceptfor the parallelism literal canalreadybe
constructed– andevaluatedto extractinformationon possibleantecedents.5

(21) Johnlikesgolf, andMary too.

Finally, therearemany differentkinds of elliptical constructions.The next phe-
nomenonthatwe intendto cover with our approachis bare ellipsisasin sentence
(21) (the verb as well asa complementis missingin the TaS).Here the source
parallelelementneednot be thesubjectof theSoS,which for (21) yields two in-
terpretationsof theTaS,JohnlikesMary andMary likesgolf.
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