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Abstract

We presentanapproactto VP ellipsisthatallowsthe directderivationof
sourceandtarget sentencesthe former neednot be unique)during seman-
tic construction. Specificsyntacticconstituenstructuresareassociatedvith
ellipsis potential,which canthenbe dischagedby pro-verbslike did (too).
Thedeterminatiorof sourceandtargetsentencewhichis donewith semantic
featuresin an HPSGframework, is coupledwith a comprehensie analysis
of ellipsis,which alsohandledts interactionwith scopeandanaphora.

1 Introduction

VP ellipseslike (1) consistof two sentencesthe source sentencgSoS)andthe
target sentencgTaS).In the TaSa VP is left outandreplacedoy a pro-form,here
doestoo. The SoSandthe TaShave the samemeaning,exceptfor the semantic
contritutionsof therespectie subjectNPs,in this caseJohnin the SoSandBill in
theTaS.

(1) Johnwantsto readJaneEyre, andBill doestoo.

Sentencél) is notambiguousw.r.t. potentialSoSs.Thus,thereis only onefeasible
way of understandinghe TaS:‘Bill wantsto readJaneEyre’. Butthisis notalways
so. E.g.,the TaSof (2) may be understoodas‘Bill reads’or ‘Bill wantsMax to
read’. Suchsentencesywherethe TaSis partof arelatve clausewithin anobject
NP, arecalled‘antecedent-contiaed deletions’(ACD).

(2) JohnwantsMax to readeverythingthatBill does.

Thequestionwe areaddressingn this paperns: givenanelliptical taigetsentence,
wheredo we find a suitablesourcesentenceTherearefew previous approaches
to anautomaticdeterminatiorof sourceandtargetsentences VP ellipsis. Hardt



(1997)considersall VPswithin the previousthreesentenceaspotentialSoS-VPs
andranksthem by several heuristics. We feel, however, that the setof possible
SoSscanbe narraved dovn muchmore,usinghardsyntacticconstraints.
Themainideaof our approactis thatthereis alwaysa kind of joint betweenSoS
andTaS.Sentenceonjunctioncanfunctionassucha joint, ascanstructureghat
underlieACD casegin particular VPsthatconsistof atransitive verbandanNP).
Thesejoints can be identified as constituentstructuresin the syntacticanalysis.
Given an elliptical target sentencethere mustbe sucha joint above it, andfor
eachjoint we can specify wherethe sourcesentencecandidatest licensesare.
Sowe associateertainconstituentstructureswith ellipsis potential thatis, they
collectsourcesentenceandidates(If theellipsisis ambiguouswith respecto the
possiblesourcesentencethenmorethanonecandidates gathered.)rhis potential
canonly be disdharged by a pro-form like do (too). Dischaging the potential
meangetermininghe meaningof thetargetsentencdy relatingit to themeaning
of oneof the sourcesentenceandidatesFor ellipseslike (2) with morethanone
feasibleSoS,the ellipsis potentialwill comprisemore than one candidate. We
modelthis underdeterminatioby semantiaundespecification

Therearetwo questionsonnectedvith ellipsis: ontheonehandfinding asuitable
SoScandidatepn the otherhandreconstructinghe missingmaterial. We couple
our approactto finding SoScandidatesvith a reconstructiorusingthe Constraint
Languagdor LambdaStructure§CLLS) (Egg, Niehren,Ruhrbeg, andXu 1998;
Egg, Koller, and Niehren2001). It reconstructdhe missingmaterialwithin the
semanticstructurejn asimilarway asDalrymple,ShieberandPereira(1991).

Plan of the paper. In Section2 we give a brief introductioninto the Constraint
Languagefor LambdaStructuresand shav how it canbe usedto modelellipsis.

The centralsectionis Section3, wherewe presentour approacho finding ellip-

sis antecedentsSection4 comparest to the otherapproachesnentionedabove.

Section5 concludesanddelineatedgurtherresearch.

2 CLLS

In this section,we give a brief overview of the ConstraintLanguagefor Lambda
Structures CLLS. An extensve introduction(including all the necessarylefini-
tions)aregivenin the paperby Egg, Koller, andNiehren(2001). Generallyspeak-
ing, CLLS is alanguagédor the partial descriptionof A-termsthat canbe usedin

anunderspecifie@dnalysisof scopegllipsis,andanaphora.



2.1 IntroductiontoCLLS

A constraintin the Constraini_Languagdor LambdaStructureslescribes A-term
asalambdastructue, whichis anode-labelledreeenrichedoy additionaledgego
model\-binding. Let usexplain this in two steps.First, termscanberepresented
astrees. For example,theterm f(g(b)) canbe dravn asthetree(3). Functional
applicationis representethy a nodewith the binary label‘@’ for apply. Its first
child is the functionbeingapplied,theseconcthild is theagument:
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Second,\-termscan be representeas treesdecoratedwvith A-links. For exam-
ple, the A\-term Az.f(x) canbe dravn asthe lambdastructure(4). Abstraction
andboundvariablesarerepresentedisingthe labelslam andvar, andthe A-link
indicateswhich variableis boundby which binder:
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Anaphoricbindingin lambdastructuress handledin a similar way as A-binding:
an anaphorresultsin a nodelabelled ANA, and an anaphoricbinding edge(an
ante-link from ananaphonodeto thenodefor its antecedentindicatesvhereit is
bound. Note thatwhile the mechanisnis similar to A-binding,anaphoricdinding
edgesand \-bindingedgesaredistinct.
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Figurel: Theliteralsof CLLS

The languageCLLS consistsof predicatedor describinglambdastructures.Its
syntaxis definedasfollows. X,Y, etc. arevariableswhich denotenodesin a
lambdastructure.
= X:if(Xy,...,X,) | X <Y

| MX)=Y |ante(X)=Y

| Xo/Xi~Yo/Yi oA ¢!
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A CLLS formulaor constaint is a conjunctionof atomicliterals;it is satisfiedby
a lambdastructureanda variableassignmeniff all its literals are satisfiedin the
following sense.A labelling literal X:f(X,...,X,) is satisfiediff X denotes
a nodewith label f andchildrenthataredenotedby X1, ..., X,. A dominance
literal X <* Y is satisfiediff X denotesa (reflexive, transitve) ancestoof Y in
thelambdastructure.Thebindingliterals A(X) = Y andante(X) = Y aresatis-
fied iff the lambdastructurecontainscorrespondindambdaor anaphoridinding
edges.Themostcomple literalsarethe parallelismliterals; we returnto themin
aminute.Figurel illustratestheliteralsof CLLS.

By a partial descriptionof a lambdastructure,we canmodel semanticunderde-
termination,in particularscopeambiguity For instancethe sentencé5) hastwo
closelyrelatedreadings(either quantifiermay outscopethe other one) asrepre-
sentedn (6):

(5) Everylinguistattendsaworkshop.

(a workshop) (Ax (every linguist) (Ay
6 (@ (every linguist) (Ay (b) (a workshop) (Ax
(attend x) y)) (attend x) y))

Two A-structurescorrespondo thesel-terms. We describethembothin a single
CLLS constraintwhich we draw asa constaint graph shawvn in (7). Thenodes
in this graphstandfor variablesin a constraintandthe edgesandlabelsrepresent
differenttypesof literals. A nodeconnectedo its childrenby solid linesrepresents
a labelling literal, dottedlines standfor dominancediterals, and a dashedarrov
standgor A-binding.

(7)
/@% }{%
a worksho ,’.,_ every linguis S
[ 7

\ e /
\ Q@ o ’

' @ vare 7
attend var> e

~ _ —

The constraintgraphin (7) is satisfiedby all A-structuresinto which the graph
canbeembeddedn suchaway thatno labellednodesof the graphoverlap. The
descriptionleavesthe orderingbetweenhe quantifierfragmentsunspecified.But
sinceboth fragmentsdominatethe nuclearscopeand,like trees, \-structurescan-
not branchupwards,oneof the quantifierfragmentsmustdominatethe other



2.2 Representing élipsisin CLLS

Parallelism literals statethattwo piecesof a A-structurehave the samestructure.
A parallelismliteral X,/ X;~Y,/Y; saysthat’ X, upto X;’ looksthesameas'Y)
uptoY;’. Considerthelastpicturein Fig. 1. X, denotesa nodethatis abore the
nodefor X, andtogetherthey designate treewith ahole: thetreestartingat the
nodefor Xy, from which anothertreehasbeencut out, namelythe treestartingat
thenodefor X;. We call suchatreewith aholeasegyment In thesameway, Y, /Y1
designateasegment,andtheparallelismliteral stateghatthesewo segmentshave
thesamestructure.

Parallelismliterals canbe usedto modelellipsis. Considere.g. the elliptical sen-
tence(8):

(8) Everymanslept,andMary did, too

Themeaningof its TaSsodoesMary is equalto theoneof its SoSeverymanslept
exceptthatthe semanticcontritution of the sourceparallelelementevery manis
replacedby the one of the tamget parallelelementMary. The constraintfor SoS
andTaSare(9a)and(9b). Thefirst partof the constrainfor sentencg8) conjoins
the SoSand TaS structures as expressedn (9¢). Two occurrence®f the same
variablename,like X; in (9a) and (9c), describethe samevariable, so the two
constraint§9a)and(9c) areto bejoinedat X; .
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The secondpart of the constraintis the parallelismliteral (10), which statesthat
the treewhich is the semanticf the SoShasthe samestructureasthe treethat
is thesemantic®of the TaS,exceptfor thetwo subtreesvhich arethe semanticof

the SoSsubjectandthe TaSsubjectt The A-structure(11), the intendedsemantic
representatioof (8), satisfiesall constraintsn (9a),(9b), (9c),and(10).

(10) X:1/Xo~X3/Xy

!SincepropernamesandquantifierNPscanbe parallelelementsn anellipsis (asin (8)), proper
namesaretype-raisedthe constanMary in (9b) correspond$o a A-termof type ({e, t), t).




(11)

every

CLLS canalsohandletheinteractionof ellipsisandscope asin (12) andtheinter-
actionof ellipsisandanaphorahatarisefrom ‘strict’ and‘sloppy’ reconstructions
of pronounsWereferto Eggetal. (2001)for analyse®f theseissuesn CLLS.

(12) Everylinguistattendsaworkshop.Every computerscientistdoes too.

3 Theanalysis

Our syntax-semanticinterface assignseachsyntacticconstituenta CLLS con-
straint.If aconstituenX hasdaughters, ..., X,, thentheconstrainfor X hasthe
form

n
¢rule A /\ constraintfor X;,
i=1
wherey,e IS @ constraintassociatedavith the phrasestructurerule Xy, ..., X, —
X. In prose: the constraintfor a complex constituentis the conjunctionof the
constraintf its immediateconstituentgICs), plusthe constrainthatstemsfrom
therelevantphrasestructurerule.
For theconstructiorof complex constraintseachconstituenmalesaccessibléwo
distinguishedCLLS nodevariablesof its constraintby auxiliary featuresatech-
nigue reminiscentof the semanticconstructionin MRS (Copestag, Flickinger,
and Sag1997). The featuresare called the scoPe andthe ROOT featureof the
constraint. The value of scorpe modelsthe local scopedomain; usually this is
theuppermostariablein the constrainffor the lowestsentencéhatcompriseghe
constituentn the syntacticstructure. This informationis neededo handlescope
islandslike e.qg.relatve clausesThevariablethatis thevalueof the ROOT feature
is theuppermosvariablein the constrainfor the constituent(Sometimesve will
talk aboutscopPe andrRoOT of a constituentC in orderto abbreiate the clumsier
‘value of the scoPe or ROOT featureof C".) Finally, we encodethe constraint
associateavith a constituenin afeaturecon.
This informationis collectedin a semantideaturesem, whichlookslik e this:

(13) ScopE  the scope variable
SEM|ROOT the root variable
CON the constraint for this constituent



To constructthe constraintfor a complex constituent,the constrainty,. that
comeswith a phrasestructurerule refersto the scope and ROOT of the con-
stituent5 ICs. This constraintp.,. ‘gluestogetherthe constraintof thelCsusing
thesescopPe andROOT variables. In this way, we ensurethat the constraintsor
theindividual constituentsorm a coherentwhole. Moreover, the constrainfor the
comple constituenintroducesscopPe andrROOT featuresof its own.

VP — TV NP

se

Figure2: A phrasestructurerule andthe associated¢onstraint

An exampleis shavn in Fig. 2: it is the constraintassociatedvith the phrase
structurerule VP — TV NP, plustwo trianglesthatsketchwherethe constraints
for the two childrenare attached. The variable Xy, is the ROOT variableof the
NP constituent,and analogouslyfor Xt, and Xy,. Note the introductionof a
ROOT nodefor the VP constraintit is the nodeimmediatelybelov thedominance
relationthatis labelledby ‘@’.2

To handleVP ellipsisin this framewvork, we addtwo morefeaturesto sem. The
exceptionin aVP ellipsisis alwaysthe subjectof thesentenceSowe useafeature
SEM|SUBJECT to storethevariablethatis the ROOT of the subjectof the sentence.
And we collectthelist of SoScandidatesn a featuresem|sos. Eachcandidates
representetly apairof variables:theRooT variablefor thesubjectof thesentence,
andthethe scopE variablefor thatsentence.

3.1 A Caseof Conjunction Ellipsis

We first shav what our analysislooks like for sentencd8). In this case,source
andtamget sentencare connectedy a conjunction. The constituentstructurefor
this sentenceés givenin Fig. 3 (wherewe have omittedtheirrelevantdetailsof the
NP everyman. It is annotatedvith the sem featurevalues.The constrainthatthe
syntax/semanticmterfaceconstructdor this sentencés shavn in (9).
Therelevantpartsof theinterfacerulesareshavn in Fig. 4. They aresimplifiedin

2The scope nodesare neglectedhere;the rule would merelyidentify the scope nodesof NP,
VP, andTV.



T

SCOPE SCOPE
S1| sos So|s0s  {(@,0)7
|:SUBJ SUBJ
/ AN
SCOPE SCOPE
every_ma.n|:SCOPE slept|:SOS IE] Mary|:SCOPE ] did too SOS (...BL..)7
ROOT SUBJ ROOT SUBJ

coN s([5]) /£(B) ~B)/[4

Figure3: Constituenstructurefor sentencg8)
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Figure4: Interfacerulesusedin Fig. 3

thatthe respectte immediateconstituentappearsbDTRL ... DTRN; dotsin paths
abbreiate SYNSEM|LOC. Therule in (a) collectsinformationon SuBJECT and
scoPe of asentenceThis informationis turnedinto ellipsis potentialin (b). The
conjunctionis the joint betweenSoSandTaS,asit putsthe SoSto the sos list of

theTaS.Thelexical entry(c) thendischagestheellipsis potential.

Now we take a closerlook at the interactionof the rules, startingat S;. Here
Fig. 4 (a) identifiesthe suBJ value of the sentencewith the NP’'s ROOT value, in

this casethe root of every man. Now at 8, theinterfacerule (b) builds up
ellipsis potentialfor the SoScandidates; . It identifiesthe sos valueof its DTR3

(whichwill laterbedeterminedo bes,) with asingletonlist.? Its membeiis a pair
consistingof the sSuBJ andscopE valuesof S;. By rule (a) of Fig. 4, thesos value
andthe scopPe vaIue of 8, arehandeddown to di d_t oo, andthe suBJ of

di d_t oo isidentifiedwith the ROOT vaIue of Mary.

3Thisis asimplificationin thatfor otherconjunctiongle.g.,as) theremaybemorethanoneSoS
candidateWe ervisagethatafutureanalysiswill admitfor this possibility, andthatthelexical entries
of conjunctionswill carryinformationto determinegherangeof SoScandidatesand,eventually also
preferencebetweerthesecandidates.




Now in di d_t oo, the built-up ellipsis potentialis dischaged accordingto the

lexical entry (c): its constraintin CON is a parallelismliteral. It saysthatthe

semanticof the SoSup to the root of the SoSsubjecthasthe sameform asthe

semanticof the TaSup to the TaSsubject. (‘f* and‘s’ arefunctionsthatmapa

pair to its first andsecondnembeyrespectiely.) The SoSvaluesareatuplefrom

the sos list, which in this casepossessesnly oneentry anyway. The TaSlocal

scopeandsubjectvariablesarethe scope andsuBJ valuesof di d_t oo. For our

example(8) this meanghatthe meaningof S, with the exceptionof the semantic
contritution of every manis the sameasthe oneof S; exceptfor the semanticof

Mary.

3.2 Two Cases of Antecedent-Contained Deletion

In this paragraptwe shav what our analysislooks like for antecedent-contaide
deletioncases.We examinetwo sentencedjrst (14), which hasjust onereading,
andthen(2), repeatedhereas(15), whichis ambiguous.

(14) JohngreeteceveryonethatBill did.

(15) JohnwantsMax to readeverythingthatBill does.

Z/Yi~Xo/ X1

every
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Figure5: Constraintfor sentencé¢14)

Theconstrainfor sentencé€l14)is shovn in Fig. 5. Its constituenstructurds given
in Fig. 6 (with thesyntacticstructureof theelliptical NP simplified),annotatedvith
the sem featurevalues.

In this case thejoint that builds up the ellipsis potentialis a VP thatconsistsof a
transitive verb andan NP. We needan additionalinterfacerule that achievesthis,
plus aninterfacerule that percolatessos informationdown into a relatve clause.



S sos [
SUBJ
e ~

John [ROOT } VP sos [e]
SUBJ
greeted[sos n.@] wefsos 6l U ({7} 2))]8]
SUBJ

/N

everyone RelCl [sos }

/N

that [sos ]
Sy

SUBJ
Bill [ROOT } coN  s([E)/f(E)~2/d
SOs (...BL..)3
SCOPE
SUBJ

Figure6: Constituenstructurefor sentencég14)

Thesetwo additionalinterfacerulesaregivenin Fig. 7. Therulein (a) addsanSoS
candidateo the sos list. While the variablefor the sentencesubjectis locatedas
before,the uppermoswariableof the sentencdtherelative clause,n this case)is
partof the constraintfor the VP, which is shavn in Fig. 7 (c). It reappearé Fig.
5.

Rule (a) of Fig. 7 is appliedat VP in Fig. 6. It stateghatthe sos andsuBJ values
of VP arethe sameasthoseof its headdaughtegr eet ed. Sincewe assumehat
the derivation of the sos valueof a sentencés completedoncewe have reached
thefinite verb,we assigrnthe sos feature}@ of thefinite verbgr eet ed theempty
setasavalue.In thisway, we expresshefactthatthereis nofurtheraugmentation
of the sos valueof the sentenceFurthermoretherule addsa new elementto the
NP’s setof potentialsourcesentencesThefirst elementof this pairis the susJ of
VP, which is the ROOT of John. The secondelementof the pair, the uppermost
variableZ of therelative clause canbestbeseenn Fig. 5.

Therule (b) of Fig. 7 is appliedat NP andRel C . It handsdown the sos value
from the constituento its semantichead. Finally, the pro-form againdischages
the built-up ellipsis potentialby Fig. 4 (a). It picks the only elemen of the
sos list | 3| to determinethe SoSand usesit to constructthe parallelismliteral
ZYi~Xy/X;.
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Figure7: Additionalinterfacerulesfor handlingACD

Now we turn to the more complicatedACD sentenc€15). It hasthreereadings.
Either the taget sentencaneans. . . that Bill reads which leadsto a de dicto/de
re ambiguity: eitherthereis a concretdist of booksthat JohnwantsMax to work
through;or JohnthinksthatMax shouldreadarything thatBill readswhatever it
may be. The constraintin Fig. 8 anticipateshis ambiguity by leaving the scope
betweenwantsand everythingopen. Or the taiget sentencemeans. . . that Bill
wantsMaxto read Herethereis no dedicto/dere ambiguity a point notedin Sag
(1976).

The analysisof this sentencas similar to that of the more simple ACD example
(14). Themaindifferenceto the simplerexampleis thatwe nov make useof the
list value of the scoPe featureto encodethe fact thatthereare several available
TaS.

Two factorsare crucial for the derivation of an sos value with more than one
elementfirst, theinterfacerule for controlverbsaddsatupleto theargumentvP’s
sos list — seeFig. 9 (a). In this case this tuple consistsof the ROOT of Max and
thevariableZ;, alocal scopedominatecby the semanticof want s. Secondt o
r ead doesnot setits sos valueto ni | , in contrastto gr eet ed above. This
encodeghe obseration that the sos list of a VP whoseheadis infinite canbe
further augmentedf the VP is the agumentof anotherverb, e.g. a control or
raisingverh

Fig. 10 demonstratethe derivation of the sos list for (15). Theinterfacerule Fig.
9 (a) appliesat the top VP nodeand addsan elementto the sos list of wanted
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Figure8: Constrainfor sentencé15)

(i.e., to the emptysetsincethis is the transitve verb). The list with oneelement
is thenthe valueof the lower VP's sos feature. The sos list of the NP argument
of this VP is thenaugmentedy the interfacerule 7(a) in the samefashionasfor
sentencg14). Soin this casethe sos list from whichthe SoSof Bi I | does is
determinechastwo elementsgorrespondingo the two potentialSoSsin sentence
(15).

Correspondinglywe getto two differentfeasibleparallelismconstraintsThe TaS
sgmentof the constraintis alwaysthe sameijt is X,/ X;. If the SoSseggmentis
Zy/Y1, thenJohn andwith it wants arebelov Z;, andJohnis the sourceparallel
elementHencethe TaSmeanings...thatBill wantsMaxto read andmustbede
re,sinceeveryoutscopesvants Thisrulesoutadedictoreadingfor this constraint
alternatve, asdesired.

If the SoSsegmentis Z; /Y, thenZ; mustbeabore Max, andthe TaSmeanings
..that Bill reads Now wantscanbe eitherabove or belov Z,: if it is above Z;,
wantsoutscopegvery, sothisis thededicto reading.If, however, wantsis belov
Zy, thenwe obtainthe de re reading. The resultingrepresentationfr the three

readingsaresketchedn Fig. 11.

4 Related work

The issueof how to determinethe numberof available readingsof an elliptical
sentences widely discussedn the literature. However, attentionfocuseson the
problemof how to constain the numberof availablereadinggor analreadyiden-
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Figure9: Interfacerule for controlverbs

tified setof antecedentandidatesor agivenellipsis(seee.g. Sagl976andFiengo
andMay 1994).1n contrasttherearefew previousapproacheto anautomaticde-
tection of antecedentandidatedor an elliptical sentencgHardt 1997; Gregory
andLappin1998;Lappin1999;Ginzkurg andCooper2001).
Theapproachhatcomesclosesto whatwe aredoingis the oneby Hardt(1997).
He presentsa corpus-basedeterminationof antecedentsf VP ellipses(source
sentencd/Psin ourterminology).His basicstratgy is to useheuristicsto choose
anantecedenYP from a setof potentialantecedenVP candidatesThis setcom-
prisesalmostall VPswithin the lastthreesentence$.He thenranksthe elements
of this setby severalheuristics.For instancethereis a preferencéor morerecent
antecedentsAnotherimportantgroup of heuristicscompareghe parallel mate-
rial in ellipsis and potentialantecedents,e., the overt materialin the ellipsisand
the matchingmaterialin the potentialantecedentPreferenceés givento potential
antecedentwith similar parallelmaterial.

An examplefor suchacheckis thecomparisorof auxiliaries(Hardt’s ‘aux-matt’
and'parallel-matdy), i.e.,auxiliariesof ellipsisandpotentialantecenshouldhave
the samebaseform. This may overrulethe receng factor e.g.,in (16). Herebe
ideal is chosemasantecedentver the morerecentadvisesbecausét involvesthe
sameauxiliary (would) astheellipsis:

(16) Someonavith a masters degreewould beideal, litigation sciencesdvises.

“Theonly VPsthatareruled out arethosethatcontainthe VP ellipsisin a sententiatomplement
ase.g.in (i). Herethe VP saidthat shewouldnotis not availableasanantecedento the VP ellipsis
in theembeddedentence:

(i) Shesaidshewould not



