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1 Introduction 1

Gluesemanticsprovidesa semanticsfor Lexical FunctionalGrammar(LFG) that is expressedusinglinear
logic (Girard,1987;Dalrymple,1999)andprovidesan interpretationfor the f(unctional)-structurelevel of
syntacticrepresentation,connectingit to thelevelof s(emantic)-structurein LFG’sparallelprojectionarchi-
tecture(Kaplan,1987,1995).Dueto its useof linearlogic for meaningassembly, Glueis resource-sensitive:
semanticresourcescontributedby lexical entriesandresultingf-structuresmusteachbeusedin asuccessful
proof exactlyonce. In this paper,I will examinethe tensionbetweena resource-sensitivesemanticswhich
interpretsf-structuresandstructure-sharingin f-structuresasexpressedby functionalcontrol resultingfrom
lexical functional identity equations.The empiricalphenomenonI concentrateon is equi, alsoknown as
obligatorycontrol.2 Althoughat first blushit seemsthatstructure-sharingposesa seriousproblemfor Glue
semantics,I will show that this is not so. In fact, this tensionleadsto a very restrictivetheory, and the
analysisI presentheresolvesseverallong-standingproblemsin thesemanticsof equi,by exploitingLFG’s
grammaticalarchitecture.

In this paperI will:

1. GiveaGluesemanticsfor equi.

2. Showhow theanalysiscanyield eitherapropositionalor propertydenotationfor theclausalcomple-
mentof anequiverb.Thisflexibility arisesnaturallyfrom thearchitectureof thetheory.

3. Adopt thepropertytheoryof equicomplements,which hasbeenarguedfor independentlyby Chier-
chia(1984).

4. Counterpreviousobjectionsto the propertytheory from anaphoricbinding andtypological databy
exploitingLFG’sarchitecture.

5. Argue that a previoussolution to the structure-sharing/resource-sensitivityproblem(Kehler et al.,
1999)canonly yield a propositionaldenotation.TheKehleret al. proposalis rejectedfor empirical
andtheoreticalreasons.

6. Showseveralempiricalpredictionsof theanalysis.

2 Glue Semantics

2.1 Motivation

Therearetwo basicconceptualmotivationsfor Glue,besidetheempiricalmotivationprovidedby successful
Glueanalysesof semanticphenomena(Dalrymple,1999).First, theresource-sensitivityof Gluesemantics

1I owe a greatdebtto Dick CrouchandMary Dalrympleat PARC for a lot of feedback,free exchangeof ideas,anda great
working environment. They shouldacceptmuch of the credit for this work, but noneof the blame. I’d also like to thank the
following peoplefor their comments:David Beaver,JoanBresnan,Daniel Büring, Ron Kaplan,Tracy Holloway King, Hanjung
Lee,JohnMaxwell, DaveMcKercher,Line HoveMikkelsen,Yukiko Morimoto, IvanSag,PeterSells,IdaToivonen,andaudiences
atStanford’sSemanticsFestandLFG2000.I acceptfull responsibilityfor anyremainingerrors.A specialthanksto JimMcCloskey
for gettingmeaccessto facilities atUCSC.This researchwassupportedpartlyby SSHRCDoctoralFellowship752-98-0424.

2Throughoutthis paperI will usetheterm‘equi’, eventhoughtheterm‘control’ is morecommonin theliterature.I do this to
avoidconfusionbetweenthedatabeingdescribedandthetheoretialconstruct— functionalcontrol— thatmodelsit.
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directlymodelstheresource-sensitivityof naturallanguages.Thewordsandsentencesin anaturallanguage
utterancedonotmakemultiplecontributionsto theutterance’s meaningunlesstheyareusedmultiple times.

Second,the resource-sensitivityof Glue meansthat completenessandcoherencefollow from the for-
malismanddo not needto bestipulatedasseparateprinciples(Dalrympleetal., 1999a).3

� Completeness: If anyof theGlueresourcesa predicateneedsfor its semanticsarenot present,there
is nosuccessfulGlueproof.
(Insteadof: “every function designatedby a PRED [must] bepresentin thef-structureof that PRED.”
(Bresnan,2000:72))

� Coherence: If aGF is presentandcontributingaresourcewhichnopredicate’smeaningwill consume,
thereis nosuccessfulGlueproof.
(Insteadof: “every argumentfunction in an f-structure[must] bedesignatedby a PRED.” (Bresnan,
2000:73))

Note thatby “successfulGlueproof” I meanonethatconsumesthesemanticsof the lexical itemsmaking
up a sentenceto providethesententialmeaning.Thus,PRED valuesin f-structuresdo not needto beof the
form ‘pred-nameh. . .i. . . ’ andareinsteadof theform ‘pred-name’.Althoughcompletenessandcoherence
wereoriginally proposedaspurely syntacticconstraints(Kaplan andBresnan,1982) and continueto be
formulatedassuch(Bresnan,2000),if theycanbederivedfrom theformal architectureof the theory, they
clearlydo not needto bestatedastheoreticalprimitives.

2.2 Glue and the Parallel Projection Architecture of LFG

LFG hasa grammaticalarchitecturein which variouslevels of grammaticalrepresentationsare simulta-
neouslypresent,but eachlevel is governedby its own rules and representations.The variouslevels are
thenrelatedto eachotherby mappingfunctions,which maprepresentationsat onelevel to thosein another
(Kaplan,1987,1995).

Justas the level of c(onstituent)-structureis mappedto f-structureby the � function, f-structureis
mappedto s-structureby the� function. Gluesemanticsis a theoryof the�-mappingandof s-structure.

(1) c-structure f-structure s-structure

�

f [ ]

�

f� [ ]

This separationof levelsallowsoneto makesimpletheoreticalstatementsabouttheaspetof grammarthat
the level in questionmodels.Phrasestructure,constituency, dominationandlinearorderarerepresentedat
c-structureusingtrees,while grammaticalfunctions,subcategorization,binding,control,andvariousother
aspectsof syntaxarerepresentedatf-structureusingattribute-valuematrices.Semanticsandtherelationship
betweensyntaxandmeaningarerepresentedat s-structureusingGlue: a combinationof linear logic anda
chosenmeaninglanguage.

3Expletivesdonot contributeresourcesandpresenta potentialcomplicationfor this reductionof completenessandcoherence.
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An importantfeatureof thisarchitectureis thattherecanbesystematicmismatchesbetweengrammatical
levels.Forexample,null pronounsubjectsin pro-droplanguagesarenotpresentatc-structure,becausethey
areunmotivatedby thesyntacticphenomenarepresentedat that level. Rather,null pronounsarepresentat
f-structure,wheretheycanparticipatein agreement,binding,andothersyntacticprocessesbestrepresented
at thatlevel. Similarly, therecanbesystematicmismatchesbetweenf-structureands-structure,andit is this
aspectof the architecturethat allows for anadequatesemanticsof equi that neverthelessdoesnot conflict
with structure-sharingin the syntaxand in fact usesthe syntax to give solutionsto certainproblemsin
previousanalysesof equisemantics.

2.3 Overview of Glue Semantics

Glueusestwo logics: a meaninglogic for representingmeaningterms,andlinear logic (Girard,1987)for
assemblingmeaningsDalrymple(1999).As alreadystated,linear logic is resource-sensitive:a linear logic
proof is valid only if all premisesareusedexactlyonce.This is bestexemplifiedby comparingpropositional
logic to propositionallinearlogic andobservingthedifferencesin certainentailmentpatterns.

1. A premisecan only beusedonce

(2) Propositionallogic implication(!)

a. p, p! q ` q

b. p, p! q ` p^ q p usedto deriveq andcanbeconjoinedwith q

(3) Propositionallinearlogic implication(�� )

a. p, p�� q ` q

b. p, p�� q 6` p
q p wasusedup to deriveq

2. Each premisemust beused

(4) Propositionallogic conjunction(^)

a. p^ q ` p q ignored

(5) Propositionallinearlogic conjunction(
 )

a. p
q 6` p mustuseq

In principle, we canchooseany logic for the meaninglogic, so long asa systematicrelationshipcanbe
establishedbetweenoperationsin themeaninglanguageandthosein theGluelanguage(linear logic).

2.4 New Glue

Recentwork in GluesemanticshasusedtheCurry-Howard(C-H) isomorphismto directly relatetheGlue
and meaninglanguages(Dalrymple et al., 1999b). According to the C-H isomorphism,introductionof
implicationin theGluelanguagecorrespondsto lambdaabstractionin themeaninglanguageandelimination
of implication correspondsto function application.I will useonly the implication fragmentof linear logic
in this analysis,andwill presentmy Glueproofsin thenaturaldeduction(ND) style. TheND proof rules
for introductionandeliminationof implicationareasfollows:
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(6) Implication Elimination Implication Introduction

A �� B A
��E

B

[A]i

�
�
�
B

��I; i
A �� B

Theeliminationrule is just modusponens.Theimplication rule involvesflagginganassumptionin square
brackets,andsubsequentlydischargingthis assumptionif it hasbeenusedto proveanotherpremise.In this
case[A] i is usedto deriveB, andwe candischargetheassumptionusingimplication introductionto getA
��B.

Thefollowing simpleexampleshowsthenaturaldeductionrulesandCurry-Howardisomorphismwork-
ing togetherto provethata �� b ` a �� b. Themeaninglanguageappearson the left of theuninterpreted
symbol‘:’ andthelinear logic is on theright.

(7)
[x : a]i P : a �� b

function application : ��E
P (x) : b

lambda abstraction : ��I;i
�x:P (x) : a �� b

In the first step,x : a is assumed(indicatedby squarebrackets)and the assumptionis flaggedwith the
superscripti. We takethis assumptionandcombineit with our onepremisea �� b by elimination,which
correspondsto functionapplicationin themeaninglanguage.

Gluewith theC-H isomorphismhasadvantagesoverpreviousGlueformalizations:

1. It eliminatestheneedfor higher-orderunification.

2. ThemeaningandGlue languagesarekept completelyseparate,suchthata proof cannotfail simply
dueto failure in themeaninglanguage,only dueto failure in theGluelanguage.

3. By examiningoperationsin theGlue language,we automaticallyknow thecorrespondingoperation
in themeaninglanguage.

To staywithin the implicational fragment,Glue conjunction(
 ) in the antecedentof an implication
will becashedout asimplication,by thefollowing equivalence(which alsoholdsfor ordinary(non-linear)
propositionallogic):

(8) (a 
 b) �� c � b �� (a �� c)

For example,theGluesemanticsfor a transitiveverbcanbewritten usinga conjunction,suchthat theverb
consumestheresourcesof its subjectandobjectto give its meaning,or it canbewritten suchthat theverb
consumesits object’s resourceandthenits subject’s resourceto give its meaning:

(9) An example:transitiveverbs
((" SUBJ)� 
 (" OBJ)�) ��"� � (" OBJ)� �� ((" SUBJ)� �� "�)
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Usingtheequivalencein (8) with theequivalencein (10), thesubjectcanbeconsumedfirst, asin (11).

(10) (a
b) � (b
a)

(11) (" OBJ)� �� ((" SUBJ)� �� "�)
� ((" SUBJ)� 
 (" OBJ)�) �� "�
� ((" OBJ)� 
 (" SUBJ)�) �� "�
� (" SUBJ)� �� ((" OBJ)� �� "�)

Althoughthis introductionto Gluesemanticshasbeennecessarilyshort,I havepresentedeverythingthat I
usein my analysis(sections5 and6). But first let usconsidertheproblemthat functionalcontrol presents
for a resource-sensitivesemantics.

3 The Problem

Despiteits advantagesin modelling natural languagemeaning,the resource-sensitivityof Glue initially
seemsto beat oddswith functionalcontrol in f-structures,which is expressedby functionalidentity equa-
tions4 in lexical f-descriptions.Theseequationsresultin structure-sharing(i.e. tokenidentity)of f-structures.
The� mappingfunction is mustmapthis onestucture-sharedf-structureto onenodein s-structure,or else
themappingfunction is not a function by definition. In otherwords,theproblemis that if anf-structureis
structure-shared,thenit canonly produceonesemantic-resource.

Considerthefollowing equiexample:

(12) Gonzotried to go.

I amassuminga functionalcontrolanalysisof Englishobligatorycontrol,wherebytheequiverb’s SUBJor
OBJ functionally controlsandis thereforetokenidenticalto its XCOMP SUBJ.5 Simplifying somewhat,we
getthefollowing f-structurefor (12).

(13)

f

2
66666664

PRED ‘try’

SUBJ g
h

PRED ‘Gonzo’
i

XCOMP h

2
4PRED ‘go’

SUBJ

3
5

3
77777775

Sotheattributepaths(f SUBJ) and(f XCOMP SUBJ) shareastheir valuethe f-structureg. This f-structure
contributesone semanticresourcethat we must use in the Glue proof of the sentence’s meaning. The
embeddedverb is anordinaryintransitiveverb thatneedsto consumeits subject’s resourceandthematrix
equiverbalsotakesits subjectasa semanticargument.Thusit seemsthatbothverbsneedto consumethe
onesubjectresource.But, if weusethis subjectresourceasapremisein derivingthemeaningof thematrix
verb,theresourceis consumedandis not availablefor theembeddedverb. Likewise,if theembeddedverb
consumesthesubjectresource,it is unavailablefor thematrix verb.

4Thesearealsoknownasfunctionalcontrolequations.
5For motivationof suchananalysis,seeBresnan(1982a)andFalk (to appear).

5



Onepossiblesolutionto this problemis to treatpathsin f-structuresascontributingresources(Kehler
et al., 1999),ratherthanthestandardGlue treatment,wherebynodes(i.e. the f-structuresvaluesof paths)
contributeresources.Considerthis proposalwith respectto (13). Therearetwo subjectpaths,(f SUBJ g)
and(f XCOMP SUBJ g). Eachof thesecontributesa resourceandasa resultboth thematrix andembedded
verbshavea subjectresourceto consume.

Thearetwomajorproblemswith thisproposal.First,it involvesanon-trivialextensionof Gluetheory. It
needsanadditionalaxiomandtherepercussionsof theextensionarenotclear. Essentially, thismodification
resultsin a weakeningof the notion of resource-sensitivity, becausetherecan alwaysbe multiple paths
leadingto the samevalue. Second,by providing both the matrix equi verb andthe embeddedverb with
a subjectresource,this solution would force the clausalequi complementto denotea proposition. The
embeddedverbdenotesapropertyandthis wouldcombinewithedenotationof thesubject,anindividual or
generalizedquantifier,to yield aproposition.Therewouldbenoprincipledwayto getapropertydenotation
for theclausalcomplementinstead.However,thereis a long-standingliteraturein theoreticalsemanticsthat
arguespreciselyfor a propertydenotationof clausalequi complements(Chierchia,1984,1985;Chierchia
andJacobson,1986).I now turn to abrief summaryof thesearguments.

4 The Denotationof Clausal Equi Complements

Chierchiaandvariousothersemanticistshavelong arguedthat thedenotationof theclausalcomplementof
anequiverbis aproperty(14a)andnotaproposition(14b)(Chierchia,1984,1985;ChierchiaandJacobson,
1986).

(14) a. try(gonzo,�x.go(x))

b. try(gonzo,go(gonzo))

Thefundamentalmotivationfor thiscomesfrom certainentailments/inferencepatternsthatareveryrobust.6

(15) Property inferencepatterns:
Quantification
Gonzotried to go.
Andrewtried everythingthatGonzotried.
Andrewtried to go.

try(gonzo,�x.go(x))
8P.[try(gonzo,P)! try(andrew, P)]
try(andrew, �x.go(x))

Ellipsis
Gonzotried to go.
Andrewdid too.
Andrewtried to go.

try(gonzo,�x.go(x))
9P9Q.[Q(gonzo,P)^ Q(andrew, P)]
try(andrew, �x.go(x))

6Chierchia(1984)discussesthe quantificationalinferencepatternson the left. Theellipsis patternsweresuggestedto me by
Mary Dalrymple(p.c.). Thetreatmentof ellipsisgivenhereis basedvery roughlyon Dalrympleet al. (1991).Noneof the logical
formsgivenin thissectionareintendedasrealanalyses,butareratherpresentedassuggestivesketcheswhichhighlight theproblems
beingdiscussed.

6



(16) Propositional inferencepatterns:
Quantification
Gonzotried to go.
Andrewtried everythingthatGonzotried.
??
[* Andrewtried for Gonzoto go.]

try(gonzo,go(gonzo))
8P.[try(gonzo,P)! try(andrew, P)]
try(andrew, go(gonzo))

Ellipsis
Gonzotried to go.
Andrewdid too.
??
[* Andrewtried for Gonzoto go.]

try(gonzo,�x.go(x))
9P9Q.[Q(gonzo,P)^ Q(andrew, P)]
try(andrew, go(gonzo))

Thepropertytheorygetsthecorrectentailments,while thepropositionaltheorydoesnot. In fact there
areno Englishsentencescorrespondingto theconclusionsof thepropositionalinferencepatterns.For this
reason,Chierchiatreatsthecomplementof equiasdenotingaproperty. Semanticsis ultimatelygroundedin
providingmeaningsfor naturallanguagethatcaptureour intuitionsaboutentailments.Thus,wemustreject
asemanticsthatresultsin denotationswith missingor falseentailments,asis thecasewith thepropositional
denotationof clausalequicomplements.

Therehavebeenobjectionsto the propertytheory, which I turn to in the next section,and it may be
that the empirical problemswith the propositionaltheory that havebeenoutlined herecanbe overcome.
But in theabsenceof proposalsto this effect, theKehleret al. (1999)treatmentof structure-sharingandits
relationshipto Gluesemanticsis unsatisfactory, becauseit canonly give a propositionaldenotationto the
equicomplements,asdiscussedabove.

4.1 Two Problemsfor the Property Theory

4.1.1 Locality of Anaphoric Binding

PollardandSag(PollardandSag,1994; SagandPollard,1991) havenotedthat the propertytheory has
troublewith reflexivesin clausalcomplementsof equiverbs.Consider:

(17) Gonzotried to pinchhimself/*herself.

This caseis problematicfor thepropertytheoryof equi,becauseit hasbeendevelopedin frameworks
whicharestrictly compositional(MontagueGrammar,CategorialGrammar).Accordingly, thereis no local
antecedentfor the reflexive in (14). In the syntax, the clausalequi complementis a VP, which hasno
subject. Theremustnot be a syntacticsubject,becausethe theory is strictly compositionaland needsa
propertydenotationfor the complementin the semantics. If a subjectwere presentin the semantics,it
would combinewith the propertyto give a proposition. Thus, thereis also no subjectin the semantics,
wherethesubjectis representedasa variableboundby a lambda.

The result is that in giving a property denotationto the clausalequi complement,there is no local
antecedentfor thereflexive,andanextremelyrobustgeneralizationfrom bindingtheoryis lost. Theparallel
projectionarchitectureof LFG offersasolutionto this apparentdilemma,which I give in section6.1.
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4.1.2 SententialComplementswith Property Denotations

Zec(1987)notesthatSerbo-Croatian7 sentenceslike the following posea problemfor thepropertytheory
of equisemantics(Zec,1987:142).

(18) Petar
Petar

je
Aux

pokušao
tried

da
Comp

dodje
come(Pres)

Petertried to come.

Thecomplementto thematrix verbpokušaois clearlynot asubjectlessVP for two reasons.First, there
is anovertcomplementizer,indicatingthat this is a CP, not a VP. Second,Zecarguesthat thereis actually
a null pronominalsubjectin theembeddedclause,sothereis an f-structureSUBJ. Pokušaois nevertheless
an equi verb and there is a relationshipof obligatory control betweenits subjectand the subjectof its
complement.Furthermore,Serbo-Croatiancontrol verbsparticipatein inferenceslike (15), indicatingthat
theclausalequicomplementdenotesapropertydespiteinitial appearances.This is aproblemfor Chierchia,
becausehis theorypredictsthat thesententialcomplementin (18) shoulddenotea proposition,asit hasa
subject.Again, thepresentanalysisusesLFG’s parallelprojectionarchitectureto overcomethis problem,
asshowin section6.2.

5 A Glue Analysis of Equi

Let usconsiderthefollowing sentence;

(19) Gonzotried to go.

I assumethefollowing (partial) lexical entriesfor this sentence:8

(20) Gonzo N (" PRED) = ‘Gonzo’
gonzo: "�

= g�
tried V (" PRED) = ‘try’

�x�P.try(x, P) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) ��"�)
= g��� ((g� �� h�) �� f�)

go V (" PRED) = ‘go’
�y.go(y) : (" SUBJ) ��"�

= g� �� h�

Theseentriesareclearlysimplified,andmanysyntacticdetailshavebeensuppressed.Forsimplicity’s sake,
I’ve alsopresenteda simpleextensionalpredicatecalculusasthemeaninglanguage,which is to the left of
thecolonsin theGlueformulas.9

TheGlueformulashavebeenpresentedfirst in their generalform, astheyarelisted in the lexicon,and
secondlywith the" metavariablesinstantiatedto nodesin thefollowing f-structurefor (19).

7This is thetermthatZecuses.
8I haveassumeda co-headanalysisof infinitival to. If a raisinganalysisis preferred,thenthederivationwould essentiallybe

like theonepresentedfor raisingembeddedunderequiin section6.4.2.
9For a presentationof anintensionalversionof themeaninglanguageseeAsudeh(to appear).
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(21)

f

2
66666664

PRED ‘try’

SUBJ g
h

PRED ‘Gonzo’
i

XCOMP h

2
4PRED ‘go’

SUBJ

3
5

3
77777775

Usingtheinstantiatedgluepremises,wecanconstructthefollowing proof.

(22) Glue proof, with meanings

gonzo: g� �x�P:try(x; P ) : g� �� ((g� �� h�) �� f�)
��E

�P:try(gonzo; P ) : (g� �� h�) �� f� �y:go(y) : g� �� h�
��E

try(gonzo,�y:go(y)) : f�

In thefirst stepof theproof,we taketheGlueresourceprovidedby thesubject,Gonzo, andcombineit with
theGlueresourceprovidedby theequimatrixverb,tried, usingimplicationelimination(modusponens;see
(6)). This correspondsto functionapplicationin themeaninglanguage,andthefirst argumentof try is the
denotationof the subject,gonzo. The resultof the first stepis thencombinedwith the resourceprovided
by theembeddedverb,againusingimplication elimination. This resultsin a semanticsfor the f-structure
correspondingto thesentencewhich is thetry relationbetweengonzo andthepropertyof going.

Thevery sameGlueentry for theequiverbcanyield thepropositionaldenotationfor theclausalcom-
plement.Theonly differenceis in the meaninglanguage,wherethecontrolleeis givenasanargumentto
theproperty:

(23) tried V (" PRED) = ‘try’
�x�P.try(x, P(x)) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) ��"�)

= g� �� ((g� �� h�) �� f�)

Combining this with the samemeaningfor go, the last line of the Glue proof would insteadbe
try(gonzo; �y:go(y)(gonzo)) : f�, which reducesto try(gonzo; go(gonzo)) : f� after function appli-
cation.

6 Empirical Results

6.1 Anaphoric Binding in Equi Complements

Let usconsideragain(17),which I notedasapotentialproblemfor thepropertytheory:

(17) Gonzotried to pinchhimself.

At c-structure,the clausalcomplement(IP) doesnot havea subject,but at f-structure,thereis a subject,
which is structure-sharedwith its controller,thematrix subject.Theprojectionarchitectureallowsthiskind
of mismatchandtheequi verb lexically specifiesthe functionalcontrol equationwhich identifiesits SUBJ

andits XCOMP SUBJ.
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Anaphoricbinding in LFG is definedat the level of f-structure(Dalrymple,1993;Bresnan,2000),as
indicatedby thebindingequationin thelexical entryfor thereflexivein (24a).Forsentence(17),wegetthe
f-structurein (24b).

(24) a. himself N (" PERS) = 3
(" NUM) = SG

(" GEND) = MASC

(((GF �) " ) GF0 INDEX) = (" INDEX)

b.

f

2
6666666666666666664

PRED ‘try’

SUBJ g

2
4PRED ‘Gonzo’

INDEX j

3
5

XCOMP h

2
666666664

PRED ‘pinch’

SUBJ

OBJ i

2
664

PRED ‘pro’

NUCLEAR +

INDEX j

3
775

3
777777775

3
7777777777777777775

Instantiatingthebindingequationin (24a):

(25) (((GF �) " ) GF0 INDEX) = (" INDEX)
(((OBJ e) i) SUBJ INDEX) = (i INDEX)
(h SUBJ INDEX) = j
(g INDEX) = j
j = j

Thus,thereis a local antecedentfor thereflexiveat f-structure,theappropriatelevel for bindingtheory.
The relationshipbetweenlevels of representationin LFG is not isomorphic,but it is systematic,as

definedby projectionfunctions.Althoughthesubjectis presentin f-structure,thedenotationof theclausal
equicomplementcanbeaproperty, aswe’veseen.Thisanalysisexploitstheparallelprojectionarchitecture
andthe modularnatureof informationcontributionin LFG to capturethe correctsyntaxfor constituency
andbinding(c-structureandf-structure)aswell astheright semanticsfor equi.

6.2 Obligatory Anaphoric Control

RecalltheSerbo-Croatiansentence(18):

(18) Petar
Petar

je
Aux

pokušao
tried

da
Comp

dodje
come(Pres)

Petertried to come.

Zec(1987)notedthis asa problemfor thepropertytheorybecausetheclausalequi complementis clearly
a CP with a null subject,yet it seemsto denotea property. This is only a problemif we assumestrict
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compositionality, andthe solutionhererelieson usingnormalGlue semanticsandexploiting the capacity
for systematicmismatchesbetweenlevelsof representationin LFG’sgrammaticalarchitecture.

I assumethefollowing lexical entriesfor (18).

(26) Petar N (" PRED) = ‘Petar’
petar: "�

= g�
je I (" TENSE) = PAST

pokušao V (" PRED) = ‘try’
(" COMP SUBJ INDEX) = (" SUBJ INDEX)
�w�P.try(w, P) : (" SUBJ)� �� (((" COMP SUBJ)� �� (" COMP)�) �� "�)

= g��� ((i� �� h�) �� f�)
�x�y.x : (" SUBJ)� �� ((" COMP SUBJ)� �� (" SUBJ)�)

= g� �� (i� �� g�)
da C (" MOOD) = DECL

dodje V (" PRED) = ‘come’
(" TENSE) = PRES0
B@

(" SUBJ PRED) = ‘pro’
X : (" SUBJ)�

= i�

1
CA

�z.come(z): (" SUBJ)� �� "�
= i� �� h�

The secondline in eachGlue formula hasinstantiatednodedescriptionswith the nodenamesfrom the
following f-structurefor (18):

(27)

f

2
6666666666666666664

PRED ‘try’

SUBJ g

2
4PRED ‘Petar’

INDEX j

3
5

COMP h

2
6666664

PRED ‘come’

SUBJ i

2
4PRED ‘pro’

INDEX j

3
5

MOOD DECL

3
7777775

TENSE PAST

3
7777777777777777775

I havemadethe simplifying assumptionthat the auxiliary verb simply contributesTENSE to the f-
structureandthatthecomplementizercontributesMOOD. Theentryfor theembeddedverbdodjeis general,
andnot just for its occurrencein complementsof equiverbs.This verboptionally specifiesits SUBJ PRED

as‘pro’, sinceSerbo-Croatianis a pro-droplanguage.Whenthenull subjectis contributedby theverb,the
semanticsof thenull pronominalis alsocontributed,asindicatedby theGlueformulaX : (" SUBJ)�.10

10Clearlythis is anot asatisfactorytreatmentof anaphora,butdiscussionof thetreatmentof anaphorain adynamicGlue,which
is beingdevelopedat PARC, would takeustoo far afield.
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Theentry for thesubjectequi verbpokušao is different from theentry for theEnglishverb try in (20)
above. Its clausalcomplementis a COMP, not an XCOMP, becausethe complementhasits own subject
ratherthanthe subjectbeingstructure-sharedwith anotherGF by functional control. Instead,the control
relationshipis anaphoricas indicatedby the equationrequiring that pokušao’s COMP SUBJ and SUBJ be
coindexed.Correspondingto theanaphoriccontrolspecifiedby thecoindexationequation,thesecondGlue
formula in theentryconsumesthepronoun’s meaning.This is motivatedbecausethepronouncanonly be
boundby thecontrollingsubject.In effect,it is not contributinganormalpronominalmeaning,but is rather
a devicethat is employedin certainlanguages(like Serbo-Croatian)to establishan equi relation. Thus,
we canthink of this Glue formula asgoing handin handwith the anaphoriccontrol equation,just asthe
embeddedverb’s contributionof its null subjectgoeshandin handwith aGlueformulafor thatsubject.

This leavesthefinal andmostimportantdetailof thepresentanalysisof anaphoriccontrol: thefirst Glue
formula,whichgivesthesemanticsof theequiverb,is thesameastheGluefor theequiverbtry in English,
a languagethatusesfunctionalcontrol in thesyntax.In bothcases,thematrix subjectis consumedto yield
an implication that consumestheentire clausalcomplementto yield thesemanticsof theouterf-structure
andthusthesentence.Thefollowing proofdemonstratestheparallelism.NoticethatoncetheGluepremises
dealingwith theanaphoriccontrolrelationandembeddedsubjecthavebeenconsumed,theremainderof the
proof (startingat thethird line) is identicalto theproof in (22) for theEnglishsentenceGonzotried to go.

(28)

�z:come(z) : i� �� h�

petar: g� �x�y:x : g� �� (i� �� g�)

�y:petar: i� �� g� X : i�

petar: g� �w�P:try(w;P ) : g� �� ((i� �� h�) �� f�)

�P:try(petar; P ) : (i� �� h�) �� f�

try(petar; �z:come(z)) : f�

Again we seethatLFG’s architecturehasbeenexploitedto solvea previousproblemin thesemantics
of equi. Although there is a null pronominalsubjectin the clausalequi complement,I am essentially
proposingherethat it is only thereto maintaintheobligatorysyntacticrelationshipbetweenthecontroller
andthecontrollee.Thus,thereis typologicalvariationin thesyntacticmechanismsusedto maintaincontrol
relationships.Englishusesfunctionalcontrol, while otherlanguages,suchasSerbo-Croationor Icelandic
(Andrews,1982)useanaphoriccontrol. The differencesin the syntacticmechanismsarereflectedin the
Gluesemantics,but it is still possiblefor thecontrolledclausalcomplementsto havethesamedenotation,
no matterwhich syntacticmechanismthegrammarof a languageemploys.Therefore,thereis a separation
of syntaxandsemantics,but thereis asystematicrelationshipbetweenthetwo, andtherecanbetypological
differencesin one,without therenecessarilybeingdifferencesin theother.

6.3 Equi Embeddedunder Equi

At this point the readermay well be wonderingif this analysiscanhandlean equi verb embeddedunder
anotherequi verb, which will result in three-waystructure-sharing.In fact, this is not a problemas the
following exampleandits Glueproof show.

(29) a. Gonzopromisedto try to go.
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b.

f

2
66666666666664

PRED ‘promise’

SUBJ g
h

PRED ‘Gonzo’
i

XCOMP h

2
6666664

PRED ‘try’

SUBJ

XCOMP i

2
4PRED ‘go’

SUBJ

3
5

3
7777775

3
77777777777775

c. gonzo: "�

= g�
�x�P.promise(x,P) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) �� "�)

= g� �� ((g� �� h�) �� f�)
�y�Q.try(y, Q) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) �� "�)

= g� �� ((g� �� i�) �� h�)
�w.go: (" SUBJ)� �� "�

= g� �� i�

d. Glue proof, without meanings11

g� g� �� ((g� �� h�) �� f�)
��E

(g� �� h�) �� f�

[g� ]1 g� �� ((g� �� i�) �� h�)
��E

(g� �� i�) �� h� g� �� i�
��E

h�
��I;1

g� �� h�
��E

promise(gonzo,�z:try(z; �w:go(w))) : f�

Thelefthandsideof theproof showsthat theGlueresourcefor thematrix subjectis consumedto prove
theconsequentof thematrixequiverb,asalreadydemonstratedin section5. Therighthandsideof theproof
showsthe first useof linear implication introduction(see(6) in section2.4). We assumea Glue resource,
g�, andflagtheassumption.Wethenusethis resourceto getthemeaningfor theouterXCOMP, h. Sincewe
haveusedtheassumedg� in provingh�, wecandischargetheassumptionandgettheimplicationg� �� h�.
We thencombinethis resourcewith theresourcefrom thelefthandsideof theproof to get themeaningfor
thesentence,which is a relationof promisingbetweenan individual, gonzo, andthepropertyof trying to
go. Thus,onceagainin oursemanticswehavethepropertydenotationfor theclausalequicomplementand
theGlueproof goesthroughdespitethethree-waystructure-sharing.

6.4 The Interaction of Equi and Raising

In this sectionI will demonstratethat the analysisof equi presentedthus far interactsnicely with a Glue
analysisof raising,which I presentfirst.

11Glueproofswith meaningsfor this exampleandfor examples(31) and(32) aregivenin theappendix.
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6.4.1 Raising

At thesyntacticlevel of f-structure,raisinglooksvery muchlike equi,becausetheraisingverb’s SUBJ (or
OBJ) functionally controlsits XCOMP SUBJ, asillustratedin (30b) below. The crucial differencebetween
equiandraisingis asemanticone.In equi,thecontrollingGFis simultaneouslyasemanticargumentof the
equi verbandof its XCOMP, but in raisingthe“raised” GF is not a semanticargumentof the raisingverb,
only of its XCOMP. Evidencefor this comesfrom expletives.Raisingverbscantakeexpletivesubjectsor
objectsin lieu of a raisedone,but equiverbscannevertakeanexpletiveinsteadof theequicontroller.

Furthermore,the denotationof a raising verb’s clausalcomplementis a proposition,not a property
(Montague,1974).Theverbseem, for example,is aone-placepredicate,takingapropositionalargument,as
its subjectisnotasemanticargument.Thisiswhy theGlueentryfor theverbseemin (30c)is�P:seem(P) :
(" XCOMP)� ��"� . Seemonly needsits XCOMP’s meaning,which is a proposition,12 to provide its own
meaning.

(30) a. Gonzoseemedto vanish.

b.

f

2
6666664

PRED ‘seem’

SUBJ

XCOMP h

2
4PRED ‘vanish’

SUBJ g
h
PRED ‘Gonzo’

i
3
5

3
7777775

c. gonzo: "�

= g�
�P.seem(P) : (" XCOMP)� �� "�

= h� �� f�
�x.vanish(x): (" SUBJ)� �� "�

= g� �� h�

d. Glue proof, without meanings

g� g� �� h�
��E

h� h� �� f�

��E

seem(vanish(gonzo)) : f�

e. Glue proof, with meanings

gonzo: g� �x:vanish(x) : g� �� h�
��E

vanish(gonzo) : h� �P:seem(P) : h� �� f�

��E

seem(vanish(gonzo)) : f�

Weendup with thesentenceGonzoseemedto vanishmeaningseem(vanish(gonzo)). This is aoneplace
predicatewith apropositionalargument,just asdesired.

12ThevariableP rangesoverpropositions,unlike thepreviouslyencounteredP , which rangesoverproperties.
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6.4.2 Raisingunder Equi

With the analysisof raising in hand,we canderivea meaningfor a sentencethat hasa matrix equi verb
andan embeddedraisingcomplement.Again, this resultsin three-waystructure-sharing,but the analysis
developedhereis fully generalandthestructure-sharingonceagainposesnoproblem.

(31) a. Gonzotried to seemto vanish.

b.

f

2
66666666666664

PRED ‘try’

SUBJ g
h

PRED ‘Gonzo’
i

XCOMP h

2
6666664

PRED ‘seem’

SUBJ

XCOMP i

2
4PRED ‘vanish’

SUBJ

3
5

3
7777775

3
77777777777775

c. gonzo: "�

= g�
�y�Q.try(y, Q) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) �� "�)

= g��� ((g� �� h�) �� f�)
�P.seem(P) : (" XCOMP)� �� "�

= i� �� h�
�w.vanish(w): (" SUBJ)� ��"�

= g��� i�

d. Glue proof, without meanings

[g� ]1 g� �� i�
��E

i� i� �� h�
��E

h�
��I;1

g� �� h�

g� g� �� ((g� �� h�) �� f�)
��E

(g� �� h�) �� f�

��E

try(gonzo; �z:seem(vanish(z))) : f�

Usingsimply theequiandraisingentrieswehavealreadyencounteredsofar, themeaningfor thesentence
is given as try(gonzo; �z:seem(vanish(z))), which is a relation betweenthe individual gonzo and the
propertyof seemingto vanish. Onceagain,the denotationof the clausalequi complementis a property,
althoughthecomplementis headedby a raisingverb.

6.4.3 Equi under Raising

Thesemanticsfor anequiverbembeddedasthecomplementof a raisingverbis equallyunproblematic:

(32) a. Gonzoseemedto try to go.
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b.

f

2
66666666666664

PRED ‘seem’

SUBJ g
h

PRED ‘Gonzo’
i

XCOMP h

2
6666664

PRED ‘try’

SUBJ

XCOMP i

2
4PRED ‘go’

SUBJ

3
5

3
7777775

3
77777777777775

c. gonzo: "�

= g�
�P.seem(P) : (" XCOMP)� �� "�

= h��� f�
�y�Q.try(y, Q) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) �� "�)

= g��� ((g� �� i�) �� h�)
�w.go(w): (" SUBJ)� ��"�

= g��� i�

d. Glue proof, without meanings

g� g� �� ((g� �� i�) �� h�)
��E

(g� �� i�) �� h� g� �� i�
��E

h� h� �� f�

��E

seem(try(gonzo; �w:go(w))) : f�

The meaningwe end up with is a one placepredicate,seem, which takesa propostionalargument,
try(gonzo; �w:go(w)). And themeaningof theembeddedequiverb is theusualrelationbetweenanindi-
vidual andproperty.

6.5 DeReand DeDicto Scope

Lastly, it canbe shownthat the semanticsfor equi andraisingdevelopedherenaturallyyield the de re/de
dicto differencesbetweenequi and raising verbs(Dowty et al., 1981; Montague,1974). In particular,a
quantifiedsubjectof a raising verb can takeeither wide scope(de re reading)or narrow scope(de dicto
reading)with respectto the verb. However, the subjectof an equi verb cannottake narrow scopewith
respectto theequiverb,andthededicto readingis unavailable.

6.5.1 Raising: Both DeReand DeDicto ReadingsAvailable

Considerthe examplein (33a) below. The de re readingentails the existenceof a goblin, whereasthe
de dicto readingdoesnot. On the de dicto reading,somethingthat seemsto be a goblin tried to pinch
Gonzo,but the thing in questioncould (for example)be a child in a Halloweencostume.Let us assume
an existentially quantifieddenotationof indefinite noun phrases,representedas a generalizedquantifier
(Barwiseand Cooper,1981). We can then write the Glue for a goblin as in (33c), following the Glue
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treatmentof generalizedquantifiersin Dalrymple et al. (1999b). Thereare two ways to instantiatethe
variableX in theindefinitenounphrase’s Glue.To getthedere readingin (33d),wefirst provef� (i.e. the
sentence’s semantics)andtheninstantiateX to f�, giving thequantifiednounphrasewide scope.For the
dedicto reading,we combinethequantifierwith the XCOMP’s Glue,andthencombinethe resultwith the
matrix raisingverb.Thisgivesthequantifiernarrowscope.

(33) a. A goblin seemedto pinchGonzo.

b.

f

2
66666666664

PRED ‘seem’

SUBJ g
h

PRED ‘goblin’
i

XCOMP h

2
6664

PRED ‘pinch’

SUBJ

OBJ i
h

PRED ‘Gonzo’
i

3
7775

3
77777777775

c. �Q9z.[goblin(z)^ Q(z)] : ("� ��X) ��X
= (g� ��X) ��X

�P.seem(P) : (" XCOMP)� ��"�
= h� �� f�

�y�x.pinch(x,y) : (" OBJ)� �� ((" SUBJ) �� "�)
= i �� (g�� h�)

gonzo: "�

= i�

d. Dere13

(g� �� X) �� X

i� i� �� (g� �� h�)
��E

g� �� h� [g� ]1

��E

h� h� �� f�

��E

f�

��I;1

g� �� f�

��E ; X = f�

9z:[goblin(z) ^ seem(pinch(z; gonzo))] : f�

e. Dedicto

h� �� f�

i� i� �� (g� �� h�)
��E

g� �� h� (g� �� X) �� X
��E ;X = h�

h�
��E

seem(9z:[goblin(z) ^ pinch(z; gonzo)]) : f�

13Seetheappendixfor Glueproofswith meaningsof (33d),(33e),and(34d).
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6.5.2 Equi: Only DeReReadingAvailable

Now let usconsiderthesamesentencewith theequiverbtry replacingtheraisingverbseem. Theresulting
sentenceonly hasa de re readingfor the quantifiedsubject: the goblin is entailedto exist. It is easyto
understandwhy this shouldbeso. If agoblin tried to pinchGonzo,thentheremustbesomegoblin or other
thatdid this. Thedere readingis derivedin thesamemannerasfor (33). Thesentence’s semanticsis first
derivedandthencombinedwith thequantifier,whichgetswidescope.However,thereis noway to give the
quantifiernarrowscope.If weattemptto do this, thesubjectresource(g�) is lost andtheGlueproof fails.

(34) a. A goblin tried to pinchGonzo.

b.

f

2
66666666664

PRED ‘try’

SUBJ g
h

PRED ‘goblin’
i

XCOMP h

2
6664

PRED ‘pinch’

SUBJ

OBJ i
h

PRED ‘Gonzo’
i

3
7775

3
77777777775

c. �Q9z.[goblin(z)^ Q(z)] : ("� ��X) ��X
= (g� ��X) ��X

�w�P.try(w, P) : (" SUBJ)� �� (((" XCOMP SUBJ)� �� (" XCOMP)�) �� "�)
= g� �� ((g� �� h�) �� f�)

�y�x.pinch(x,y) : (" OBJ)� �� ((" SUBJ) �� "�)
= i �� (g�� h�)

gonzo: "�

= i�

d. Dere

(g� �� X) �� X

[g� ]1 g� �� ((g� �� h�) �� f�)
��E

(g� �� h�) �� f�

i� i� �� (g� �� h�)
��E

g� �� h�
��E

f�

��I;1

g� �� f�

��E ; X = f�

9z:[goblin(z) ^ try(z; �x:pinch(x; gonzo))] : f�

e. Dedicto - no proof

g� g� �� ((g� �� h�) �� f�

��E

(g� �� h�) �� f�

i� �� (g� �� h�) i�
��E

g� �� h� (g� �� X) �� X
��E ;X = h�

h�
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7 Conclusion

Theanalysisof equidevelopedherehasshownthat theresource-sensitivityof Gluesemanticsis not neces-
sarily at oddswith functionalcontrolandstructure-sharingat f-structure.In fact, thetensionbetweenthese
featuresof thearchitectureleadsto a restrictivesemanticsfor equiwhich hasseveraladvantages.First, the
semanticsnaturallyyieldsapropertydenotationfor theclausalequicomplement,whichhasbeenarguedfor
by Chierchia(1984)andothers.At thesametime,a propositionaldenotationis possible,without changing
the linear logic portionof theGluesemanticsfor equiverbs.Theonly changeis in themeaninglanguage.
This analysisthereforeoffersa bettersolutionthanKehleret al.’s (1999)proposalthatpathsin f-structures
contributeresoures,becauseit involvesno modificationof Glue theoryandit hastheempiricaladvantage
of allowing thepropertydenotationfor clausalequicomplements,which theKehleret al. analyisdoesnot
allow.

Second,theanalysisin thispaperexploitsLFG’sparallelprojectionarchitectureto capturetheanaphoric
bindingfactsandtypologicalfactswhichhavebeenaproblemfor otherformulationsof thepropertytheory
of equi semantics.Binding is handledat f-structureasusual,with the structure-sharedcontrolledsubject
providing a local antecedentfor a reflexive in the embeddedclause. But, the projectionarchitectureand
Glue languageallow for a semanticsin which the resourcefor the controlledsubjectdoesnot haveto be
contributed,which alsonaturallyleadsto theright analysisin themeaninglanguage.Thesecondproblem,
that of anaphoriccontrol, can also be handlednaturally. Languagesthat useanaphoriccontrol for equi
simply needan additionalGlue premisewhich consumesthe controlleepronominaland relatesit to the
controller.

Third, this semanticsis robustandcanhandlea rangeof empirical phenomena,including embedded
equiverbs,theinteractionwith thesemanticsfor raisingverbs,anddedicto/dere differencesbetweenequi
and raising verbs. As a final aside,the analysissuggestsa generalprogramfor dealingwith structure-
sharing,which haspreliminarily beenextendedto theanalysisof VP conjunctionandright noderaisingin
our implementationat PARC.
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Appendix: Glue Proofswith Meanings

(29d0)

gonzo: g� �x�P:promise(x; P ) : g� �� ((g� �� h� ) �� f� )
��E

�P:promise(gonzo; P ) : (g� �� h� ) �� f�

[z : g� ]
1 �y�Q:try(y;Q) : g� �� ((g� �� i� ) �� h� )

��E

�Q:try(z;Q) : (g� �� i� ) �� h� �w:go(w) : g� �� i�
��E

try(z; �w:go(w)) : h�

��I;1

�z:try(z; �w:go(w)) : g� �� h�
��E

promise(gonzo; �z:try(z; �w:go(w))) : f�

(31d0)

[z : g� ]
1 �w:vanish(w) : g� �� i�

��E

vanish(z) : i� �P :seem(P) : i� �� h�
��E

seem(vanish(z)) : h�

��I;1

�z:seem(vanish(z)) : g� �� h�

gonzo: g� �y�Q:try(y; Q) : g� �� ((g� �� h� ) �� f� )
��E

�Q:try(gonzo; Q) : (g� �� h� ) �� f�
��E

try(gonzo; �z:seem(vanish(z))) : f�

(32d0)
gonzo: g� �y�Q:try(y; Q) : g� �� ((g� �� i� ) �� h� )

��E

�Q:try(gonzo; Q) : (g� �� i� ) �� h� �w:go(w) : g� �� i�
��E

try(gonzo; �w:go(w))h� �P :seem(P) : h� �� f�
��E

seem(try(gonzo; �w:go(w))) : f�

(33d0)

�Q9z:[goblin(z) ^Q(z)] : (g� �� X) �� X

gonzo: i� �y�x:pinch(x; y) : i� �� (g� �� h�)
��E

�x:pinch(x; gonzo) : g� �� h� [w : g� ]
1

��E

pinch(w; gonzo) : h� �P :seem(P) : h� �� f�
��E

seem(pinch(w; gonzo)) : f�

��I;1

�w:seem(pinch(w; gonzo)) : g� �� f�
��E ; X = f�

9z:[goblin(z) ^ �w:seem(pinch(w; gonzo))(z)] : f�

9z:[goblin(z) ^ seem(pinch(z; gonzo))] : f�
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(33e0)

�P :seem(P) : h� �� f�

gonzo: i� �y�x:pinch(x; y) : i� �� (g� �� h�)
��E

�x:pinch(x; gonzo) : g� �� h� �Q9z:[goblin(z) ^Q(z)] : (g� �� X) �� X

��E ; X = h�

9z:[goblin(z) ^ �x:pinch(x; gonzo)(z)] : h�
��E

seem(9z:[goblin(z) ^ pinch(z; gonzo)]) : f�

(34d0)

�Q9z:[goblin(z) ^Q(z)] : (g� �� X) �� X

[u : g� ]
1 �w�P:try(w; P ) : g� �� ((g� �� h�) �� f�)

��E

�P:try(u; P ) : (g� �� h�) �� f�

gonzo: i� �y�x:pinch(x; y) : i� �� (g� �� h�)
��E

�x:pinch(x; gonzo) : g� �� h�
��E

try(u; �x:pinch(x; gonzo)) : f�

��I;1

�u:try(u; �x:pinch(x; gonzo)) : g� �� f�
��E ; X = f�

9z:[goblin(z) ^ �u:try(u; �x:pinch(x; gonzo))(z)] : f�

9z:[goblin(z) ^ try(z; �x:pinch(x; gonzo))] : f�
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