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1 Introduction?

Glue semanticprovidesa semanticdor Lexical FunctionalGrammarnLFG) thatis expressedisinglinear
logic (Girard, 1987; Dalrymple,1999) and providesan interpretationfor the f(unctional)-structurdevel of
syntacticrepresentation;onnectingt to thelevel of s(emantic)-structuran LFG’s parallelprojectionarchi-
tecture(Kaplan,1987,1995). Dueto its useof linearlogic for meaningassemblyGlueis resource-sensitive:
semantiaesourcegontributedby lexical entriesandresultingf-structuresmusteachbe usedin asuccessful
proof exactlyonce In this paper,l will examinethe tensionbetweena resource-sensitiveemanticavhich
interpretsf-structuresandstructure-sharingn f-structuresasexpressedby functionalcontrol resultingfrom
lexical functionalidentity equations. The empirical phenomenon concentrateon is equi, alsoknown as
obligatorycontrol? Althoughat first blushit seemshatstructure-sharingosesa seriousproblemfor Glue
semantics] will showthat this is not so. In fact, this tensionleadsto a very restrictivetheory andthe
analysisl presentheresolvesseveralong-standingoroblemsin the semanticof equi, by exploiting LFG’s
grammaticalrchitecture.

In this paperl will:

1. Give aGluesemanticgor equi.

2. Showhowthe analysiscanyield eithera propositionalor propertydenotationfor the clausalcomple-
mentof anequiverb. This flexibility arisesnaturallyfrom the architectureof thetheory

3. Adopt the propertytheoryof equicomplementswhich hasbeenarguedfor independenthyy Chier-
chia(1984).

4. Counterpreviousobjectionsto the propertytheoryfrom anaphoricbinding andtypological databy
exploiting LFG’s architecture.

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

6. Showseveralempiricalpredictionsof theanalysis.

2 Glue Semantics

2.1 Motivation

Therearetwo basicconceptuamotivationsfor Glue,besidethe empiricalmotivationprovidedby successful
Glue analyseof semantigphenomendDalrymple, 1999). First, the resource-sensitivitpf Glue semantics

1| owe a greatdebtto Dick Crouchand Mary Dalrympleat PARC for a lot of feedbackjree exchangeof ideas,anda great
working environment. They shouldacceptmuch of the credit for this work, but none of the blame. I'd alsolike to thank the
following peoplefor their comments:David Beaver,JoanBresnanDaniel Buring, Ron Kaplan, Tracy Holloway King, Hanjung
Lee,JohnMaxwell, DaveMcKercher,Line Hove Mikkelsen, Yukiko Morimoto, Ivan Sag,PeterSells,Ida Toivonen,andaudiences
at Stanford'sSemantic&estandLFG 2000.1 accepfull responsibilityfor anyremainingerrors.A speciathanksto JimMcCloskey
for gettingme accesdo facilities at UCSC.Thisresearctwassupportecpartly by SSHRCDoctoralFellowship752-98-0424.

2Throughoutthis paperl will usetheterm‘equi’, eventhoughtheterm‘control’ is morecommonin theliterature. | do thisto
avoid confusionbetweerthe databeingdescribedandthe theoretialconstruct— functionalcontrol— thatmodelsit.



directly modelstheresource-sensitivitgf naturallanguagesThewordsandsentencef anaturallanguage
utterancedo not makemultiple contributionsto the utterances meaningunlesstheyareusedmultiple times.

Secondthe resource-sensitivitpf Glue meansthat completenesand coherencdollow from the for-
malismanddo not needto be stipulatedasseparaterinciples(Dalrympleetal., 1999a)3

e Completenesslf anyof the Glueresources predicateneeddor its semanticarenot presentthere
is no successfuGlue proof.
(Insteadof: “every function designatedy a PRED [must] be presentn the f-structureof thatPRED.”
(Bresnan2000:72))

e Coherence If aGFis presentindcontributingaresourcevhichno predicates meaningwill consume,
thereis no successfuGlue proof.
(Insteadof: “every argumentfunction in anf-structure[must] be designatedy a PRED.” (Bresnan,
2000:73))

Notethatby “successfulGlue proof’ | meanonethat consumeghe semanticof the lexical itemsmaking
up a sentencdo providethe sententiaimeaning.Thus,PRED valuesin f-structuresdo not needto be of the
form ‘pred-namé...)..." andareinsteadof theform ‘pred-name’. Although completenesandcoherence
were originally proposedas purely syntacticconstraints(Kaplan and Bresnan,1982) and continueto be
formulatedassuch(Bresnan2000),if they canbe derivedfrom the formal architectureof the theory they
clearlydo not needto be statedastheoreticalprimitives.

2.2 Glue andthe 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 maprepresentationat onelevel to thosein another
(Kaplan,1987,1995).

Justasthe level of c(onstituent)-structurés mappedto f-structure by the ¢ function, f-structureis
mappedo s-structureby the o function. Glue semanticss atheoryof the o-mappingandof s-structure.

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

This separatiorof levelsallows oneto makesimpletheoreticalstatementaboutthe aspetof grammarthat
thelevelin questionmodels.Phrasestructure constituencydominationandlinear orderarerepresenteat
c-structureusingtrees,while grammaticafunctions,subcategorizatiorhinding, control, andvariousother
aspectof syntaxarerepresentedtf-structureusingattribute-valuanatrices.Semanticandtherelationship
betweersyntaxandmeaningarerepresenteat s-structureusing Glue: a combinationof linearlogic anda
chosermmeaninglanguage.

3Expletivesdo not contributeresourcesndpresent potentialcomplicationfor this reductionof completenesandcoherence.



An importantfeatureof thisarchitectures thattherecanbesystematignismatchebetweergrammatical
levels. Forexample null pronounsubjectsn pro-droplanguagesrenot presentt c-structure pbecausg¢hey
areunmotivatedby the syntacticphenomenaepresenteat thatlevel. Rather,null pronounsare presentat
f-structure wherethey canparticipatein agreementhinding, andothersyntacticprocessebestrepresented
atthatlevel. Similarly, therecanbe systematianismatche®etweerf-structureands-structureandit is this
aspeciof the architecturethat allows for an adequatesemanticof equithat neverthelessloesnot conflict
with structure-sharingn the syntaxandin fact usesthe syntaxto give solutionsto certain problemsin
previousanalyse®f equisemantics.

2.3 Overview of Glue Semantics

Glue usestwo logics: a meaninglogic for representingneaningterms,andlinear logic (Girard, 1987)for

assemblingneaningDalrymple(1999). As alreadystated linear logic is resource-sensitivea linearlogic

proofis valid only if all premisesareusedexactlyonce.Thisis bestexemplifiedby comparingpropositional
logic to propositionallinearlogic andobservingthe differencesn certainentailmentpatterns.

1. A premisecanonly be usedonce

(2) Propositionalogic implication (—)

a. p,p—qkdg

b. pp—agkFpAqg p usedto deriveq andcanbe conjoinedwith g
3 Propositionalinearlogic implication (—o)

a. p,p—qtq

b. p,p—oqp®q p wasusedup to deriveq

2. Eachpremisemust be used

4) Propositionalogic conjunction(A)

a. pAgEp gignored
(5) Propositionalinearlogic conjunction(®)

a. pgq¥p mustuseq

In principle, we canchooseany logic for the meaninglogic, so long asa systematicrelationshipcan be
establishedetweerpperationdn the meaninganguageandthosein the Gluelanguagglinearlogic).

2.4 NewGlue

Recentwork in Glue semanticdhasusedthe Curry-Howard(C-H) isomorphismto directly relatethe Glue
and meaninglanguagegDalrymple et al., 1999b). According to the C-H isomorphism,introduction of
implicationin theGluelanguagecorrespondso lambdaabstractiorin themeaninganguagendelimination
of implication correspondso function application.| will useonly the implication fragmentof linear logic
in this analysis,andwill presentmy Glue proofsin the naturaldeduction(ND) style. The ND proof rules
for introductionandeliminationof implication areasfollows:



(6) Implication Elimination Implication Introduction

[A)
A-—oB A :
B e B .
—OI”L
A—oB

Theeliminationrule is just modusponens.The implication rule involvesflaggingan assumptiorin square
bracketsandsubsequentlglischargingthis assumptiornif it hasbeenusedto proveanothempremise.ln this
case[A]’ is usedto derive B, andwe candischargethe assumptiorusingimplication introductionto getA
- B.

Thefollowing simpleexampleshowsthe naturaldeductionrulesandCurry-Howardisomorphismwork-
ing togetherto provethatae —o b - a —o b. The meaninglanguageappearn theleft of the uninterpreted
symbol*;’ andthelinearlogic is ontheright.

(7) ,
[ :a] P:a—ob
P(x):b
Az.P(z):a —ob

function application : —og

lambda abstraction : —o71 ;

In the first step,z : a is assumedindicatedby squarebrackets)and the assumptioris flaggedwith the
superscript. We takethis assumptiorandcombineit with our onepremisea —o b by elimination, which
correspondso function applicationin the meaninganguage.

Gluewith the C-H isomorphismhasadvantagesver previousGlue formalizations:

1. It eliminatesthe needfor higher-ordemnification.

2. The meaningand Glue languagesre kept completelyseparatesuchthat a proof cannotfail simply
dueto failure in the meaninglanguagepnly dueto failure in the Gluelanguage.

3. By examiningoperationsn the Glue languagewe automaticallyknow the correspondingpperation
in the meaninganguage.

To stay within the implicational fragment,Glue conjunction(® ) in the antecedenbf an implication
will be cashedut asimplication, by the following equivalencgwhich alsoholdsfor ordinary (non-linear)
propositionallogic):

(8) (a®b) —o ¢ = b—o (a—oc)

For example the Glue semanticdor atransitiveverb canbe written usinga conjunction,suchthatthe verb
consumeghe resource®f its subjectandobjectto give its meaning,or it canbewritten suchthatthe verb
consumests objects resourceandthenits subjects resourceo give its meaning:

(9) An exampleitransitiveverbs
((t suBY, @ (I OBJ);) — Ty = (T 0By - (T SUBY, — T15)



Usingthe equivalencen (8) with theequivalencen (10), the subjectcanbe consumedirst, asin (11).
(20) (a®b) = (b®a)

(11) (1 0BJ)y — ((1 SUBY; = 15)
((t suB), ® (T OBY),) =15
(1 oBY)s ® (1 SUBY,) =15
(1 suBd, < ((T OBy — 15)

Althoughthis introductionto Glue semanticiasbeennecessarilyshort, | havepresentedatverythingthat|
usein my analysis(sectionss and6). But first let us considerthe problemthat functional control presents
for aresource-sensitiveemantics.

3 The Problem

Despiteits advantagesn modelling natural languagemeaning,the resource-sensitivityof Glue initially
seemgdo be at oddswith functionalcontrolin f-structureswhich is expressedby functionalidentity equa-
tions* in lexical f-descriptions Thesesquationsgesultin structure-sharing.e. tokenidentity) of f-structures.
The o mappingfunctionis mustmapthis onestucture-shareétstructureto onenodein s-structurepr else
the mappingfunctionis not a function by definition. In otherwords,the problemis thatif anf-structureis
structure-sharedhenit canonly produceonesemantic-resource.

Considerthefollowing equiexample:

(12) Gonzotriedto go.

I amassuminga functional control analysisof Englishobligatory control, wherebythe equiverb’s susJor
oBJ functionally controlsandis thereforetokenidenticalto its xcomp suBJ® Simplifying somewhatwe
getthefollowing f-structurefor (12).

(13) [PRED ‘try
SUBJ g[PRED ‘Gonzo’]—

PRED ‘go
XCOMP h
SUBJ

Sothe attributepaths(f susJj) and(f xcomp suBJ) shareastheir valuethe f-structureg. This f-structure
contributesone semanticresourcethat we mustusein the Glue proof of the sentences meaning. The
embeddedrerbis an ordinaryintransitiveverb that needsto consumets subjects resourceandthe matrix
equiverbalsotakesits subjectasa semanticargument.Thusit seemghatboth verbsneedto consumehe
onesubjectresourceBut, if we usethis subjectresourceasa premisein derivingthe meaningof the matrix
verb, the resourceds consumedandis not availablefor the embeddederb. Likewise, if the embeddedierb
consumeshe subjectresourceit is unavailablefor the matrix verb.

“Thesearealsoknownasfunctionalcontrol equations.
SFor motivationof suchananalysis seeBresnan(1982a)andFalk (to appear).



Onepossiblesolutionto this problemis to treatpathsin f-structuresascontributingresourcegKehler
etal., 1999), ratherthanthe standardGlue treatmentwherebynodes(i.e. the f-structuresvaluesof paths)
contributeresources.Considerthis proposalwith respectto (13). Therearetwo subjectpaths,(f SUBJg)
and(f xcomp suBJg). Eachof thesecontributesa resourceandasa resultboth the matrix andembedded
verbshavea subjectresourcgo consume.

Thearetwo majorproblemswith this proposal First, it involvesanon-trivial extensiorof Gluetheory It
needsanadditionalaxiomandtherepercussionsf theextensiorarenot clear Essentiallythis modification
resultsin a weakeningof the notion of resource-sensitivitybecausehere can always be multiple paths
leadingto the samevalue. Second by providing both the matrix equi verb and the embeddedrerb with
a subjectresource this solution would force the clausalequi complementto denotea proposition. The
embeddederbdenotesa propertyandthis would combinewithe denotatiorof the subject,anindividual or
generalizedjuantifier,to yield aproposition. Therewould beno principledway to geta propertydenotation
for the clausalcomplementnstead.Howeverthereis along-standinditeraturein theoreticalsemanticghat
arguespreciselyfor a propertydenotationof clausalequi complementgChierchia,1984,1985; Chierchia
andJacobson1986).1 nowturnto abrief summaryof thesearguments.

4 The Denotation of Clausal Equi Complements

Chierchiaandvariousothersemanticisthavelong arguedthatthe denotatiornof the clausalcomplemenbf
anequiverbis aproperty(14a)andnotaproposition(14b) (Chierchia,1984,1985;ChierchiaandJacobson,
1986).

(14) a. try(gonzo,Ax.go(x))
b. try(gonzo,go(gonzo))

Thefundamentamotivationfor this comesfrom certainentailments/inferencpatternghatarevery robust®

(15) Property inference patterns:
Quantification Ellipsis
Gonzotriedto go. Gonzotried to go.
Andrewtried everythingthat Gonzotried. Andrewdid too.
Andrewtried to go. Andrewtried to go.
try(gonzo,Ax.go(x)) try(gonzo,Ax.go(x))
VPR[try(gonzo,P) — try(andrew P)] IP3Q.[Q(gonzoP) A Q(andrewP)]
try(andrew Ax.go(x)) try(andrew Ax.go(x))

8Chierchia(1984) discusseshe quantificationalinferencepatternson the left. The ellipsis patternswere suggestedo me by
Mary Dalrymple(p.c.). Thetreatmenbf ellipsis given hereis basedvery roughly on Dalrympleetal. (1991). Noneof thelogical
formsgivenin thissectionareintendedasrealanalyseshutareratherpresente@dssuggestivesketchesvhichhighlighttheproblems
beingdiscussed.



(16) Propositional inference patterns:

Quantification Ellipsis

Gonzotriedto go. Gonzotried to go.

Andrewtried everythingthat Gonzotried. Andrewdid too.

?? ??

[* Andrewtried for Gonzoto go.] [* Andrewtried for Gonzoto go.]
try(gonzo,go(gonzo)) try(gonzo,Ax.go(x))
VPR[try(gonzo,P) — try(andrew P)] IP3Q.[Q(gonzoP) A Q(andrewP)]
try(andrew go(gonzo)) try(andrew go(gonzo))

The propertytheory getsthe correctentailmentswhile the propositionaltheorydoesnot. In fact there
areno Englishsentencesorrespondingdo the conclusionsof the propositionalinferencepatterns.For this
reasonChierchiatreatsthe complementf equiasdenotinga property Semanticsgs ultimately groundedn
providing meaninggor naturallanguagehatcaptureour intuitions aboutentailments.Thus,we mustreject
asemanticghatresultsin denotationsvith missingor falseentailmentsasis the casewith the propositional
denotationof clausalequicomplements.

Therehavebeenobjectionsto the propertytheory which | turn to in the next section,and it may be
that the empirical problemswith the propositionaltheory that have beenoutlined here can be overcome.
But in the absencef proposaldo this effect, the Kehleretal. (1999)treatmeniof structure-sharingndits
relationshipto Glue semanticds unsatisfactorybecauset canonly give a propositionaldenotationto the
equicomplementsasdiscussedbove.

4.1 Two Problemsfor the Property Theory
4.1.1 Locality of Anaphoric Binding

Pollard and Sag (Pollard and Sag,1994; Sagand Pollard, 1991) have notedthat the propertytheory has
troublewith reflexivesin clausalcomplement®f equiverbs.Consider:

a7) Gonzotried to pinch himself/*herself.

This caseis problematicfor the propertytheory of equi, becauset hasbeendevelopedn frameworks
which arestrictly compositionaMontagueGrammarCategorialGrammar).Accordingly, thereis nolocal
antecedentor the reflexivein (14). In the syntax, the clausalequi complementis a VP, which hasno
subject. Theremustnot be a syntacticsubject,becausehe theory is strictly compositionaland needsa
property denotationfor the complementin the semantics. If a subjectwere presentin the semanticsijt
would combinewith the propertyto give a proposition. Thus, thereis also no subjectin the semantics,
wherethe subjectis representedsa variableboundby alambda.

The resultis that in giving a property denotationto the clausalequi complement,hereis no local
antecedenfor thereflexive,andanextremelyrobustgeneralizatiorfrom bindingtheoryis lost. The parallel
projectionarchitectureof LFG offersa solutionto this apparentiilemma,which | give in section6.1.



4.1.2 SententialComplementswith Property Denotations

Zec (1987) notesthat Serbo-Croatiahsentencesike the following posea problemfor the propertytheory
of equisemanticgZec,1987:142).

(18) Petaje pokuwsaoda dodje
Petar Aux tried Compcome(Pres)
Petertried to come.

Thecomplemento the matrix verb pokusaois clearly not a subjectlesd/P for two reasonsFirst, there
is anovertcomplementizerindicatingthatthis is a CP, nota VP. Second Zec arguesthatthereis actually
anull pronominalsubjectin the embeddedalause sothereis anf-structuresuBJd. Pokisaois nevertheless
an equi verb and thereis a relationshipof obligatory control betweenits subjectand the subjectof its
complement.Furthermore Serbo-Croatiarcontrol verbsparticipatein inferencedike (15), indicatingthat
theclausalequicomplementlenotesa propertydespiteinitial appearanceshisis aproblemfor Chierchia,
becauséhis theory predictsthat the sententiaicomplemenin (18) shoulddenotea proposition,asit hasa
subject. Again, the presentanalysisusesLFG’s parallel projectionarchitectureto overcomethis problem,
asshowin section6.2.

5 A Glue Analysis of Equi

Let usconsiderthe following sentence;
(29) Gonzotriedto go.
| assumehe following (partial) lexical entriesfor this sentencé:

(20) Gonzo N (1 PRED) = ‘Gonzo’
gonzo: 1,
=0s
tried V (1 PRED) = ‘try’
MXAPtry(x, P): (T SUBJ, —o (((T XCOMP SUBJ), —o (T XCOMP),) —o1;,)
=0, —© ((ga —-© ha) _Ofa)
go V (1 PRED) = ‘g0’
Ay.go(y): (1 suB) <1,

=g, oh,

Theseentriesareclearly simplified,andmanysyntacticdetailshavebeensuppressedr-or simplicity’s sake,
I'’ve alsopresentedh simpleextensionapredicatecalculusasthe meaninglanguagewhich is to the left of
the colonsin the Glue formulas?

The Glueformulashavebeenpresentedirst in their generalform, asthey arelistedin thelexicon,and
secondlywith the 1 metavariablegnstantiatedo nodesin the following f-structurefor (19).

"Thisis thetermthatZecuses.

8 haveassumedh co-headanalysisof infinitival to. If araisinganalysisis preferred thenthe derivationwould essentiallybe
like the onepresentedor raisingembeddedinderequiin section6.4.2.

®For a presentatiomf anintensionalversionof themeaninganguageseeAsudeh(to appear).
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(22) [PRED ‘try

SUBJ g[PRED ‘Gonzo’]—
f
{PRED ‘go’] >
XCOMP h[SUBJ ’4_/

Usingtheinstantiatedylue premisesye canconstructhe following proof.
(22) Glue proof, with meanings

gonzo: ¢, AAPAry(z, P) : go —o ((90 —© hs) — f4)

—o

£
AP.try(gonzg P) : (9, — hy) —o fo Ay.90(y) : g5 —© h,
try(gonzo,\y.go(y)) : fo

In thefirst stepof the proof, we takethe Glueresourceprovidedby the subject,Gonzg andcombineit with
theGlueresourceprovidedby the equimatrix verb, tried, usingimplicationelimination(modusponenssee
(6)). This correspondso function applicationin the meaninglanguageandthe first argumentof ¢ry is the
denotationof the subject,gonzo. Theresultof thefirst stepis then combinedwith the resourceprovided
by the embeddedrerb, againusingimplication elimination. This resultsin a semanticdor the f-structure
correspondindo the sentencevhichis the ¢ry relationbetweeryonzo andthe propertyof going.

Thevery sameGlue entry for the equiverb canyield the propositionaldenotationfor the clausalcom-
plement. The only differenceis in the meaninglanguagewherethe controlleeis given asan argumento
the property:

—O¢

(23) tried V (1 PRED) = ‘try’
MXAPtry(x, P(X)): (1 suBJ), —o (((T XCOMP SUBJ), —o (1 XCOMP),) —o15,)
=0s —© ((ga —-© ha) —© f(r)

Combining this with the samemeaningfor go, the last line of the Glue proof would insteadbe
try(gonzo, \y.go(y)(gonzo)) : f,, which reduceso try(gonzo, go(gonzo)) : f, afterfunction appli-
cation.

6 Empirical Results

6.1 Anaphoric Binding in Equi Complements
Let usconsideragain(17), which | notedasa potentialproblemfor the propertytheory:
a7) Gonzotried to pinchhimself.

At c-structure the clausalcomplement(IP) doesnot havea subject,but at f-structure, thereis a subject,
whichis structure-sharedith its controller,the matrix subject. The projectionarchitectureallowsthis kind
of mismatchandthe equiverb lexically specifiesthe functional control equationwhich identifiesits susJ
andits XCOMP SUBJ.



Anaphoricbinding in LFG is definedat the level of f-structure(Dalrymple, 1993; Bresnan,2000), as
indicatedby the binding equationin thelexical entryfor thereflexivein (24a).For sentencél17), we getthe
f-structurein (24b).

(24) a. himself N (T PER9=3
(T NUM) = SG
(T GEND) = MASC
(((GF @) 1) GF INDEX) = (1 INDEX)

b. [PRED  ‘try’
_PRED ‘Gonzo’]

SUBJ g .
INDEX | J

[PRED ‘pinch’
SUBJ
XCOMP h PRED ‘pro’
OBJ i|NUCLEAR +
INDEX ]

Instantiatingthe binding equationin (24a):

(25) (((GFa) 1) GF INDEX) = (1 INDEX)

(((oBJe) i) SUBJINDEX) = (i INDEX)

(h SUBJINDEX) = j

(g INDEX) =]

j=]
Thus,thereis alocal antecedentor the reflexiveat f-structure the appropriatdevel for binding theory

The relationshipbetweenlevels of representatiorin LFG is not isomorphic,but it is systematic,as

definedby projectionfunctions. Althoughthe subjectis presenin f-structure the denotationof the clausal
equicomplementanbeaproperty aswe've seen.This analysisexploitsthe parallelprojectionarchitecture
andthe modularnatureof information contributionin LFG to capturethe correctsyntaxfor constituency
andbinding (c-structureandf-structure)aswell astheright semanticgor equi.

6.2 Obligatory Anaphoric Control

Recallthe Serbo-Croatiasentencg18):

(18) Petarje pokwaoda dodje
Petar Aux tried Compcome(Pres)
Petertried to come.

Zec (1987)notedthis asa problemfor the propertytheory becausehe clausalequi complementis clearly
a CP with a null subject,yet it seemsto denotea property This is only a problemif we assumestrict

10



compositionality andthe solution hererelies on using normal Glue semanticsand exploiting the capacity
for systematianismatchedetweerievelsof representatiom LFG’s grammaticalrchitecture.
| assumehefollowing lexical entriesfor (18).

(26) Petar N (T PRED) = ‘Petar’
petar. 1,
=0s
je | (1 TENSE) = PAST
pokwsao V (1 PRED) = ‘try’
(T COMP SUBJINDEX) = (T SUBJINDEX)
AWAPtry(w, P): (1 suBJj, —o (((T cCOMPSUBJ), —o (T COMP),) — 1)
=0, —© ((ia —-© ha) _Ofa)
AXAY.X: (1 suBJ, —o ((T COMPSUBJ), —o (1 SUBJ),)
=0s —© (ia —-© ga)
da C (1T MOoOD) = DECL
dodje V (1 PRED) = ‘come’

(T TENSE) = PRES
(T SUBJPRED) = ‘pro’

X1 (1T SuB)),
=i,
Az.come(z) (1 SUB), o1,
=i, —oh,

The secondline in eachGlue formula hasinstantiatednode descriptionswith the node namesfrom the
following f-structurefor (18):

(27) [PRED  ‘try’ 1
PRED ‘Petar
SUBJ ¢ .
INDEX ]
f 'PRED  ‘come’
|PRED  ‘pro’
COMP h|SUBJ i .
INDEX ]
MOOD DECL
| TENSE  PAST ]

| have madethe simplifying assumptionthat the auxiliary verb simply contributesTENSE to the f-

structureandthatthe complementizecontributesvoob. Theentryfor theembeddederb dodjeis general,
andnot just for its occurrencen complement®f equiverbs. This verb optionally specifiests SUBJPRED
as‘pro’, sinceSerbo-Croatiaifis a pro-droplanguage Whenthe null subjectis contributedby the verb, the
semanticof the null pronominalis alsocontributed asindicatedby the GlueformulaX : (1 suBJj),.1°

Clearlythisis anota satisfactorytreatmenbf anaphorabut discussiorof thetreatmenbf anaphoran adynamicGlue,which
is beingdevelopedat PARC, would takeustoo far afield.
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Theentry for the subjectequiverb pokusaois different from the entry for the Englishverb try in (20)
above. Its clausalcomplementis a comP, not an xcomp, becausdhe complementhasits own subject
ratherthanthe subjectbeing structure-shareavith anotherGF by functional control. Instead,the control
relationshipis anaphoricas indicatedby the equationrequiring that pokusads comp suBJ and SUBJ be
coindexed.Correspondindo the anaphoriccontrol specifiedoy the coindexatiorequation the secondGlue
formulain the entry consumeghe pronouns meaning.This is motivatedbecausdhe pronouncanonly be
boundby the controlling subject.In effect, it is not contributinga normalpronominalmeaning putis rather
a devicethat is employedin certainlanguageglike Serbo-Croatianjo establishan equirelation. Thus,
we canthink of this Glue formula asgoing handin handwith the anaphoriccontrol equation,just asthe
embeddedrerb’s contributionof its null subjectgoeshandin handwith a Glueformulafor thatsubject.

Thisleaveghefinal andmostimportantdetail of the presentanalysisof anaphoriacontrol: thefirst Glue
formula, which givesthe semanticof the equiverb,is the sameasthe Gluefor theequiverbtry in English,
alanguagehatusesfunctionalcontrolin the syntax.In both casesthe matrix subjectis consumedo yield
animplication that consumeghe entire clausalcomplemento yield the semanticof the outerf-structure
andthusthesentenceThefollowing proofdemonstratetheparallelism.Noticethatoncethe Glue premises
dealingwith theanaphoriccontrolrelationandembeddedubjecthavebeenconsumedtheremainderof the
proof (startingat the third line) is identicalto the proofin (22) for the Englishsentencesonzotried to go.

(28)
petar: g, AzAy.z: g, —o (i, —° go)
Ay.petar: i, —o g, X i,
petar: g, AMwAPtry(w, P) : g —o ((iy —0 hy) —0 f4)
Az.com€gz) : iy, —o hy AP.try(petat P) : (ig —o hgs) —o fo

try(petat \z.com€z)) : f,

Again we seethat LFG’s architecturehasbeenexploitedto solve a previousproblemin the semantics
of equi. Although thereis a null pronominalsubjectin the clausalequi complement,| am essentially
proposingherethatit is only thereto maintainthe obligatory syntacticrelationshipbetweenthe controller
andthe controllee.Thus,thereis typologicalvariationin the syntacticmechanismsisedto maintaincontrol
relationships.Englishusesfunctional control, while otherlanguagessuchas Serbo-Croatioror Icelandic
(Andrews,1982) useanaphoriccontrol. The differencesin the syntacticmechanismsrereflectedin the
Glue semanticsbutit is still possiblefor the controlledclausalcomplementdo havethe samedenotation,
no matterwhich syntacticmechanisnthe grammarof alanguageemploys. Therefore thereis a separation
of syntaxandsemanticsbutthereis a systematiaelationshipbetweernthetwo, andtherecanbetypological
differencesdn one,without therenecessarilybeingdifferencesn the other

6.3 Equi Embeddedunder Equi

At this point the readermay well be wonderingif this analysiscan handlean equi verb embeddedinder
anotherequi verb, which will resultin three-waystructure-sharing.In fact, this is not a problemasthe
following exampleandits Glue proof show

(29) a. Gonzopromisedto try to go.
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b. PRED  ‘promise’

SUBJ g[PRED ‘Gonzo’] —

PRED ‘try

f
SUBJ 4_(:::::::5
XCOMP h

XCOMP i {PRED 9o >
| LSUBJ )},
c. _ gonzo: " _
= 0O»
AXAP.promise(x,P): (T suBd, —o (((T XCOMP SUBJ), —o (T XCOMP),) —o 1)
= gy o((gr oh,) —ofy)
AYAQ.try(y, Q) : (T suBJ, — (((T XxCOMP SUBJ), —o (T XCOMP),)) -0 1;)
= gy o((gr is) —<hy)
AW.gO: (T suB), o1,
= Qs —©is

d.  Glue proof, without meanings
[90]1 9o — ((90 —0 i) — hs)

5 —og ,
(ga —0 ZO’) —o hg do ©Olg
—O¢
9o Yo —© ((ga —- ha) —-0 fa) hg
—og — o7
(ga_ohtr)_oftr do —© hs
—O¢

promise(gonzoAz.try(z, Aw.go(w))) : f4

Thelefthandsideof the proof showsthatthe Glueresourceor the matrix subjectis consumedo prove
theconsequendf thematrix equiverb,asalreadydemonstrateth section5. Therighthandsideof theproof
showsthe first useof linearimplication introduction(see(6) in section2.4). We assumea Glue resource,
9., andflag the assumptionWe thenusethis resourceao getthe meaningfor theouterxcomp, h. Sincewe
haveusedtheassumed,, in provingh,, we candischargegheassumptiorandgettheimplicationg, —o h,.
We thencombinethis resourcewith the resourcefrom thelefthandside of the proof to getthe meaningfor
the sentencewhich is a relation of promisingbetweenan individual, gonzo, andthe propertyof trying to
go. Thus,onceagainin our semanticsve havethe propertydenotatiorfor the clausalequicomplementnd
the Glue proof goesthroughdespitethe three-waystructure-sharing.

6.4 The Interaction of Equi and Raising

In this sectionl will demonstratehat the analysisof equi presentedhusfar interactsnicely with a Glue
analysisof raising,which | presenffirst.

1Glue proofswith meaningsgor this exampleandfor exampleg31) and(32) aregivenin theappendix.
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6.4.1 Raising

At the syntacticlevel of f-structure,raisinglooks very muchlike equi, becausehe raisingverb’s susJ(or
oBJ) functionally controlsits xcomp suBj, asillustratedin (30b) below The crucial differencebetween
equiandraisingis a semantiane. In equi,the controlling GF is simultaneouslya semantiargumenbf the
equiverbandof its xcomP, butin raisingthe “raised” GF is not a semanticargumentof the raisingverb,
only of its xcomp. Evidencefor this comesfrom expletives. Raisingverbscantake expletive subjectsor
objectsin lieu of araisedone,but equiverbscannevertakeanexpletiveinsteadof the equicontroller

Furthermore the denotationof a raising verb’s clausalcomplementis a proposition, not a property
(Montague 1974). Theverbseem for examplejs aone-placgredicatetakingapropositionalrgumentas
its subjectis notasemanti@argumentThisis why the Glueentryfor theverbseenin (30c)is AP.seem(P) :
(T XCOMP), - 1,. Seemonly needsits XCOMP’'s meaning,which is a proposition'? to provideits own
meaning.

(30) a. Gonzoseemedo vanish.
b. PRED ‘seem’
SUBJ
f PRED ‘vanish’
XCOMP h
SUBJ g[PRED ‘Gonzo’
c. gonzo: T
= 0O
AP.seemP) : (T XCoMP), —o 1>
= ha —-© fa
Ax.vanish(x): (1 suBY), o1,
= 0gs—° ha

d. Glue proof, without meanings

9o go —© hU
—o¢
hy he — fo
seentvanishigonzo) : f,

e. Glue proof, with meanings

—O¢

gonzo: g, Az.vanishz) : g, —o hy,
vanishigonzg : h, ‘ AP.seentP) : h, —o f,
seentvanishigonzo) : f,

—O¢

We endup with the sentencésonzoseemedo vanishmeaningseem (vanish(gonzo)). Thisis aoneplace
predicatewith a propositionalargumentjust asdesired.

2ThevariableP rangesover propositionsunlike the previouslyencountered?, which rangesover properties.
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6.4.2 Raisingunder Equi

With the analysisof raisingin hand,we canderive a meaningfor a sentencehat hasa matrix equi verb

andan embeddedaising complement.Again, this resultsin three-waystructure-sharingbut the analysis

developedereis fully generalandthe structure-sharingnceagainposeso problem.

(32) a. Gonzotriedto seemto vanish.
b. [PRED ‘try’

SUBJ g PRED ‘Gonzo’]

PRED ‘seem’

SUBJ

XCOMP h T
_[PRED vanish

XCOMP i
LSUBJ /f

C. gonzo: 1o
= 0Os
AYAQ.try(y, Q) : (T suBd, —o (((T XCOMP SUBJ), —o (1T XCOMP),) —o 1)

= gy o((gr oh,) —ofy)

AP.seemP) : (T XCOMP), —o 1,
= iy,—oh,

Aw.vanish(w): (1 suBY, <15
= gy =2y

d. Glue proof, without meanings

[9:]" g0 — iy

—O¢
Iy ie =0 hg
—O¢
he 9o Yo —© ((ga —0 htr) —0 ftr)
— o7 —og
9o —0 hg (90 = hs) = fo

try(gonzg Az.seenfvanishz))) : f»
Usingsimply the equiandraisingentrieswe havealreadyencounteredo far, the meaningfor the sentence
is given astry(gonzo, Az.seem(vanish(z))), which is a relation betweenthe individual gonzo andthe
property of seemingto vanish. Onceagain,the denotationof the clausalequi complements a property
althoughthe complements headedvy araisingverb.
6.4.3 Equi under Raising
Thesemanticgor anequiverbembeddedsthe complemenbf araisingverbis equallyunproblematic:

(32) a. Gonzoseemedo try to go.
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b. PRED ‘seem’
SUBJ g[PRED ‘Gonzo’] —

PRED ‘try’

f
SUBJ 4_(:::::::5
XCOMP h -
_{PRED go
XCOMP |
LSUBJ “iP‘

C. gonzo: 1o

= O
AP.seemP) : (T XCOMP), —o 1,
= h,—of,
AYAQ.try(y, Q) : (1t suBJ, —o (((+ XCOMP SUBJ), —o (T XCOMP),) —o0 1)
= 05 —® ((ga -0 ia) -0 ha)
Aw.go(w): (1 suB)y, =1

= gy —oig

d. Glue proof, without meanings

9o 9o —© ((9o —iy) — hy)

; °¢ .
(ga O Za) o hy go —©Olg
Oo¢g

hy he — fo
seengtry(gonza Aw.go(w))) : fo

The meaningwe end up with is a one place predicate,seem, which takesa propostionalargument,
try(gonzo, \w.go(w)). And the meaningof the embeddedquiverbis the usualrelationbetweeranindi-
vidual andproperty

—O¢

6.5 DeReand De Dicto Scope

Lastly, it canbe shownthatthe semanticdor equi andraising developedherenaturallyyield the dere/de
dicto differencesbetweenequi and raising verbs (Dowty et al., 1981; Montague,1974). In particular,a
guantifiedsubjectof a raising verb cantake either wide scope(de re reading)or narrow scope(de dicto
reading)with respectto the verb. However,the subjectof an equi verb cannottake narrow scopewith

respecto the equiverb,andthe de dicto readingis unavailable.

6.5.1 Raising: Both De Re and De Dicto ReadingsAvailable

Considerthe examplein (33a) below The de re readingentailsthe existenceof a goblin, whereasthe
de dicto readingdoesnot. On the de dicto reading,somethingthat seemgo 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 guantifieddenotationof indefinite noun phrasesyepresenteds a generalizedquantifier
(Barwise and Cooper,1981). We canthen write the Glue for a goblin asin (33c), following the Glue
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treatmentof generalizedquantifiersin Dalrymple et al. (1999b). Thereare two ways to instantiatethe
variableX in theindefinitenounphrases Glue. To getthe dere readingin (33d), wefirst prove f, (i.e. the
sentences semanticspndtheninstantiateX to f,, giving the quantifiednounphrasewide scope.For the
de dicto reading,we combinethe quantifierwith the xcompP’s Glue, andthencombinethe resultwith the
matrix raisingverb. This givesthe quantifiernarrowscope.

(33) a. A goblin seemedo pinch Gonzo.
b. [PRED  ‘seem’ |
SUBJ g[PRED ‘goblin’]x
f PRED ‘pinch’

XCOMP h|SUBJ —/

OBJ i[PRED ‘Gonzo’]

C. ;\Qﬂz.[goblin(z)/\ Q2)]: (15 —o >_<) —-o X

= (9o oX) oX
AP.seempP) : (T xcompP), -1,
= h,—of,
AYAX.pinch(x,y) : (+ oBJY), — ((+ suBJ) - 1,)

= i-o(g—ohy)

gonzo: T
= i,

d. Dere®3

—Og 1
go —o hg [90]
—O¢
he hy —o fa
—O¢
fo
- —©°71
(9o = X) o X 9o o fo
. K —Og,X = fa'
Jz.[goblin(z) A seentpinch(z, gonzg)] : f.
e. Dedicto
lg lg —O (ga —0 ha)
—O¢
9o —° hg (QU_OX)_OX
—Og,X == ho—

hO’ —0 fO' hO’

—O¢

seent3dz.[goblin(z) A pinch(z, gonza)) : f,
135eethe appendixfor Glue proofswith meaningf (33d), (33e),and(34d).
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6.5.2 Equi: Only De Re ReadingAvailable

Now let usconsiderthe samesentenceavith theequiverb try replacingtheraisingverb seem Theresulting
sentenceonly hasa de re readingfor the quantifiedsubject: the goblin is entailedto exist. It is easyto
understandvhy this shouldbe so. If agoblin tried to pinch Gonzo,thentheremustbe somegoblin or other
thatdid this. The dere readingis derivedin the samemannerasfor (33). The sentences semanticss first
derivedandthencombinedwith the quantifier,which getswide scope. However,thereis noway to give the
guantifiernarrowscope.If we attemptto do this, the subjectresourcqg,,) is lost andthe Glue proof fails.

(34) a.
b.

o

A goblintried to pinch Gonzo.

'PRED ‘try’
SUBJ g[PRED ‘goblin’]\
f PRED ‘pinch’ ]

XCOMP h|SUBJ -/

OBJ i[PRED ‘Gonzo’]

;\Qﬂz.[goblin(z)/\ Q2)]: (1, o X) o X

= (9o oX) oX
AWARtry(w, P): (T suBd, —o (((T XCOMP SUBJ), —o (T XCOMP),) —o 1)
= 05 —® ((ga —-© ha) —© f(r)
AyAx.pinch(x,y) : (T 0BJ), — ((1 SUBJ) —o1,)
= i-o (g —-© ha)
gonzo: T

= i,

Dere
[90]1 go —o ((90 — hg) — fo) o ic =0 (9o —o hy)
(ga_oha)_ofa ’ 9o —© hs ‘
—o¢
fo
- —°7.1
(9o = X) o X 9o —© fo X
3z.[goblin(z) A try(z, Az.pinch(z, gonzd)] : f, ot
Dedicto - no proof
ig —O (ga —-0 ha) ig
—O¢
9o 9o < ((90 = hs) = f4 9o —© hg (9o = X) o X
—O¢ —Og, X = ha’
(90 —0 ha) —o fq he
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7 Conclusion

Theanalysisof equidevelopecherehasshownthatthe resource-sensitivitpf Glue semanticss not neces-
sarily at oddswith functional control andstructure-sharingt f-structure. In fact, the tensionbetweernthese
featuresof the architecturdeadsto a restrictivesemanticgor equiwhich hasseveraladvantagesFirst, the
semanticsaturallyyieldsapropertydenotatiorfor the clausalequicomplementwhich hasbeenarguedfor
by Chierchia(1984)andothers.At the sametime, a propositionaldenotationis possible without changing
thelinearlogic portion of the Glue semanticdor equiverbs. The only changes in the meaninglanguage.
This analysisthereforeoffers a bettersolutionthanKehleretal.’s (1999) proposalthat pathsin f-structures
contributeresourespecauset involves no modificationof Glue theoryandit hasthe empiricaladvantage
of allowing the propertydenotationfor clausalequi complementswhich the Kehleret al. analyisdoesnot
allow.

Secondtheanalysign this paperexploitsLFG’s parallelprojectionarchitectureo capturetheanaphoric
binding factsandtypologicalfactswhich havebeena problemfor otherformulationsof the propertytheory
of equi semantics.Binding is handledat f-structureas usual,with the structure-sharedontrolledsubject
providing a local antecedentor a reflexivein the embeddedlause. But, the projectionarchitectureand
Glue languageallow for a semanticgn which the resourcefor the controlled subjectdoesnot haveto be
contributed,which alsonaturallyleadsto the right analysisin the meaninglanguage.The secondproblem,
that of anaphoriccontrol, canalso be handlednaturally Languagedhat use anaphoriccontrol for equi
simply needan additional Glue premisewhich consumeghe controllee pronominaland relatesit to the
controller

Third, this semanticss robustand can handlea rangeof empirical phenomenaincluding embedded
equiverbs,theinteractionwith the semanticdor raisingverbs,andde dicto/dere differenceshetweerequi
andraising verbs. As a final aside,the analysissuggestsa generalprogramfor dealingwith structure-
sharing,which haspreliminarily beenextendedo the analysisof VP conjunctionandright noderaisingin
ourimplementatiorat PARC.
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Appendix: Glue Proofswith Meanings

(29d)
[z : go]l AYAQtry(y, Q) 1 g5 —o ((90 — 45 ) — hy)

—o0

AQY(2,Q) : (g5 —0ip) —o hy “ w.go(w) : g, o,

gonzo: g, AzAP.promiséz, P) : g, — ((go —0 hy ) —0 f,) try(z, Aw.go(w)) : he

—o¢

AP.promiségonzq P) : (9, —o hy ) —o fo Aztry(z, Aw.go(w)) : g, —o h,

—O7,1

promiségonzg Az.try(z, Aw.go(w))) : fo
(31d)
[2:9,]' Aw.vanistw) : g, —o i,

. —O¢
vanish(z) : i, AP.seentP) : i, —o h,

—o¢

seenfvanish(z)) : hy gonzo: g,  AYAQ-ry(y, @) : 9o — (90 = ho) — fo)

—O7,1

\z.seenfvanisi(z)) : go —o hs AQ.try(gonzo Q) : (9o — hs) — fo
try(gonzq \z.seenfvanisiz))) : f»

—O¢
(32d)
gonzo: g,  AyAQ.try(y, Q) : 9o — ((90 —0is) — ho) o
AQ.try(gonzq Q) : (g, —© i) —© hs Aw.go(w) : g, —o i,
try(gonzg Aw.go(w))h, e AP.seentP) : hy —o fq
seenftry(gonzg Aw.go(w))) : fo

—o¢

(33d)
gonzo: i, AyAz.pinch(z,y) :i, —o (g, —o h,)

—og¢

Az.pinch(z,gonzg : g, —o h, [w: g,
pinch(w,gonzg : h, e AP.seentP) : h, —o f,
seenfpinch(w, gonzg) : f,
AQ3z.[goblin(z) A Q(2)] : (90 —0 X) o X Aw.seenfpinch(w, gonzg) : g, —o f,
3z.[goblin(z) A Aw.seentpinch(w, gonzg)(z)] : f,
3z.[goblin(z) A seentpinch(z, gonzg)] : f,

—Oz,1

—e, X = f,
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(33€)
gonzo: i, AyAz.pinch(z,y) : i, — (95 —o hy)

Az.pinch(z,gonzg : g, —o h, e AQ3z.[goblin(z) A Q(2)] : (gr — X) o X
AP.seentP) : h, —o f, Jz.[goblin(z) A Az.pinch(z,gonzg(z)] : he
seenf3z.[goblin(z) A pinch(z, gonzg)) : f,

—Og,X = ha-

—o¢

(34D [u:g,]" AMwAPtry(w, P): g, —o ((go —0 hy) —o fo) gonzo: i, AyAz.pinch(z,y) : i, —o (g, —o hy)
APtry(u, P): (g, —0 hy) —o fo s Az.pinch(z,gonzg : g, —o h, e
try(u, Az.pinch(z, gonz9g) : f, e
AQ3z.[goblin(z) A Q(2)] : (90 — X) o X Auw.try(u, Az.pinch(z,gonzg) : g, —o f, _OZ’IX f
—oe, X = fo

3z.[goblin(z) A Au.try(u, Az.pinch(z, gonzg)(z)]: fs
Jz.[goblin(z) A try(z, Az.pinch(z, gonzg)] : f,
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