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Abstract We presentinitial work on a theory of coordinationand parallelismin Glue Semantics
(GLUE; Dalrymple1999,2001). We will explore pointsof convergenceanddivergencebetweenour
approachto coordinationand similar Categorial Grammar(CG) approaches.We also compareour
approachto a previous GLUE approachto coordination(Kehleret al. 1995,1999)andarguethat our
approachis superioron thegroundsthat it preservesa very strongnotionof resource-sensitivity (Dal-
rympleetal. 1993).Weconcludeby discussingparallelismin connectionwith theCoordinateStructure
Constraint(CSC;Ross1967).TheCSCis aputatively robustconditiononextractionwhichhasbeenar-
guedto bea featureof theCGapproachto coordinationandof otherrelatedapproaches.It is standardly
assumedto have two parts,the ConjunctConstraintand the ElementConstraint(Grosu1973). The
ConjunctConstraintis quite robust, but the ElementConstrainthasbeenchallengedrepeatedly, most
recentlyby Kehler(2002),whoarguesthattheCSCis notasyntacticcondition,but ratherfollows from
conditionsondiscoursecoherenceandparallelism.Wediscussaconstraintlanguageon thestructureof
GLUE derivations,andshow how Kehler's theoryof discoursecohesioncanberelatedto parallelismin
suchderivations.

1 Intr oduction1

This paperpresentsanaccountof thesemanticsof coordination,framedwithin thetheoryof GlueSe-
mantics(GLUE Dalrymple1999,2001). We comparethis accountto relatedwork in Categorial Gram-
mar(CG)(Steedman1985,Emms1990,Carpenter1997),andanearlierGLUE approachto coordination
(Kehleret al. 1995,1999). We discussparallelismin connectionwith the CoordinateStructureCon-
straint(CSC;Ross1967),which is standardlyassumedto have two parts:theConjunctConstraintand
theElementConstraint(Grosu1973).Kehler(2002)discussesa setof exceptionsto theElementCon-
straintandarguesthatit is notasyntacticcondition,but follows from conditionsondiscoursecoherence
andparallelism.By treatingGLUE derivationsas�rst-classsemanticrepresentationson which interest-
ing parallelismrelationscanbede�ned (Crouch1999,AsudehandCrouchto appear),weshow how our
accountof coordinationis ableto dealwith violationsof theElementConstraint.

2 A Brief Overview of Glue Semantics

GLUE embodiesa treatmentof “semanticinterpretationasdeduction”,similar to “parsingasdeduction”
in Categorial Grammar. GLUE identi�es two separatelogicsin semanticinterpretation:ameaninglogic
for expressingthe target semanticrepresentation;and a GLUE logic which speci�es how chunksof
meaningaredeductively assembled.A varietyof optionsareopenfor themeaninglogic (IL, DRT, etc.).
But thenaturalchoicefor theGLUE logic is a restrictedfragmentof propositionalLinearLogic (Girard
1987).First, theresource-sensitivity of linearlogic closelyre�ects thatof naturallanguage(Dalrymple
et al. 1993). Second,the existenceof a Curry-Howard isomorphismfor the GLUE fragmentof linear
logic bothrendersit suitablefor driving thedeductive assemblyof meanings,andalsoprovidesGLUE

derivationswith non-trivial identitycriteria.Weenlargeon thesepointsbelow.

2.1 A Brief Overview of Linear Logic

Linear logic is resource-sensitive. Unlike traditional logics, linear logic derivationsliterally consume
theirpremisesin orderto draw conclusions.Thiscanbeillustratedby thefollowing contrastive patterns
of inference( ( is linearimplication,and
 is multiplicative conjunction):

1We would like to acknowledgeMary Dalrymple,Chris Potts,Mark SteedmanandIda Toivonenfor commentson and
criticismanddiscussionof variousincarnationsof theseideas.Wewouldalsolike to acknowledgeourselvesfor all remaining
errors.Asudehis fundedin partby SSHRC752-98-0424.



Traditional Linear
Duplication a;a ! b ` b a;a ( b ` b

a;a ! b ` b^ a a;a ( b 6`b
 a
(a duplicated) (Noduplicationof a)

Deletion a;b ` a ^ b a;b ` a 
 b
a;b ` b a;b 6`b

(a deleted) (Nodeletionof a)

This ensuresthateachpremisehasto beusedonce,andexactly once,in a derivation; premisescanbe
neitherdeletednorduplicated.2

Thesamepatternof strict resourceaccountingis to befoundin naturallanguage:thecontribution of
eachwordandphrasemustbeusedonceandexactlyoncein theanalysisof asentence(Dalrympleetal.
1993,1999b,Asudehin progress).Onecannotfreely deleteor duplicatethe contributionsthat words
make. As we will seein section3, coordinationprovidesa prima facie counterexampleto this strict
resourceaccounting.However, wewill show how astrictly resourcedaccountcanbegiven.

TheCurry-HowardIsomorphism(Howard1980)pairslogicalderivationswith termsin thelambda-
calculus.In particular, theproof rule of ImplicationElimination (or modusponens) correspondsto an
operationof functionapplication,while ImplicationIntroduction(or hypotheticalreasoning)corresonds
to � -abstraction:

(1) Implication Elimination Implication Intr oduction

P : a ( b Q : a
� � E

P(Q) : b

[X : a]i
�
�
�

� : b
� � I ;i

�X :� : a ( b

For ImplicationElimination, if P is the � -term labelling the derivation of a ( b, andQ is the term
labellingthederivationof a, thenP(Q) is thetermlabellingtheresultantderivationof b. Theimplication
a ( b is thusa function,P, which whenappliedto anargumentQ of typea returnsa resultP(Q) of
typeb. For ImplicationIntroduction,supposethatassuminganarbitrarya, with a variableX labelling
its unknown derivation,allows usto obtaina derivation � of b. We canthendischarge theassumption
to getanimplicationfrom argumentsof typea to resultsof typeb, wherethefunctioncorrespondingto
theimplicationis �X :� .

Within the settingof GLUE, the � -termslabelling linear logic formulaswill be expressionsfrom
themeaninglogic. Derivationswill assemblethesemeaningsby meansof thefunctionapplicationand
� -abstractionoperationsde�ned by theCurry-HowardIsomorphism.

Thefollowing two derivationsof a; a ( b ` b show theinteractionof theproof rulesand� -terms:

(2) (a)
A : a P : a ( b

� � E
P(A) : b

(b)
A : a

[X : a]1 P : a ( b
� � E

P(X ) : b
� � I ;1

�X :P(X ) : a ( b
� � E

(�X :P(X ))( A) : b

Derivation(2b) introducesanunnecessarydetour. By applyinga ( b to anassumptionof a andthen
immediatelydischarging theassumption,we ratherpointlesslyderive a ( b from a ( b. We then
apply this to thepremisea to concludeb. Derivation (2a) is a morestraightforward way of achieving
the sameresult. Interestingly, the � -termsof the two derivationsareequivalentgiven � /� -reduction:
(�X :P(X ))( A) ) P(A). This is non-accidental.The equivalenceof the termsshows that the two
derivationsin (2a)and(2b)correspondto thesameunderlyingproof.

TheCurry-Howard Isomorphismthusinducesnon-trivial identity criteriafor proofs,suchthat (2a)
and (2b) denotethe sameproof, despitetheir surfacedifferences.Theseidentity criteria alsomatch

2Thisstrict resourceaccountingcanlocally beturnedoff by meansof linearlogic's ! modality, where!a meansthata is no
longerresourced,andcanbeduplicatedor deletedatwill. However, wedo not include! in our GLUE fragmentof linearlogic;
seesection3.4below.



thoseinducedby proof normalization(Prawitz 1965),which providesa setof rules(3) for expunging
unnecessarydetoursfrom derivations

(3)

A

[A]i
�
�
�
B

� � I ;i
A ( B

B

�
=)

A
���
B

The presenceof suchidentity criteria (following Quine's dictum of “no entity without identity”) al-
lows us to regardproofsas�rst-class objects. In particular, normalform derivations(with all detours
expunged)canbeviewedascanonicalrepresentationsfor theirunderlyingproofs.Thisopensthepossi-
bility of viewing normalform GLUE derivationsas�rst-classlevelsof representationin semantictheory.
In section5 wewill arguethatGLUE proofsform animportantlevel of representationin guagingseman-
tic parallelism.

2.2 Examplesof GL UE Derivations

In GLUE, meaningconstructorsfor semanticcompositionareobtainedfrom lexical itemsinstantiatedin
particularsyntacticstructures.Eachconstructorhasthe form M : G, whereM is a term from some
meaninglanguage(e.g., IL, DRT, etc.) andG is a formula of propositionallinear logic (Dalrymple
et al. 1999a).Thegoalof a GLUE derivation is to consumeall the lexical premisesto producea single
conclusionstatingthe meaningof the sentence.Semanticambiguity (e.g., scopeambiguity) results
whentherearealternative derivationsfrom thesamesetof premises.TheCurry-Howard Isomorphism
combineslexical meaningsin parallelwith thestructureof the linear logic deductionto build meaning
terms.

In thispaperwewill assumeanLFG syntax(seeDalrymple2001,amongothers),with oneimportant
caveatto whichwereturnin section5.2,andaverygenericpredicatecalculus,for thesakeof exposition.
Giventhese,consider(4) andits lexical items(5):

(4) Johnsaw Fred.

(5) John N
(" PRED) = `John'
john : " � e

Fred N
(" PRED) = `Fred'
fred : " � e

saw V
(" PRED) = `see'
see : (" OBJ) � e ( (" SUBJ) � e ( " � t

Thesecondlineof eachentryis its GLUE meaningconstructor. The� subscriptsin theGLUE constructors
arefunctionsthatmapsyntacticphrasesonto their correspondingsemanticresources.Theseresources
aretyped:e for entity, t for truth-value.Theresourcesaredenotedby atomiclinearlogic propositions.
(Wewill suppressthe� andtypesubscriptson thelinearlogic atomswhereconvenient).

Parsing(4) bothconstructsthe f(unctional)-structure (6) andinstantiatesthe lexical entriesso that
the" metavariablesreferto nodeswithin (6), instantiatingthelexical premisesasin (7).

(6)

s

2

6
6
6
4

PRED `see'

SUBJ j
h

PRED `John'
i

OBJ f
h

PRED `Fred'
i

3

7
7
7
5

(7) john : j � e

fred : f� e

see : f� e ( j � e ( s� t

Theformulasin (7) areusedaspremisesin alinearlogic derivation.Thismustconsumeall thepremises
to producea singleconclusionstatingthemeaningpairedwith theheadresourceof thesentence(s� ).
In thiscasethederivationis straightforward: thethreepremisescombinethroughtwo instanceof impli-
cationelimination,which is functionalapplicationin themeaninglanguage:



(8)

fred : fe see : fe ( je ( st
� � E

see(fred) : je ( st john : je
� � E

see(fred)( john) : st
Notational convention

see(john; fred) : st

The secondexamplewill illustratequanti�cation. It alsoshows that quanti�er scopeambiguityis
handledin theGLUE derivations,without positinganambiguoussyntacticrepresentation.Considerthe
following sentence,f-structure,andinstantiatedlexical items:

(9) Everyonefoundat leastonegremlin.

(10)

f

2

6
6
6
6
6
6
4

PRED `�nd'

SUBJ e
h

PRED `everyone'
i

OBJ g

2

4
PRED `gremlin'

SPEC
h

PRED `at leastone'
i

3

5

3

7
7
7
7
7
7
5

(11) � P:every(person; P) : (ee ( X t ) ( X t

� u; v:�nd (v; u) : ge ( ee ( ft
� Q:ALO(gremlin; Q) : (ge ( Y t ) ( Y t

The meaningterms� P:every(person; P) and� Q:ALO(gremlin; Q) arestandardgeneralizedquan-
ti�er expressions,which we will henceforthabbreviate asEO andALOG. Readingthe typesfrom the
linear logic formulas,it canbe seethat both areof the (familiar) semantictype hhe;ti ; t i . The upper
casevariables,X t andYt , rangeover arbitrarytypet atomicresourcesthatthequanti�erscouldtake as
their scope.Essentially, thetwo quanti�erscanapplyto any typet clausethatdependson themeaning
of thesubjectee or theobjectge, anddischargethisdependency by scopingthequantiti�er.

From the threepremisesin (11), therearetwo distinct derivationsf t . Both have the sameinitial
derivation (12), producingthesemanticresourcef t dependenton bothee andge. Thederivationsthen
fork, dependingon which of thesedependenciesaredischarged�rst via scopinga quanti�er. ((13) for
surfacescopeand(14) for inversescope).

(12) [x : e]2
[y : g]1 � u; v:�nd (v; u) : g ( e ( f

� � E
� v:�nd (v; y) : e ( f

� � E
�nd (x; y) : f

(13)

EO : (e ( X ) ( X

ALOG : (g ( Y ) ( Y

�nd (x; y) : f
� � I ;1

� y:�nd (x; y) : g ( f
� � EY = f

ALOG(� y:�nd (x; y)) : f
� � I ;2

� x:ALOG(� y:speak(x; y)) : e ( f
� � EX = f

EO(� x:ALOG(� y:�nd (x; y))) : f

(14)

ALOG : (g ( Y ) ( Y

EO : (e ( X ) ( X

�nd (x; y) : f
� � I ;2

� x:�nd (x; y) : e ( f
� � EX = f

EO(� x:�nd (x; y)) : f
� � I ;1

� y:EO(� x:�nd (x; y)) : e ( s
� � EY = f

ALOG(� y:EO(� x:�nd (x; y))) : f

Note that the two scopingsfor the sentencearisesolely from alternative linear logic derivationsfrom
premisesto conclusion,usingstandardrulesof inference.No syntacticambiguityneedsto beposited.
Moreover, no specialassumptionsneedto bemadeaboutthemeaningterms.GlueSemanticsenforces
a modularseparationbetweentheGLUE languageandthetargetmeaninglanguage,sothattherangeof
possibleGLUE derivationsis determinedsolelyby thelinearlogic formulasexpressingrelationsbetween



semanticresources,andis entirely independentof the meaningtermsassociatedwith theseresources.
Thismodularitywill beimportantwhenwecometo de�ne a level of semanticparallelismthatabstracts
away from differencesin meaning(section4.2).

3 Coordination in Glue Semantics

In this sectionwe will look at two approachesto coordinationin GlueSemantics(seealsoDalrymple
2001:361–387).First we presentour approach,which treatscoordinationessentiallyasmodi�cation
andbearssimilaritiesto coordinationin MontagueGrammar, GeneralizedPhraseStructureGrammar
(GPSG),CombinatoryCategorialGrammar, andType-LogicalGrammar(Montague1973,Gazdar1980,
1981,1982,ParteeandRooth1983,Gazdaret al. 1985,KeenanandFaltz 1985,Steedman1985,1989,
1990,2000,Emms1990,Carpenter1997).Second,wepresentandcontrastaGLUE approachpursuedby
Kehleretal. (1995,1999).Anticipatingsomewhat,thekey differencebetweenthetwo GLUE approaches
is that the coordinationasmodi�cation approachemploys a resourcemanagementstrategy to handle
apparentlycon�icting resourceconsumptionrequirements,while thelatterapproachinsteadchoosesto
relaxresourcesensitivity.

3.1 An Example of VP Coordination

Let usstartby consideringasimpleVP-coordinationwith threeconjuncts:3

(15) Kim slept,dreamtandlaughed.

(16)

f

2

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
4

CONJ and
8
>>>>>>>>>>>><

>>>>>>>>>>>>:

s

2

4
PRED `sleep'

SUBJ k
h

PRED `Kim'
i

3

5

d

"
PRED `dream'

SUBJ

#

l

"
PRED `laugh'

SUBJ

#

9
>>>>>>>>>>>>=

>>>>>>>>>>>>;

3

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
5

(17) Targetsemantics= sleep(kim ) ^ dream(kim ) ^ laugh(kim )

The target semanticrepresentationsuggeststhat coordinationposesa problemfor the strict resource
accountinginherentin GLUE. Thesingleword Kim appearsto make a threefoldsemanticcontribution,
asthesubjectargumentto eachof thethreecoordinatedVPs. Spellingthis out in termsof instantiated
GLUE constructors,we would expect to obtain threeordinary intransitive verb premisesbut just one
subjectpremise

(18) kim kim : k
slept sleep : k ( s
dreamt dream : k ( d
laughed laugh : k ( l

How cana GLUE derivationmatchtheoneproducerof thesemanticresourcek with thethreeconsumers
of k?

Our solutionto this apparentresourcemismatchis a treatmentof coordinationthatconsumesmul-
tiple dependencieson sharedargumentsto producesingledependencieson thesharedarguments.Let

3We follow the usualconventionof referringto the elementsthat arecoordinatedasconjuncts,even thoughthe logical
coordinationrelationis not limited to conjunction.



usaddthefollowing additionalconstructors,contributedby thecoordinationitself (For expositorypur-
poses,we hereshow theseadditionalconstructorsin a simpli�ed form. Their full form, (23), andhow
they areobtainedis discussedbelow):

(19) � P:P : (k ( l ) ( (k ( f )
� P; Q; x:P(x) ^ Q(x) : (k ( d) ( (k ( f ) ( (k ( f )
� P; Q; x:P(x) ^ Q(x) : (k ( s) ( (k ( f ) ( (k ( f )

The�rst constructorconsumesthe�nal conjunctVP(k ( l), andturnsit into the`seed'meaningfor the
coordinatedVP (k ( f ). This consumesonedependency on theargumentk to produceanother. The
othertwo constructorseachconsumeoneof theremainingconjuncts,andturntheminto modi�ers of the
seedVP meaning((k ( f ) ( (k ( f )). Eachconsumesonedependency on thesharedargumentk
to modify theexistingseeddependency onk. TheGLUE derivationfor thesentenceproceedsasfollows

(20)

laugh :
k ( l

� P :P :
(k ( l ) ( (k ( f )

laugh :
k ( f

dream :
k ( d

� P � Q� x:[P(x) ^ Q(x)] :
(k ( d) ( ((k ( f ) ( (k ( f ))

� Q� x:[dream(x) ^ Q(x)] :
(k ( f ) ( (k ( f )

� x:[dream(x) ^ laugh(x)] :
k ( f

sleep :
k ( s

� P � Q� x:[P(x) ^ Q(x)] :
(k ( s) ( ((k ( f ) ( (k ( f ))

� Q� x:[sleep(x) ^ Q(x)] :
(k ( f ) ( (k ( f )

� x:[sleep(x) ^ (� x:[dream(x) ^ laugh(x)])( x)] :
k ( f

� x:[sleep(x) ^ [dream(x) ^ laugh(x)]] :
k ( f

kim :
k

[sleep(kim) ^ [dream(kim) ^ laugh(kim)]] :
f

The derivation �rst consumesthe threek ( l ; k ( s andk ( d VPs to produceonek ( f
coordinateVP. Only thenis thesinglek resourceconsumed.

Wenow addressthequestionof wheretheadditionalGLUE constructorsin (19)comefrom. In doing
so,we will alsogeneralizetheconstructorsin (19) so that they apply to coordinatorsbesidesboolean
conjunction.

In additionto purely lexical GLUE premises,we assumethat c-structurerulescansometimesalso
introducenon-lexical, constructionalGLUE premises(seealsoDalrymple2001). Suchis thecasewith
therule for VP coordination(21),with thelexical entryfor theconjunctandshown in (22).4

(21) VP !

VP+

# 2 "

� P; Q; C ; x: C (P(x); Q(C ; x)) :
[((2 " ) � CREL) ( (" SUBJ) � ( " � ]
( [((2 " ) � CREL) ( (" SUBJ) � ( (2 " ) � ]
( [((2 " ) � CREL) ( (" SUBJ) � ( (2 " ) � ]

Conj
"= #

VP
# 2 "

� P; C : P :
[(" SUBJ) � ( " �

( [((2 " ) � CREL) ( (" SUBJ) � ( (2 " ) �

(22) Lexical entry: and Conj
(" CONJ) = `and'
and : (" � COORD-REL)

Thec-structurerulesassignsanadditionalGLUE premiseto eachVP conjunct.The�nal VP is theseed
for thecoordination.Themeaningof the�nal VP, (" SUBJ) � ( " � , is consumedto produceaninitial
meaningfor thecoordinateVP, (" SUBJ) � ( (2 " ) � .5 Thisinitial meaningisalsovacuouslydependent
onthemeaningof thecoordinator, ((2 " ) � CREL), providedby thelexical entryfor thewordand. Here,
CREL (an abbreviation for COORDINATION-RELATION) is a featurein s(emantic)-structure, similar to
others-structurefeatureslike VAR(IABLE) andRESTR(ICTION) (for moredetailsseeDalrymple2001).

Non-�nal VP conjuncts each induce a constructor that consumesthe conjunct VP mean-
ing to produce a modi�er of coordinateVP meaning. The meaning term for the constructor,
�P ; Q; C; x: C(P(x); Q(C; x) perhapsneedsexplanation. P representsthe meaningof the conjunct

4We follow standardLFG practicein assumingthat the Kleeneplus (+ ) appliesnot just to the category, but alsoto its
annotations.

5Thecoordinatef-structureis referedto by meansof (2 " ), sincetheconjunct" is containedwithin a setargumentof the
coordinatef-structure(KaplanandMaxwell 1988).



VP, andQ the meaningof theseed,coordinateVP. C representsthemeaningof theconjunction,and
x themeaningof thesharedsubject.Theconstructorabstractsover all of thesemeanings,which is to
saywe arecreatinga functionthattakesthemasarguments.Theresultof thefunctionappliesP to the
subjectx, andQ to bothx andtheconjunctionC. Theapplicationof Q to C ensuresthatthevalueof the
conjunctionis threadeddown throughoutthecoordinateVP. Finally, boththeconjunctclausemeaning,
P(x), andthecoordinateclausemeaning,Q(C; x), areconjoinedby theconjunctionC.

Applying theserulesin the settingof (16) (wherec abbreviatesthe semanticresource(f � CREL)
and f abbreviatesthe semanticresourcefor the entirecoordinatestructure),we obtain the following
premises:

(23) 1. kim kim : k
2. slept sleep : k ( s
3. dreamt dream : k ( d
4. and and : c
5. laughed laugh : k ( l

6. � P; C :P : (k ( l ) ( (c ( k ( f )
7. � P; Q; C ; x: C (P(x); Q(C ; x)) : (k ( d) ( (c ( k ( f ) ( (c ( k ( f )
8. � P; Q; C ; x: C (P(x); Q(C ; x)) : (k ( s) ( (c ( k ( f ) ( (c ( k ( f )

Goingthroughthederivationstepby step,we �rst apply6 to 5 to get theseedmeaningfor thecoordi-
nation,9.

(24) 9. � C : laugh : (c ( k ( f )

Wealsoapply7 to 3 to obtaintheseedmodi�er 10:

(25) 10. � Q; C ; x: C (dream(x); Q(C ; x)) : (c ( k ( f ) ( (c ( k ( f )

We thenmodify 9 by 10 to give 11

(26) 11. � C ; x: C (dream(x); laugh(x)) : (c ( k ( f )

Applying 8 to 2 givesanotherseedmodi�er, 12

(27) 12. � Q; C ; x: C (sleep(x); Q(C ; x)) : (c ( k ( f ) ( (c ( k ( f )

Applying 12 to 11 gives

(28) 13. � C ; x: c(sleep(x); C (dream(x); laugh(x)) : (c ( k ( f )

Applying 13 to 4 andthen1 �nally yieldstheconclusion

(29) and(sleep(kim); and(dream(kim); laugh(kim)) : f

Notehow boththemeaningof thesubjectandthemeaningof theconjunctionappearat severalplaces
in the�nal meaningterm,withoutduplicationof thecorrespondingGLUE resources.

In this section,we have deliberatelychosenan examplewith threeconjuncts. The recursive na-
tureof our analysis(turn therightmostconjunctinto a seedmeaningfor thecoordination,andall other
conjunctsinto modi�ers of thecoordination)ensuresthatwecandealwith coordinationswith any num-
ber of conjuncts. This addressesa criticism by Dalrymple(2001:379)that a previous versionof the
coordination-as-modi�cati on approachwasinsuf�ciently general.

Anothercriticismmadeby Dalrymple(2001)is thattherearenon-coordinationcaseswhereresource
sharingis anissue,suchasthefollowing example,whichshecitesfrom Hudson(1976):

(30) Citizenswhosupport,paradedagainstpoliticianswhooppose,two tradebills.

Althoughthereis no coordinationin this right-noderaisingcase,theresourcesharingissueis similar to
theVP-coordinationcasewe have beenexamining,astheverbssupportandparadedsharean object,
two tradebills. The rule for right-noderaisingwould handlethe resourcemanagementof the VPs in
essentiallythesamemannerasthecoordinationrule, but without makingthesemanticcontribution of
coordination.



3.2 A GeneralSemanticSchemafor Coordination?

Our methodfor dealingwith VP coordinationreadily generalizesto the coordinationof any phrases
with zeroor moresharedarguments(KaplanandMaxwell 1988).It is tempting,therefore,to attempta
generalschemafor thesemanticsof coordination,alongthelinesof

(31) X !

X+

# 2 "

� P; Q; C ;
*
x : C (P(

*
x ); Q(C ;

*
x )) :

[((2 " ) � CREL) ( h
*

� ( i n ( " � ]
( [((2 " ) � CREL) ( h

*
� ( i n ( (2 " ) � ]

( [((2 " ) � CREL) ( h
*

� ( i n ( (2 " ) � ]

Conj
"= #

X
# 2 "

� P; C : P :
[h

*
� ( i n ( " �

( [((2 " ) � CREL) ( h
*

� ( i n ( (2 " ) � ]

whereX speci�esthecategory level of thecoordination,h
*

� ( i n representasequenceof n implications
over thesharedargumentresourcesof theconjuncts,and

*
x is thecorrespondingsequenceof meaning

variables.Thevalueof n is setby thelevel of thecoordination:for sententialcoordination,wherethere
arenosharedarguments,n = 0; for VP coordinationn = 1, etc.

While is may be possibleto de�ne sucha schematicc-structurerule andsemanticsfor coordina-
tion, it is unclearthat this is desirable.Let us leave asidethe questionof whethera singleschemais
syntacticallypossible.It is implausibleto demandthatall levelsof coordinationmusthave exactly the
samesemantics.For example,purely booleancoordination,of the kind outlinedabove, may be what
is requiredfor VPs. But for NPs,we might wish to adopta semanticswherethe seedNP conjunct
additionallyintroducesagroupentity, andwheretheconjunctNPsquantifyoverelementsof thegroup,
e.g.

(32) Kim and/oradogleft
9X :gr oup(X )^
and=or(member(kim; X ); 9d: dog(d) ^ member(d;X ))
^ leave(X )

This is not a purely booleancoordination.However, the conjunctive word and/or doeshave a purely
booleansemanticswithin the coordination. One would not be able to combinethesetwo stylesof
semanticsfor differentcoordinationlevelsunderasinglec-structureschemafor coordination.

Instead,it is preferableto assumeonec-structurecoordinationrule percategory. Thesyntacticpor-
tion of eachc-structurerule will indeedalwayshave theform of thesyntacticportionof (31),asshown
in (33), whereX canbeany category of the language,includingthecategoriesfor partialconstituents,
suchasx-VP, de�nedby Maxwell andManning(1996)in their treatmentof nonconstituentcoordination
andcoordinationof unlikes.

(33) X ! X+

# 2 "
CONJ

"= #
X

# 2 "

However, thesemanticsof theeachrulecanbetunedto suit theparticularcategory in question.
Signi�cant linguistic generalizationscanbeachievedby meansof macros6 encodingcommonpat-

ternsof analysis.Thusonecanencodeour semanticanalysisof sharedargumentsin onemacro,and
invoke this in slightly differentsettingsin variousspeci�c c-structurecoordinationrules.

3.3 A Brief Comparison to Coordination in Categorial Grammar

Ourapproachbearsa lot of similarity to variousCategorialGrammar(CG) approachesto coordination,
including approachesin both CombinatoryCategorial Grammar(CCG) and Type-LogicalGrammar
(TLG) (Steedman1985,Emms1990,Carpenter1997).Thebooleancoordinatorwe introducedin (22)

6A macrois a device widely usedin programming,and in computationalgrammars,whererepeatedlyusedchunksof
code/rulesarewritten once,possiblyparameterized,in a singleplace. Macro calls in the grammarareexpandedout to be
replacedby therulechunks.If (33)werede�ned asamacro,parameterizedby thecategoryX, thenmultiplecallsto themacro
for differentcategories(S,VP, NP, etc.)would expandout to differentinstancesof thecoordinationrule.



andtheschemaweusefor coordinationin (21)aresimilarto Emms's(1990)polymorphicgeneralization
of Steedman's (1985) work, which is also adoptedfor Type-LogicalGrammarby Carpenter(1997).
We alsonotedthatour syntacticschemais compatiblewith thepreviousLFG work on nonconstituent
coordinationandcoordinationof unlikesby Maxwell andManning(1996).

Thecrucialdistinctionbetweenour approachandtheCCG/TLGapproachesis that GLUE assumes
a level of syntaxthatis separatefrom thelevel of semanticcomposition.Anotherinterestingdifference
betweenthe GLUE approachandcategorial approachesis that the latterhave tendedto assumebinary
coordination.7 The independentlevel of syntaxin GLUE allows for constructionalpremisesassociated
with c-structurerules,permittinga straightforward analysisof n-arycoordinations,suchasKim slept,
dreamtandlaughed. On a binaryapproach,oneis forcedto treatcoordinationsyncategorematicallyor
to treatthecommain written languageor somephoneticcuein spokenlanguageasanadditionallexical
conjunction.However, this is empiricallyunmotivated,sincethecommais merelyanorthographicde-
viceandthereis noclearphoneticcorrelateof the“coordinating”commain normal,connectedspeech.8

3.4 The Paths-as-resourcesApproachto Coordination

Kehleret al. (1995,1999)offer a differentsolutionto theproblemof resourcesharingcausedby reen-
trancy in f-structures,of whichcoordinationis just oneexample.They proposea modi�cation to GLUE

in which pathsthroughf-structurescontribute resources,ratherthanf-structurenodescontributing re-
sources,aswe have beenassumingandasis assumedin mostwork on GlueSemantics(seeDalrymple
1999,2001andreferencestherein).For example,even if thereis only oneoccurenceof thesubjectin
a VP-coordinationf-structure,thereareasmany pathsleadingto thesharedsubjectasthereareheads
subcategorizing for it. Thus, therewill in fact be asmany subjectresourcescontributed asthereare
verbsrequiringsubjects,solving the resourcesharingproblem. Besidesolving this problem,Kehler
et al. (1995,1999)show how their accountgetscorrectresultsfor the interactionof coordinationwith
intensionalverbsandwith right-noderaising. Dalrymple (2001:377-378)additionallynotesthat the
Kehleret al. (1995,1999)approachcorrectlyforcesa sharedquanti�ed subjectin VP-coordinationto
have wide scope.For example,in Someonelaughedandcried it is thesamepersondoingthelaughing
andcrying (Partee1970).

However, thereare empirical and theoreticalobjectionsto the Kehler et al. approach. First, as
Dalrymple(2001:378)pointsout, we do not want theresourceduplicationofferedby this approachin
othercaseswith sharedargumentsat f-structure,suchasin raisingandpossiblycontrol(Asudeh2000,
2002)andin unboundeddependenciesinvolving sharingof anargumentfunctionwith TOPIC or FOCUS.
Second,their approachmakescrucial useof the of courseor bangmodality (!) of linear logic. This
modalityturnsoff resourceaccountingfor any formulait takesasits argument.9 Theproblemwith us-
ing thismodalityis thatit underminesthepotentiallypowerful explanationof naturallanguageresource
sensitivity offeredby GLUE andthepotentialfor simplifying or eliminatingseveralprinciplesandgen-
eralizationsofferedin the literature,suchasFull Interpretation,theThetaCriterion,Completenessand
Coherence,andpossiblyothers(for discussionseeAsudehin progress).

By contrast,we stick to the multiplicative fragmentof linear logic without bang,thuspreserving
a strict notion of resourcesensitivity. Furthermore,the coordination-as-modi�cation approachsolves
theresourcesharingproblemintroducedby structuresharingwhile maintainingtheusualGLUE notion
of resourcesbeing contributed by f-structurenodesratherthan paths. Thus, our approachdoesnot
run into resourceduplicationproblemswith raising,control, or unboundeddependencies.Lastly, our

7Thereareat leasttwo possibleexceptionsto this. The�rst is Morrill' s (1994)proposalto give coordinatorstheschematic
form (X +nX=X) , where X+ expandsinto one or more categories of type X. The secondis the proposalby Steedman
(1989:210–212).Steedman(1989) doesnot explicitly discussa solution to n-ary coordination,but it is clear from Steed-
man(1990:fn.9) thathemeansthegeneralizationof coordinationin Steedman(1990)andthesyncategorematictreatmentin
Steedman(1989)to extendto suchcases.However, syncategorematictreatmentsof lexically-realizedelementsaregenerally
disfavouredin CG,andthis is abandonedin Steedman(2000).

8Orthographicdevices may be indicative of somelinguistically-relevant factor, but this is unreliable. For example,no
linguist would agreethata goodtestfor whethersomethingis a Germannounis whetherit is writtencapitalizedor not.

9The bangmodality is usedwhenaddingthe rules for Weakening andContractionand is thereforeuseful for showing
relationsbetweenlinearlogic andclassicallogics.



approachalsoachievescorrectresultsfor wide-scopequanti�edsubjectsandfor coordinationsinvolving
intensionalverbs.10

4 SemanticParallelism

In thenext sectionweturntoparallelismin coordination,andin particulartoexamplesof non-parallelism
discussedby Kehler(2002).In thissectionwe lay somegroundwork by describinghow semanticparal-
lelism,castasparallelismin GLUE derivations,canbemeasured.

Thestartingpoint is theobservationmadein section2.1 that, for certainlogical systemsincluding
linear logic, derivationshave non-trivial identity criteria. Thesearesuf�cient to make proofs�rst class
objectsin logical theory, so that it is interestingnot only to studywhat is proved, but alsohow it is
proved.11 Theseidentity criteriaalsoallow usto view normalformsderivationsascanonicalrepresen-
tationsof underlyingproofs.

Within a linguistic setting,this meansthat normalform GLUE derivationscanbe genuineobjects
in semantictheory, reifying thesyntax-semanticsinterfaceto show howmeaningsareconstructed,ab-
stractingaway from detailsof what meaningsareconstructed.This in turn enablesone to compare
derivationsof differentmeaningsfor parallelstructures.12

4.1 A Level of SemanticRepresentation

Logical formulasaretraditionallynot regardedasagenuinelevel of semanticrepresentation(Montague
1970),asthey generallyhave no non-trivial identity criteriaotherthanthroughmodeltheoreticseman-
tics. For example,thetwo apparentlydistinctscopingsof (34)

(34) Everymansaw everywoman

a. 8x: man(x) ! 8y: woman(y) ! see(x; y)

b. 8y: woman(y) ! 8x: man(x) ! see(x; y)

aremodeltheoreticallyequivalent.Otherthanby exploiting arbitrarypropertiesof thelogical notation,
thereis no semanticbasisfor distinguishingthesetwo formulas. Yet the urge to stategeneralizations
over a level of semanticrepresentationis verystrong.

In this respect,GLUE contrastswith variouscloselyrelatedframeworks,suchasMontagueGram-
mar, GPSG,CCG,andTLG. MontagueSemantics,asin Montague's own work (Montague1973)or as
in the variantespousedin GPSG,usesa level of purely syntacticrepresentationthat is systematically
translatedinto a semanticformulae.However, thereis no true level of semanticrepresentationbeyond
themodeltheory. On theotherhandwe have Categorial Grammar(CCGandType-LogicalGrammar).
Categorial derivationsdo have identity criteriathataredistinct from themodeltheoryusedto interpret
thesemantics,but thereis noseparationof syntaxandsemantics.Thereis nolevel of syntacticrepresen-
tationthatis distinctfrom thesyntaxof thetypetheory. Thus,MontagueGrammarhasnoseparatelevel
of semanticrepresentationandCategorialGrammarhasno separatelevel of syntacticrepresentation.

Glue Semantics,by contrast,positsboth a level of syntacticrepresentationand a separatelevel
of semanticrepresentation.Thereis �e xibility in the choiceof both levels, however. The syntactic
frameworks GLUE hasbeende�ned for includeLexical FunctionalGrammar(Dalrymple1999,2001),
LexicalizedTreeAdjoining Grammar(Frankandvan Genabith2001),Head-driven PhraseStructure
Grammar(AsudehandCrouch2002),Categorial Grammar(AsudehandCrouch2001),andContext

10TheKehleret al. (1995,1999)accountassumesa Montogovian treatmentof intensionalverbs. While our accountdoes
work for sucha treatment,oneof ushasarguedin separatework (Condoravdi et al. 2001)that theMontogovian approachis
�a wed,basedon problemswith existencepredicatesembeddedunderpredicatessuchasprevent. Our accountalsoworksfor
theconcept-basedtreatmentof intensionalverbsofferedby Condoravdi etal. (2001).

11This strandwithin proof theorywasin facta key motivationbehindthedevelopmentof linearlogic (Girardet al. 1989).
12Asheret al. (1997,2001)offer analternative theoryof semanticparallelism,castin SegmentedDiscourseRepresentation

Theory;however, they do not provide identity criteriafor their representations(for futherdiscussion,seeAsudehandCrouch
to appear).



FreeGrammars(AsudehandCrouch2001). The semanticframework canbe any logic for semantics
thatsupportsthelambdacalculus,suchasIntensionalLogic,DiscourseRepresentationTheory(Dalrym-
ple et al. 1999c),andUnderspeci�edDRT (CrouchandvanGenabith1999,vanGenabithandCrouch
1999). GLUE derivationsaresimilar to categorial derivationsandlikewisepossessidentity criteriadis-
tinct from model theory, but they differ in being solely semantic,since there is a separatelevel of
syntacticrepresentation.

4.2 De�ning SemanticParallelism

In orderto show thattwo normalform GLUE derivationsareparallel,weneedto establishthatthereis a
homomorphism(astructurepreservingmap)betweenthem.Giventwo structuredobjectsG andH , with
structralrelationsRG andRH holding betweenelementsof G andH respectively, a homomorphism
from G to H is amappingF suchthat

(35) If RG(x; y) thenRH (F (x); F (y))

We needto decideon two things to measuresemanticparallelism: (1) what kind mappingis f and
betweenwhatkindsof objectsin thederivations,and(2) whatkind of structuralrelation,R, shouldbe
preserved.

We will de�ne f in termsof the � projectionfrom f-structuresto semanticstructures(Dalrymple
2001). Supposethat we wish to comparethe derivationsarising from two elementsof f-structure,p
and q. Then in the �rst instance,we want F (p� ) = q� : that is, the semanticresourcesfor these
two elementsshouldbe madeparallel. And then,recursively, we want F ((p SUBJ) � ) = (q SUBJ) � ,
F ((p COMP) � ) = (q COMP) � , F ((p COMP SUBJ) � ) = (q COMP SUBJ) � , etc., for all caseswhere
matchingf-structurepathsfrom the rootsp andq exist. In otherwords,theF mappingpairs(atomic)
semanticresourcesfor syntacticallymatchingelements.

In caseswheretherearemismatchedsyntacticelements(i.e. whenthereis apathin onef-structure,
but no correspondingpath in the other), then the F mappingis unde�ned and �lters out unmatched
elementsfrom an assessmentof parallelism.This allows us to comparederivationsfor sentenceslike
Everyboysawa girl andEveryyoungmansawa woman, wheretheextraadjective youngis �ltered out
of thecomparison.13

TherelationR needsto bede�ned over atomicresources/ linear logic propositions,sincef maps
atomicresourcesto atomicresources.Sucha relationwasde�ned in CrouchandvanGenabith(1999).
In a normal form GLUE derivation, onecan identify the last point of occurrenceof atomicsemantic
resources.Theseindicatethe points in the derivation at which the correspondingsyntacticelements
maketheir �nal semanticcontributions.An ordering,� , overthese�nal semanticcontributionsprovides
ahigh level descriptionof thetopologyof thederivation;asshown in CrouchandvanGenabith(1999),
thisorderingcanbeusedto expressscoperelations.

As anexampleof theresourceorderingrelation� , re-considerthefollowing two derivationsshow-
ing thealternative scopingsof (12):

(36)
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The�nal occurrencesof thesubjectresourcee, objectresourceg andsententialresourceF areshown
underlined.Thetreestructureof thederivationsimposesapartialorderingover these�nal occurrences:
e � g � f (subjectoutscopesobject)andg � e � f (objectoutscopessubject)respectively.

13Herewe areassuminganobviousnotionof a syntacticmatch:subjectsmatchsubjects,objectsmatchobject,etc. Other
waysof matchingsyntacticelementsmaybeempiricallymotivated.In somecaseswe maywantloosermatches,e.g. objects
canmatchobliqueswhenno matchingobjectsarepresent.We leave these,andmany otherquestions,open.



In summary, to show thattwo derivationsaresemanticallyparallel,weneedto do threethings.First
establisha pairing,F , betweenatomicresourceson thebasisof their grammaticalroles.Second,com-
putethe� orderingof theseresourcesin thetwo derivations.Finally, ensurethatprecedenceorderings
coincide,sothatif a � b in derivation1, thenF (a) � F (b) in derivation2.

4.3 Scopeparallelism in coordination

We now look at scopeparallelismin coordination. The following exampleshows that the preferred
readingis thatin whichtheparallelquanti�ershaveparallelscopes,evenif thisgoesagainstthegeneral
scopepreferencesof particularquanti�ers:

(37) [Context: Theanimalsreallymisbehavedlastnight.]
Everydogateabun anda catgnawedeachtableleg.

The semanticsof eat make the �rst conjunctplausibleonly with surfacescope,i.e. every � a. The
parallelismbetweentheconjunctsmakessurfacescopepreferredin thesecondconjunct,too,despitethe
factthateachnormallypreferswidescope.

(38)
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Computingparallelismproceedsasfollows. First, we arecomparingthe derivation for clauseg with
thatof clausee. Wethereforeconcentrateon thesub-derivations(shown in bold) terminatingatg ande.
Within these,we have a pairingof subjectandobjectresources,suchthatF (d) = c andF (b) = l . For
thetwo sub-derivationswe have theresourceorderingb � d � e andl � c � g, i.e. F (b) � F (d) �
F (e). Thusthisderivationpreservessemanticparallelismbetweenthetwo conjuncts.

5 Violations to the ElementConstraint

We have presenteda theoryof coordinationasmodi�cation in GlueSemanticsandshown how GLUE

derivationscanbeusedasareallevel of semanticrepresentation,whichcanbeusedin de�ning semantic
parallelism.Next we will bring thesetwo strandstogetherandshow how parallelismin GLUE canbe
interfacedwith Kehler's (2002)theoryof discourseparallelismto dealwith violationsof the Element
Constraint(Grosu1972,1973),a subpartof theCoordinateStructureConstraint(Ross1967).We con-
cludethis sectionby comparingour resultswith the treatmentof theElementConstraintin Montague
Grammar, CCG,andTLG. Wearguethattheseothertheoriesareeithertoostrict,allowing noexceptions
to theElementConstraint,or toopermissive,not capturingtheElementConstraintat all.

5.1 The Coordinate Structure Constraint

TheCoordinateStructureConstraint(CSC),oneof Ross's (1967)islandconstraints,readsasfollows:14

(39) The Coordinate Structure Constraint
In a coordinatestructure,no conjunctmay be moved, nor may any elementcontainedin a
conjunctbemovedoutof thatconjunct.

14As the initial work on theCSCwasdonein TransformationalGrammar, (39)–(41)make referenceto movement,which
doesnot make sensein non-transformationaltheoriessuchasLFG. The constraintsshouldbe readasmakingappropriate
restrictionsonunboundeddependencies,nomatterhow thesearedealtwith.



Grosu(1972,1973)subsequentlypointedout thattherearetwo partsto thisconstraintandthatthere
aretestsfor distinguishingthem.Thepartsare:

(40) The Conjunct Constraint: No conjunctof acoordinatestructuremaybemoved.

(41) The ElementConstraint: No elementin aconjunctof acoordinatestructuremaybemoved.

Thekey distinctionbetweenthe two partsof theCSC,for our purposes,is that thereareexceptionsto
theElementConstraint,but not to theConjunctConstraint.Rosshimselfnoticedcertainexceptionswith
asymmetriccoordination;Grosupointsout thattheseareexceptionsto theElementConstraint,but not
to theConjunctconstraint:

� ElementConstraintviolations

(42) I wentto thestoreandboughtsomewhiskey.

a. This is thewhiskey which I wentto thestoreandbought.
b. This is thestorewhich I wentto andboughtsomewhiskey.

� No correspondingConjunctConstraintviolations

(43) Johnis looking forwardto goingto thestoreandbuyingsomewhiskey.

a. *What Johnis looking forwardto andbuyingsomewhiskey is goingto thestore.
b. *What Johnis looking forwardto goingto thestoreandis buying somewhiskey.

The ConjunctConstraintviolationsshouldbe comparedto across-the-board(ATB) extraction. Ross
noticedthattheCSCis violableif anelementis extractedfrom all conjuncts,or acrosstheboard:

(44) WhatJohnis looking forwardto andexcitedaboutis buyingsomewhiskey.

Wewill returnto theConjunctConstraintin section5.5.
Kehler (2002) is the latestin a long line of literaturethat arguesthat the ElementConstrainthas

principledexceptions(seeKehler(2002)for references).He notesthat therearethreemainclassesof
exceptionto theElementConstraintanduseshistheoryof discoursecoherencerelationsto explainthese
cases.His key insightis that if discourseparallelismholdsthentheElementConstraint holds. In other
words, if the discoursecoherencerelationgoverningthe conjunctsis Parallel, thenthereis eitherno
movementoutof conjunctsor thereis across-the-board(i.e.,parallel)movement.

Kehler's coherencerelations(thoserelevant here)are de�ned as follows, with consequencesfor
extractionpossibilitiesasindicated:15

(45) Parallel: Infer p(a1; a2; : : :) from theassertionof S1 andp(b1; b2; : : :) from theassertionof
S2, wherefor somepropertyvector

*
q, qi (ai ) andqi (bi ) for all i .

Any extractionmustbeacrosstheboard

a. *What bookdid Johnbuy andreadthemagazine?

b. Whatbookdid Johnbuy andread?

(46) Cause-Effect

1. Violated Expectation: Infer P from theassertionof S1 andQ from theassertionof S2,
wherenormallyP ! : Q.

2. Result: Infer P from theassertionof S1 andQ from theassertionof S2, wherenormally
P ! Q.

15S1 andS2 arerespectively the�rst andsecondclausesbeingcomparedfor discoursecoherence;p1 is a relationholding
over a setof entitiesa1 : : : an from S1 andp2 is a relationholdingover a correspondingsetof entitiesb1 : : : bn from S2 ; qi is
acommonor contrastingpropertyfor thei th arguments(ai andbi ), andthesetof suchpropertiesis

*
q (seeKehler2002:ch.2).



Extractionpossiblefrom initial (primary)clause

a. How muchcanyoudrink andstill staysober?

b. That's thestuff thattheguysin theCaucasusdrink andlive to bea hundred.

c. That's thekind of �recracker thatI setoff andscaredtheneighbors.

(47) Contiguity

1. Occasion(i)
Infer a changeof statefor a systemof entitiesfrom S1, inferring the�nal statefor this
systemfrom S2.

2. Occasion(ii)
Infer achangeof statefor a systemof entitiesfrom S2, inferring theinitial statefor this
systemfrom S1.

Extractionnotnecessaryfrom “scene-setting”or “supporting”clauses

a. Here's thewhiskey which I wentto thestoreandbought.

Kehler(2002)thusgivesatheoryof discoursecoherencethatclassi�esandexplainstheexceptionsto the
ElementConstraintsystematically. In thenext sectionwe relatehisdiscoursetheoryto GlueSemantics
by relatingproofparallelismto discourseparallelism.

5.2 DiscourseCoherenceand Derivational Parallelism

Kehler (2002) provides us with a theory of discoursecoherencerelationsthat explains the seeming
exceptionsto theElementConstraint.His theoryessentiallystatesthat if discourseparallelismholds,
thenthe ElementConstraintholds. We have outlineda proof-theoreticnotion of parallelismin Glue
Semantics,as well as a GLUE theoryof coordinationas modi�cation. Now we would like to relate
Kehler's discoursetheoryto GLUE. Our centralclaim is that if discourseparallelismholds,thenproof
parallelismholds. Theimplicationis readmoreusefullyfrom right to left, andwenameit theDiscourse-
ProofRelation, whichsoundsfancy but is justmeantfor usto beableto referto it moreeasily:

(48) Discourse-Proof Relation (DPR)
If thereis no proofparallelismthenthereis no discourseparallelism.

In otherwords,if parallelismdoesnothold in theGLUE proof for a coordination,thediscourserelation
cannotbeparallelism.If thediscourserelationis not parallelism,thenit mustbesomeotherdiscourse
relation; if anotherdiscourse relation is compatiblewith the coordination, then the coordination is
licensed,otherwiseit is not licensed. Thisallows thefollowing understandingof theelementconstraint:

(49) The ElementConstraint: whenanelementis extractedfrom somebut notall conjunctsin a
coordinatestructure,thereis noproofparallelism,andthereforeno discourseparallelism.

With (48) and (49) in hand,we can now look at how our theoryhandlesexceptionsto the Element
Constraintby appealingto Kehler's (2002)theorywhereproof parallelismdoesnot hold. We needto
considerexampleslike (45a),wherethe ElementConstraintis violatedandungrammaticalityresults,
theacross-the-boardcase(45b),andthecasesin (46)and(47)wheretheElementConstraintis violated
but no ungrammaticalityresults.

Before turning to the exposition of the relevant exampleswe needto make clear one important
caveat.ThroughoutthispaperwehavebeenassuminganLFG syntax.In thestandardLFG treatmentof
unboundeddependenciesandcoordination(KaplanandMaxwell 1988,Dalrymple2001),a strict ver-
sionof theElementConstraintis upheld,allowing no unboundeddependenciesthat terminatein some
but not all of theconjunctsof a coordination.This is dueto theway that inside-outfunctionaluncer-
tainties(which areusedto handleunboundeddependencies)interactwith sets.Grammaticalfunctions



arestandardlyde�ned asdistributive features(DalrympleandKaplan2000,Dalrymple2001)andan
inside-outpathwritten in termsof grammaticalfunctionswill thereforedistribute to all membersof a
coordinationset. Onesolutionis to make grammaticalfunctionsnondistributive featuresinstead.We
cannotexplore the consequencesof sucha solutionhere. However, aswe stressedabove, GLUE can
becoupledwith a varietyof syntacticframeworksandassuchthis contingentfactaboutLFG doesnot
impactour GLUE account.Theaccountcouldbepairedwith anothersyntactictheoryinstead;theonly
desideratumwould be that the syntaxhave coordinationrules like (33), which capturethe Conjunct
Constraint,aswewill seein section5.5below.

5.3 The ElementConstraint and Derivational Parallelism

5.3.1 Non-Parallel Extraction

Consider(45a),repeatedas(50) below, which violatestheElementConstraint,sincetheobjectof buy
hasbeenextracted,but theobjectof readhasnot. The(perfectlyvalid) GLUE derivationfor thisexample
is shown in (51), with the resourcef correspondingto thecoordinationandall otherresourcesnamed
mnemonicallyasusual.

(50) *What bookdid Johnbuy andreadthemagazine?

(51)

j

c

w ( j ( b [w ]1

j ( b (j ( b) ( (c ( j ( f ) ( (c ( j ( f )

(c ( j ( f ) ( (c ( j ( f )

m ( j ( r [m]2

j ( r [j ]3

r
� � I ;2

m ( r (m ( Y ) ( Y
Y = r

r
� � I ;3

j ( r (j ( r ) ( (c ( j ( f )

(c ( j ( f )

(c ( j ( f )

j ( f

f
� � I ;1

w ( f (w ( X ) ( X
X = f

f

The sub-derivationsfor the two conjunctresources,b andr , areshown in bold, andterminateat the
conclusionsj ( b andj ( r respectively. Themappingof subjectsto subjects,objectsto objects,
etc.,givesthefollowing pairingsof resources:

(52) F (b) = r , F (j ) = j , F (w) = m

The �nal occurrencesof eachof theseresourcesare shown in red and underlined;theseinducethe
non-parallelorderings

(53) b � j � w
m � r � j (i.e. notF (b) � F (j ) � F (w))

Thus, althoughthe GLUE derivation is logically valid, it doesnot preserve parallelismbetweenthe
conjuncts.

Accordingto theDPR,in (48) above, sincethereis no proof parallelismthereis no discoursepar-
allelism. Therefore,the discourserelationcannotbe Parallel. However, noneof the otherdiscourse
relationsin (46) and(47) arecompatiblewith (50) either. TheCause-Effect relationsViolatedExpecta-
tion andResultcannotrelatetheconjunctsin (50), sincethereis no implicationalrelationshipbetween
theassertionof Johnboughtx andJohnreadthemagazine. Thetwo differentkindsof Contiguityrela-
tion, Occasion(i) andOccasion(ii) alsodonothold: Johnboughtx doesnotsetthescenefor or support
Johnreadthemagazine(morespeci�cally, thereis no changeof statefrom S1 to S2, or viceversa).



5.3.2 Across-the-BoardExtraction

The situationfor (50) contrastswith the across-the-boardextractioncase(45b) andwith the casesin
(46a–c)and(47a). In the latter cases,thereis no proof parallelismeither, andthereforeno discourse
parallelism,but the relevant discourserelationlicenseseachcase.As for across-the-boardextraction,
thisdoesleadto derivationalparallelism,asshown in proof (55) for example(54):

(54) Whatbookdid Johnbuy andread?
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For thisderivationwehave theresourcemappingsandtheparallelorderings

(56) F (b) = r , F (j ) = j , F (w) = w

(57) b � j � w, r � j � w

Acrosstheboardextractionpreservesderivationalparallelism.

5.4 Syntacticand SemanticParallelism

Lack of discourseparallelismasperKehler's (2002)theoryis indeedre�ectedby lack of GLUE deriva-
tional parallelism.However, onecouldarguablyalsopoint to a moreobvious lack of syntacticparal-
lelismin thesecases.Thatis, therewill beadifferencebetweenthesyntacticstructurecorrespondingto
aconjunctwith noelementextractedandthestructurefor aconjunctwith anextractedelement.In LFG
terms,for example,theextractedGF will besharedwith a discoursefunction,TOPIC or FOCUS, while
theparallelunextractedGFwill not.

We feel that therearestill compellingreasonsfor preferringthe GLUE parallelismaccountof the
ElementConstraintto an alternative accountbasedon purely syntacticparallelism. First, GLUE is
framework-independentandcanbe combinedwith a varietyof syntacticframeworks,asnotedabove.
This makesthe GLUE treatmentmoregeneralthana syntactictreatmentcastin somespeci�c frame-
work. For example,thegrammaticalfunctionsusedin LFG do not have clearcorrespondencesin most
othersyntacticframeworks. Second,proof parallelismin GLUE generalizesto scopeparallelism,aswe
showedabove,andto ellipsisparallelism,aswehave shown elsewhere(AsudehandCrouchto appear).
Thus,the GLUE parallelismtheoryhaspotentialasa generaltheoryof parallelism,unlike a theoryof
syntacticparallelismdevisedjust for coordination.Third, thecloserelationshipbetweenGLUE, Combi-
natoryCategorial Grammar, andType-LogicalGrammarallows usto comparetheGLUE accountof the
ElementConstraintto thestandingof this constraintin theseothertheories.We turn to thiscomparison
now.

5.5 The Goldilocks Effect

Wehavenotedthatadesirablesituationis onewheretheConjunctConstraintholdsgenerally, but where
theElementConstraintis allowedcertainsystematicexceptionsgovernedby discourseparallelism.In
our theorythe ConjunctConstraintfollows from the syntacticrule for forming coordinatestructures,
shown for VP-coordinationin (21) above. Thegeneralform of thesyntacticportionof therule, which
wasshown in (33) above, is repeatedhere:

(58) X ! X+
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As thecategory-speci�c rulesfor coordinationwill eachbecoordinatingoneor moreconjunctson the
left with a conjuncton the right, it doesnot licensestructuresthat aremissingconjuncts.This is not
new; a similar rule is alsoa featureof GeneralizedPhraseStructureGrammar(Gazdaret al. 1985)and
CombinatoryCategorialGrammar(Steedman1985),aswell astheearlieraccountof Dougherty(1970).
The rule is also fairly neutralwith respectto syntacticformalism: most syntacticapproachescould
readilyaccommodatesucha rule.

However, theElementConstraintdoesnot necessarilyfollow from this rule. If thecategoriesthat
the rule conjoinsregisterextraction(asin GPSG,with slashes,or CCG,with functors),thenthestrict
versionof the ElementConstraintdoesfollow, becausewe would be coordinatinga slashedcategory,
for example,with anunslashedone.This is undesirable,sinceit is toostrongfor theElementConstraint
to hold in general;exceptionsmustbeallowed.

By contrast,theElementConstraintdoesnot hold at all in Type-LogicalGrammar, without further
stipulation. If a conjuncthasanextractedelement,it is alwayspossibleto reducethecategoriesof all
theotherconjunctsin thecoordinationto thecategory of theconjunctwith themissingelement.This
is doneby hypotheticalreasoning.Theassumptionscanbedischargedafter thecoordinationhasbeen
carriedout. In fact,thesamething is trueof our GLUE theoryof coordinationasmodi�cation if it is not
relatedto adiscoursetheorylikeKehler's (2002).Giventheproof-theoreticsimilarity betweenTLG and
GLUE, it is quitefeasiblethatourparallelismaccountcouldbeportedto TLG. However, asit standsTLG
doesnot capturetheElementConstraintat all. This is too weak,asnot all exceptionsto the Element
Constraintresultin grammaticaloutputsandtherearegeneralizationsaboutthegrammaticalexceptions
thatwouldbemissedby allowing theElementConstraintto fail in general.

Thus,we have what we call the GoldilocksEffect. Onebrandof Categorial Grammar(CCG),as
well asMontagueGrammarandGPSG,is toostrong:it allowsnoexceptionsto theElementConstraint.
Theotherbrandof CategorialGrammar(TLG) is tooweak:all exceptionsto theElementConstraintare
permitted.PerhapsGlueSemanticsis just right.

6 Conclusion

We setout do threethingsin this paper. The �rst wasto develop the GLUE accountof coordinationas
modi�cation, which wasaccomplishedin section3. The resultingtheorynot only preservesresource
sensitivity, it is alsoableto dealwith n-arycoordinationanddoesnotovergeneratein themannerof cer-
tain Categorial Grammartreatments,sinceGLUE preservesa notionof constituency throughits pairing
with a syntactictheory. Thesecondgoalwasto presenta theoryof proof parallelismandto show how
thistheoryextendsto coordination;thiswaspresentedin section4. Thethird goal,whichweendedwith
in section5, wasto interfacethe theoryof proof parallelismwith Kehler's (2002)theoryof discourse
coherence,in orderto capturethe ElementConstraintin generalwhile allowing a systematicclassof
exceptions.
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