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Abstract We presentinitial work on a theory of coordinationand parallelismin Glue Semantics
(GLUE; Dalrymple 1999,2001). We will explore pointsof corvergenceand divergencebetweenour
approachto coordinationand similar Cateyorial Grammar(CG) approaches.We also compareour
approachto a previous GLUE approachto coordination(Kehleret al. 1995,1999) and argue that our
approachs superioron the groundsthatit preseresa very strongnotion of resource-sensiity (Dal-
rympleetal. 1993).We concludeby discussingparallelismin connectiorwith the CoordinateStructure
Constrain{ CSC;R0ss1967). The CSCis aputatively robustconditionon extractionwhich hasbeenar
guedto beafeatureof the CG approacho coordinatiorandof otherrelatedapproachedt is standardly
assumedo have two parts,the ConjunctConstraintand the ElementConstraint(Grosu1973). The
ConjunctConstraintis quite robust, but the ElementConstrainthasbeenchallengedepeatedlymost
recentlyby Kehler(2002),who arguesthatthe CSCis nota syntacticcondition,but ratherfollows from
conditionson discoursecoherencendparallelism.We discussa constrainfanguageon the structureof
GLUE dervations,andshav how Kehlers theoryof discoursecohesiorcanbe relatedto parallelismin
suchderwations.

1 Intr oductiont

This paperpresentsan accountof the semanticof coordination framedwithin thetheoryof Glue Se-
mantics(GLUE Dalrymple1999,2001). We comparethis accounto relatedwork in Cateyorial Gram-
mar(CG) (Steedmari985,Emms1990,Carpentefl997),andanearlierGLUE approacho coordination
(Kehleret al. 1995,1999). We discussparallelismin connectionwith the CoordinateStructureCon-
straint(CSC;R0ss1967),which is standardlyassumedo have two parts:the ConjunctConstraintand
the ElementConstraint(Grosu1973). Kehler(2002)discusseg setof exceptionsto the ElementCon-
straintandarguesthatit is nota syntacticcondition,but follows from conditionson discourseoherence
andparallelism.By treatingGLUE derivationsas rst-class semantiaepresentationsn which interest-
ing parallelismrelationscanbede ned (Crouch1999,AsudehandCrouchto appear)we shav how our
accounbf coordinationis ableto dealwith violationsof the ElementConstraint.

2 A Brief Overview of Glue Semantics

GLUE embodiesatreatmenbf “semanticinterpretatiorasdeduction” similar to “parsingasdeduction”
in Categorial Grammar GLUE identi es two separatéogicsin semantidnterpretationia meaningogic
for expressingthe target semanticrepresentationand a GLUE logic which speci es how chunksof
meaningaredeductvely assembledA variety of optionsareopenfor themeanindogic (IL, DRT, etc.).
But the naturalchoicefor the GLUE logic is arestrictedragmentof propositionalLinearLogic (Girard
1987).First,theresource-sensiity of linearlogic closelyre ects thatof naturallanguaggDalrymple
et al. 1993). Secondthe existenceof a Curry-Havard isomorphismfor the GLUE fragmentof linear
logic bothrenderst suitablefor driving the deductve assemblyof meaningsandalsoprovides GLUE
derivationswith non-trivial identity criteria. We enlage on thesepointsbelow.

2.1 A Brief Overview of Linear Logic

Linearlogic is resource-sensitt. Unlike traditionallogics, linear logic derivationsliterally consume
their premisesn orderto drav conclusionsThis canbeillustratedby thefollowing contrastie patterns
of inference(( islinearimplication,and is multiplicative conjunction):

1We would like to acknavledge Mary Dalrymple, Chris Potts,Mark Steedmarand Ida Toivonenfor commentson and
criticism anddiscussiorof variousincarnation®f theseideas.We would alsolik e to acknavledgeoursehesfor all remaining
errors.Asudehis fundedin partby SSHRC752-98-0424.



Traditional Linear

Duplication | a;a! b~ b aja( b™b

aal! b b”a a,a( bé6b a
(aduplicated) (Noduplicationof a)

Deletion ab a*b ab a b
ab b a,b6’b
(adeleted) (No deletionof a)

This ensureghateachpremisehasto be usedonce,andexactly once,in a derivation; premiseanbe
neitherdeletedhor duplicated?

Thesamepatternof strictresourceaccountings to befoundin naturallanguagethecontritution of
eachword andphrasemustbeusedonceandexactly oncein theanalysisof a sentencéDalrympleetal.
1993,1999b,Asudehin progress).One cannotfreely deleteor duplicatethe contrikutionsthatwords
malke. As we will seein section3, coordinationprovides a prima facie countergampleto this strict
resourceaccountingHowever, we will shawv how astrictly resourcediccounticanbegiven.

The Curry-HowvardIsomorphism(Howard 1980)pairslogical derivationswith termsin thelambda-
calculus. In particular the proof rule of Implication Elimination (or modusponen} corresponds$o an
operatiorof functionapplicationwhile ImplicationIntroduction(or hypotheticafeasoningrorresonds
to -abstraction:

1) Implication Elimination Implication Intr oduction
X :a]
P:a( b Q:a
P(Q) :b } LA
X::a( b !

For Implication Elimination, if P isthe -termlabellingthe dervationofa (b, andQ is theterm
labellingthederivationof a, thenP (Q) is thetermlabellingtheresultantderivationof b. Theimplication
a ( bisthusafunction,P, whichwhenappliedto anargumentQ of typea returnsaresultP (Q) of
typeb. For Implication Introduction,supposdhatassuminganarbitrarya, with a variableX labelling
its unknawvn derivation, allows usto obtaina derivation of b. We canthendischage the assumption
to getanimplicationfrom agumentsof type a to resultsof typeb, wherethe functioncorrespondingo
theimplicationis X : .

Within the settingof GLUE, the -termslabelling linear logic formulaswill be expressionsrom
themeaningogic. Derivationswill assembléhesemeaningdy meansof the functionapplicationand

-abstractioroperationgle ned by the Curry-Haovard Isomorphism.
Thefollowing two derivationsofa;a (b~ b shav theinteractionof theproofrulesand -terms:

[X:a' P:a( b

) A:a P:a( b o P(X):b
(2 @ P(A):b = ® A:a X :PP(X):a( b -
(X P(X)(A) :b

Derivation (2b) introducesan unnecessargletour By applyinga (  bto anassumptiorof a andthen
immediatelydischaging the assumptionwe ratherpointlesslydervea ( bfroma ( b Wethen
apply this to the premisea to concludeb. Derivation (2a)is a morestraightforvard way of achiesing
the sameresult. Interestingly the -termsof the two derivationsare equivalentgiven / -reduction:
(X :P(X))(A) ) P(A). Thisis non-accidental.The equvalenceof the termsshaws that the two
derivationsin (2a)and(2b) correspondo the sameunderlyingproof.

The Curry-Howvard Isomorphisnthusinducesnon-trivial identity criteriafor proofs,suchthat (2a)
and (2b) denotethe sameproof, despitetheir surface differences. Theseidentity criteria also match

2This strict resourceaccountingcanlocally be turnedoff by meansof linearlogic's ! modality wherela meanghata is no
longerresourcedandcanbe duplicatedor deletedat will. However, we do notinclude! in our GLUE fragmentof linearlogic;
seesection3.4 below.



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

[A]
A
@ 89
A A( B B
B

The presenceof suchidentity criteria (following Quine's dictum of “no entity without identity”) al-

lows usto regardproofsas rst-class objects. In particular normalform derivations(with all detours
expunged)canbeviewedascanonicarepresentationfor their underlyingproofs. This openghepossi-
bility of viewing normalform GLUE deriationsas rst-classlevelsof representatiom semantidheory

In section5 we will aguethatGLUE proofsform animportantlevel of representatiom guagingseman-
tic parallelism.

2.2 Examplesof GLUE Derivations

In GLUE, meaningconstructorgor semanticcompositiorareobtainedirom lexical itemsinstantiatedn
particularsyntacticstructures.Eachconstructothastheform M : G, whereM is atermfrom some
meaninglanguage(e.g., IL, DRT, etc.) and G is a formula of propositionallinear logic (Dalrymple
etal. 1999a). The goalof a GLUE derwvationis to consumaeall the lexical premisedo produceasingle
conclusionstatingthe meaningof the sentence.Semanticambiguity (e.g., scopeambiguity) results
whentherearealternatve derivationsfrom the samesetof premises.The Curry-Howvard Isomorphism
combinedexical meaningsn parallelwith the structureof the linearlogic deductionto build meaning
terms.

In thispapemwewill assumanLFG syntax(seeDalrymple2001,amongothers) with oneimportant
caveatto whichwereturnin sections.2,andavery generigpredicatecalculus for thesale of exposition.
Giventhese consider(4) andits lexical items(5):

4) Johnsaw Fred.
(5) John N Fred N sav V
(" PRED) = “John' (" PRED) = "Fred' (" PRED) = “see'
john 0" fred : " _ se:("oBJ) . ( ("suB) . ( ",

Thesecondine of eachentryis its GLUE meaningconstructarThe  subscriptsn theGLUE constructors
arefunctionsthat mapsyntacticphrase®ontotheir correspondingemantiacesourcesTheseresources
aretyped: e for entity, t for truth-value. Theresourcesredenotecby atomiclinearlogic propositions.
(Wewill suppresshe andtypesubscriptsonthelinearlogic atomswhereconvenient).

Parsing(4) both constructghe f(unctional)-struture (6) andinstantiateghe lexical entriesso that

the" metavariablesreferto nodeswithin (6), instantiatingthelexical premisesasin (7).
2

(6) PRED ‘hsee' i
§SUBJ thRED ‘John'é

i
oBJ f PRED Fred'

@) john :j .
fred : f
se:f, ( j.( s,

Theformulasin (7) areusedaspremisesn alinearlogic derivation. This mustconsumaeall thepremises
to producea singleconclusionstatingthe meaningpairedwith the headresourceof the sentences ).
In this casethederivationis straightforvard: thethreepremisesombinethroughtwo instanceof impli-
cationelimination,whichis functionalapplicationin the meaninganguage:



fred : fe se fe ( je ( &

, E . .
@) see(fred) 1je (& john :je
see(fred)(john) : s §

see(john; fred) : s

Notational convention

The secondexamplewill illustrate quanti cation. It alsoshavs that quanti er scopeambiguityis
handledn the GLUE derivations,without positingan ambiguoussyntacticrepresentationConsiderthe
following sentencef-structure andinstantiatedexical items:

9) Everyonefoundatleastonegremlin.
2
(20) PRED ‘hnd' i

SUBJ €ePRED everyone'
f 2 3
PRED  gremlin' .
hg i5

SPEC PRED atleastone'

(11) P:every(person; P) : (e ( Xi) (X
u;vend (viu) sde (e (0 f;
Q:aLo(gremlin; Q) : (g ( Yi) ( Yi

The meaningterms P:every(person; P) and Q:aALo(gremlin; Q) arestandardyeneralizedjuan-
ti er expressionsyhich we will henceforthabbreiate aseo andALOG. Readingthe typesfrom the
linear logic formulas,it canbe seethat both are of the (familiar) semantictype hte;ti; ti. The upper
casevariables X ; andY;, rangeover arbitrarytypet atomicresourceshatthe quanti erscouldtake as
their scope.Essentiallythe two quanti erscanapplyto ary typet clausethatdependsn the meaning
of the subjecte. or the objectge, anddischage this dependencby scopingthe quantiti er.

Fromthe threepremisesn (11), therearetwo distinctderivationsf ;. Both have the sameinitial
derivation (12), producingthe semantiaesourcd ; dependenon bothe, andge. The derivationsthen
fork, dependingon which of thesedependenciearedischaged rst via scopinga quanti er. ((13) for
surfacescopeand(14) for inversescope).

ly : ol* u;vind (viu)tg( e( f

(12) [x : €]? vind (v;y):e( f
nd (x;y) : f -
nd (x;y) : f
ALOG:(g( Y)( Y y:nd (x;y):g( f i
(23) ALOG( y:nd (x;y)) : f Y=t
Eo:(e( X)( X X:ALOG( y:speak(x;y)) :e( f H2
EO( X:ALOG( y:nd (x;y))) :f Ex
nd (x;y) : f
EO:(e( X)( X x:nd (x;y):e( f 2
(14) Eo( x:nd (x;y)) : f =t
ALoG:(g( Y)( Y y:EO( x:nd (x;y)) :e( s

ALOG( y:EO( x:nd (X;y))) :f EY=t
Note that the two scopingsfor the sentencerisesolely from alternatve linear logic derivationsfrom
premisedo conclusionusingstandardulesof inference.No syntacticambiguityneedso be posited.
Moreover, no specialassumptionseedto be madeaboutthe meaningterms. Glue Semanticenforces
amodularseparatiorbetweerthe GLUE languageandthetargetmeaninganguagesothatthe rangeof
possibleGLUE derivationsis determinedolelyby thelinearlogic formulasexpressingelationsbetween



semantiaesourcesandis entirely independenbf the meaningtermsassociatedvith theseresources.
This modularitywill beimportantwhenwe cometo de ne alevel of semantigarallelismthatabstracts
away from differencesn meaning(sectior4.2).

3 Coordination in Glue Semantics

In this sectionwe will look at two approacheto coordinationin Glue SemanticgseealsoDalrymple
2001:361-387).First we presentour approachwhich treatscoordinationessentiallyas modi cation
andbearssimilaritiesto coordinationin MontagueGrammay GeneralizedPhraseStructureGrammar
(GPSG) CombinatoryCatayorial GrammarandType-LogicalGrammairMontaguel973,Gazdarl 980,
1981,1982,ParteeandRooth1983,Gazdaret al. 1985,KeenamandFaltz 1985,Steedmari985,1989,
1990,2000,Emms1990,Carpentel997). Secondwe presenfindcontrasa GLUE approactpursuedy
Kehleretal. (1995,1999). Anticipatingsomevhat,thekey differencebetweerthetwo GLUE approaches
is that the coordinationas modi cation approachemplg/s a resourcemanagemenstratgy to handle
apparentlycon icting resourceconsumptiorrequirementswhile the latterapproactinsteadchoosego
relaxresourcesensitvity.

3.1 An Example of VP Coordination

Let usstartby consideringa simpleVP-coordinatiorwith threeconjuncts?

(15) Kim slept,dreamtandlaughed.

(16) 2 3
16 ONJ and
g 2 39
‘gl ' .
PRED ﬁeep i
SUBJ kPRED “Kim'
mn # =
f PRED ‘dream'
SUBJ 3
" #
| PRED laugh'
SUBJ ;
a7 Tamgetsemantics= sleegkim) ~ dream(kim) ~ laugh(kim)

The tamget semanticrepresentatiosuggestghat coordinationposesa problemfor the strict resource
accountingnherentin GLUE. Thesingleword Kim appeardo malke a threefoldsemanticcontritution,

asthe subjectargumentto eachof thethreecoordinated/Ps. Spellingthis outin termsof instantiated
GLUE constructorswe would expectto obtainthree ordinaryintransitive verb premisesbut just one
subjectpremise

(18) kim kim : k
slept sleep:k (s
dreamt dreem:k ( d
laughed laugh:k ( |

How cana GLUE derivationmatchtheoneproducernof thesemantiagesourcek with thethreeconsumers
of k?

Our solutionto this apparentesourcemismatchis a treatmenof coordinationthatconsumesnul-
tiple dependenciesn sharedargumentsto producesingle dependenciesn the sharedarguments.Let

We follow the usualcorvention of referringto the elementsthat are coordinatedas conjuncts,even thoughthe logical
coordinatiorrelationis notlimited to conjunction.



usaddthefollowing additionalconstructorscontrituted by the coordinationitself (For expositorypur
poseswe hereshawv theseadditionalconstructorsn a simpli ed form. Their full form, (23), andhow
they areobtaineds discussedbelow):

(19) PP:(k( 1)( (k( f)
P;Q;x:P(x)* Q) :(k ( d) ( (k( f) ( (k( f)
P:Q;x:P(x)* Q) :(k ( s) ( (k( ) ( (k( f)

The rst constructoconsumeshe nal conjunctVP (k (1), andturnsit into the seed'meaningor the
coordinatedvP (k ( f). Thisconsume®nedependencontheargumentk to produceanother The
othertwo constructorgachconsumenneof theremainingconjunctsandturntheminto modi ers of the
seedvVP meaning((k ( f)( (k ( f)). Eachconsume®nedependenconthe sharedargumentk
to modify theexisting seeddependenconk. The GLUE deriationfor thesentenceroceedssfollows

laugh : P:P: dream : P Q x:[P(x)™ Q(x)]:
k(| k(DO KCH k( d (kK d) (k(C HC C )
laugh : Q x:[dream(x) * Q(x)] : sleep: P Q x:[P(x)" Q(x)]:
k( f k(CHOC&CDH k(s k(s (kO H K
x:[dream(x) * laugh(x)] : Q x:[sleep(x) * Q(x)] :
(20) k( f k(CHCKCH

x:[sleep(x) A ( x:[dream(x) " laugh(x)])(x)] :
k( f

x:[sleep(x) ~ [dream(x) * laugh(x)]] : kim :
k( f

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

The deriation rst consumeghethreek ( I;k ( sandk ( dVPsto produceonek ( f
coordinateV/P. Only thenis thesinglek resourceconsumed.

We now addresshequestiornf wheretheadditionalGL UE constructorsn (19) comefrom. In doing
so, we will alsogeneralizethe constructorsn (19) sothatthey applyto coordinatorshesideshoolean
conjunction.

In additionto purely lexical GLUE premiseswe assumehat c-structurerules can sometimesalso
introducenon-lexical, constructionaGLUE premisegseealsoDalrymple2001). Suchis the casewith
therule for VP coordination(21), with thelexical entryfor the conjunctandshawvn in (22).4

#V2P+ ) VP
#2 "
P;Q;C;x: C(P(x); Q(C;x)) : Conj cop-
(21) VPL 27 Ry Csued (] g P;C:P:

[("suBy) (

( [(@") crer) ( ("suy) ( (27) ]

(22) Lexicalentry: and Conj
(" cong) = "and'
and : (" COORD-REL)

Thec-structuraulesassignsaanadditionalGLUE premiseto eachVP conjunct.The nal VP is theseed
for the coordination.Themeaningof the nal VP, ("suBJ) ( " ,isconsumedo produceaninitial
meaningor thecoordinate/P, ("susJ) ( (2 ") .° Thisinitial meanings alsovacuousldependent
onthemeaningof thecoordinator((2 ") CREL), providedby thelexical entryfor thewordand Here,
CREL (anabbreviation for COORDINATION-RELATION) is a featurein s(emantic)-structuresimilar to
others-structurdeaturedike VAR(1IABLE) andrRESTR(ICTION) (for moredetailsseeDalrymple2001).
Non- nal VP conjuncts each induce a constructorthat consumesthe conjunct VP mean-
ing to producea modier of coordinateVP meaning. The meaningterm for the constructar
P:Q;C;x: C(P(x);Q(C;x) perhapseedsexplanation. P representshe meaningof the conjunct

“We follow standard_FG practicein assumingthat the Kleeneplus (+ ) appliesnot just to the cateyory, but alsoto its
annotations.

The coordinate-structureis referedto by meansof (2 "), sincethe conjunct” is containedwithin a setagumentof the
coordinate-structure(KaplanandMaxwell 1988).



VP, andQ the meaningof the seed,coordinateVP. C representshe meaningof the conjunction,and
x the meaningof the sharedsubject. The constructorabstractover all of thesemeaningswhichis to
saywe arecreatinga functionthattakesthemasamguments.Theresultof the functionappliesP to the
subjectx, andQ to bothx andtheconjunctionC. Theapplicationof Q to C ensureshatthevalueof the
conjunctionis threadeddown throughouthe coordinatevP. Finally, boththe conjunctclausemeaning,
P (x), andthe coordinateclausemeaning Q(C; x), areconjoinedby the conjunctionC.

Applying theserulesin the settingof (16) (wherec abbreiatesthe semanticresourcg(f CREL)
andf abbreiatesthe semanticresourcefor the entire coordinatestructure),we obtain the following
premises:

(23) 1. kim kim : k

2. slept sleep:k (s

3.dreemt dream:k ( d

4. and and:c

5.laughed laugh:k ( |

P;CP:(k( ID( (c( k( f)
P;Q;Cix: C(P(x);Q(C;x)) :(k ( d) ( (c( k(

8. P;Q;C;x:C(P(x);Q(C;x)) ik ( s) ( (c( k( f

N o

Goingthroughthe derivation stepby step,we rst apply 6 to 5 to getthe seedmeaningfor the coordi-
nation,9.

(24) 9. C:laugh:(c ( k( f)

We alsoapply 7 to 3 to obtainthe seedmodi er 10:

(25) 10. Q;C;x:C(dream(x);Q(C;x)) :(c ( k ( f) ( (c ( k ( f)
We thenmodify 9 by 10to 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 12to 11 gives

(28) 13. C;x:c(sleep(x); C(dream(x); laugh(x)) : (c ( k ( f)
Applying 13to 4 andthenl nally yieldstheconclusion

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

Note how boththe meaningof the subjectandthe meaningof the conjunctionappearat several places
in the nal meaningerm,withoutduplicationof the corresponding@LUE resources.

In this section,we have deliberatelychosenan examplewith threeconjuncts. The recursve na-
ture of our analysis(turn therightmostconjunctinto a seedmeaningfor the coordinationandall other
conjunctanto modi ers of thecoordination)ensureshatwe candealwith coordinationsith any num-
ber of conjuncts. This addresses criticism by Dalrymple (2001:379)that a previous versionof the
coordination-as-modiati on approactwasinsufciently general.

Anothercriticismmadeby Dalrymple(2001)is thattherearenon-coordinatiortasesvhereresource
sharingis anissue suchasthe following example,which shecitesfrom Hudson(1976):

(30) Citizenswho supportparadedagainsipoliticianswho opposetwo tradebills.

Althoughthereis no coordinationin thisright-noderaisingcase theresourcesharingissueis similarto
the VP-coordinationcasewe have beenexamining,asthe verbssupportand paradedsharean object,
two tradebills. Therule for right-noderaisingwould handlethe resourcemanagementf the VPsin
essentiallythe samemannerasthe coordinationrule, but without makingthe semantiacontrikution of
coordination.



3.2 A General SemanticSchemafor Coordination?

Our methodfor dealingwith VP coordinationreadily generalizego the coordinationof ary phrases
with zeroor moresharecagumentgKaplanandMaxwell 1988). It is tempting,thereforeto attempta
generakchemdor the semantic®f coordinationalongthelines of

X+
# 2 " # >2( "
PiQiC:ix: C(P(X);Q(C: X)) : Conj CiP:
G Xt @) ren ( hin ("] = [E*}C{np('

( [((2") cret) ( hin( (27) ]

(2" crm) ( M b ( @) ] ( (@7 crer) ( h'in (27 ]

whereX speci esthe cateyory level of thecoordinationh**( in represena sequencef n implications
over the sharedargumentresource®f the conjuncts,and x is the correspondingequenc®f meaning
variables.Thevalueof n is sethy thelevel of thecoordination:for sententiatoordinationwherethere
areno sharedargumentsn = 0; for VP coordinatiom = 1, etc.

While is may be possibleto de ne sucha schematiac-structurerule and semanticdor coordina-
tion, it is unclearthatthis is desirable.Let us lease asidethe questionof whethera single schemais
syntacticallypossible.lt is implausibleto demandhatall levels of coordinationrmusthave exactly the
samesemantics.For example,purely booleancoordination,of the kind outlinedabore, may be what
is requiredfor VPs. But for NPs, we might wish to adopta semanticavherethe seedNP conjunct
additionallyintroducesa groupentity, andwherethe conjunctNPsquantify over elementf thegroup,

e.g.

(32) Kim and/oradogleft
9X :group(X )"
and=or(member(kim; X); 9d: dog(d) » member(d; X))
N leave(X)

This is not a purely booleancoordination. However, the conjunctve word and/or doeshave a purely
booleansemanticswithin the coordination. One would not be able to combinethesetwo styles of
semanticgor differentcoordinationievelsundera singlec-structureschemdor coordination.

Insteadit is preferableo assumenec-structurecoordinatiorrule percateory. The syntacticpor
tion of eachc-structurerule will indeedalwayshave the form of the syntacticportionof (31), asshavn
in (33), whereX canbeary cateyory of the languageincluding the cateyoriesfor partial constituents,
suchasx-VP, de ned by Maxwell andManning(1996)in their treatmenbf nonconstituentoordination
andcoordinatiorof unlikes.

(33) X! X* CONJ X
# 2" "= # # 2"

However, the semantic®f theeachrule canbetunedto suitthe particularcateyory in question.

Signi cant linguistic generalizationsanbe achiezed by meansof macro§ encodingcommonpat-
ternsof analysis. Thusone canencodeour semanticanalysisof sharedargumentsin one macro,and
invoke thisin slightly differentsettingsin variousspeci ¢ c-structurecoordinatiorrules.

3.3 A Brief Comparisonto Coordination in Categorial Grammar

Ourapproactbearsalot of similarity to variousCateyorial Grammar(CG) approacheto coordination,
including approachedn both CombinatoryCateyorial Grammar(CCG) and Type-Logical Grammar
(TLG) (Steedmari985,Emms1990,Carpenterl997). The booleancoordinatomwe introducedn (22)

5A macrois a device widely usedin programming,andin computationagrammarswhererepeatediyusedchunksof
code/rulesare written once, possiblyparameterizedin a single place. Macro calls in the grammarare expandedout to be
replacedy therule chunks.If (33)werede ned asamacro,parameterizedly the categyory X, thenmultiple callsto themacro
for differentcateyories(S, VP, NP, etc.) would expandout to differentinstance®f the coordinatiorrule.



andtheschemave usefor coordinatiorin (21) aresimilarto Emmss (1990)polymorphicgeneralization
of Steedmars (1985) work, which is also adoptedfor Type-LogicalGrammarby Carpenter(1997).
We alsonotedthat our syntacticschemas compatiblewith the previous LFG work on nonconstituent
coordinationandcoordinationof unlikesby Maxwell andManning(1996).

Thecrucial distinctionbetweenour approachandthe CCG/TLG approachess that GLUE assumes
alevel of syntaxthatis separatdérom thelevel of semanticcomposition.Anotherinterestingdifference
betweernthe GLUE approachand cateorial approachess thatthe latter have tendedto assumebinary
coordinatior’. Theindependentevel of syntaxin GLUE allows for constructionapremisesassociated
with c-structurerules, permittinga straightforvard analysisof n-ary coordinationssuchas Kim slept,
dreamtandlaughed On a binary approachpneis forcedto treatcoordinationsyncatgorematicallyor
to treatthe commain written languageor somephoneticcuein spolenlanguageasanadditionallexical
conjunction.However, this is empiricallyunmotvated,sincethe commais merelyanorthographiade-
viceandthereis no clearphoneticcorrelateof the“coordinating”commain normal,connectedpeect?

3.4 The Paths-as-esourcesApproachto Coordination

Kehleretal. (1995,1999)offer a differentsolutionto the problemof resourcesharingcausedy reen-
trang in f-structurespf which coordinationis just oneexample.They proposea modi cation to GLUE
in which pathsthroughf-structurescontritute resourcestatherthanf-structurenodescontrituting re-
sourcesaswe have beenassumingandasis assumedin mostwork on Glue SemanticgseeDalrymple
1999,2001andreferencesherein). For example,evenif thereis only oneoccurenceof the subjectin
a VP-coordinatiorf-structure thereareasmary pathsleadingto the sharedsubjectasthereareheads
subcatgorizing for it. Thus,therewill in fact be asmary subjectresourcesontrituted asthereare
verbsrequiring subjects,solving the resourcesharingproblem. Besidesolving this problem,Kehler
etal. (1995,1999)shav how their accountgetscorrectresultsfor the interactionof coordinationwith
intensionalverbsand with right-noderaising. Dalrymple (2001:377-378)dditionally notesthat the
Kehleretal. (1995,1999)approactcorrectlyforcesa sharedquanti ed subjectin VP-coordinatiorto
have wide scope.For example,in Someondaughedandcried it is the samepersondoingthelaughing
andcrying (Parteel1970).

However, thereare empirical and theoreticalobjectionsto the Kehler et al. approach. First, as
Dalrymple (2001:378)pointsout, we do not wantthe resourceduplicationoffered by this approachn
othercaseswith sharedargumentsat f-structure suchasin raisingandpossiblycontrol (Asudeh2000,
2002)andin unboundediependenciegvolving sharingof anargumentfunctionwith TOPIC or FOCUS.
Second their approachmakes crucial useof the of course or bangmodality (!) of linearlogic. This
modality turnsoff resourceaccountingor ary formulait takesasits agument? The problemwith us-
ing thismodalityis thatit undermineshe potentiallypowerful explanationof naturallanguageesource
sensitvity offeredby GLUE andthe potentialfor simplifying or eliminatingsereral principlesandgen-
eralizationsofferedin theliterature,suchasFull Interpretationthe ThetaCriterion, Completenesand
Coherenceandpossiblyothers(for discussiorseeAsudehin progress).

By contrast,we stick to the multiplicative fragmentof linear logic without bang,thus preserving
a strict notion of resourcesensitvity. Furthermorethe coordination-as-modi déon approachsolves
theresourcesharingproblemintroducedby structuresharingwhile maintainingthe usualGLUE notion
of resourcedeing contributed by f-structurenodesratherthan paths. Thus, our approachdoesnot
run into resourceduplicationproblemswith raising, control, or unboundedlependenciesLastly, our

"Thereareat leasttwo possiblesxceptionsto this. The rst is Morrill' s (1994)proposato give coordinatorghe schematic
form (X+nX=X), where X+ expandsinto one or more categories of type X. The secondis the proposalby Steedman
(1989:210-212).Steedmar(1989) doesnot explicitly discussa solutionto n-ary coordination,but it is clearfrom Steed-
man(1990:fn.9) thathe meanshe generalizatiorof coordinationin Steedmar§1990)andthe syncatgorematictreatmenin
Steedmar{1989)to extendto suchcasesHowever, syncatgorematictreatment®of lexically-realizedelementsaregenerally
disfavouredin CG, andthis is abandoneih Steedmar2000).

80rthographicdevices may be indicative of somelinguistically-relezant factor but this is unreliable. For example,no
linguistwould agreethata goodtestfor whethersomethings a Germamounis whetherit is written capitalizedor not.

®The bangmodality is usedwhenaddingthe rulesfor Wealening and Contractionandis thereforeuseful for shaving
relationsbetweerlinearlogic andclassicalogics.



approactalsoachiezescorrectresultsfor wide-scopajuanti ed subjectsaandfor coordinationsnvolving
intensionalverbst®

4 SemanticParallelism

In thenext sectionweturnto parallelismin coordinationandin particularto exampleof non-parallelism
discussedby Kehler(2002).In this sectionwe lay somegroundverk by describinghow semantigaral-
lelism, castasparallelismin GLUE dervations,canbemeasured.

The startingpointis the obseration madein section2.1 that, for certainlogical systemsncluding
linearlogic, derivationshave non-trivial identity criteria. Thesearesufcient to make proofs rst class
objectsin logical theory sothatit is interestingnot only to studywhatis proved, but also howit is
proved!! Theseidentity criteriaalsoallow usto view normalforms derivationsascanonicarepresen-
tationsof underlyingproofs.

Within a linguistic setting,this meansthat normalform GLUE derivationscanbe genuineobjects
in semantidheory reifying the syntax-semanticsterfaceto shav how meaningsare constructedab-
stractingaway from detailsof what meaningsare constructed.This in turn enablesoneto compare
derivationsof differentmeaningdor parallelstructures-?

4.1 A Level of SemanticRepresentation

Logicalformulasaretraditionallynot regardedasa genuindevel of semantiaepresentatiofMontague
1970),asthey generallyhave no non-trivial identity criteriaotherthanthroughmodeltheoreticseman-
tics. For example thetwo apparenthdistinctscopingsof (34)

(34) Every mansav every woman

a. 8x:man(x)! 8y:woman(y)! segX;y)
b. 8y:woman(y)! 8x:man(x)! sedXx;y)

aremodeltheoreticallyequivalent. Otherthanby exploiting arbitrarypropertiesof thelogical notation,
thereis no semanticbasisfor distinguishingthesetwo formulas. Yet the urge to stategeneralizations
over alevel of semantiaepresentatiois very strong.

In this respectGLUE contrastawith variouscloselyrelatedframeavorks, suchas MontagueGram-
mar, GPSG,CCG,andTLG. MontagueSemanticsasin Montagues own work (Montaguel973)or as
in the variantespousedn GPSG,usesa level of purely syntacticrepresentatiothat is systematically
translatednto a semantidormulae. However, thereis no truelevel of semantiaepresentatiobeyond
themodeltheory Onthe otherhandwe have Categorial Grammar(CCG and Type-LogicalGrammar).
Categorial derivationsdo have identity criteriathataredistinctfrom the modeltheoryusedto interpret
thesemanticshut thereis no separatiomf syntaxandsemanticsThereis nolevel of syntacticrepresen-
tationthatis distinctfrom the syntaxof thetypetheory Thus,MontagueGrammathasno separatdevel
of semantiaepresentatioandCateyorial Grammarhasno separatdevel of syntacticrepresentation.

Glue Semanticspy contrast,positsboth a level of syntacticrepresentatiorand a separatdevel
of semanticrepresentation.Thereis e xibility in the choiceof both levels, howvever. The syntactic
framewvorks GLUE hasbeende ned for include Lexical FunctionalGrammar(Dalrymple1999,2001),
Lexicalized Tree Adjoining Grammar(Frank and van Genabith2001), Head-dwen PhraseStructure
Grammar(Asudehand Crouch2002), Categorial Grammar(Asudehand Crouch2001), and Context

*The Kehleret al. (1995,1999) accountassumes Montogorian treatmenif intensionalverbs. While our accountdoes
work for sucha treatmentpneof ushasarguedin separatevork (Condoradi et al. 2001)thatthe Montogorian approachs
awed,basedn problemswith existencepredicateembeddedinderpredicatesuchasprevent. Our accountalsoworksfor
the concept-basetteatmenbf intensionalverbsofferedby Condoradi etal. (2001).

1This strandwithin prooftheorywasin factakey motivationbehindthe developmentof linearlogic (Girardetal. 1989).

2psheretal. (1997,2001)offer analternate theoryof semantigarallelism castin SegmentediscourseRepresentation
Theory;however, they do not provide identity criteriafor their representationfor futherdiscussionseeAsudehandCrouch
to appear).



FreeGrammargAsudehand Crouch2001). The semantidramevork canbe ary logic for semantics
thatsupportdhelambdacalculus suchasintensional.ogic, DiscourseRepresentatiomheory(Dalrym-
ple etal. 1999c¢),andUnderspeci edDRT (Crouchandvan Genabith1999,van Genabithand Crouch
1999). GLUE derivationsaresimilar to cateyorial derivationsandlik ewise posses&entity criteriadis-
tinct from model theory but they differ in being solely semantic,sincethereis a separatdevel of
syntacticrepresentation.

4.2 De ning SemanticParallelism

In orderto shav thattwo normalform GLUE derivationsareparallel,we needto establistthatthereis a
homomorphisnfastructurepreservingnap)betweerthem. Giventwo structuredbjectsG andH , with
structralrelationsRg andRy holding betweenelementsf G andH respectiely, a homomorphism
from G toH isamappingF suchthat

(35) If Ra(x;y) thenRy (F (x); F (y))

We needto decideon two thingsto measuresemanticparallelism: (1) what kind mappingis f and
betweenwhatkinds of objectsin the derivations,and(2) whatkind of structuralrelation,R, shouldbe
presered.

We will de ne f in termsof the projectionfrom f-structuresto semanticstructuregDalrymple
2001). Supposehat we wish to comparethe derivationsarising from two elementsof f-structure,p
andqg. Thenin the rst instance,we wantF(p ) = q : thatis, the semanticresourcedor these
two elementsshouldbe madeparallel. And then, recursvely, we wantF ((p suBJ) ) = (q suBJ) ,
F((p comP) ) = (qcompP) , F((p compsuBJ) ) = (g compsuBJ) , etc., for all caseswhere
matchingf-structurepathsfrom the rootsp andq exist. In otherwords,the F mappingpairs (atomic)
semantiaesourcegor syntacticallymatchingelements.

In casesvheretherearemismatchedyntacticelementgi.e. whenthereis a pathin onef-structure,
but no correspondingpathin the other),thenthe F mappingis unde nedand Iters out unmatched
elementdrom an assessmerdf parallelism. This allows us to comparederivationsfor sentencesike
Everyboysawa girl andEveryyoungmansawa woman wheretheextraadjectie youngis Itered out
of thecomparisort?

TherelationR needgo be de ned over atomicresource$ linearlogic propositionssincef maps
atomicresourceso atomicresourcesSucharelationwasde ned in Crouchandvan Genabith(1999).
In a normalform GLUE deriation, one can identify the last point of occurrenceof atomic semantic
resources.Theseindicatethe pointsin the derivation at which the correspondingyntacticelements
make their nal semanticontritutions. An ordering, , overthesenal semanticontritutionsprovides
ahighlevel descriptionof thetopologyof the derivation; asshavn in Crouchandvan Genabith(1999),
this orderingcanbe usedto expressscoperelations.

As anexampleof theresourceorderingrelation , re-considethefollowing two derivationsshow-
ing thealternatve scopingsf (12):

o o( e( f o  g( e( f
[e]? e( f [e]? e( f
f f
(36) e( f (e( X)( X (f (@ MCY
f f
g( f (g MIC Y (f (e( X)( X
f f

[(e]

D

The nal occurrencesf the subjectresourcee, objectresourceg andsententiakesourca= areshavn
underlined.Thetreestructureof the derivationsimposesa partialorderingover thesenal occurrences:
e g f (subjectoutscope®bjectlandg e f (objectoutscopesubjectrespectiely.

3Herewe areassumingan obvious notion of a syntacticmatch: subjectsmatchsubjects pbjectsmatchobject,etc. Other
waysof matchingsyntacticelementsnay be empirically motivated. In somecasesve maywantloosermatchese.g. objects
canmatchobliqueswhenno matchingobjectsarepresentWe leave these andmary otherquestionsppen.



In summaryto shav thattwo derivationsaresemanticallyparallel,we needto do threethings. First
establisha pairing, F , betweeratomicresource®n the basisof their grammaticatoles. Secondcom-
putethe orderingof theseresourcesn thetwo derivations.Finally, ensurehatprecedencerderings
coincide,sothatif a bin derivation1,thenF (a) F (b) in derivation2.

4.3 Scopeparallelism in coordination

We now look at scopeparallelismin coordination. The following exampleshaws that the preferred
readingis thatin whichthe parallelquanti ers have parallelscopesgvenif this goesagainsthegeneral
scopepreferencesf particularquanti ers:

(37) [Context: Theanimalsreally misbeh&edlastnight.]
Every dogateabun anda catgnavedeachtableleg.

The semanticof eat make the rst conjunctplausibleonly with surfacescope,i.e. every a. The
parallelismbetweerthe conjunctanakessurfacescopepreferredn theseconctonjuncttoo, despitethe
factthateachnormally preferswide scope.

d( b( e [ c( 1( g [P
b( e (b( X)( X (g (1( X)( X
e g
(38) d( e @d( Y)(Y c(g (€ Y)(Y
e e( (c( H( (c( g g( (c( f)
c( H)( (c( (c( )
c (c( 1)

f

Computingparallelismproceedsasfollows. First, we are comparingthe derivation for clauseg with
thatof clausee. We thereforeconcentrat®n the sub-denations(shavn in bold) terminatingatg ande.
Within these we have a pairing of subjectandobjectresourcessuchthatF (d) = candF (b) = |. For
thetwo sub-denationswe have theresourceorderingp d eandl ¢ g,i.e.F(b F(d)

F (e). Thusthisderivation preseressemantigarallelismbetweerthetwo conjuncts.

5 Violations to the Element Constraint

We have presentedh theory of coordinationas modi cation in Glue Semanticeandshavn how GLUE

derivationscanbeusedasareallevel of semantiaepresentatiorwhich canbeusedn de ning semantic
parallelism. Next we will bring thesetwo strandstogetherandshav how parallelismin GLUE canbe
interfacedwith Kehlers (2002)theory of discourseparallelismto dealwith violationsof the Element
Constraint(Grosul1972,1973),a subpartof the CoordinateStructureConstrain{Ross1967). We con-

cludethis sectionby comparingour resultswith the treatmenif the ElementConstraintin Montague
GrammayCCG,andTLG. We arguethattheseothertheoriesareeithertoo strict, allowing no exceptions
to the ElementConstraintpr too permissie, not capturingthe ElementConstraintat all.

5.1 The Coordinate Structur e Constraint

The CoordinateStructureConstrain{ CSC),oneof Rosss (1967)islandconstraintsyeadsasfollows:14

(39) The Coordinate Structur e Constraint
In a coordinatestructure,no conjunctmay be moved, nor may ary elementcontainedin a
conjunctbe movedout of thatconjunct.

HAs theinitial work on the CSCwasdonein TransformationaGrammay (39)—(41)male referenceto movement,which
doesnot malke sensein non-transformationatheoriessuchas LFG. The constraintsshouldbe readas making appropriate
restrictionson unboundediependenciesio matterhow thesearedealtwith.



Grosu(1972,1973)subsequentipointedout thattherearetwo partsto this constraintandthatthere
aretestsfor distinguishinghem. The partsare:

(40) The Conjunct Constraint: No conjunctof a coordinatestructuremaybemoved.
(41) The ElementConstraint: No elementin aconjunctof a coordinatestructuremaybemoved.

Thekey distinctionbetweenthe two partsof the CSC,for our purposesis thatthereare exceptionsto
theElementConstraintput notto the ConjunctConstraint Rosshimselfnoticedcertainexceptionswith
asymmetriccoordination;Grosupointsout thattheseareexceptionsto the ElementConstraint put not
to the Conjunctconstraint:

ElementConstraintviolations

(42) | wentto the storeandboughtsomewhiskey.

a. Thisisthewhiskey which| wentto the storeandbought.
b. Thisisthestorewhich| wentto andboughtsomewhiskey.

No correspondingonjunctConstraintviolations

(43) Johnis looking forwardto goingto the storeandbuying somewhiskey.

a. *WhatJohnis looking forwardto andbuying somewhiskey is goingto thestore.
b. *What Johnis looking forwardto goingto the storeandis buying somewhiskey.

The ConjunctConstraintviolations shouldbe comparedo across-the-boar@@TB) extraction. Ross
noticedthatthe CSCis violableif anelemenis extractedfrom all conjunctsor acrossheboard:

(44) WhatJohnis looking forwardto andexcited aboutis buying somewhiskey.

We will returnto the ConjunctConstraintin section5.5.

Kehler(2002)is the latestin a long line of literaturethat aguesthat the ElementConstrainthas
principledexceptions(seeKehler(2002)for references)He notesthattherearethreemain classesof
exceptionto theElementConstrainanduseshistheoryof discourse&oherenceelationsto explainthese
casesHis key insightis thatif discouse parallelismholdsthenthe ElementConstaint holds In other
words, if the discoursecoherenceelationgaoverningthe conjunctsis Parallel, thenthereis eitherno
movementout of conjunctsor thereis across-the-boar.e., paralle)movement.

Kehlers coherenceelations(thoserelevant here)are de ned as follows, with consequencefor
extractionpossibilitiesasindicated®

(45) Parallel: Infer p(ay; az;:::) from tbeassertiorof S; andp(by; bp;:::) from the assertiorof
Sy, wherefor somepropertyvector g, g (a;) andg (k) for all i.

|Any extractionmustbeacrosgheboard

a. *Whatbookdid Johnbuy andreadthe magazine?
b. Whatbookdid Johnbuy andread?

(46) Cause-Effect

1. Violated Expectation: Infer P from theassertiorof S; andQ from theassertiorof S,
wherenormallyP ! : Q.

2. Result Infer P fromtheassertiorof S; andQ from theassertiorof S,, wherenormally

P! Q.

155, andS; arerespectiely the rst andsecondclauseseingcomparedor discoursecoherencep; is arelationholding
overasetof entitiesa, : : : an from S; andp; is arelationholdingover a correspondingetof entitiesh, : . : b, from Sy; g is
acommonor contrastingpropertyfor thei® amumentga; andb ), andthesetof suchpropertiess q (seeKehler2002:ch2).




|[Extractionpossiblefrom initial (primary)clause

a. How muchcanyoudrink andstill staysober?
b. That'sthestuf thattheguysin the Caucasuslrink andlive to beahundred.
c. That'sthekind of recrackerthatl setoff andscaredheneighbors.

47 Contiguity

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

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

|[Extractionnot necessarjrom “scene-settingbr “supporting”clause$

a. Heresthewhiskey which| wentto the storeandbought.

Kehler(2002)thusgivesatheoryof discourseeoherencehatclassi esandexplainstheexceptiongo the
ElementConstrainsystematicallyln the next sectionwe relatehis discoursegheoryto Glue Semantics
by relatingproof parallelismto discourseparallelism.

5.2 DiscourseCoherenceand Derivational Parallelism

Kehler (2002) provides us with a theory of discoursecoherenceaelationsthat explains the seeming
exceptionsto the ElementConstraint. His theoryessentiallystatesthatif discourseparallelismholds,
thenthe ElementConstraintholds. We have outlined a proof-theoreticnotion of parallelismin Glue
Semanticsaswell asa GLUE theory of coordinationas modi cation. Now we would like to relate
Kehlers discourseheoryto GLUE. Our centralclaim is thatif discouse parallelism holds,thenproof
parallelismholds Theimplicationis readmoreusefullyfrom right to left, andwe nameit the Discouise-
Proof Relation which soundsangy but is justmeantfor usto beableto referto it moreeasily:

(48) Discourse-Ppoof Relation (DPR)
If thereis no proof parallelismthenthereis no discourseparallelism.

In otherwords,if parallelismdoesnotholdin the GLUE prooffor acoordinationthe discourseelation
cannotbe parallelism.If the discourseaelationis not parallelism thenit mustbe someotherdiscourse
relation; if anotherdiscouse relation is compatiblewith the coodination, then the coodination is

licensedptherwiseit is notlicensed This allows thefollowing understandingf theelementonstraint:

(49) The Element Constraint: whenanelements extractedfrom somebut notall conjunctsn a
coordinatestructurethereis no proof parallelismandthereforeno discourseparallelism.

With (48) and (49) in hand,we cannow look at how our theory handlesexceptionsto the Element
Constraintby appealingo Kehlers (2002)theorywhereproof parallelismdoesnot hold. We needto
considerexampleslike (45a), wherethe ElementConstraintis violated and ungrammaticalityresults,
theacross-the-boarcase(45b),andthe casesn (46) and(47) wherethe ElementConstraintis violated
but no ungrammaticalityesults.

Before turning to the exposition of the relevant exampleswe needto make clear one important
caveat. Throughouthis papemnwe have beenassumin@nLFG syntax.In thestandard_FG treatmenbf
unboundediependencieand coordination(Kaplanand Maxwell 1988, Dalrymple 2001),a strict ver
sion of the ElementConstraintis upheld,allowing no unboundediependenciethatterminatein some
but not all of the conjunctsof a coordination. This is dueto the way thatinside-outfunctionaluncer
tainties(which areusedto handleunboundediependencieghteractwith sets.Grammaticafunctions



are standardlyde ned asdistributive features(Dalrymple and Kaplan 2000, Dalrymple 2001) and an
inside-outpathwritten in termsof grammaticafunctionswill thereforedistribute to all membersof a
coordinationset. Onesolutionis to make grammaticafunctionsnondistrilutive featuresinstead. We
cannotexplore the consequencesf sucha solution here. However, aswe stressedbose, GLUE can
be coupledwith a variety of syntacticframeavorks andassuchthis contingentfactaboutLFG doesnot
impactour GLUE account.Theaccountcould be pairedwith anothersyntactictheoryinstead;the only
desideratumwould be that the syntaxhave coordinationruleslike (33), which capturethe Conjunct
Constraintaswe will seein section5.5below.

5.3 The Element Constraint and Derivational Parallelism
5.3.1 Non-Parallel Extraction

Considen(45a),repeateds(50) below, which violatesthe ElementConstraint sincethe objectof buy
hasbeenextracted put theobjectof readhasnot. The (perfectlyvalid) GLUE derivationfor thisexample
is shavn in (51), with theresource correspondingdo the coordinationandall otherresourcemiamed
mnemonicallyasusual.

(50) *What bookdid Johnbuy andreadthe magazine?

m( j( r [m]?

iCr i

r
m(r T m Y)Y
w( j( b W r

Y=r

(51) itb GCoBC (cCjC HC (cCjC ) i GO0 eCichn
(cCiCHC i) (cCiCT)
c (cCjCf)

-
—~
—h

w( f (w( X)( X
f

X=f

The sub-denationsfor the two conjunctresourcesbh andr, are shavn in bold, andterminateat the
conclusiong ( bandj ( r respectiely. The mappingof subjectso subjectspbjectsto objects,
etc.,givesthefollowing pairingsof resources:

(52) F=r, F(G)=]j, F(w)=m

The nal occurrence®f eachof theseresourcesare shavn in red and underlined;theseinducethe
non-parallebrderings

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

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

Accordingto the DPR,in (48) above, sincethereis no proof parallelismthereis no discoursepar
allelism. Therefore the discourserelation cannotbe Parallel. However, noneof the otherdiscourse
relationsin (46) and(47) arecompatiblewith (50) either The Cause-HectrelationsViolated Expecta-
tion andResultcannotrelatethe conjunctsin (50), sincethereis no implicationalrelationshipbetween
theassertiorof Johnboughtx and Johnreadthe magazine Thetwo differentkinds of Contiguityrela-
tion, Occasion(i) andOccasion(ii) alsodonothold: Johnboughtx doesnot setthescenefor or support
Johnreadthe magazindmorespeci cally, thereis no changeof statefrom S; to Sy, or vice versa).



5.3.2 Across-the-BoardExtraction

The situationfor (50) contrastswith the across-the-boarextraction case(45b) andwith the casesn
(46a—c)and(47a). In the latter casesthereis no proof parallelismeither andthereforeno discourse
parallelism,but the relevant discourserelationlicenseseachcase. As for across-the-boarextraction,
this doesleadto derivationalparallelismasshavn in proof (55) for example(54):

(54) Whatbookdid Johnbuy andread?

w( jC b w(jiCb( (cC w(ij(f)( (cC w( j(f) w(jCr  w( i e w(ij(f)
(cC w( jC f)C (cC w( j(f) c( w( j(f
c c( w( j(f
1 A
(55) [w] w( j(f

icf

f

w( f 7w x)( X
f

X =f

For this derivationwe have the resourcanappingsandthe parallelorderings
(56) FO=r, FG)=j, F(w)=w
(57) b j w r j w

Acrossthe boardextractionpreseresderivationalparallelism.

5.4 Syntacticand SemanticParallelism

Lack of discourseparallelismasperKehlers (2002)theoryis indeedre ected by lack of GLUE deriva-
tional parallelism. However, one could arguably alsopoint to a more ohvious lack of syntacticparal-
lelismin thesecasesThatis, therewill beadifferencebetweerthe syntacticstructurecorrespondingo
aconjunctwith no elementextractedandthe structurefor a conjunctwith anextractedelement.in LFG
terms,for example,the extractedGF will be sharedwith a discourseunction, TOPIC or FOcus, while
the parallelunextractedGF will not.

We feel that therearesstill compellingreasondor preferringthe GLUE parallelismaccountof the
ElementConstraintto an alternatve accountbasedon purely syntacticparallelism. First, GLUE is
frameavork-independenaind canbe combinedwith a variety of syntacticframeavorks, asnotedabore.
This makesthe GLUE treatmentmore generalthana syntactictreatmentcastin somespeci ¢ frame-
work. For example,thegrammaticafunctionsusedin LFG do not have clearcorrespondences most
othersyntacticframenorks. Secondproof parallelismin GLUE generalize$o scopeparallelismaswe
shavedabore, andto ellipsis parallelismaswe have shavn elsavhere(AsudehandCrouchto appear).
Thus, the GLUE parallelismtheoryhaspotentialasa generaltheory of parallelism,unlike a theory of
syntacticparallelismdevisedjustfor coordination.Third, the closerelationshipbetweensLug, Combi-
natoryCateyorial GrammayrandType-LogicalGrammarallows usto comparethe GLUE accountof the
ElementConstrainto the standingof this constraintin theseothertheories.We turn to this comparison
Now.

5.5 The Goldilocks Effect

We have notedthata desirablesituationis onewherethe ConjunctConstrainholdsgenerallybut where
the ElementConstraintis allowed certainsystematiexceptionsgovernedby discourseparallelism.In
our theorythe ConjunctConstraintfollows from the syntacticrule for forming coordinatestructures,
shawn for VP-coordinatiorin (21) above. The generalform of the syntacticportion of the rule, which
wasshawvn in (33) above, is repeatedhere:

L CONJ
58 X1 X* X
# 2 n II: # # 2 n



As the cateyory-speci crulesfor coordinationwill eachbe coordinatingoneor moreconjunctson the
left with a conjuncton theright, it doesnot licensestructureghat are missingconjuncts. This is not
new; a similarrule is alsoa featureof GeneralizedPhraseStructureGrammarGazdaret al. 1985)and
CombinatoryCateyorial GrammarSteedmari 985),aswell astheearlieraccounof Dougherty(1970).
The rule is alsofairly neutralwith respectto syntacticformalism: most syntacticapproachesould
readilyaccommodatsucharule.

However, the ElementConstraintdoesnot necessarilyfollow from this rule. If the catgoriesthat
the rule conjoinsregisterextraction(asin GPSG,with slashespr CCG, with functors),thenthe strict
versionof the ElementConstraintdoesfollow, becausave would be coordinatinga slashedcateyory,
for example,with anunslashe@ne. Thisis undesirablesinceit is too strongfor the ElementConstraint
to hold in generalexceptionsmustbeallowed.

By contrastthe ElementConstraintdoesnot hold at all in Type-LogicalGrammaywithout further
stipulation. If a conjuncthasan extractedelementit is alwayspossibleto reducethe cateyoriesof all
the otherconjunctsin the coordinationto the cateyory of the conjunctwith the missingelement.This
is doneby hypotheticalreasoning.The assumptionganbe dischaged after the coordinationhasbeen
carriedout. In fact,the samething is true of our GLUE theoryof coordinationasmodi cation if it is not
relatedto adiscourseheorylike Kehlers (2002). Giventhe proof-theoretisimilarity betweenTLG and
GLUE, it is quitefeasiblethatour parallelismaccountouldbeportedto TLG. However, asit standsTLG
doesnot capturethe ElementConstraintat all. This is too weak,asnot all exceptionsto the Element
Constraintresultin grammaticabutputsandtherearegeneralizationaboutthegrammaticakxceptions
thatwould be missedby allowing the ElementConstrainto fail in general.

Thus, we have whatwe call the Goldilocks Effect. Onebrandof Cateyorial Grammar(CCG), as
well asMontagueGrammarandGPSG,is too strong:it allows no exceptiongo the ElementConstraint.
Theotherbrandof Cataeyorial GrammanTLG) is tooweak: all exceptiongo the ElementConstraintare
permitted.Perhapsslue Semanticss justright.

6 Conclusion

We setout do threethingsin this paper The rst wasto developthe GLUE accountof coordinationas
modi cation, which wasaccomplishedn section3. Theresultingtheorynot only preseresresource
sensitvity, it is alsoableto dealwith n-arycoordinatioranddoesnot overgeneratén themannerof cer
tain Categorial GrammartreatmentssinceGLUE preseresa notionof constitueng throughits pairing
with a syntactictheory The secondgoalwasto presentatheoryof proof parallelismandto shov how
thistheoryextendsto coordinationthiswaspresentedh sectiord. Thethird goal,whichwe endedwith
in sectionb, wasto interfacethe theoryof proof parallelismwith Kehlers (2002)theoryof discourse
coherencein orderto capturethe ElementConstraintin generalwhile allowing a systematicclassof
exceptions.
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