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Abstract

This paperintroducesh-grammayaform of catgyorial grammarhathas
muchin commonwith LFG. Like otherforms of categyorial grammar A-
grammarsare multi-dimensionaland their componentsare combinedin a
strictly parallelfashion.Grammaticatepresentationarecombinedwith the
help of linear combinatos, closedpure A-termsin which eachabstractor
bindsexactly onevariable. Mathematicallythis is equivalentto employing
linearlogic, in usein LFG for semanticcomposition but the methodseems
morepracticable.

While A-grammargouldbeusedto formalizemary approachet gram-
maticaltheory, they arecertainly naturalasa basisfor the formalizationof
LFG. Thisleadsto atheoryl wouldliketo call A-LFG. In this paperit will be
shavn how the standarccomponent®f LFG canbesetupin theframework.
We will have descriptionf c-structure descriptionof f-structure,andse-
mantics. The differencebetweendefiningandconstrainingnformationwill
beexplainedin termsof entailmentandrequirement®nlong-distanceaths
in f-structurewill be explainedin termsof entailmentin the presenceof a
simplesetof axioms.

1 Introduction

In this paperl wantto discussa versionof Lexical-FunctionalGrammar(LFG)
that is also a versionof Cateyorial Grammar(CG). A corvergencebetweenthe
two framewvorkshassetin atleastsinceZeevat, Klein, andCalder(1986)proposed
a ‘'sign-based’cateyorial grammarandOehrle(1988)defined'multi-dimensional’
catgyorial grammars.The sign-basedipproachnow adoptedoy mary categorial
grammariange.g.Moortgat1991; Morrill 1994;Moortgat1997)! allows various
grammaticalepresentation® becombinedn tandemamove clearlyreminiscent
of LFG’s multi-componengrchitecture.

A secondmportantstepleadingto furthercorvergenceof thetwo framewnorks
was Dalrympleet al.’s (1993) proposalto useLinear Logic?> asa ‘glue’ between
f-structureandsemanticsThe {—,®} fragmentof Intuitionistic LinearLogic that
is usedin this ‘glue’ approachis in factidenticalwith theundirected_ambekCal-
culus® This still leaves a gap betweenthe two frameawvorks, as mostversionsof

1signsin Cateyorial Grammararesequencesf representationsor example,Zeevat, Klein, and
Calder(1986)work with signsof the form (phonology syntacticcateyory, semanticsprdel). Each
slotin the sequencenay be associatedvith its own form of reasoningThis shouldbe distinguished
from the conceptof a signin Head-Driven PhraseStructureGrammay wheremultiple levels of the
grammararerepresenteth oneattribute-valuematrix.

2Theoriginal paperon Linear Logic is (Girard 1987).An attractize textbook (Troelstra1992).

SFor the original versionof the LambekCalculus,seeLambek1958; for the undirectedversion



Catgyorial GrammararedirectionalanddistinguishbetweercateyoriesA/B (seek-
ing a B to theright) andB\ A (seekinga B to theleft). LinearLogic andthe undi-
rectedLambekCalculuscollapsethis to asingleB —o A, aformulathatconsumes
a B andthenproducesan A, irrespectie of order The motivation for usinga di-
rectionalsystemcomesfrom awish to treatword orderdirectly on thelevel of the
calculus.Grammaticaformalismsthattreatword orderin a differentway, asLFG
does,canmake do with nondirectionality

In factthetreatmenif word ordercanbefactoredout of the generalcalculus
in CG aswell. Considerthe signsin (1), which arein the style of (Moortgat
1991; Morrill 1994)andaretriples consistingof a string, a semanticderm,anda
directionalcategory. Since(la) hasa type which seeksan np to the left, it can
be combinedwith (1b). The combinationconsistsof string concatenatiorn the
first dimension(forming likesJohn), applicationin the seconddimension(forming
M. [like(y,x)](j), whichreducego Ay.like(y, j)), andaform of ModusPonensn
thethird dimension.Theresultis asin (1c).

(1) a. likes: AxAy.like(y,x) : (np\s)/np
b. John: j:np
c. likesJohn: Ay.like(y, j) : np\s

Thedirectionalityof thetypesherecodegheway in which stringscanbeconcate-
nated but, aswasobseredin (Oehrle1994;Oehrle1995),this informationcanbe
shiftedto the syntacticdimensionif we arewilling to let syntacticrepresentations
be lambdaterms, in analogywith semanticrepresentations(la) then becomes
(2a), whosefirst elementis a lambdaterm over stringsandwhoselast elementis
anundirectedype. Combining(2a)with (1b), now usingapplicationin thefirst as
well asin theseconddimension)eadsto (2b).

(2) a. AxAy.y likesx : My.like(y,x) : np—o (np — )
b. Ay.y likesJohn: Ay.like(y,j) :np—os

Thereis muchto be saidfor sucha shift of word orderinformationfrom thelevel
of typesto the syntacticdimensiorf: A priori it seemshat oncewe have a syn-

Benthem1986;Benthem1988; Benthem1991;for a surey of Categyorial Grammarin the Lambek
traditionMoortgat1997.

4Interestingly Curry (1961)alreadyarguesfor thisapproachCurry considergunctors, whichare
expressiongontainingsubscriptedlanks,suchas‘—1 is between—; and—j3’ or ‘—; wereeaten
by the children’. Functorscanapplyto agumentsandargumentsareto be substitutedor blanksin
theorderof thesubscriptsEssentiallythen,althoughCurry doesnotexplicitly mentionthis, functors
arelambdatermsover syntacticobjects. For example,the first of the functorsjust mentionedcan
alsobewritten ‘AxAyAz x is betweery andz.



tacticdimensionword ordershouldbe handledthere.But therearealsoempirical
consequence®ne positive, the otherlessso. Let uslook at a consequencéhat
is lessthan positve. One clear attractionof categorial grammarss the way in

which (non-constituentroordinationis treated(seee.g. Steedmaril985; Dowty

1988; Moortgat1988). The signin (3a) canbe formedfrom (1a)and (1b) with

the help of hypotheticalreasoningand can subsequentlype coordinatedwith the

similar signin (3b). Theresultis asin (3c), which may be usedto obtain (3d).

Coordinationis concatenatiomm thefirst dimension(with thecoordinatingvordin

betweerthe coordinatecelementspandeitherunionor intersectiorin the semantic
dimension,dependingon whetherthe coordinationis a disjunctionor a conjunc-
tion. Thetypesof the coordinatedsignsmustbe equalandtheresultwill have the
sametypeagain.

(3) a. Johnlikes: Ax.like(j,x) : s/np
b. Mary hates Ax.hatelm,x) : s/np
c. Johnlikesbut Mary hates Ax.like(j,x) A hatelm,x) : s/np

d. Johnlikesbut Mary hatesbananaslike(j,b) A hatgm,b) : s

Treatmentf coordinationalongtheselines are not without their problemsand
usuallyresultin overgeneration(see(Mil ward 1994; Moortgat1997)for gooddis-
cussions)but neverthelesseemto farewell comparedo mary otherapproaches.
Theanalysisdepend®n areductionof the syntacticdimensionto stringsandcol-
lapsesvhenricherstructuresuchastreesaretakento bebasic.A move to repre-
sentationsuchasthe onesin (2) doesnotseento becompatiblewith thisanalysis
of coordinationeither

Ontheotherhandsuchrepresentationsnmediatelysolve oneof the problems
of the standard_ambekCalculus.SinceJohnlikescanbe analysedasans/np, it
is easyto obtainparsedor sentencesuchas(4a)in Lambeks system.Thetrick
is to categorizewhoasanitemthatsearcheans/np to its right. whomustalsobe
catgorizedassearchingor annp\sin view of (4b). But whatto doif thegapis
medial,asin (4c)?

(4) a. awomanwho Johnlikes

b. awomanwholikesJohn

c. awomanwho Johnlikesenormously



In orderto dealwith this problemclever extensionsof the LambekCalculushave
beenproposede.g.Morrill 1994).Buttheseextensionsarealsoconsiderableom-
plicationsof the original idea. For the kind of representations (2), onthe other
hand,aproblemwith medialgapsdoesnotevenarise: Therelevantrepresentations
canbetakento beAx.Johnlikesx, Ax.x likesJohn,andAx.Johnlikesx enormously
all of typenp —o s. Therelative pronouncansubcatgorizefor thistype?

(5) a. Everyonelovessomeone

b. Bill thinkssomeone&issedCarol

Similarly, it is well known thatthe LambekCalculuscandealwith scopeambigu-
ities aslong asthe scopetakingelementsarein a peripheralposition: (5a)will get
its desiredtwo readings.But assoonasa scopetaking elementis non-peripheral,
difficulties may arise (Hendriks 1993; Morrill 1994; Moortgat1997; Dalrymple
etal. 1999). For example,(5b) will notobtainareadingin which someondakes
scopeover thinks Again, operatorgsuchasMoortgats 1) have beenintroduced
thatcleverly circumwentthe problem(seeDalrympleetal. 1999however) but also
complicatethe catgyorial machinery Moving to anundirectedcalculuswill make
the problemdisappearasthe peripherydoesnot play ary specialrole in sucha
system.l take this to be strongevidencethatword orderinformationshouldnotbe
treateconthelevel of thetypesystembut shouldbedealtwith in asyntacticdimen-
sion. If it is representedh the type systemthis essentiallysyntacticinformation
causegdroublein the semantics.

If Oehrles move from simplestringsto lambda-edstringsandfrom adirected
to anundirectedcalculusis acceptedhena third stepnarraving the gapbetween
CG andLFG is made. The samecalculusnow playsa centralrole in both gram-
maticalframevorks. An olvious next step,madein (Oehrle1999),is to bring the
variouscomponent®f the categorial grammarinto line with the componentshat
arerecognizedn LFG. Oehrleconsiderssequencesuchasthe onein (6), con-
sistingof alambda-edt-structure alambda-ed-structure,a semantiderm,anda
type. Suchsignsarecombinedwith the helpof the undirected_ambekCalculus.

(6) S
NP/\VP PRED  ‘SEE’
AyX | D AYX TENSE ~ PAST : Ayxse€x,y) : np—o (np—o9)
x V NP SUBJ X
| | OBJ y
saw y

5The sign for the pronounwho could be taken to be AXAy.y who X(€) : AXAYAZX(2) AY(2) :
(np —o's) —o (n —o n), wheree is the emptystring.



syntax: k. f:v t,F :vt T,F : (vt)(vt)
semantics: X,y:e ij:s p:< P:e(s)

Table 1: Typographicalcorventionsfor variablesusedin this paper Var : Type
meanghatVar (with or without subscriptor superscriptsalwayshastype Type

Oehrles work will bemy pointof departureandshouldreceve muchpraise but |
have a point of criticism aswell. Thetermsin thefirst two dimensionf (6) are
structues More preciselythey arefunctionsthattake certainagumentsandthen
give structuresasaresult. While | think it possibleto fleshthis outformally, | also
think it is notvery promisingasa formalizationof LFG. Oneof theimportantin-
sightsof (KaplanandBresnarnl982)wasa separationat leastin thef-dimension,
of descriptionsandthe structuresatisfyingthem. This distinction,whichis alsoat
the heartof modeltheory is lostif signsgetaform asin (6).8 As aconsequence,
it will notbe possibleto modeldisjunctiveor negativeconstraintsit will alsonot
be possibleto formalize the differencebetweendefiningand constaining infor-
mation, or to explain path constraintson f-structurearising out of long-distance
dependenciesSuchmechanismsirepartandparcelof Lexical-FunctionalGram-
mar andin this paperl will shav thatthey caneasily be accountedor within a
combinedCG-LFGapproachf ashift from structurego descriptionss made.

A seconddeparturefrom Oehrles proposalthat | wantto suggesinvolves a
simplificationof the technicalmachinerywhich now becomegossible. Thusfar
we have consideredignsthatneededo be combinedwith the help of someform
of LambekCalculus,but it is well-knovn (seeBenthem1986, for example)that
proofsin theimplicationalfragmentof the undirected_ambekCalculus(= Linear
Logic) areisomorphicwith linear combinatos, closedpureA-termsin which each
abstractobinds exactly onefree variable. This will male it possibleto do away
with proofsaltogetherandto just considercertainlinear combinationsof lexical
elements.

2 A-Grammars

To make concretewhat!| have in mind, | will definea smalltoy grammarin this
section. In the next sectionsomeelaborationsand revisions will be discussed.
Considetthethreesignsin (7).

(7) a. john:Af.arc(f,cat N)Aarc(f,numsg) Aarc(f,pers,3):john

6A footnotein (Oehrle1999)creditsa refereawith suggestinga move from structurego descrip-
tionsin thef-dimension.



b. mary : Af.arc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3) : mary

C. 7\t17\t2.[t2 [|0VES tl]] .
AFARA 3£ f[Fi(f1) ARy(f2) Aarc(f, cat V) Aarc(f,tensepres A
arc(fy,cat N) Aarc(f,obj, f1) Aarc(fa,cat N) Aarc( fo,numsg) A
arc( fp, pers,3) Aarc( f,subj f,)] :
AXAYAilove(y, X, i)

Thesesignseachconsistof a c-structurecomponentan f-structurecomponent,
andasemanticomponentExpression# sans serif in the c-structurg¢ermsareof

type vt, anddenotesetsof nodes’ For example,john canbe thoughtof asthe set
of nodeghatarelabeledJohn’, whereasinexpressiorsuchas|loves mary| canbe

thoughtof asthesetof nodesk directly dominatinga nodek; labeledloves’anda

nodek, labeled'Mary’, with k; preceding,. More informationaboutc-structure
componentsvill follow in thenext section.

The f-componentof our signsconsistof A-termsover the first orderfeature
languageof (Johnsoril991)andthe semanticsn thethird components in accor
dancewith a streamlinedorm of Montagues (1973)theory Constantgohn and
mary areof type e andloveis of typee(e(st)). Constantxat, num,pers, etc.are
of atypea (attributes),while N, sg 3, ... areof typev (nodesf More typingin-
formationis givenin Tablel. For the momentwe considera grammarwith three
dimensionsut in generalthe numberof dimensionsof a grammaris arbitrary
(thoughfixed). The termsthatwe areinterestedn areall closedandwe require
thatlexical elementsave closedtermsin eachdimension.

Signscanbe combinedby meansof pointwiseapplication In generaljf M =
(M1,...,Mp) andN = (Ng,...,Ny) aresequencesf A-termssuchthat M;(N;) is
well-typedfor eachi, the pointwiseapplicationof M to N is just

(M1(Nz),...,Mn(Np)) .

Generalizinghenotationfor applicationwe denotethisasM(N). It is easilyseen
thattheresultof pointwiseapplicationof (7c)to (7a) equalg(8a) modulostandard
equivalencesandthat(8a)((7b))reducego (8b).

(8) a. Aty.[tz [loves john]] :
AR 311 fo[Fo(f2) Aarc(f,cat V) Aarc( f,tensepres) Aarc( f1,cat N)
Narc(f,obj, f1) Aarc(fp, cat,N) Aarc( fo,num sg) A arc( f, pers, 3) A
arc(f,subj fo)] :
AYAi.love(y,john,i)

"We dropthe —o in types,in conformitywith theusagen semantics.
8For simplicity, we male no type distinctionbetweertreenodesandfeaturenodesin this paper
but the conceptuadistinctionis importantof course.



b.

Thethreedescriptionsgn sententialignssuchas(8b) eachdenotea setin every
possiblemodel of the languageithe first two setsof nodes(type vt), the third a
setof possibleworlds (a proposition,type s). Theideais thatif the secondset
is non-emptyin somemodelof the axiomsin Johnsornl991 (seebelav), thenary
node satisfyingthe first descriptionshould be connectedo the truth conditions
expressedn thethird element.Therequirementhatthe seconccomponenshould
be satisfiableprovidesfor a subcatgorizationmechanism.E.g., combining(8a)
with a plural subjectwould have led to an f-descriptionthat can only denotethe

[mary [loves john]] :

Af3fqfolarc(f,cat V) Aarc(f,tensepres Aarc(f,cat N) A
arc(f,obj, f1) Aarc(f,,cat N) Aarc(fo,numsg) A arc( f2, pers,3) A
arc(f,subj fp)] :

Ai.love(mary,john,i)

emptyset.

In (9) and (10) somemore lexical signsare given with two resultsof their

possiblecombinationsn (11).

(9) a.
b.

(10) a.

(11) a.

Thetermsthatour signsconsistof aretyped,but it is expedientto type the signs
themselesaswell. Typesfor signswill becalledabstact types Abstracttypesin

man : A f.arc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3) : man

woman : A f.arc(f,cat,N) Aarc(f,numsg) Aarc(f,pers,3) : woman

MAT.T[at]:
AFAF.F(Nf.F(f) Aarc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3)) :
AP'PAIIX[P (x) (i) A P(X)(i)]

AMAT.T[every t] :
AFAF.F(Nf.F(f) Anarc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3)) :
AP'PAIYXIP' (x) (i) — P(x)(i)]

AT.T [every man] :
AF.F(Af.arc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3)) :
APAIVX[man(x,i) — P(x)(i)]

AT.T[a woman] :
AF.F(Af.arc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3)) :
APAigx{womartx,i) A P(x)(i)]



abstractype syntacticdimensions semantidimension

S vt s
NP vt e
N vt e(s)

Table2: Concretization®f abstractypesusedin this paper

this paperarebuilt up from groundtypess, NP andN with the help of implication,
andthushave formssuchasNP s, N((NP S)S), etc. A restrictionon signsis that
a sign of abstractype A shouldhave atermof type Al in its i-th dimension. The
valuesof the function .! for groundtypescan be chosenon a per grammarbasis
andin this paperareasin Table2. For comple types,the rule is that (AB)' =
AB'. This meansfor example,that NP(NP )1 = NP(NP S)2 = (Vt)((vt)vt) and
that NP(NP 5)% = e(e(st)). As a consequence(7c) shouldbe of type NP(NP S).
Similarly, (7a) and(7b) canbe taken to be of type NP, (8a) and (8b) are of types
NP s ands respectiely, etc. In generaljif M hasabstractype AB andN abstract
type A, thenthe pointwiseapplicationM (N) is definedandhastype B.

Abstractioncanalsobe lifted to the level of signs. Supposinghat the vari-
ablesin our logic have somefixed orderingand that the numberof dimensions
of the grammarunderconsiderationis n, we definethe k-th n-dimensionalvari-
able¢ of abstracttype A asthe sequencef variables(¢y,...,&,), whereeach§;
is the k-th variableof type A'. The pointwiseabstiaction A\éM is thendefinedas
(A&1M1,...,A¢M;). A definitionof pointwisesubstitutionis left to thereader

With the definitionsof pointwiseapplication,pointwiseabstractionandn-di-
mensionalvariablein place,we canconsidercomplex termsbuilt up with these
constructions(12a),for example,is the pointwiseapplicationof (11b)to thepoint-
wise compositionof (11a)and(7c). Here( is of type NP. (12a)canbe expanded
to (12b),whereeachdimensionof alexical signis denotedwith the help of anap-
propriatesubscripi(e.g.(11b) is AT.T[a woman]). Thetermsherecanbereduced
andtheresultis asin (12c),asigncouplingthe c-descriptionin its first dimension
to oneof its possiblereadings. The otherreadingis obtainedfrom (12d), which
reducedo (12e).

(12) a. (11b)AZ.(11a)(7c)Q)))
b. (11b) (AZ1.(11a) ((7ch(Ca))) :
(11bp (A 2. (11a}((70k(L2)) -
(11b)(As.(11ak((7ck(La))

C. [[every man] [loves [a woman]]] :
A f3fqfolarc(f,cat V) Aarc(f,tensepres Aarc(f,cat N) A



arc(f,obj, f1) Aarc(fz,cat N) Aarc( fz,numsg) A arc( f, pers,3) A
arc(f,subj fp)] :
Aidylwomarty,i) A Vximan(x,i) — love(x,y,i)]]

d. (11afAl2.(11b)AL1.(7€)(C1)(L2)))

e. [[every man] [loves [a woman]]] :
Af3fqfolarc(f,cat V) Aarc(f,tensepres) Aarc(f,cat N) A
arc(f,obj, f1) Aarc(f,,cat N) Aarc(fo,numsg) A arc( f,, pers,3) A
arc(f,subj f2)] :
Aivx[man(x,i) — Jdyjwomarty,i) Alove(x,y,i)]]

Letuscall termssuchas(12a)and(12d),whicharebuilt upfrom lexical signswith
thehelpof n-dimensional/ariablespointwiseapplicationandabstractionp-terms
It is worth to notethat n-termsare subjectto the laws of a, (3, andn-corversion,
i.e. reasoningwith themis asusual. But clearly not every n-term makesfor an
acceptableouplingbetweersyntaxandsemanticsWe restrictoursehesto linear
combinationf lexical elementsThesearen-termsthatareclosedandconformto
the conditionthatevery abstractoi(, with { ann-dimensionaklariable,bindsex-
actly onefreeZ. n-termsconformingto this conditionarecalledgeneatedsigns®
Conditionssuchasthe requirementhat the third componenbf a generatedign
mustbe satisfiableareadmissibilityconditionsanda generatesgign obeying them
is calledadmissable

Multidimensionalgrammarghataresetup in the way sketchedhere,with A-
termsin eachdimensionof the grammarand linear combinationas a generatre
device, will be calledA-grammas. If a A-grammaris meantto be an alternatve
formalizationof LFG insights,asthe grammarsn this paperwill be,it is calleda
A-LFG. For moreinformationon A-grammarssee(Muskens2001a).

Sinceary n-termM obeys the usuallaws of A-corversion,it canbewrittenin
theform C(L;)--- (Lm), whereLs,...,Ly arelexical signsandC is ann-termthat
doesnotcontainary lexical material.If M is closed C is amulti-dimensionaland
typed)variantof a combinatorin the senseof (Curry andFeys 1958).In caseM is
agenerateaign,C will correspondo alinear (or BCl) combinator For example,
(12a)canberewritten as(13), with AQ:ARAQ2.Q1(AL.Q2(R(Q))) playingtherole
of thelinearcombinatorcombining(11b),(7c),and(11a).

(13) AQIARAQ2.Q1(AL.Q2(R(Q)))((11b)) ((7¢))((11a))

From the fact that linear combinatorsplay an importantunderlyingrole we see
that A-grammarshave obvious affinities not only with LFG and LambekCatego-
rial Grammay but alsowith CombinatoryCategjorial Grammar(seee.g.Steedman

9Notethatary linearcombinatiorof generatedignsis itself a generatedign.



1996; SteedmarR000). But A-grammarsshouldbe distinguishedrom standard
categyorial grammarsn thatthey arenon-directionahnddo not usederiations.

3 A-LFG

The purposeof this sectionis twofold. First we needto fill in somedetailsthat

wereleft openin the definition of our toy grammar We will take a closerlook

at the c-descriptionandf-descriptioncomponents.For the logic of the semantic
componenthereaderiis referredto thefirst chapterof (Muskens1995). Whenthe

necessaryletailshave beenfilled in, we will shav how the descriptionsapproach
thatis takenin this paperallows for theincorporationof somefurtherideasthatare

centralto LFG.

3.1 A Closer Look at C-descriptions and F-descriptions
3.1.1 C-descriptions

Termssuchas [loves [a woman]] in fact canbe taken to be abbreiations of tree
descriptionsWe fleshthis out by providing thev domainwith binaryrelations<™
(properdominance)x (immediatedominance)and= (precedencegndby impos-
ing the necessargtructureby meansof axioms(seealsoCornell 1994; Baclkofen
etal. 1995;Muskens2001b). Herewe just adopttherequirementsn (14). (14a)
statesthat the relations<™ and < arestrict partial orders,while (14b)and(14c)
imposelnheritance (14d)requiresRootednes§ is a constanof typev here),and
(14e) defines<i asanimmediatedominancerelationin termsof <10 The last
axiomexcludesthe possibilitythatleaf nodeshave morethanonelabel.

(14) a. <™ and< areirreflexive andtransitive
b. Vkikoks[[ky <t ko A kg < ka] — ko < kg]
C. Vkikoks[[ki <t ko A kg < ki — ks < ky]
d. Vk[r<tkvr =K
e. Vkika [k <k = Vks[ky < kg <t ko — [ks = k1 V kg = ko]
f. Vk=[01(K) A O2(k)], if 81 andd, aredistinctlexical labels

10Theserequirementsn themselesdo not sufiice to axiomatizethe notion of linguistic tree. For
instancetheusualrequiremenbf Exhaustivity(Vkiko [ky < ko Vke < ki Vky < ko Vo <t kg Vg =
ko]) is not met. But the axiomsare suficient in the sensethat the termswe generatewill have a
minimal modelwhichis atree.




Usingtherelations< and <, we define[A; - - - Ay to beanabbreiation of (15)1*
(15) Ak3Kg ... kn[As(ks) Ao AAm(km) AK<kg Ao A<k A Ky < -+ < K

In otherwords, [A; - - - Am] will denotethe setof nodeswith daughterdyy, ..., Ay
(in thatorder),asexpected.E.g., [loves [a woman|] now is shortfor (16).

(16) AkTkiko[loves(ky) Ak <aky Ak<aky Ak < ko A Tkskala(ks) A woman(ks) A
ko <ikz A ko <tkg A kg < k4H

From (16) we seethat a minimality requirements needed:As things standthe
statemenfA; - -- Am| (k) may hold in somemodelin which k hasdaughtersther
thanAy, ..., An.1? We excludethis possibility by our interpretationof generated
signs. First, definetherelation_ betweermodelsfor the treelanguageby letting
M’ = M if andonly if (a) the domainof M’ is a propersubsetof the domainof
M, (b) theroot of M’ is theroot of M, and (c) elementsof M arein the proper
dominanceelationin M’ if andonly if they arein the properdominanceelation
in M. (Thereis no similar constrainton precedence.Now let S be a generated
admissablesign with c-descriptioncomponenC andsemanticcomponentS. We
saythata tree modelM expressesSif M is a model of the axiomsin (14) that
satisfiesC(r) andno M’ M is both a modelof the axiomsin (14) andsatisfies
C(r). Theminimality conditionwith respecto C senesto rule out structuresv
thathave morenodeghanwereintended.

Thusfar, we have not put ary categyory informationinto our c-descriptions.
This could be donevery easily by letting catgyory labelssuchasAP, VP, ... be
termsof typev andby stipulatingthat [ A; - - - Am|, whereL is a category label,is
shortfor Ak(arc(k,cat L) A [As - - - Am|(K)). However, we shallprefertreatingmajor
cateory informationon a parwith featureinformationin therestof this paper

Writing [Ag - - - Am] for (15) will be handyin circumstancesvherewe wantthe
grammato prescribeghewayin whichthedaughter®f agivenmotherareordered.
But this is not alwayswhat we want. In mary languageghe order of daughters
is not rigidly constrained. The non-configurationalWarlpiri language(Simpson
1991), for example,hasessentiallyfree word orderin nominal and verbalfinite
clausesthe only restrictionbeingthat ‘auxiliaries’ alwaystake secondposition??

UTheuseof squarebracletsin [A; - -- Ay is specialandshouldbe distinguishedrom its normal
usein terms.

20newayto rule outsuchundesiredstructuresvould beto strengtherthedefinition of [Ag - - - An)
with anextra conditionof theform Vk' [k <1k’ — [K' =k; V... VK = km]]. However, suchastrength-
eningwould precludethe possibility of attachingextra daughtergo a givennodewhile constructing
adescription.

1BAUX elementswith a polysyllabichasecantake first or secondposition(Simpson1991).1 will
ignorethis possibilityfor the sale of exposition.



In (17) it is illustratedhow word orderin the simple sentenceNgarrka-ngkuka
wawirri panti-rni canvary, aslong asthe presenttense‘auxiliary’ is in second
position. (The exampleis from (Hale 1983). We limit oursehesto threeof the six
possiblepermutations.)

(17) a. Ngarrka-ngkika — wawirri panti-rni
man£ERrRG PRES kangaroo{BS) speafNPST
Themanis spearinghekangaroo

b. Wawirri ka ngarrka-ngkupanti-rni
c. Panti-rnikawawirri ngarrka-ngku

d. *Panti-rniwawirri ka ngarrka-ngku

This behaiour canbemodeledby wealeningthedescriptionin (15) andrequiring
pairwisedisequalitiesnsteadof a seriesof precedenced.et uswrite [A; - -- Ay|"
for thefollowing property:

(18) AKkTK1.... ken[A (K1) A .. A Am(Kn) AK<TK1 A .. AK<Tkn A A K # K]

[A1--- A" (K) will holdif k isthemotherof daughterd\y, ..., Ay; but thistimeno
orderingis prescribed.

We needa way to modelthefactthatAUX elementsalwaystake secondoosi-
tion. Let uswrite AS"dfor:

(29) )\k[A(k) VAN Hklkz[k]_ <kAky<tko Ako < kA ng[[kl k3 AKkz < k] —ky = kgm

Thetermin (20) will now describeall grammaticalvariationsof sentencé17)in
the sensethat ary of its minimal modelsis an acceptabldree for one of these
variationswhile eachacceptabléreeis amodel.

snd

(20) [Panti-rni wawirri ka>"“ ngarrka-ngkul"

3.1.2 F-descriptions

Thefollowing threeaxiomsarea directadaptatiorfrom (Johnsorl991). Thefirst

puts a functionality requiremenbn the transitionrelation. The secondembodies
the constrainthatatomicfeatureshave no furtherattributes(C, 5 standdor theset
of constantslenotingatomicfeaturessuchassg past,...). And the third axiom

schemayivesconstant-constamlashesdy requiringthatpast# sg past# pres V

# N, etc.



(21) a. vavf;f,fs[[arc(fy,a, f2) Aarc(fy,a, f3)] — fo = f3]
b. Vavf-arc(c,a, f), wherec € Cyq

c. ¢ +# ¢/, for all syntacticallydistinctpairsc, ¢’ € Cyq

For moreinformationabouttheseaxiomsthereadeiis referredto (Johnsorii991).

3.2 Incorporating Moreldeasfrom LFG
3.2.1 Checking as Entailment

Thusfar, informationin the f-componentf our signshasbeenof the defining
kind, but LFG hasalwaysdistinguisheetweendefiningandconstaining equa-
tions (seeKaplanandBresnanl982). Thefirst give positve information,the sec-
ond an obligationto checkwhethercertaininformationis present.For example,
the definingequation(T INF) = + setsthe INF valueof T to 4, whereaghe con-
straining (1 INF) =¢ + checkswhetherthe INF valueof 1 is + afterall defining
equationshave beenprocessed.

An obvious way to modelthis logically is to saythat constraininginforma-
tion mustbe entailedby defininginformation. In (22) two of the signsin (7) are
repeatedhut this time therearetwo f-components.The first consistsof defining
information,the secondf definingplusconstrainingmaterial.

(22) a. john:
Af.arc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3) :
Af.arc(f,cat N) Aarc(f,numsg) Aarc(f,pers,3) :
john

b. 7\t17\t2.[t2 [|0VES tl]] .
AFARA 3£ f[Fi(f1) ARy(f2) Aarc(f, cat V) Aarc(f,tensepres A
arc(f,obj, f1) Aarc(f,subj fp)] :
AFARA 3£ fo[Fi(f1) AR (f2) Aarc(f,cat V) Aarc(f,tensepres A
arc(fy,cat N) Aarc(f,obj, f1) Aarc(fa,cat N) Aarc( fo,numsg) A
arc( fp, pers,3) Aarc( f,subj f,)] :
AXAYAilove(y, X, i)

Note thatthe third elementof (22b) containsmore materialthanthe second.The
extra statementsre the onesthat needto be checled. In orderfor this to work
we needto revise the definition of admissabilityslightly. Supposehatsomesetof
axiomssuchastheonesin (21)is given. A generategignof type s is now defined
to be admissabléf (a) its first f-componenthasa non-emptydenotationin some



modelof the axioms,and(b) the denotationof its first f-componenis a subsef

the denotatiorof its second-componenin all modelsof the axioms. The second
conditionis in factanentailmentequirement? Thereadewill have no difficulty

in seeinghatagreemenis now enforced.In ‘JohnlovesMary’ therequiredentail-

mentholds,but only becausehe f-descriptiongor ‘John’ and’Mary’ provide the

materialrequestedby ‘loves’.

Thereis alot of duplicationin thefour-dimensionakignsin (22) andin practice
it seemspossibleto usethe notationin (23) where just one term is used,with
subscriptsc on somesubformulas.This is just shortfor a four-dimensionalksign.
The secondf-descriptionis the onethatis given (without the subscripts)but the
first is obtainedby deletingall subscriptednaterial. The checkingprocessnow
boils down to the requirementhat subscriptednaterialmust becomeredundant
undertheusualrulesof logic.

(23) a. john: Af.arc(f,cat N)Aarc(f,numsg) Aarc(f,pers,3) : john

b. 7\t17\t2.[t2 [|0VES tl]] .
AFARA 3£ f[Fi(f1) ARy(f2) Aarc(f, cat V) Aarc(f,tensepres A
arc(fy,cat N)cAarc(f,obj, f1) Aarc(fp,cat N)c A arc( f2,numsg)c A
arc( fp, pers,3)c Aarc( f,subj f2)] :
AXAYAilove(y, X, i)

The formalizationof constraininginformation given hereis straightforvard and
in the endwe employ a notationthatis very closeto the standardone. But note
that explaining the distinction betweendefiningand constrainingmaterialasthat
betweenwhatis given andwhat mustbe derved essentiallyrequiresworking on
alevel of descriptions A structuralapproachasthe onein (Oehrle1999),cannot
explainthedifferencein thisway.

3.2.2 ThelLongDistance: Checking F-paths

Thetechniquedevelopedin the previous sectioncanalsobe usedto characterize
non-localdependenciesy checkingwhethercertaintypesof pathexistin thefunc-
tionaldomain.Standard.FG useghedevice of functionaluncertainty(Kaplanand
Zaenenl989)here,but it seemghatthe preseniapproacttanhandlepathcheck-
ing without additionalmachinery ConsiderKaplanandZaeners rule for English
topicalizationin (24).

14t may be worthy of noticethatwhile the treatmenf agreemenin (7) restedcrucially on the
axiomsin (21), the new treatmenin (22) doesnotin factmake useof theseaxioms.Thesituationis
discussedndexplainedin (Johnsorl999). We lik e to remainagnosticaboutthe questiorwhether
in theendaxiomssuchasthosein (21) will beneeded.



4 S — XPorS S
(TTopPIC) = |
(TTopic) = (T1{COMP, XCOMP}*(GF — COMP))

The secondannotationon this rule statesthat there must be a path from the f-
structureconnectedo the motherS' to that connectedo the topicalizedelement
andthatthe pathshould,top-davn, startwith zeroor moreCoMP or XCOMP tran-
sitions,andthenbottomout with onetransitionlabeledby a grammaticafunction
(suBy, 0BJ, 0OBJ2,...) otherthancomp. It is not statechow mary openor closed
complementsre presentwhencethe uncertainty The seriesof complementss
calledthe bodyof the path,thefinal grammaticafunctionits bottom

Supposeve wantedto prave in our systenthata certainpathwasatopicalisa-
tion path(for English). Thenthefollowing axiomswould be needed.

(25) a. Vff'f”[[body (f,f"”)AbottonT (f”, )] — path' (f, f")]
b. Vfbody (f,f)

c. Vi f/[body (f, f') Aarc(f’,comp f”)] — body (f, )]
Vi £ [body (f, f') Aarc(f/,xcomp f”)] — body (f, f")]

d. Vff'[arc(f,subj f’) — bottond (f, f')]
v f/[arc(f,obj, ) — bottond (f, /)], etc.,for all grammaticafunctions
save comp

The first two of theseHorn statementsre not particularto Englishand say that
atopicalisationpathmustconsistof a body anda bottomandthata body may be
empty Thestatement#n (25c¢,d),on the otherhand,give the particularform that
bodiesandbottomsin Englishtopicalizationpathsmusthave.

In orderto beableto give atreatmenbf topicalizationusingtheseaxioms,we
mustat leasthave onecomplementaking verb at our disposal.In (26) a signfor
thinksis given,very muchalonglinesthatarenow familiar.*® In combinatiorwith
similar signs (26) can provide the arbitrarily long distancesghat somesyntactic
constructionganbridge.

(26) AtAL. [tz [thinks tlﬂ .
AFARA 3£ fo[Fi( f1) A Ra(f2) Aarc(f,cat V) Aarc(f,tensepres) A
arc(fy,catV)c Aarc(f,comp f1) Aarc( fy, cat N)c Aarc( fo,numsg)c A
arc(fa, pers,3)c Aarc(f,subj f2)] :
APAYNIVj[B(Y. j,1) — p(])]
15Thetermin the semanticcomponenbf thinksgivesa versionof Hintikka's theoryof belief as
truthin all doxasticalternatves.ReadB(y, j,i) as‘world j is adoxasticalternatve for y in world i’.




Thesignin (27) givesatreatmenbf nounphraseopicalization.lt hasaform that
requirest to becombinedwith (a) asentencéackinganounphrasenhich maybe
a generalizedquantifier(type ((NP S)s)s), and(b) the lacking noun phrase(type
(NP s)s). WeuseZ for variablesof thefirst type, Q for thoseof the second When
appliedto signsof suchtypes(27) returnsa sign of type s, sothatits overall type
is (((NP S)S)S)(((NP S)S)s).1® Thetermin the first dimensionof (27) preposes
the syntacticmaterialof its quantifierargumentto the resultof providing its first
argumentwith atracee. Thetermin thesecondlimensiorprovidestheZ agument
with anew quantifierthatessentiallyconsistof theold oneplus(a) theinformation
thatthef-structureconnectedvith the NP is atopic of the f-structureof theresult,
and (b) the requirementhat a topicalisationpath mustrun from the latterto the
former Thetermin the semantiadimensionmerelycopiesthe semanticof theZ
agument’

(27) 7\21)\Q1.[Q1()\t.t) Zl(AT.T(e))] .
AZoAQoAT.
Zo(NF.F (M .Q2(AF.F) () Aarc(f,topic, f') Apath (f, £)c))(f):
NZ3.Z3

As anexampleof how this works, considerthe generatedignin (28a),which can
be shawvn to reduceto the signin (28b). Marny requirementghat have already
beenchecled are omittedin (28b), but the crucial requiremenlpathT(f, f1)c is
displayed. However, this statementan easily be derved usingarc( f,comp f3),
arc( f3,obj, f1), andthe axiomsin (25). It is clear that thesepath axiomswill
always allow the requiremento be satisfiedaslong asthe defininginformation
providesa pathof theright kind.

(28) a. (27)(AQ.(26)(QUAZ.(230)Q)(7b) ) (7)) ) ((21b))

b. [[a woman][john[thinks[mary|[loves e]]]]] :
A f3fy fafafafarc(fi,cat N) Aarc( f1,numsg) A arc( f1,pers,3) A
arc(f, topic, f;) A path’ (f, f1)c A arc( fo,cat, N) Aarc( fo,numsg) A
arc( o, pers,3) Aarc( fz,cat V) A arc( f3,tensepres) A arc( fz, obj, f1) A
arc( fz,subj f3) Aarc(fs,cat N) A arc( f4,numsg) A arc( f4, pers,3) A

161t seemswve needto go this highin orderto presere scopepossibilities.A simplified versionof
thesignmakesdo with type (NP S)(NP S):
ATAL[t T(e)] : AFARNE.F (A F/.F(f") Aarc(f,topic, f/) /\pathT(f, fe)(f) : APP
Thisis simpler but requiresthe NP to be quantified-inat the point of topicalizationor higher
I"Thereareof coursesemanticandpragmaticconsequencesf topicalisationput we ignorethem
here.



arc(f,cat V) Aarc(f,tensepres Aarc(f,comp f3) Aarc(f,subj fa)] :
Aivj[B(john, j,i) — Ixwomarix, j) A lovegmary,Xx, j)]]

We concludethatno extramechanisnis neededor pathconstraintsPathrequire-

mentsarejust constrainingnformationin our approacrandconstrainingnforma-

tion is modeledusing entailment. But while the treatmentof path requirements
reducesto the treatmentof constraintsin general,thereis still a computational
differencebetweerthemandthe simpleagreementequirementshatweremetbe-

fore. While thelattercanbe shavn to be satisfiedon the basisof simpleproperties
of conjunctionstheformerneedreasoningn a Horntheory

4 Conclusion

We have definedA-grammars,a form of cateyorial grammarbasedon multidi-
mensionakignsthat canbe combinedusinglinear combinators.We alsohopeto
have shavn thatthis form of grammarsquareswvell with the set-upof LFG and
mary importantideasunderlyingthatgrammaticatheory Componentsf signsin
A-grammarsarecombinedin a strictly parallelway. Thelinearcombinatorsom-
bining themprovide aform of resource-sensiiity thatis alsopresenin the math-
ematicallyrelatedlinearlogic. This takescareof the CoheenceandCompleteness
requirementsn LFG (approache$o LFG basedon linear logic alsotake careof
theserequirementsautomatically).Sincethe variouscomponent®f our grammar
areterms,andsincetermsdescribestructureinsteadof providing it, we immedi-
ately reapsomeof the benefitsof the descriptionsapproactto grammar Thereis
no difficulty with expressingnegative or disjunctive informationandit wasshowvn
that the distinction betweendefining and constraininginformation, importantin
LFG, cannaturallybe modeledasanentailmentequirementConstraintonlong-
distancepathscanbe modeledin essentiallythe sameway, usinga simple setof
axiomscharacterizingacceptablgaths.

The strictly parallelcharactethasadvantageshut it alsohasdravbacks. An
adwantagewhich the approactshareswith otherformalizationsof LFG is thatse-
manticsneednot be compositionalwith respecto surfacestructure.As | hopeto
shawv in alongerversionof this paper examplesrefuting suriacecompositional-
ity, suchasdiscontinuousdjective-nouncombinationsn Warlpiri andothernon-
configurationalanguagesposeno problem. A disadwantageof the strict paral-
lelism in this paperis that the lack of communicationbetweenvarious compo-
nentsis total. Researcheri LFG have foundit fruitful to mix statementabout
precedencandgrammaticafunction(Bresnanl995),but this is impossiblen the
presentset-up. Oneway to allow a form of communicatiorwould be to let the
variouscomponentsharecertainconstantshut discussiorabouthow this canbe



donein a sufiiciently restrictedway shouldalso await the longerversionof this
paper
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