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Relating Mor phology to Syntax
LouisaSadlerandRachelNordlinger

1 Intr oduction

Relatvely little attention in theaeticd work in LFG hasfocussedon the natureof
the interfacebetwveenmorphobgy and synta, or indeedon the role of morphdogy
proper.:>2 While the cortribution of morphdogy to the definition of f-structures is
firmly estaliished andthe separatian of extemal structuresby the principle of lexical
integrity is thebackloneof LFG’s lexicalistoutlook, theinternal opemtionof themor-
phological compaent,andhow wordscometo contibute the relevantf-descriptions
have not geneally beenat theforefront of theometicalwork.

From a syntactic point of view this is unsuprising, for in the geneal casenothing
much hangs on precigly how mattersinternal to inflectional morphobgy are dealt
with. In the typical case“pieces” of inflectional morphdogy cortribute informa-
tion to the f-structure of the word itself (e.g. (1 TNS) = PAST) or to the f-structure
of a depandentof the word (e.g. (1 SUBJ PRED) = ‘PRQ’), and thusthe syniactic
contributions of discrete“pieces” of inflectional morptology do not interactin ary
complicatedway. This meansthat a simple word-syntactic, incrementalview may
betaken of the syntactic contribution of inflectionalmorphobgicd processesud as
affixation, in which f-desciptions are assotated directly with morplological forms
or features.

However, more complex datamalkesit evidentthatthe simpleincremertal view can
beproblematic. Difficultiesmayarisein severd domans. For example, thereis acon-
sidemablebody of morphobgicd datawhich sugyeststhatanincremental appoachis
insufficientor inappropriate on purely morphdogy-interral groundsof the adequag
of morphdogica desciption, althoughwe will not be concernedwith suchevidence
in this paper(seeStump2001 and Spener this volumefor moredisaussian). Addi-
tiondly, there is a further type of complex datawherethe complexity relaiesto the
interaction betweenthe syntax and the morptology, more particularly, the interec-
tion betweenthe piecesof syntacticinformaton which areencaledmorphobgicdly.
Suchdataposes fundamenthisswesfor the mappingbetwee syntax andmorphdogy,
shawving that the simple view, unde which all that is required is to (incrementaly)
asso@te syntactic informaion with morphdogical featues (or forms), is incorrect.

Thanksfor discussiorof relevant materialto Mary Dalrympleand Andrew Spencer We arealso
gratefulto Ryo Otuguroandtwo anorymous reviewersfor commets on this pape. Remainingerrors
areof coursesolely our own respongility . Sadleris gratefulto the University of Esse& for a periodof
sabbaticaleave duringwhich thiswork wascompletedandNordlingerfor the supportof the Australian
ResearctCoundl, grantF9930026 held atthe University of Melbourne.

2Existing work touchirg on, or having consegencesfor, theseissuesincludesAckerman1990Q
Sadler1997,Sells2000andthis volume,andKaplanand Butt 2002,amongsbthers,andin particular
the work on verbalperiphrasisncluding Butt et al 1996,Borjarsetal 1997, Sadlerand Spencer001
andFrankandZaener2002.
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This paperis concernedwith dataof this sort,andin partcular with the phenanenon
of casestaking, which shavs in a clea fashion both that morplological structure
doesmatter andthatthereareinterestirg issuesto be addressedin the morphobgy-
syntx interface.

The phenanenonof casestackng, dramaically illustratedin (1) from the Australian
language Martuthunira, demorstrates in an extremeform the role that morphdogy
canhave in building andcorstrairning syntactic strucures.

(1) Ngayunhawuthangunu tharnta-a mirtily-marta-a
I sav-PST that(ACC) euro-ACC joey-PROP-ACC
thara-ngkamarta-a
pouchLOC-PROP-ACC
‘| saw the eurowith ajoey in (its) pouch: (Martuthunira, Dench19%a:6Q
(3.15))

In this examplethe mostdegly embediednominal ‘pouch’ carries three casemark-
ers, eachonerelating to a successvely higher syntadic relationshp. First ‘pouch’

is inflected with the locative casemarking the f-structure function of ‘pouch’, then
with the proprietive caseindicating thatthe locative nomind is embediedwithin the
proprietive NP ‘joey in (its) pouch’, andfinally with the accisative case markingthe
wholeproprietive NP asbeing cortainedwithin theobjectNP. Casestackngdatsuch
asthatin (1) poses someinterestirg chalengesfor morphdogical desriptionbecawge
it demongratesthat morphoyntadic featuesmay be iterated. More importantly, it

castdight onthenatue of theinterfacebetweersynta (f-structure) andmorphdogy
becawgecapuring thesedatanecessitaesa comple« mappingbetweenmorphdogical
seqencingandsyntactic strucure.

In earlier work, Nordlinger(1998) providesanincremental morphemebasedaccount
of thesedatain LFG. The morplology (or lexical comporent) congructs fully in-
flectedwordformswith multiple casemarkers— for this Nordlingeradogs anesse-
tially word-syntactic apprachto inflectionalmorplology. Functioral (f-structure)in-
formationis asseiateddirecty with morphames(which arecorventionally thought of
aslisted as(sub)lexical entries). Therole of morphdogy in defining or congraining
the larger syntactic ervironmert within which the word appersis straightforwardly
captuedby theuseof so-caledinside-ou statenents.For example, on amorphemic
apprachthe Martuthuniraaccustive casemarker -yu canitself be assaiatedwith a
functional desciption which statesthat it specifies or definesan oBJ function. This
modelof constuctive morphdogy hasbeenwidely adogedin recent morphasyntac-
tic reseach in LFG (Nordlinger 1998, Barron 1998, Sadler1998 Sells 2000 Lee
1999 Sharmal999 Nordlinger 2000 Nordlingerand Sadler2000 O’Connor2002
@rsnex2002). To accanmodatecasestadking, Nordlingerformulatesacombiatorial
principle (the Princige of Morphological Composiion (PMmc)) which correctly con-
strairs theinteraction of f-structureinformationassaiated with differentmorphemes
in the inflected word. However an importart issuewhich arisesin this comectin
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is that the PMC is not formalized within the LFG decription languagein thatwork?

As shoul becomeclea aswe proceed, onerea®n why the mappirg betweenmor
phemegor morphdogica features) andsyntactic functionsis problematicto formal-
ize on a word syntactic view is preciely becaisethe incrementalmorphemicview
unde which affixesare added hierarchically by meansof a binary X — X Aff rule
providesaninapporpriate strucure for the felicitious combinationof f-descriptions.

The purmposeof this pape is to explore morefully the mappingbetweermorphdog-
ical and syntactic desriptions, with primary referenceto the casestackng data. In
particularwe aimto shav how theinsights of Nordlingers (1998 Principle of Mor-
phological Compositon canbe incorporated into a modelof the morphology/syntax
interfacewhich is fully compatibe with the desciption languageof LFG, but on the
basisof different assumgbns abou the nature of the morplological represenation
itself. We will not be conernedherewith actual morphobgicd forms, nor with the
theoly of inflectionalmorplology which geneatesthe inflectedword forms. In spec-
ifyin g the mappirg betweenmorphdogy and syntaxin this paper our stating point
will bethesortsof struduredrepregntatonsdeliveredby theinferentiatrealizatioral
account of themorphdogy of case-tacking proposedin SadlerandNordlinger(to ap-
pear)*

Therestof this paperis struduredasfoll ows. Section2 providesthebackgoundnec-
essay to undestandthe problem we focus upon It beginswith a brief review of the
relevant casestaking dataandthenillustratesthe construcive morphdogy approach
to this datawhich our analysis builds on. The sedion condudeswith an evaluation
of the Principle of Morphological Composiion. With this backgound in place sec-
tion 3 outlines our proposalfor the interfacebetwea morphdogicd struduresand
f-descriptionsandsection 4 condudes

3Note however that the appenik to Nordlinger (1998 suggestsn approachto restatingthe PMc
with standardLFG tools which prefiguresin somerespectshe approachto formalizationwhich we
adopthere.

4SadlerandNordlinger(to appear)proposea morphdogical analysisin the framework of Paradigm
Function Morphology (PFMm), which has several advantagesover the morpheme-bsed account of
Nordlinger (1998. In particular it is quite straightforvard in PFM to setup the morphology to ap-
propriatelyconstrainthe interactionof differentcasefunctions(e.g. the relational,modal,associating
and complemetizing casefunctions of Kayardild (Evans 1995a)),whereasin the original work by
Nordlinger the morphdogy overgererateson this front, with the syntaxeffectively playing a filtering
role. Additionally, the separatiorof functionfrom exporencein arealizationaframevork permitsvar
ious exceptioral forms, suchas portmanteawaffixesandcasesubstitutionsto be correctlytreated.See
SadlerandNordlinger(to appea) for furtherdiscussion.
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2 Compositionand F-Descriptions

2.1 Casestacking

The following is a straichtforward example of adnaminal multiple casein the Aus-
tralian languageThalaryji. Herethe possasoris codedby the dative casemarker -ku
DAT, andalsotakesthe caseof thehheal thatit modifies(Acc).

(2) kupupu-lu kaparla-nhayangalkin wartirra-ku-rha
child-ErRG dogACC  chasePRES womanbAT-ACC
‘The child chass thewomans dog’ (Thalaryji, Austin 1995372,(22))

Thefully inflectedword wartirra-ku-rha ‘womanbAT-AcC’ projectsthe functional
information shavn in (3), in which f, is the f-strudure of the nomind itself, and
contans the dative casefeature, while the accisatve casefeatue belorgsin ahigher
f-structure (namey, thatof the headnoun ‘dog’).

(3) |cAsE Acc

POSS PRED ‘WOMAN’
CASE DAT

1

A morecomplkex casestackng exampk is thefoll owing from Martuthunira, repeated
from (1) above.

(4) Ngayunhawuthangunu tharnta-a mirtily-marta-a
I sav-PST that(ACC) euro-ACC joey-PROP-ACC
thara-ngkamarta-a
pouchLOC-PROP-ACC
‘I sawv theeurowith ajoey in (its) poud!

The information projected from the single inflected nominal thara-ngka-mata-a
‘pouch-Loc-PROP-ACC’ is shown diagrammatic#ly in (5) — once again, the f-
strudure of the nominal itsdf is f,. In this example,the innermost (locative) case
marksthe locative adjurct ‘pouch’. The proprietive casesignals the proprietive ad-
junctrelaion betweenjoey’ and‘euro’, andthe outeemost(acaisatve) casesignds
therelation betwea ‘euro’ andthe verb (the objectrelation).
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(5) |oBy |case Acc
ADJyop |CASE  PROP
ADJj, PRED ‘POUCH’

CASE LOC

1

The case sysem of the TangkiclanguageKayardld (seeEvans199%a)is still more
comple, addtionally permiting the useof casemarkersin modalfunction (in which
casemorphdogy partially specfiestempaal andmodalinformationatthelevel of the
clausg) andcasemarkers in complemetizing function, wherecasemarkersareused
to mark interdausalrelations on complementizel clauses(Denchand Evans1988

Evans199%). Theword thabujukarra-nguni-nain (6) illu strates the combindion of

two casemarkersin corefunction with a case marker in modalfunction. The modal
ablaive case(M.ABL) marksthe clausg ashaving pag ten%. Theinstumentalcase
marks‘brother’ asbelorging to aninstrumentalargumentof theverbandthe gentive
casemarks'brother’ asthe (adrominal) pos®ssorargumentwithin the instrumental
NP. Theinformaton projectedfrom the nominal thaluju-karra-nguni-na is shovn in

(7)— again,thef-structure of thenomind itself is f;.

(6) Ngadayalawu-prrayakui-na thakuju-karra-nguni-na mijil-nguni-na.
I catchpst  fish-m.ABL brother-GEN-INST-M.ABL netiNST-M.ABL
‘I caudht thefish with brother’s net. (Kayardild, Evans1995: 400,(10))

(7) |TNS PAST

ADJinstr | CASE INSTR

CASE GEN

POSS |:PRED ‘BROTHER’:|

1

As afurther complication to the datg notethat number marking may be interleaved
with cae markingin thes languages with eachinstanceof numbermarking modi-
fying a differentreferentaccoding to its postion in the morplological strucure, as

shawn in the Kayardild example(8), in which the ablative case marksthe posessor
function.

(8) maku-yar-nurru-naba-wahd
womanbu-ASSOC-ABL-MANY (NOM)

‘the mary belonging to (those) having two wives’ (Kayardld, Evans
199%::123
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Similarly, in thefollowing Martuthuniranounphra, the pronaninal stemis sgG, the
genitve casemarksthe possasorfunction andthe sutsequat dual numbermarking
is interpreted with respectto the possesednounpawulu- ‘child’.

(9) ngargju-wu-tharra-a pawul-tharra-a
1SG.0BL-GEN-DU-ACC child-DuU-AccC
‘my two children’ (Dench19%a:95 (4.154)

(100 (Num DU

CASE ACC

POSS CASE GEN
PRED ‘PRO’
NUM  SG

PERS 1
f1

Thefactthatnumbemarkinginteractswith the stacking of casemarkersin this man-
ner is signficant becaiseit demorstratesthat more is at issueherethat a simple
“quirk” of the casesystam of theselanguages.Ratherit is evident that the morpho-
logical strudureitself is complex andthatthesuccesive levelsof casemarking define
syntactic strudureswhich arereferencedby otherf-structure desciptions expressed
word-interndly, thereby providing addtional suppat for the constuctive view itself.

2.2 Constructive Mor phology: Inside-Out Constraints

Suchcasestaking cleaty demongratesthe fundamentalrole that morphdogy can
play in encaling complex syntactic relations. In order to accaunt for such data
Nordlinger (1998) develops themodelof constuctive casewithin LFG wherely mor-

phological condituents/pracesse may actively defineproperties of their clausal ervi-

ronmen independetly of syntax (seealsoSimpson1983, 1991andAndrews 1996)

Themodelof construcive caseconssts essefially of two distinctideas.

Thefirst of theseis the useof inside-out condraints (e.g. HalvorsenandKaplan1988
Dalrymple 1993, seealsoAndrewns 199%:41-43) assaiated with the lexical elemens
or morphdogical procesesto enéble nomind corstituents to definethe larger syn-
tactic (f-structure) cortext in which they areembed@d® In this way, casemarked
nominds can specfy the grammatcal function of the higher clause of which their
f-structureis the value. Thusthe f-structure information asso@ted with accisative

SInside-ou functionapplicationis well-establishedn LFG throughwork in suchareasasquantifier
scope(Halvorsenand Kaplan 1988, anaphoricbinding (Dalrymple 1993), internally-headd relative
clausegCuly 1990),Russiargenitive of negation(King 1995),Urdu case(Butt 1995),andtopicalization
(Bresnar2001).
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casein anexamplesucd asthe Martuthunira(4) is asin (11), andthe accustive-case
nomind (e.g.‘euro-AccC’) projectsthef-structurein (12).

ACC: (T CASE)= AcCC

(11 (083 1)
(12) OBJ [PRED ‘EURO’]
CASE ACC
fe Y

By virtue of the inside-outdesighator (0BJ 1), the information assocatedwith the
accusitive caseconstuctsa higher f-structure (f;;) which corntainsan oBJ to which
the f-structure assaiated with the caseinflected nomind itself (f,) belorgs. Thus,
on this andysis, a nominal insated into the syntax alrealy definesits grammatial
function by virtue of the casemarker attactedto it.

While the useof theinside-outconstrairts enalbesnomimalsto congructinformation
abou the higher f-structurein which they areembedled(e.g. by spedfying a gram-
matical function for it), this alonedoesnot provide an andysis of the casestaking
datapresemedabore. Theconstrucive casemodelalsoconiinsa secom compment
to compasetheinformationcontributedby multiple morphological elementsfor each
casemarker contibutes informationabou a sucessvely higher f-structure Thisis
the Principle of Morphdogical Compositon, which we discussin the following sub-
secton.

2.3 Interfacing Stacking Mor phology with Syntax

On a standad LFG view of how the f-description ass@iatedwith an inflectionally
complex word comesabou, the syntactic informationasseiatedwith eachmorplo-
logical elemen is simply conjoined For a word with multiple casemarkers such
asthara-ngkamarta-a‘pouch-Loc-PROP-ACC’ in (4), this essefially correspondto
posiing the following sub-kxical anndatedtree, in which eachcasemarker intro-
duces a CASE value andmakesreferenceto a (different) grammatcal function:



Relatirg morphdogy to syrtax 8
13

T =
N
//\
= =l
N Aff
T |
=1 T=| ACC
N Aff (t cAase) =Acc
_— T | (0B 1)
T=) T=| PROP
Nstem Aff (T CASE) = PROP
| | (AD3prop 1)
POUCH LOC
(T PRED) = POUCH (T CASE) = LOC
(ADJloc T)

But of coursethis will not give the desiral resuts beauseit fails to embedthe f-
struduresin the app@riate manner(and as a cornsequ@ce it also assigis multiple
inconsistant CASE valuesto the f-structure dended throughaut by 1). Nordlinger
(1998) obsewesthat, informally spealng, eachsucessve affix takesthe outer f-

strudure (call it f,) descibed by the previous affix and definessomeproperties of
both it andthe higher f-structurewhich immediatdy confains f,. If the processof

affixation is constraired to have this syntactic conequerte, thenthe iconic effects
exemplifiedin section 2.1 above are accownted for. This insight is captued in the
Principe of Morphdogicad Composiion, which compogs the information asso¢

atedwith suaessve affixes. Accordng to the pPmc, the f-structure informationthe
affix actudly definesdependson theinformation as®ciated with the precedingmor-

phological elemen (which coud betheroot or a moredeegly embedledaffix). The
ideais thatcontext-sensitive subditutionsto thef-descripionsin (sub-)lexical entries
arecarried out: every ocaurrene of 1 in the lexical informationassaiated with an
affix is subdgitutedwith any expresson of theform (GF* 1) ontheprecaling morpto-

logical elemen. Nordlinger (1998) formulatesthis principle asfollows:

(14) Principle of Mor phological Composition:Wherez is a string of attributes:
Stem Aff =  Stem Aff
(e 1)) (e (1) =) (6" 1) ((eF™ (cF" 1))a)

In the casewherethe precaling morphobgicd elemen is annoaited simply with
outside-in equations, suchas (1 TNS) = PAST, theintenion is that subsitution of 1
by 1 will apply vacuausly, while on the otherhard if the previous elementis anro-
tated(ADJ 1) thenevery occurenceof T onthecurrentaffix is replaedby (ADJ 7).
In this way, eachaffix definesinformationpertaining to a succesively larger, con-
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taining f-structure. As anexample,consder the fateof the sublexical entriesfor the
morpheneslistedin (15) in the Martuthuniranomind thara-ngkaimarta-ain (4).

POUCH- LOC- PROP- ACC

(15) (T PRED) = ‘pOUCh’ (ADJloc T) (AD‘]Prop T) (OBJ T)
(T CASE) =LOC (1 CASE)=PROP (1 CASE)=ACC

As theseentries shaw, the case morphdogy itself definesthe grammatial function
of the nomind it marks,the Locative casesignals a locative ADJunct (ADJ,.), the
PROPrietive casesignals a proprietive adjunct, (ADJ,op), andthe Accusatve case
definesan oBJ function. From thes entries the derived forms in (16) are output
from the processof sulstitution asformulatedin the PmMc. This apprachpermitsa
maximally geneaal statenentof thef-structureinformationassaiated with eachaffix
in thelexicon.

Sub-Ledical Entry | Entry DerivedIn Context |

POUCH
(T PRED) = ‘POUCH’ | (1 PRED) = ‘POUCH’
LOC
(T CASE) =LOC (T CASE) =LOC
(16) (A DJjoc T ) (ADJloc T)
PROP
(T CASE) = PROP ((ADJoe T) CASE) = PROP
(AD3prop 1) (ADJprop (ADJ¢ 1))
ACC
(OB‘] T ) (OBJ (ADJprop (ADJloc T )))
(T CASE) = ACC ((ADJprop (ADJj6c 1)) CASE)= ACC

With the<e sulstitutionsto the f-desciptions asso@ted with individual morphs, the
sub-kexical treeis asfollows:
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t=)
N
/\
= =)
N Aff
T |
=l T={ ACC
N Aff ((ADJ,(ADJ; 1)) CASE)
T | = ACC
=l t=l PROP (0BJ (ADJ, (ADJ 1))
Nstem Aff ((ADJ; 1) CASE) = PROP
| | (ADJ, (ADY 1))
POUCH LOC
(T PRED) = POUCH (1 CASE) =LOC
(ADy 1)

2.4 Constructive Stems

The useof inside-ou congraints andcompodtion providesuswith a simpleaccount
of theuseof nominalsashead or modifiersin mary AustralianAboriginallanguages
including WambayaandWarlpiri. In theselanguagesnominal roots (that is, without
ary addtional morphobgy) canthemselesintroducesyntactic functions, with con-
seqencedor theinterpretaton of theinflectional morphobgy which buildson those
stems,so that nominds can gererally function either as NP head or as modifiers
Thusconsiderthe Warlpiri andWambayaexamplesin (18) and(19) respetively.

(18) Kurdu-jarra-rlu ka-pala maliki  wajili- pi-nyi wita-jarra-rlu
child-DU-ERG PRES-3.DU.SUBJ dog(ABS) chage-NPST smallDU-ERG
‘The two small children are chasing the dog’ (Warlpiri, Austin & Bresran
1996225, (13))

(199 Ngajbing-a nangimarndarna alalangmiminya
see  1.SG.S-PST 3.SG.M.POSS-PL-II(ACC) daugher.pL.11(ACC)
‘I sawv hisdaughers. (WambayaNordlinger1998:115 (42))

TheWarlpiri nominal wita-jarra-rlu in (18)is anadjunctwhich agreesin numberand
casewith thenominalwhichit modifies. Thef-structurecomresponing to wita-jarra-
rlu is shavn in (20), in which the ADJ function is projecteddirecty from thenomiral
stem(Nordlinger 1998, andcortributescAse andNuM featuesto thef-structure of
the nominalwhich it modifies.
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(20) |CASE ERG
NUM DU

ADJ [PRED ‘SMALL’]

Theinformationasseiatedwith the (subjlexical entries is asshavn in thefirst col-
umnof (21) andthef-descripions derived by the operdion of the PMC in the secoml
column

| Sub-Leical Entry | Entry DerivedIn Context |

WITA
(1 PRED) ='small’ | (1 PRED) =‘small’
@y | (A0 1) (403 1)
(T CASE) = ERG ((ADJ 1) CASE) = ERG
DU
(t NUM)= DU | ((AD3JT) NUM) = DU

In fact,the(ADJ 1) anndationasso@tedwith nominal stemssuchaswita is optional.
GeneralLFG principles of completenes andcoheencewill ensue thatgrammatial
f-structures only resut if the ADJ function is presentfor a modifier useand abset
whenthenominal functionsasthe NP heal.

Similarly, in (19) the pos®ssve pronominalrootis inflected for the caseandnumber
of the pos®ssedelement,which is the headof the containing f-structure while the
pronominalrootitself introducesthe poss function. Thestruduredefinedoy thefully
inflected word nangi-marnda-rna is shawvn in (23).

nangi (POsst)
(22 (T PRED) =‘PRO’ (1 GEND) = ‘MASC’
(tPER) =3’ (t NUM) =*sG’

(23) [case acc
NUM  PL

POSS PRED ‘PRO’
PER 3
GEND MASC

NUM SG

Notice thatonce the word formation comporentis setup to provide theright forms,
the constuctive morphdogy apprachexemplifiedhereimmediatdy accouwnts,with-
out further modificaion, for forms suchasthis which carty two numbe andgencer
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values — onefor the possasorand oneagreéng with that of the possesedelement
The Principle of Morphdogical Composiion, in this casein conjunction with the
assumgon that the stemintroduces the Poss function, ensuesthat the valuessc
andMAsc arein the f-structure of the possesorandthe values PL and FEM in the
f-structureof the governing nominal ‘daughter’.

2.5 Evaluating the PMC

The pmc straghtforwardly capuresthe intuition that as they stack the (cag and
numbe) affixescontibute information to the f-structuredefinedby the morphdogi-
cal strucureto which they attech. This placesa strongconstrairt on therelatonshp
betweensyntax and morphdogy, imposing a sort of isomorghism: morphdogical
strudure and syntactic strudure arerequred to matchin the apprqriate seng. Be-
causethe principle essatially embed the syntactic information assotated with the
previous (moredeepy embedad)affix into the syntactic informationassaiatedwith
the next (higher) affix, it autanatically accaintsfor the obsevediconic behaviourof
casestackng.

Despitethis, the principle itself is not without probdems. In particular, the statenent
of this principle doesnot fall within the mathenaticswhich undepinsthe LFG for-

malism.As we have seenthe operdion of thePmc entals the subditution of pathsin

the f-descriptions ass@iated with affixes. Although the formulation of the principle
in (14) might give the impresson that thesesubstitutions are local to a subtree of

depthone, note that this is not actwally the case— the subsitution is not betveen
sistesin alocal subtee. In fact, a crucid aspet of the principle is thatthe relevant
subdgitutions arereally performedat the level of the informaton lexically assoated
with the affixes,andnot at the level of the derived word. As shovn above, theword

(andinded the stemat eachlevel of recusion within the word strudure) is anro-
tatedt = |. Thisis crudal to ensuing thatthe word itsdlf interects correctly with the
f-descriptionsassaiatedwith the othernodes in the c-structure tree Whatthe princi-

ple ensuesis thatthe informaton asso@tedin the lexicon with anaffix is modified
by subdituting for the1 desighation on the affix whatever inside-outpathis eventu-
ally assaiatedwith the precealing affix, onceary sutstitutionsatthatlevel have been
perfoomed. This requres a form of patten matchng, which is not suppated within

theLFG formalism.

Becausehe appoachto word internal strucurein Nordlinger1998is basially mor-
phemic thepmc is formulatedwith referenceto treeswhichreflectmorphemicstruc-
ture. Oncewe move away from amorpheme-basdmorphobgy, however, we areable
to consder differentstructurings of morphdogicd informationwhich arenot tied to
exporence,andasa consequacethe effect of the principle of morptological com-
positon canbe captued directly without the needfor ary pathsubsitutions. In the
restof this paper we take asour stating point the recent morptological treamentof
the Kayardild casestackng datain SadlerandNordlinger(to appea) andshav how
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the mapping to syntax canbe directly encoakd on the basisof thesemorphdogical
strudures.

3 The Mor phology-Syntaxinterface

We notedatthestartof this paperthattheinterfacebetween(inflectionad) morphdogy
andsyntax hasrecevedrelatively little attertion to datein LFG, the standardview be-
ing alexicalist, incrementalonein which f-desciptionsareasso@tedwith elemens
of the morphdogy (for exampk, affixes or morplological features) and then com-
bined straightforwardly by identifying word-internd instancesof 1. In very mary
cases of couse, this is unproblematic, for the simple rea®n that the information
expresedby aword is typically quite local to the f-structureof that word.

Concepually, theinterfacebetwee lexical repregntatonsandsyntactic (f-) descrp-
tionsinvolvestwo distinct aspets. Thefirst of thes is the spedfication of amappirg
betweensyntactic informationand correpondng elemens in the morphdogicd do-
main, that is, morphdogica featues, and lexemesor roots. In very mary cases
of course, this mappirg is highly trangarert, to suchan extent thatit is often tac-
itly assumed that the syntax and the morphdogy involve one and the sameset of
morphayntactic properties,but in factthere aregoodreasmsto keepthesefeatures
distinct. For onething, thereareclealy morptology-intemal featues(suc ascon-
jugation class) which have no place in syntactic represenationsof ary sort, andfor
anotler, therearewell-knowncaseof mismatchbetwea& morplological andsyntec-
tic features,for example wherean elementis morphobgicdly a memberof cateyory
A but syntectically a memberof catgyory B (seeSpenceto appear). The secad as-
pectof the interfacebetwe& morphdogy and syntaxis the spedfication of how the
syntactic information assaiatedwith the morplological “parts” is to be combired.
Heretoo, within an LFG contet, simple conatenaion of f-descripions asso@ted
with morptological “parts’ (with identification of instanceof 1) is geneally appio-
priate. However, aswe have sea, this is not the casefor the case stackng datg in
which the functional information asso@ted with morphdogicd “parts” interactsin
a more compkx way. In the currert secton, we shav how this interaction can be
simply capuredin theinterfacebetweerarealizationd morphdogy andthe syntax.

3.1 AssociatingF-descriptionswith M-featur es

In recent work, SadlerandNordlinger (to appea&) provide a morphdogica account
of casestackng within ParadigmFunctionMorphology (PFM) (Stump2001). In such
a realizationd approach the morphobgicd desciptions are paradigm cells, where
a paraigm cell is a pair conssting of a lexeme (or root) and a well-formed fea-
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ture bundle® For example, the morphdogical structures assaiated with fully in-
flectedwordformsin a casestackng languagesuchasKayardild (which hasa modal
casefunction aswell ascore (adrominal or relational) case functions) areasshown
in (24). The strucurein (24 a) is asseiated with the word thaluju-karra-nguni-
na ‘brotherGEN-INST-M.ABL’ (see(6)), while the nominal maku-yar-nurru-naba-
walad ‘womanbu-ASSOC-ABL-MANY (NOM)’ (see(8)) is of the morecomplicated
form involving multiple numberfeatues, shownschamatically in (24 b). Theseex-
amplesaregivenin anotation for specfying paradgm cellsin PFm (in whatfollows
we will oftenablreviate {Core} as{C}).

(24) a<LEX, {Casere:W, {Casere:Y, {Casaoq:X }}}>
b.<LEX,{Num:A{Case pre:W,{Caseore:Y,{Num:X,{Caseyre: Z}}}}}>
C.<LEX, {Num:A, {Casere:W, {Caserre:Y, {Casyoq:X}}}}>

SadlerandNordlinger (to appear)is concernal es®ntialy with morphdogy-internal
matters rather thanwith thenature of theinterfacebetweea morphdogical strudures
andf-descriptions, andincludesonly a brief sketch of a relatively simple procedure
for corredly combiing the syntadic information asseiatedwith eachmorphdog-
ical feature (andthe lexemic root). The current pager, on the other hand, takes as
its stating point the sortsof strucured morphdogica repreentatons propcsedin
SadlerandNordlinger (to apper) andshowshow the mappng betweermorphdogi-
cal stucturesandthe syntax canbe straightforwardly specifiedwithout arny extension
to the LFG formalism (but with the addition of a minor notaional extersion), using
f-descriptionsdirecty in the morplology-syntax interface.

As notedabove, the first stepis to specfy the syntactic information corresporling
to eachmorphobgicd feature. This is quite trivial, andthe syntactic information is
precsely that propasedin Nordlinger(1998), althoughof course in our realizatioral
apprach, this informationis asso@tedwith morphobgicd desciptions or featules
andnot with morpheames. A mappingis speified betweermorptological A:v pairs
andsyntacticinformation,andbetwea rootsandsyntactic informaion —- this may
be thought of asa lexicon or lexical transduce’ We shav below someexamples of

(congructive) case humberandnominal stems:

®Thatis, thesestructuresretheoutputof morphologcal (inflectional)analysis andtheinputto mor-
phologica (inflectional)generationTherulesof (inflectional)morphdogy relatewell-formedparadigm
cellsto realizations.

"SeeKaplanandNewman1997andButt etal 1999for discussiorof asimilar“lexicon” of morpho-
logical formativeswithin the XLE computationbenvironment.
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Mfeature F-desciption

Case:Loc (1 CASE)=LOC, (ADJp T)

Case:Abl (1 CASE)=ABL, (ADJu, 1)

Casg:Prop (1 CASE)=PROP, (ADJprop 1)
(25) Caseg:Erg (1 CASE)=ERG, (suBJt)

Case:Nom (1 CASE)=NOM, (SUBJ 1)

Casg :Abl (1 TNS)=PAST

Num:Mary (1 NUM) = MANY

Num:PI (TNUM) =PL

woman (t PRED) = ‘WOMAN’

Thesecad stepis to spedfy how thesyntactic information,thatis, thef-desaiptions,
areto combine Thelexical form, thatis, in PFm the paradigm cell correspordingto a
fully inflectedword, canbeviewedasasimpletreestrudurein which eachattributeis
apretaminalnodeandeachvalueatermind node—thisis capuredin (26) whereMF
isametavariableoverfeatuelabds Num,Case andsoon. For example theparadgm
cellin (24 a) would definea strucure asshonvn schematally in (27) below

(26) N — Lex MF*

(27) N
ﬂ\

Lex Case Case Case

\ \ \ \
lex W Y X

To take an example, we consder the Martuthunira nominal thara-ngka-mata-a
‘pouch-Loc-PROP-ACC’ from example(4). The morphobgicd desciption is asfol-
lows:

(28) <thara,{Case:Loc, {Case::Prop,{Case:Acc }}}>

andtheinterfacetreeis represenédasin (29) in which morphdogical featue values
areshowvn astermind nodeswith initial capitdisation.

(29) N

/’\

Lex Case Case Case

Pouch Loc Prop Acc



Relatirg morphdogy to syrtax 16
Thef-deriptionsareasseiated with the termind nodes giving (30):

9 /I\Klv
Lex Case Case Case

. | | |

4 PRED = POUCH TCASE=LOC 1 CASE=PROP 1 CASE=ACC

(ADJloc T) (ADJprop T ) (OB‘] T )
Pouch Loc Prop Acc

It remaingto specfy theanndations asso@tedwith the pre-terminaltreenodes. The
genealizaion for a languagewith a congructive casefeature, suchas Kayardild or
Martuthinira, is asfollows:

(31) Annotaion Princige: For noden, if the immediatdy precaling left sister
nodeis Casethen anrotatenoden with < ; = (| GF), othawise anndatewith

=1

The + ; appearinghereis a notaiond innovation which we disaussbelon. Note
that the interfacegrammardoes not play a filtering role, ratherit is the role of the
morphdogy properto ensue thatonly well-formedfeatue bundesareeverproduced
for exampleby ensuring thatNumberis never diredly embedledunderNumber and
soforth.

The two operdions of the interface,namelylexical look-up and (re-)parsing of the
morphdogical strucure,togetherwith theanrotation principle, provide theanndated
tree-dgructure shownin (32).

(32) N
/T\
1=] t=1] < s=({GF) s =(GF)
Lex Case Case Case

. \ \ \

(+PRED) = poucH (| CASE) ZLOC  (T'CASE) =PROP (T CASE) = ACC

(ADJloc T ) (ADJprop T ) (OB‘] T )
Pouch Loc Prop Acc

The notational innovation left arrow (+— ;) dendesthe f-strudure of the immediate
left sister of the node to which it is attacted: that is, while 1 dendesthe f-structure
of the mothe node (¢(M (*))) and| derptesthe f-structure of the node to which it
is anrotated(¢(*)), «+ s dendes ¢(LS(*)), where LS stand for a function which
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picksoutanimmediatey precdingsiste node Notethat+  is distinct from the +
function usel in LFG to referto theimmediatey contaning f-structurein specifing
off-path constaints (Dalrymple1993 8 andfor this reasorwe attac an's subript
to theleft arrov we usehere «+ ;.°.

3.2 Substitution and Simplification

For clarity, we work through the processof constaint simplification and satigaction
for (32) stepby stepto illustrate what < 5 does: since this involves multiple Case
nodes we label them with sulbscripts in the tree fragmentsto improve comprelensi-
bility. The anndatiorns ass@iatedwith the treefragmert in (33 a) definethe partial
f-structurealsoshownin (33 b).

33 a Tr\:ﬁ
/\
r=1 =4
Lex Case
(T PRED) =‘POUCH’ (T CASE) =LOC
Pouch (ADJloc T)
Loc

b. | ADJe PRED ‘POUCH’
CASE LOC

1

Continung through the treeleft to right, consder the tree fragmentin (34 a). The
anndation < ; on the node Caseg spedfies that the f-structure of the sisternode
(Case, of which thef-strudureis f,) is the value of someGF in thef-structure(f,)

of thenodeCasg. Sincef, is thevalueof the pathapy,. (from abore), ADJ,,. and
GF areequated,defining the strudurein (34 a).

80ff-path constraintsareusedespeciallyin the statemenbf conditionson long distancedeperen-
ciesandanaploric depen@ncies.In thiscontet, <+ associateavith anattributea dendesthef-structure
of whicha is anattribute (seeDalrymple2001:13.).

%It seemsvery possiblethat«+ , will be usefulmoregenerallyin the descriptionof syntacticphe-
nomenaln recentcomputationalwork on projectingf-structurefrom churk-basedshallov trees Frank
(2003)indepenently proposeshe additionof < to referto thef-structureof the (left) sister
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(39 a. N

/\
1=l 5= (leF)
Case Case
|
(T CASE) =LOC
(ADJoc 1)
Loc

b. ADJjoc PRED ‘POUCH’
CASE LOC

fa I+

Substiutions in the rest of the f-descriptions operde in exacly the samefashon.
For example, for the next tree fragment, (35 a), we know that f-structure of the
Casg nodeis f,. The anrotations on the terminal node specfy that f, is the value
of ADJ,qp in alarger f-structure and define f,’s own CASE featue asPRoOP. The
anndation«+ ; ontheimmediateright sister nodeCase specifieghatthef-structure
of theimmediateleft sister node (Case, f-structure f,) is the valueof someGr in the
f-structure (f,) of the nodeCasg. Sincef, is the value of the pathADJ,,,, (from
the Caseanndations),ADJ,,,, andGF areequded (35D.).

(35 a. N

/\

t=1 — s=lGF

Caseg Case
| |

(T CASE) =PROP (1 CASE) = ACC
(ADJprop 1) (0BJT)
Prop Acc
b. ADJprop CASE  PROP
ADJjpe PRED ‘POUCH’
CASE LOC

fa I

3

Theanrotationson the terminalnodeunder Casg specify that f is the valueof oBJ
in somelarger f-structure and define f;’s own CASE featue asAcc. Thus,the f-
desciptions assocatedwith the treein (32) aresatisfiedby the following f-structure
in the minimal model:
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(36) [oBs [case  acc

ADJprop |CASE ~ PROP
ADJ,, |PRED ‘POUCH’
CASE LOC

Turning now to a secom example, this time involving the interaction of caseand
numbemarking, themorphdogica descrption for the Kayardild nominalin (8) is as
shownin (37).

(37) <malu, {Num:Duy {Case;:Assoc, {Case: Abl, {Num:Mary, {Case;:Nom
P>

The two operdions of the interface,namelylexical look-up and (re-)parsing of the
paradgm cell strudure provide the annotatedtree-sructure (38).

(38
ﬂ---~””””f::::::::::::iiififf7JiiiT::::::::::::““‘“*“-\“‘
=l t=4 t=4 —.=(lep) . =(eR) t=4
Lex Num Case Case Num Case
\ \ i \ \ e
_ _ T CASE=ASSOC 1 CASE=ABL _ 1 CASE = NOM
TPREVDV(;mV\;zMAN TNUll\D/Iu— DU (ADJs 1) (AD%1) TNUI\'\/;I;r;AANY (sUBJ1)
Assoc Abl Acc

Thesef-desciptionsaresatidied by the structurein (39).

(39)

SUBJ

[casE

NUM

ADJdgpt

NOM

MANY

[cASE

A DJCLSSOC

ABL

CASE

PRED

NUM

3.3 Constructive StemsRevisited

ASSOC
‘WOMAN'’

DU

We turn now to the treamentof congructive stems Thesearethe cases, exemplified
by (18) and (19), in which the root itself introduces a grammatcal function. This
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is very frequently the ADJ function, asin (18), for thereis geneally no syniactic
distinction in Austrdian languagesbetweennours and adjectives, with mostnom-
inal elemens functioning as either headsor modifiers. As notedabove, we foll ow
Nordlinger (1998) in assuming thatsuchnomind rootsin the languageswe are con-
cernal with optionally introducean adjurct function. Otherexamplesof constuctive
stemsinclude Wambayapos®ssve pronouns exemplifiedin (19), which introduce
the poss function. Thelexical mappirgs which we propcsetrea suchstemsasop-
tiondly introducing agrammaticalfunction, asshavn in (40).

Lexemes F-descrption

40 small: [[(1T ADJY)=] A ({PRED) =*‘SMALL’] V
(40) [(1 PRED) =‘SMALL']
his: (1 Poss) = |, (lPRED) = ‘PRO’

({PERS) = 3, (] GEN) = MASC, ({NUM) = SG

We illustratethe approachwith the Warlpiri modifier wita-jarra-rlu ‘small-Du-ERG’
from (18), in which the root constuctsan ADJ function andthe nomind contibutes
NUM andcAsk featuesto thef-structureof the headwhich it modifies Therelevant
struduresareshawn below.

(41) <wita, {Num:Du,{Case Erg}}>

(42) a. N
_—— T
t=) =) =)
Lex Num Case
| | |
(TADY) =] (T NUM) =DU (1 CASE) = ERG
({PRED)=SMALL Du Erg
Small

b. |cCASE ERG
NUM DU

ADJ [PRED ‘SMALL’}

Notice thatthe treatmem of corstrucive stemsunde this proposaldiffersin onere-
spectfrom the treatmem propcsedin Nordlinger(1998. In the earlie accaunt, con-
strudive stemswereassocatedwith inside-ou desciptions (andthus weretreaedon
a parwith congructive casemorphdogy). The differencecanbe seenby comparirg
(43a)(from Nordlinger1998) with (43b) (from the presentandysis).

a.wita: (T PRED) =‘SMALL’ b. wita: ({PRED)=‘SMALL’

43 (ADJ?) (tADY) = |
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Under the proposal madehere therebre, the f-structure projectedby the fully in-
flectedword wita-jarra-rlu is thef-structure of the headthatwita- itself modifies.

As analtemative to the current proposalwe might insteadconsicer dealng with con-
strudive stemsby introducing a morphdogical feature into thefeature bunde with no
exporent. For example, for the Warlpiri adjunct wita-jarra-rlu we would introducea
Casefeature (with no correspormling exponent)at thetop of thefeature bunde, which
would map to an AbJ function, and for the Wambayapos®ssve pronoun nang-
marndarna 3.SG.M.POSS-PL-I1(ACC) we would introducea Casefeatue (with no
correspondng exponent)which would mapto a poss function. This apgroachwould
certanly redwe the setof condructive rootsto instancesof construcive inflectional
morphdogy, but it seemsothawise to be incorrect. Firstly, the functiond ambigu-
ity of nominak in a languagesuchasWarlpiri is quite sysematicandis simply not
dependenton morplological case. Secondy, this apprach would make the incor-
rectclaimthatthose language which have condructive roots necesarily permitcase
stackng — this claimis incorrectfor somelanguagesincluding WambayaFor these
reasms,we do not pursue herethis alterrative approach'®

3.4 Evaluation

This sedion hasoutlineda new proposalfor asseiating f-descriptionswith morpho-
logical strudures. The apprachto the morplology-syniax interfaceinvolvesderi-
ing asimpleflat treestrudure from the strucuredmorptological represenation. The
nodes of this morphdogical structure tree are anrotatedwith f-descriptionsin a fa-
miliar fashon, andthe resutant equdions simplified. The major advantage of this
appraach over the morphemebasedpmc of Nordlinger (1998) (and the simplified
threaling techrique of SadlerandNordlinger (to appear))is that, with the exception
of amodesmotationalextensionto thelanguageof f-de<criptions, it useshe stardard
LFG formalism with no consguenesfor the formal power of thelanguage No pat-
tern matchingsubstutions arerequred beausethe morphdogicd treeis not basd
onincremetal affixation in morphemic fashia.

Fromalinguistic point of view, however, thefundamentaissie is the extentto which

1%The appraachthatwe take hereto constructie stemsshavs somecommondity with the treatment
of derivational casemorpholog. It canbe establishedhatin someAustralianlanguags somecase
morpholog is derivationalratherthaninflectional,producinganinflectionalstemwhich definests own
grammaticalfunction (see,for example,Austin 1995 Nordlinger1998. For example,in Wambaya,
which doesnot permitinflectional casestacking the casesPrRopP and PRIV arederivationalwhile other
casesreinflectional. In anexamplesuchas(1), the dervationalmorphology produces the root gijilu-
lunguj, which is constructve, introducingan ADJ function.

(1) Yandungi-n bungmaj-luli-ja  gijilulu-nguj-nuli-ja
wait 1.SG.S(PRES)-PROG old.personeuU-DAT mone/-PROP-DU-DAT
I'm waiting for thetwo old womenwith money (Nordlinger1998:15 (41))
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this proposal for the interface captues the basc intuition abou constuctive mor-

phology. This intuition is the ideathat (at leastin theselanguage$, morphdogical

and syntactic strudures(of the appopriate sortg are neged or hierarchicalizediso-
morphically; the syntactic contribution of a particular affix “builds” on that of the
(permapscomplkex) stemto which it atteches. This intuition is captuedin the orig-

inal Pmc formulation by the incremertal trandormation or substitution into the f-

desciption of a highe piece of morphdogical strudure asa function of the (input
from) thef-descripion of theimmediatly lower or contanedpiece of morphdogical

strudure/dfix. Although not formalized, the subsitution is staedin sucha manner
asto appl invariantly to both congructive andnon-onstrictive morphdogical fea-
tures(thatis, irrespectve of whetheror not the f-desaiption contains an inside-out
statenent). Thus, the syntactic ramificaions of a morphcsyntactic feature follows

purely from thef-de<criptionsasso@tedwith it (namely whether or notit constucts
agrammatial function), andnot from the morphogntadic structure (which remains
the sameirrepectie).

In the current appioach, however, a distinction betweencongructive and non-
congructive featuesis also madein the Annotaion Principe (31): the presence
of a corstrucive featue (Case)triggers the « s = (JGF) annoation, while a node
following ary othe cateyory is annotited 1 = |. Thusthe distinction betweencon-
strudive andnon-mnstuctive featuesis madetwice: in thef-descriptionsintroduced
onterminal andon non4{erminalnodesin the mappingstructure. While this mightbe
thoughtto be a disadvantag, it shout be notedthatthe preset proposal,which lim-
its the permissble anrotationsto 1= | and«+ ; = (| GF), doesrule out anti-iconic
relationsbetwea morphdogical featuresandf-strudures asdoes Nordlinger’s orig-
inal propcsall® Therefoe, while the current appraach may not have the geneality
of Nordlinger’s (1999 pmc it hasthe sameempiricd adeqiag/ and furthermore,is
straichtforwardly integratedinto the standard LFG architecture.

4 Conclusion

In mostinstances the inflectional features of words define or reflect properties of

the very local coniext — verbsexpres the tense aspect and mood featues of the
clauseswhich they head and encale agreementpropaties of their depenlent core
amguments,and nowns, adjectves and deteminersinflect for propertiessuchasthe
number gerderanddefinitenesof the nominal f-strucdurewhich they co-define. The
pheromenonof casestackng in Australian Aboriginal languages,however, shows
thatinflectional morphobgy may expresssyntactic information pertaning to a much
larger context, with wordsexpressingfunctionalinformationpertaning to f-structures

"It could be argued, however, thatin ary casea restrictionto iconic orderingshould be given a
functionalratherthana grammaticakxplanation,andthereforeshouldnot form a partof the grammar
Whetheror not this positionis adoptedjt remainsafactthatthegrammamustbeableto accommalate
the complex contrikutionsto relationalstructurethatthe casestackingdataexemplifies.
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within which their own f-structuresaredeegy embeded. Furthemore,the assoca-
tion of wider syntactic information with “pieces” of inflectional morphobgy comes
abou in ahighly structuredmanner Theimportanceof this datais thatit providesa
crucial window ontothe nature of the interfacebetweennflectional morphdogy and
functional strucure: thef-structure informationas®ciated with inflectional morphd-
ogy mustinteractin a strucuredway. For thes languagesas®ciating f-descriptions
with the sort of morphobgicd strudure assumed by a word-syntadic, morphemic
modelgivesthe wrongresut, becaisethe f-descripions interactincorrectly. Onthe
other hand given an appioachto inflectional morplology which relates strudured
property setsto exponents the correctinteraction betweenf-deseiptions assoéated
with morplologicalfeaturescanbeobtanedby repregnting morphdogicd strudures
in theinterfaceasrelatively flat trees,andassogating andresoving f-descriptionsas-
socigedwith treenodesin the normalfashon, evenfor languages with complkex case
stackng morphdogy of this sort. The preeentpropacsal therdore permitsusto inter-
facearealizational apprachto inflectional morphobgy with a standird LFG syntax
in a straghtforward manner
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