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Abstract

We presenta methodfor automaticallyannotatingtreebankresourceswith func-
tional structures.The methoddefinessystematicpatternsof correspondencebetween
partial PSconfigurationsandfunctionalstructures.Theseareappliedto PSrulesex-
tractedfrom treebanks.The setof techniqueswhich we have developedconstitutea
methodologyfor corpus-guidedgrammardevelopment.Despitethewidespreadbelief
that treebankrepresentationsare not very useful in grammardevelopment,we show
thatsystematicpatternsof c-structureto f-structurecorrespondencecanbesimply and
successfullystatedover suchrules. The methodis partial in that it requiresmanual
correctionof theannotatedgrammarrules.

1 Intr oduction

Thepresentpaperdiscussesa methodfor theautomaticannotationof treebankswith func-
tional structures.A companionpaper(Frank2000) presentsan alternative methodfor the
automaticannotationof corpusresources.Thesecloselyrelated,but interestinglydifferent
methodshave developedthroughmuchcollaborative interchange.We presentthemin two
separatecontributionsto allow for morein-depthdiscussionandcomparison.We first de-
scribeourmethodandthenexemplify its applicationto agrammarof 330rulesderivedfrom
afragmentof theAP treebank.Wegivesomeresultsconcerningprecisionandrecallfor this
grammar.

Treebankswhich encodehigher-level functionalstructureinformationin additionto phrase
structureinformation,arerequiredastraining resourcesfor probabilisticunificationgram-
marsanddata-drivenparsingapproaches,e.g.(BodandKaplan1998). Manualconstruction
of suchtreebanksis very labourandcostintensive. As analternative,onecouldenvisagethe
constructionof new, or thescaling-upof existing,unificationgrammarswhichcouldthenbe
usedto analyzecorpora.However, theseapproachesareequallylabourandcostintensive.
What is more,evenif a large-coverageunificationgrammaris available,typically, for each
sentenceit would comeup with hundredsor thousandsof candidateanalysesfrom which
a highly trainedexpert hasto select. Althoughproposalshave beenmadefor filtering and
rankingparsingambiguities(e.g.(Franket al. 1998)), to datenoneis guaranteedto uniquely
determinethebestanalysis.In ordernot to compromisethequalityof thecorpusundercon-
struction,a linguistic expert is requiredto find thebestamonga largenumberof candidate
analyses.

As apartialresponseto thisdataproblem,vanGenabithetal. (1999a,b,c)introduceamethod
for bootstrappingthe constructionof grammarsfrom treebankresources.Their basicidea
is thefollowing: take anexisting treebank,readoff theCF-PSGfollowing (Charniak1996),
manuallyannotateit with f-structureannotations,provide macrosfor thelexical entriesand
then “reparse”the treebanked treessimply following the original c-structureannotations.
During this reparsingprocess,thef-structureannotationsareresolved,andanf-structureis
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produced.� The processis deterministicif the annotationsare,andto a large extent costly
manualinspectionof candidateanalysesis avoided. The methodsuccessfullyallows the
creationof grammarresourcesbut still involvesone labour intensive manualcomponent,
namelyannotationof thegrammarruleswith functionalinformation. Much recentwork in
LFG, however, hasshown that the c-structuref-structurecorrespondencefor a configura-
tional, generallyendocentriclanguagesuchasEnglish,is largely predictablefrom a small
setof mappingprinciples(King 1995,Kroeger 1995,Bresnan2000). In the approachof
Bresnan(2000)andcolleagues,the mappingprinciplesassumea highly articulatedsetof���

-schematainvolving bothfunctionalandlexical projectionsin a configurationallanguage
suchasEnglish.A similar, but largely implicit, assumptionaboutthepredictabilityof thec-
to f-structuremappingis alsopresentin theearlierwork in LFG (KaplanandBresnan1982)
whereit turnsup essentiallyasconstraintson pairingsof categoriesandgrammaticalfunc-
tions (e.g. COMPis only appropriatefor S, only NPs/DPsareOBJsandso forth). In gen-
eral, thecorrespondencebetweenc-structureandf-structurefollows from linguistically de-
terminedprincipleswhicharepartlyuniversal,andpartly languagespecific(Bresnan2000),
(Dalrymple1999).

In the light of this, an obvious strategy to pursueis to implementa set of principlesto
automaticallyprovide f-structureannotationsof CFGrulesderivedfrom treebankrepresen-
tations,eliminating the manualstepin the previous method. As a sideeffect, this canbe
expectedto castlight on thesoundness,accuracy andappropriacy of thelinguists’ generali-
sations:thatis, theautomaticprocedureasappliedto a largerulesetderivedfrom atreebank,
canserveasapotentiallyinterestingtestbedfor thelinguistic principles.

This papersubstantiallyextendstheresearchin vanGenabithet al. (1999a,b,c)by showing
how f-structureannotationsof grammarrulesextractedfrom treebanksmay (to a large ex-
tent) be automated.The basicideais very simple. We readoff a CFG treebankgrammar,
using the first 100 treesof the AP treebank(LeechandGarside1991). Systematiccorre-
spondencesbetweenelementsin thec-structuredomainandelementsin the f-structuredo-
main are thendefinedin generalannotationtemplates.A corrected/completedversionof
this grammaris thenusedto inducef-structureassignmentsfor PStreesfrom the treebank
following the reparsingmethodof van Genabithet al. (1999a,b,c).The methodis partial
in thatit requiresmanualinspectionandcorrectionof theoutputproducedby theautomatic
annotationprocess.Themethodresultsin asetof annotatedrulesfor realtext.

The challengefor our for our approachis provided by the overtly flat analysesprovided
by the treebankinput data,which in generaldo not conformto strongly hierarchicaland
recursiveX’ designprinciples.Thishastheeffect thatoftenwhatshouldbeasingleseparate
constituentis not assigneda correspondingsubtreebut merelya substringin the RHS of
a flat treebankgrammarrule. Our featurestructureannotationprinciplesunderspecifyrule
RHSsandaim to pick outsuitablesubstringsin flat rule RHSs.

Annotationprinciplesexpresslinguistic generalisations.The numberof principlesis sub-
stantiallylowerthanthenumberof annotatedCF-PSGgrammarrules.Thepotentialbenefits
of automationusingannotationprinciplesareconsiderable:substantialreductionin devel-
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opment� effort, hencesavings in time andcostfor treebankannotationandgrammardevel-
opment;the ability to tackle larger fragmentsin a shortertime, a considerableamountof
flexibility for switchingbetweendifferent treebankannotationschemes,anda naturalap-
proachto robustness.Themethodwe presentmaybeviewedasa corpus-guidedgrammar
developmentmethodology.

Thepaperis structuredasfollows. In Section2 weintroducetheformalismfor writing anno-
tationtemplates.In Section3 wediscussin somedetailtheNPfragmentof ourgrammarand
presenta numberof the templatesinvolved. Section4 presentsthedesignof theautomatic
annotationexperimentandevaluatesthe resultsobtained.Finally we concludeandoutline
furtherwork.

2 Automatic f-structur eannotation of CF Rules

Treebankgrammars(CFGsextractedfrom treebanks)areverylargeandgrow with thesizeof
the treebank(Charniak1996), (Krotov etal. 1998). They featureflat rules,many of which
shareand/orrepeatsignificantportionsof their RHSs. This causesseveral problemsfor
manualannotationapproachessuchastheonedescribedin vanGenabithet al. (1999a,b,c).
Annotationis labourintensiveandrepetitive,becauseof thesheersizeandsimilarity of the
rules,andannotationof rulesona oneby onebasismeansthatgeneralisationsknown to the
annotatoraresimply not expressed.Of course,if thecardinalityof the rulesetcontinuesto
grow with thesizeof thetreebank,sotoowill themanualannotationtask.

In LFG the correspondencebetweenfunctionalandconstituentstructureis partly defined
in termsof annotationsassociatedwith c-structurenodes. Annotation follows universal
and languagespecific principles. We can define principles as involving partial phrase
structureconfigurationsand apply them to all CFG rules that meet the relevant partial
configuration.To giveasimpleexample:a headprincipleassigns� = � to theX daughterin
all XP � �	�
� X �	�
� configurations,irrespective of thesurroundingcategorial context. Such
annotationprinciplescapturegeneralisations,which canbe usedto automaticallyannotate
PSconfigurationswith functionalstructuresin ahighly generalandeconomicalway.

2.1 FeatureDescription Templates

In our approachto automaticannotationof c-structurerules, the linguist statesgenerali-
sationsover local sub-treesin the form of possiblypartial and underspecifiedannotation
principles,which take thefollowing form:

Rhs > Lhs @ Anno
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Rhs
�

> Lhs is a possiblypartialandunderspecifiedCF-PSGgrammarrule descriptionus-
ing regular expressions,Anno is a set of featurestructureannotations.To give a simple
example,thefollowing threeannotationprinciplesfor vp rulesstatethat theleftmostv0 is
theheadof vp , thatannp following a v0 is a directobjectandthata sequenceof two v0 s
(asin theflat treebankanalysesof auxiliary/modalconstructions)inducesopencomplement
xcomp featurestructureswherethesubjectof thecomplementis controlledby thesubject
of thesuperordinatefeaturestructure.

vp:VP > v0:V *
@ [VP === V]

vp > * v0:V0 np:NP *
@ [V0:obj === NP]

vp > * v0:V0 v0:V1 *
@ [V0:xcomp === V1, V0:subj === V0:xcomp:subj]

Givenaflat (treebank)CF-PSGrule (for stringslikedid order a recount) of theform

vp:VP > v0:V0 v0:V1 np:NP

theseannotationprinciplesconspireto inducethefollowing featurestructureannotation,as
required:

vp:VP > v0:V0 v0:V1 np:NP
@ [VP === V0, V1:obj === NP,

V0:xcomp === V1, V0:subj === V0:xcomp:subj]

Our CF-PSGrule descriptionlanguageconsistsof regularexpressionsincludingKleenestar
* , positive Kleene+, optionality ?, disjunction | and a limited form of complement̃ .
Terminalsymbolsareeithercategory:feature structure pairs(asin np:NP ) or,
for convenience,simplecategoriesif thefeaturestructureassociatedwith thecategory is not
mentionedin the featurestructureannotations.The * and+ operatorscanbeusedwith or
without arguments.Without arguments* denotesany string (including the emptystring)
while + denotesany stringof lenghtgreaterone.

BothLhs andRhs in annotationprinciplesareregularexpressions.Theinterpretationof an
annotationprinciplesuchas

vp > * v0:V0 v0:V1 *
@ [V0:xcomp === V1, V0:subj === V0:xcomp:subj]

is: if you find a sequenceof two adajecentv0 s in theRHSof a vp rule thenannotatethat
rulewith thefeaturestructureannotationsstatedin the@ Anno partof theannotationprinci-
ple. A singleCF-PSGrule mayreceive annotationsfrom morethanone(partial)annotation
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principle.� Whatis more,asingleannotationprinciplemaymatchasingleCF-PSGrulemore
thanonce.Considerthefollowing flat vp rule:

vp:VP > v0:V0 v0:V1 v0:V2 np:NP

for a string suchasmayhaveordered a recount. The rule RHSfeaturestwo adajecentv0
sequencesandthe v0 sequenceannotationtemplateis going to matchtwice. The feature
structuresinducedby all suchmatchesarecollectedandtherule is annotatedaccordingly:

vp:VP > v0:V0 v0:V1 v0:V2 np:NP
@ [VP === V0, V1:obj === NP,

V0:xcomp === V1, V0:subj === V0:xcomp:subj,
V1:xcomp === V2, V1:subj === V1:xcomp:subj]

As a final example,considera flat (treebank)CF-PSGrule for a string suchasmayhave
orderedthecountyto recounttheballot.

vp:VP > v0:V0 v0:V1 v0:V2 np:NP infp:I

The final infinitival phraseto recountthe ballot is an opencomplementargumentto the
rightmostv0 . In our rule descriptionlanguagethis canbeexpressedasfollows:

vp > * v0:V0 *(˜v0) infp:I *
@ [V0:xcomp === I]

Thisannotationprinciplematchesvp rulescontaininganinfp constituent.Thisconstituent
providesanxcomp to a v0 suchthatno otherv0 (thoughpossiblyotherconstituents)may
intervenebetweenit andthe infp :

vp:VP > v0:V0 v0:V1 v0:V2 np:NP infp:I
@ [VP === V0, V1:obj === NP,

V0:xcomp === V1, V0:subj === V0:xcomp:subj,
V1:xcomp === V2, V1:subj === V1:xcomp:subj,
V2:xcomp === I]

Noticethattheprincipledoesnot specifya subjectfunctionfor theopencomplement.This
is providedlexically by a featurestructuremacrofor objectcontrolverbssuchasorder.

Our annotationprinciplesfactorout andexpressgeneralisationsover the flat treebankCF-
PSGrules. The generalisationsare expressedin termsof partial and underspecifiedrule
descriptions.Theannotationprinciplecompilerappliesprinciplesto theCF-PSGrulesex-
tractedfrom the treebank.Statementandprocessingof the annotationprinciplesis order
independent.The compilationof principlesover grammarrules is efficient. Our current
implementationannotatesabout50 CF-PSGrulespersecond.
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3 The NP Grammar and Templates

In the previous section,we introducedthe formalismfor writing annotationtemplates.To
give a flavour of what is involved, in this sectionwe will presentseveralaspectsof theNP
grammar. We show that this approachpermitsthe linguist to statesimplegeneralisations
andtranslatethemstraightforwardly into templates.In our work to datewe have developed
templatesfor theentiregrammarof 330rulesderivedfrom thetreebank.However, we have
chosento concentrateon onesectionof thegrammarfor expositorypurposes.

TheNP fragmentconstitutesthe largestandmostcomplex setof phrasestructurerulesin-
ducedfor a singlenon-terminalcategory from our setof sentences.Becauseof its sizeand
complexity, andbecausethe issueswhich it raisesgive a goodfeel for what is involved in
our approachto automaticannotation,we limit discussionto this fragment. The grammar
fragmentcontains142rules,for which we have written 29 templates.23 categoriesareat-
testedwithin NP, averyhighproportionof theoverall numberof categoriesin thegrammar,
which is 41 (29 lexical and12 non-terminalcategories)1.

(1) Categoriesfoundwithin NP

det ndet adj adjp dadj
n0 np num title posspron
pron pnct conj relcl pp
p ntadv adv v0 vp
fn tgp infp

3.1 Compaction and Supercategories

In earlierwork (vanGenabithet al. 1999c)we foundthattherich setof tagsusedin theAP
treebankprovidedmuchusefulf-structureinformationwhich couldbesimply re-expressed
in a setof lexical macros.The distinctionsintroducedby the AP tagset,in commonwith
other tagsets,areextremelyfine-grainedbecauseall sortsof subcategorial distinctionsare
expressedby meansof the monadiccategory labels. In very many cases,thesesubcate-
gorial distinctionsareoneswhich would beexpressedby meansof grammaticalfeaturesat
f-structurein LFG (distinctionssuchasnumber, verbform,andsoon). Sincethisinformation
is recapturedby meansof theselexical macros,they hypothesizedthat it would be helpful
to abstractaway from thespecificitiesof theparticularsetof tagsusedin their databaseof
sentencesin favourof asmallersetof “supertags”in orderto developastand-aloneresource.
This canbeviewedaspluggingholesin thegrammar, for it permitsa moregeneralgram-
mar to be derived from that which would otherwisebe readoff from the treebankentries.
ThereforevanGenabithetal. (1999b)introduceastructure-preservinggrammarcompaction
methodwhich first useslexical macrosto associatef-structureconstraintswith thewordsin

1Thecategorysetthatwearedealingwith is derivedfrom theoriginalAP tagsetby aprocessof compaction,
which we describein thefollowing section.
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the
�

treeandthen,having specifiedamappingbetweentagsand“supertags”(generalisations
over tags),usesthe latter to reparsethe treebankentriesandcompilea “generalised”CFG
from thetreeusingthemethodof (Charniak1996).

Thework describedhereinvestigatestheautomaticassociationof f-structureconstraintswith
the rulesof theCFGby meansof annotationtemplates.We have found that thecategorial
compactiondescribedin (vanGenabithet al. 1999b)hasprovidedanexcellentbasisfor au-
tomaticf-annotation:many of thedistinctionspreservedin thereduced(generalised)tagset
are preciselythosewhich we requireto guideautomaticannotation. For example,in the
nominaldomain,the large numberof distinctionsmadebetweennominalelementson the
basisof morphosyntacticclassmembershipareeliminated,but thedistinctionof nounswith
adverbial function is maintained. We make useof suchinformation to directly guide the
f-structureannotationprocess.Likewise,theAP tagsetmakesa seriesof distinctionswithin
theverbal/sententialsystemwhich,suitablygeneralisedover, areusefulin thesameway. As
anexample,weassignsupertagsoversetsof AP tagsasindicatedbelow:

(2)

Supertag AP Tag Description
FA Fa Adverbialclause

Fa& First conjunctof anadverbialclause
Fa+ Secondconjunctof anadverbialclause

FN Fn Nounclause
Fn& First conjunctof anounclause
Fn+ Secondconjunctof anounclause

RELCL Fr Relativeclause
Fr& First conjunctof a relativeclause
Fr+ Secondconjunctof a relativeclause

INFP Ti to + infinitiveclause
Ti& First conjunctof a to + infinitiveclause
Ti+ Secondconjunctof a to + infinitiveclause

Thefollowing, exceptionlessgeneralisationscanbestatedaboutthesederivedcategories.

(3) An FN within NP is aCOMPin theNP’s f-structure

np:NP > * fn:FN *
@ [NP:comp === FN]

(4) An infinitival VP within NP is anXCOMPin theNP’s f-structure

np:NP > * infp:I *
@ [NP:xcomp === I]

(5) A RELCL within NP is aRELMOD in theNP’s f-structure
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np:NP > * relcl:R *
@ [NP:relmod === R]

Of course,not all constituentswhich mapto the f-structurefunction RELMOD are repre-
sentedasrelcl in the treebankentries. The sampleof 100 sentencescontainsa numberof
casesof reducedrelative clauses,which areassociatedwith the (super-)category vp in our
collapsedtagset.Giventhedistinctionsmadein theverbalsupertagset,thefollowing gener-
alisationmaybemadeabouttheoccurrenceof the(super-)tagvp within thenounphrase:

(6) np:NP > * vp:R *
@ [NP:relmod === R]

Notice that the two relcl annotationprinciplescanbe collapsedinto a singleprinciple as
follows:

(7) np:NP > * (relcl:R|vp:R) *
@ [NP:relmod === R]

SincetheAP tagsetencodesadverbial function,thesupertagntadvp (for nominaltemporal
adverbial)canbestraightforwardly relatedto aspecificfunction:

(8) An NTADVP mapsto anNP ADJUNCT in themother’s f-structure

np:NP > * ntadvp:NT *
@ [NP:np_adjunct:el === NT]

The original AP tagsetcontainsmorethan20 pronominaltags,which we collapseto two
supertags:posspron for possessive pronouns,andpron for all otherpronouns.Again, the
c-structureto f-structuremappingtemplatesaresimpleto write for thesecategories2:

(9) np:NP > * posspron:P *
@ [NP:poss === P]

(10) np:NP > * pron:P *
@ [NP === P]

To take a morecomplicatedexample,theAP tagsetdistinguishesthefollowing subtypesof
Adjectives: ja jb jj da da2 dar dat. All the“j” tagsareadjectives,eitherpredicative,cen-
tral andattributive. The “d” adjectivesare“after determiners”suchas“former, such,few,
several...”. The “j” adjectivesareattributive modifierswithin NP, andunderour treatment,

2Of course,giventheflatnessof the trees,a posspron might denotea POSSfunction,but not necessarily
thePOSSof thef-structureof its mothernode(it mightbemoredeeplyembeddedin thef-structure).However,
in our fragmentthis is not attestedandwe canmakedowith thesimplegeneralisationin (9).
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correspond
 to NP ADJUNCT andHEADMOD grammaticalfunctions,3 while the “d” ad-
jectivesmapto SPECor mayserve astheheadof NP in theabsenceof a nominalelement.
In our collapsedtagset,all the “d” adjectivesaretreatedasdadj andall the “j” adjectives
asadj: this distinction,which is a simplegeneralisationof thecategorial distinctionsmade
in the treebanktags,correspondsto a differencein grammaticalfunctionalpossibilitiesfor
thesesubtypesof adjectives.For dadj, thegeneralisationthatwewishto stateis thatit maps
to SPECif thereis anominalf-head,otherwiseto f-head.

(11) np:NP > * dadj:DA * (n0|np|num) *
@ [NP:spec === DA]

(12) np:NP > * dadj:DA *(˜(n0|np|num))
@ [NP === DA]

This pair of templatesis essentiallyequivalentto annotatinga dadj nodewith a disjunction
( ��� ( � ADJ))� ( � = � ). We recognisetheability of theseadjectivesto standon their own as
theheadof NPby permittingthecategorydadj to serveasthehead(whennootherpotential
headis present)ratherthanby reassigningthemto anominalor determinercategory.

The other subclassof adjectives serve as nominal modifiers within NP. The LFG treat-
ment of attributive adjectives is as membersof the set-valued featureADJUNCT (here
NP ADJUNCT).This is appropriatefor iterativeusesof adjectiveswhich separatelyrestrict
the interpretationof the headnoun. However, our corpuscontainsa significantnumberof
casesin whichanadjectivemayappearon theleft periphery(andpart)of whatis essentially
a complex (internally-modified)nominalhead,asin jumpshot,nationalguard troops,wide
areatelephoneservice. For thelattercaseswehaveusedtheadditionalgrammaticalfunction
HEADMOD: the prototypicaluseof this function is in casesof noun-nouncompounding,
whichaboundin oursmallcorpusextract.Weshallhavemoreto sayabouttheHEADMOD
functionwhenwediscussNN compoundsbelow.

Treatingadjectivesaspotentiallymappingto HEADMOD aswell asto NP ADJUNCTleads
to the following templateinformationfor adj: adjectivesnext to nominalheadsareeither
NP ADJUNCTsor HEADMODs,otheradjectivesareNP ADJUNCTs.

(13) np:NP > * adj:A (n0:N|np:N|num:N) *
@ [ ( NP:np_adjunct:el === A ;

N:headmod === A ) ]

(14) np:NP > * adj:A ˜(n0|np|num) *
@ [NP:np_adjunct:el === A]

Sinceonly single,uncomplementedandunmodifiedadjectivescanbeusedaspartof these
sortsof structures,the templatefor AP is simpleto state: it mapsto the nominaladjunct
function.

3We discussthisdistinctionat greaterlengthbelow.
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(15) np:NP > * adjp:A *
@ [NP:np_adjunct:el === A]

3.2 PPDependents

DistinguishingOBL from ADJUNCTsis a notoriouslydifficult problem,especiallywithin
NPs,wherethePPdependentsarelargely optional. Onepossibletackwould beto treatall
PPdependentsof nominalsasADJUNCTs(this approachis adoptedin (Butt et al. 1999)),
thatis, to treatall optionalargumentsof nominalheadsassyntacticmodifiers(someof which
will be semanticarguments)ratherthansyntacticarguments.On this view, our annotation
templateswould simply needto statethe generalisationthat the category pp mapsto the
ADJUNCT function. However, inspectionof our setof sentencessuggeststhat while the
secondof two PPsis alwaysanADJUNCT, aPPadjacentto thenominalheadmaybeeither
an OBL or an ADJUNCT. Although it is claimedthat OBLIQUE andADJUNCT PPscan
reorderratherfreely, thestringsin thetemplatereflecttheorderingwhichwouldbeimposed
by the

� �
-schemata.Thefollowing templates,therefore,introducea measureof disjunction

into theannotationprocess:

(16) np:NP > * pp pp:P *
@ [NP:np_adjunct:el === P]

(17) np:NP > * (no|np|num) pp:P *
@ [ ( NP:np_adjunct:el === P ;

NP:obl === P ) ]

3.3 Head Modifier Structures

Thetreebankrepresentationsof NPsareveryflat andoftenquitecomplex - thefollowing are
representative.

(18) np:A > [det:B,adj:C,adj:D,n0:E,n0:F, adjp: G]
np:A > [det:B,adj:C,n0:D,n0:E,relcl: F]
np:A > [det:B,adj:C,n0:D,n0:E]
np:A > [det:B,adj:C,n0:D,ntadvp:E,re lcl:F ]
np:A > [det:B,adj:C,n0:D,pnct:E,vp:F ]
np:A > [det:B,adj:C,n0:D,pp:E]
np:A > [det:B,dadj:C,n0:D,n0:E,n0:F, relcl :G]
np:A > [n0:B,n0:C,n0:D,n0:E,vp:F]
np:A > [n0:B,n0:C,n0:D,n0:E]
np:A > [n0:B,n0:C,n0:D,np:E]
np:A > [n0:B,n0:C,n0:D,ntadv:E,pp:F) ]
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np:A > [n0:B,n0:C,n0:D]
np:A > [n0:B,n0:C,np:D,pnct:E,np:F]
np:A > [n0:B,n0:C,np:D]
np:A > [n0:B,n0:C,pnct:D,np:E]
np:A > [n0:B,n0:C,pnct:D,relcl:E]

Given the remarkablepaucityof internalstructurehere,a major issueis determiningwhat
category is theheadof NP; that is, whatcategory is to beannotated( � = � A striking feature
of many of the NP rules is that they containstringsof nominalcategories. In suchcases,
theseflat stringsof nominalcategoriesbehave in an essentiallyright-headedfashion. The
elementsn0, num andnp typically serveastheheadandtherightmostsuchelementpresent
(providedit is not precededby pnct, which marksanappositionalstructure),is theheadof
theNP. Thisgeneralisationcanbestatedasfollows:

(19) np:NP > *(˜conj) ˜(conj|pnct) (n0:N|np:N|num:N)
*(˜(n0|np|num))

@ [NP === N]

As canbeseen,this templatemusttake into accountthecomplicatingfactorof coordination,
andin particular, theflat representationof coordination,which we discussin the following
section. The fragmentof grammarin (18) andthe template(19) illustratenicely a feature
of treebankrepresentations,namelytheirextremelyflat representations.Thetemplateabove
must searchfor the rightmostcategory appropriateto serve as head,from a sequenceof
categories.

Theoverly flat treebankrepresentationsarevery problematicwhenit comesto determining
thecorrecthead-modifierrelationshipswithin thenounphrase.Onepossibilityis to treatall
pre-headnominal(andadjectival) elementsasdirectmodifiersof thefinal nominalhead.It
wouldbetrivial to thendefinetheappropriateannotationtemplatemappingall suchprehead
nominalmodifiersinto a set-valuedADJUNCT f-structure.This would entail, for example,
treatinglaw enforcementofficerasaheadofficermodifiedby asetof adjuncts� law, enforce-
ment � . This is essentiallythe approachadoptedin the LFG grammarsof thePARGRAM
projectdescribedin (Butt et al. 1999). Thedifficulty with this is thata flat representationas
ADJUNCTSat f-structurewould fail to encodethe semanticmodificationrelationswhich
hold within thesepre-headmodifiers(although,of course,it is possibleto keeptraceof at
leastlinear positionin the string of modifiersby judiciousindexing of the elementsin the
ADJUNCTSset).

Thesestructuresareextremelycommonin our fragment: for example,thereare52 rules
containinga total of 72 simplen0 n0 sequencesin which nominalelementsmodify nom-
inal structuresto their right. We treattheseashead-modiferstructures,introducinga new
(single-valued)grammaticalfunctionHEADMOD. Stringssuchasguard helicopters, smoke
inhalation, hospitalspokesman, law enforcementofficers, andmany othersin our sample,
maybeviewedassyntacticstructures(eachword is associatedwith aseparateterminalcate-
goryin thetreebankrepresentations)whicharebuilt accordingto “morphological”principles
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(number� is markedonthefinal element,thestructuresareheadfinal), in whicheachelement
modifiesthef-structureof theelementto its right.

This approachis alsoproblematic,however. A nominal is taken to modify the f-structure
projectedfrom its nominalsister, asshown schematicallyin (20), where( � ) denotesthe
f-structureof the immediatelyadjacentright sister, with the correspondingschematicf-
structuresin (21).

(20) NP� � � � � � � � � � �� ������������� HEADMOD = �
N1

� HEADMOD = �
N2

� = �
N3

(21) ������� PRED ‘N3’

HEADMOD ��� PRED ‘N2’

HEADMOD � PRED ‘N1’ �
����
��������

It is clear, however, thatsuch“left-branching”structuresarenotalwayscorrectfor thestrings
in our corpus,andthat in somecasesa “right-branching”f-structure,with a complex head
(asshown in (22) would bemorecorrect4. Thesesortsof structures,with whatamountsto
complex PREDs,arenotpermissiblein LFG.

(22) ��������
HEAD ��� PRED ‘N3’

HEADMOD � PRED ‘N2’ �
����

HEADMOD � PRED ‘N1’ �
���������

For the moment,however, the templatesimply picks out sequencesof n0 categoriesand
addsthe f-structureconstraintthat thefirst is theHEADMOD of thesecond.Note that the
templatecannot,of course,equatethef-structureof themotherwith therightmostcategoryin
thepair, sincethef-structureof thiscategorymayitself beaHEADMOD within acontaining
f-structure:pickingouttheheadof NPis performedby theheadtemplategivenin (19)above.

(23) np > * n0:N1 n0:N0 *
@ [N0:headmod === N1]

4Nevertheless,it mustbestatedthatsuchNPsin our grammarareall treatedas‘left-branching’structures.
As wepointout,thismeansthatin somecasesweprovidethewrongtreatmentfor suchphenomena.Theresults
givenlater in thepaperwereperformedon this ‘f aulty’ setof NPs. We areconfidentthat reinterpretingthese
N-N compoundscorrectlywill not preventusfrom achieving equallygoodfiguresfor precisionandrecall,but
we have yet to rewrite the grammarsandtemplatesasdesired,so that this mustremainasspeculationat this
stage.
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What
 

else,apartfrom n0, mapsto theheadmodfunction? Membersof the category num,
likeadj maybeeitherADJUNCTsor HEADMOD: thetemplateis shown in (24). Weextend
thesametreatmentto titles,asin (25).

(24) np > * num:N n0:N0 *
@ [ (N0:headmod === N ; N0:np_adjunct:1 === N) ]

(25) np > * title:T n0:N0 *
@ [N0:headmod === T]

3.4 Coordination and Flat Trees

Theapproachto constituentcoordinationin LFG treatstheconjunctsasa setat f-structure,
with theconjunctioncontributing a valuedirectly to thesemanticstructure.Our formalism
doesnot currentlysupportsetvalues,andwemodelconstituentcoordinationby treatingthe
conjunctionasapredicatetakingaCONJargumentwhichitself takesany numberof indexed
arguments.Thetreatmentof theconjunctsthemselvesthencloselyresemblesour treatment
of thesetvaluedfeatureADJUNCT, as(26) illustrates.

(26) np:A > [np:B,pnct:C,np:D,pnct:E,conj: F,np: G]

������������
PRED and

CONJ ��������
1 � PRED ....�
2 � PRED ....�
3 � PRED ....�

���������

� �����������
Ideally, then,the templatemustpick out the conj asthe f-headandtreatothercategories,
except for pnct asCONJfunctions. However, considerationof the setof np rulesinvolv-
ing coordinationmakesclearthat thingsareunfortunatelyconsiderablymorecomplicated.
Becausethetreebankrepresentationsareextremelyflat, thescopeof coordinationis not in-
dicatedby thepresenceof a distinctsub-tree:this meansthat it is not possibleto assignall
daughters(exceptconj andpnct to CONJfunctions.

(27) np:A > [n0:B,conj:C,n0:D)]
np:A > [np:B,conj:C,np:D)]
np:A > [np:B,pnct:C,conj:D,np:E)]
np:A > [np:B,pnct:C,np:D,conj:E,np:F )]
np:A > [np:B,pnct:C,np:D,pnct:E,conj :F,np :G)]
np:A > [adj:B,conj:C,adj:D,n0:E,n0:F )]
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np:A > [adj:B,conj:C,adj:D,n0:E,pp:F )]
np:A > [adv:B,num:C,adj:D,n0:E,n0:F, conj: G,n0 :H)]
np:A > [det:B,adj:C,n0:D,conj:E,n0:F ,n0:G )]
np:A > [det:B,adj:C,n0:D,conj:F,n0:G ,pp:E )]
np:A > [det:B,adv:C,conj:D,adv:E,adj :F,n0 :G,p nct:H ,

relcl:I)]
np:A > [det:B,n0:C,n0:D,pnct:E,n0:F, conj: G,n0 :H)]
np:A > [posspron:B,n0:C,pp:D,conj:E, adv:F )]

The n0 conjunctionprinciple assignsn0s precedinga conj n0 sequenceas individual
conjuncts. It matchesasmany timesastherearen0s precedingthe conj n0 sequence,
theresultingannotationsarecollectedandtherule is annotatedaccordingly. Noticethatthis
canresultin multiplebut identicalC:conj:el === N0, NP === Cannotationswhich
doesnot causeany harm. However, becauseof the flat treebankrulesthe n0 conjunction
principleis nomorethananapproximation.It canintroduceerrorsin casetwo adjacentn0s
shouldbeanalysedasheadmod structuresratherthanascoordinateelementsin acoordinate
structure.

(28) np:NP > * n0:Nx * conj:C n0:N0 *
@ [C:conj:el === Nx, C:conj:el === N0,

NP === C]

Furthercomplicationsarethe coordinationof adjectivesdirectly undernp andeven of ad-
verbsmodifying adjectivesundernp. Generalstatementscan be written for theseunder
which in eachcasethe coordinatestructureis identified and assignedthe correctsort of
ADJUNCT functionin themotherf-structure.

(29) np:NP > * adj:Ax * conj:C adj:A *
@ [C:conj:el === Ax, C:conj:el === A,

NP:np_adjunct:el === C]

4 Experiments

In this section,we reporton experimentsin automaticallycompilingthetemplatesover the
grammarrulesandcomparetheresultsto our hand-codedgrammar.

4.1 Experiment Designand Data

Ourexperimentinvolvesthefirst 100treesof theAP treebank(LeechandGarside1991). We
preprocessthetreebankusingthestructurepreservinggrammarcompactionmethodreported
in (vanGenabithet al. 1999b)andextract a treebankgrammarfollowing (Charniak1996).
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!

largenumberof highly discriminatingterminalandnon-terminalcategoriesresultsin a
largenumberof oftenveryspecificrules:thegrammarcompactionmethodprovidesamore
generalgrammarthatstill preservesall importantcategorial informationto drive automatic
annotation.Compactionworksby generalisingtags,i.e. collapsingtags(andcategories)into
supertags.This reducesthenumberof rulesfrom 509to 330.Thesentencesin thefragment
rangefrom 4 to 50 terminal tokens(including punctuationsymbols). We develop a setof
featurestructureannotationtemplates.Our templateinterpretercompilesthetemplatesover
therulesin thetreebankgrammar.

In orderto evaluatetheresultsof automaticannotationwemanuallyconstructeda reference
grammarfollowing (vanGenabithetal.,1999a,b,c).Thegrammarfeatures1128annotations,
on averageabout3.4annotationsperrule.5

4.2 Automatic Annotation and Evaluation

Weconstructed129templates,thisagainst330CFGrulesresultingin atemplate/ruleratioof
0.39. We expecttheratio to skew in favour of templatesaswe proceedto largerfragments.
Automatic annotationgenerates1108 annotations,on averageabout3.36 annotationsper
rule. Weevaluatetheautomaticannotationprocedurein termsof precisionandrecall.

(30)

precision "$# generatedannotationsalsoin reference# generatedannotations

recall " # referenceannotationsalsogenerated# referenceannotations

Experiment
precision 93.38%
recall 91.58%

Thesenumbers,althoughgood,areconservative: precisionand recall arecomputedauto-
maticallyandcurrentlyour annotationmatcheris not complete.6

Theresultsareencouragingandindicatethatwhile automaticannotationis (slightly) more
often partial than incorrect,a small numberof annotationtemplatescan be written for a

5Templates,grammarsandf-structuresareavailableat
http://www.compapp.dcu.ie/˜away/Treeb ank/tr eeban k.htm l .

6E.g.: P1 = P2 % & P2 = P1 andA=B, A:P1 = P2 % & B:P1 = P2 wherePi arepathsandA,B
variables;currentlyour precisionandrecallprogrammemissesP1:P2 = P3, P1 = A % & A:P2 = P3
typeinferences.
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grammar' fragmentwhichappearsto bequitecomplex. Thegeneralisationsmadearesimple
androbust,andcanbeexpectedto considerablyeasetheannotationburdenon thegrammar
writer.

Having beenconfrontedwith ‘real’ text, we have beenforced to distinguisha numberof
grammaticalfunctionsfor which thereis goodc-structureevidenceand/ormotivationin real
text, but whicharenotdiscussedin thetheoreticalliterature.In particular, wehavepostulated
a pre-modificationalHEADMOD grammaticalfunctionwithin NPs. Thebiggestchallenge
presentedby the very flat treebankrepresentationsconcernsthe coordinationdata,and in
particulartheinteractionof coordinationwith otherphenomena.

5 Conclusionsand Further Work

We have presentedandextensively exemplifieda methodfor the automaticf-structurean-
notationof treebankgrammars.At this stageour intent hasbeento presentthe methods
and to explore someof their potential. The approachappliesto a CFG, suchas that de-
rivedfrom atreebank,andyieldsanannotatedgrammar, whichcaneitherbeusedto reparse
treebanktreesto inducefeaturestructureannotationsfor treebanktreesor serve asa basis
for developinga stand-aloneLFG resource.It usesa compactiontechniquefor generalis-
ing overspecificcategorisation. The structureof treebankentriesremainsunchanged.We
implementedanorder-independentannotationtemplateinterpreter. Orderindependencecan
easedevelopmentandmaintainanceof annotationprinciples,but requiresmorecomplex rule
constraints.

Automaticannotationholdsconsiderablepotentialin curtailingdevelopmentcostsandopens
upthepossibilityof tacklinglargefragments.To date,ourexperimentsareadmittedlysmall-
scale.Still, we have presentedanimportantgrammardevelopmentandtreebankannotation
methodologywhich is data-driven,semi-automaticandreusesexisting resources.We found
the LFG framework very conducive to our experiments.We do believe, however, that the
methodscanbegeneralised,andweintendto applythemin anHPSGscenario.Notefurther
thatourmethodsencouragework in thebestlinguistictraditionas(i) they areconcernedwith
real languageand(ii) they enforcegeneralisationsin theform of annotationprinciples.The
experimentsshow how theoreticalwork andideason principlescantranslateinto grammar
developmentfor realtexts. In thissensethemethodsbridgetheoftenperceivedgapbetween
theoreticallymotivatedviews of grammarasa setof principlesversusgrammarsfor ‘real’
text.
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