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Abstract

We presenta methodfor automaticallyannotatingtreebankresourceswith func-
tional structures. The methoddefinessystematigoatternsof correspondencbetween
partial PS configurationsand functional structures. Theseare appliedto PSrulesex-
tractedfrom treebanks.The setof techniquesvhich we have developedconstitutea
methodologyfor corpus-guidedyrammardevelopment. Despitethe widespreadelief
that treebankrepresentationare not very usefulin grammardevelopment,we shav
that systematigatternsof c-structureto f-structurecorrespondenceanbe simply and
successfullystatedover suchrules. The methodis partial in thatit requiresmanual
correctionof theannotatedyrammarules.

1 Intr oduction

The presenpaperdiscusses methodfor the automaticannotationof treebankswith func-
tional structures.A companionpaper(Frank2000 presentsan alternatve methodfor the
automaticannotationof corpusresourcesThesecloselyrelated,but interestinglydifferent
methodshave developedthroughmuchcollaboratve interchange We presenthemin two
separateontributionsto allow for morein-depthdiscussiorand comparison.We first de-
scribeour methodandthenexemplify its applicationto agrammarof 330rulesderivedfrom
afragmentof the AP treebankWe give someresultsconcerningorecisionandrecallfor this
grammar

Treebanksvhich encodehigherlevel functionalstructureinformationin additionto phrase
structureinformation, arerequiredastraining resourcedor probabilisticunificationgram-

marsanddata-drvenparsingapproache.g. (Bod andKaplan1998. Manualconstruction
of suchtreebankss verylabourandcostintensie. As analternatve, onecouldervisagethe

constructiorof new, or the scaling-upof existing, unificationgrammarsvhich couldthenbe

usedto analyzecorpora. However, theseapproachesre equallylabourandcostintensve.

Whatis more,evenif alarge-corerageunificationgrammairis available,typically, for each
sentencat would comeup with hundredsor thousand®f candidateanalysesrom which

a highly trainedexpert hasto select. Although proposalshave beenmadefor filtering and

rankingparsingambiguitiege.g. (Franketal. 1998), to datenoneis guaranteetb uniquely
determinghebestanalysis.In ordernotto compromisehe quality of the corpusundercon-

struction,a linguistic expertis requiredto find the bestamonga large numberof candidate
analyses.

As apartialresponseo thisdataproblem,vanGenabithetal. (1999a,b,c)ntroduceamethod
for bootstrappinghe constructionof grammardrom treebankresources.Their basicidea
is thefollowing: take anexisting treebankreadoff the CF-PSGfollowing (Charniak1996),
manuallyannotatat with f-structureannotationsprovide macrosfor the lexical entriesand
then “reparse”the treebankd treessimply following the original c-structureannotations.
During this reparsingprocessthe f-structureannotationsareresohed, andanf-structureis
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produced. The processs deterministicif the annotationsare,andto a large extent costly
manualinspectionof candidateanalyseds avoided. The methodsuccessfullyallows the
creationof grammarresourcesut still involves one labour intensive manualcomponent,
namelyannotationof the grammarmuleswith functionalinformation. Much recentwork in
LFG, however, hasshown that the c-structuref-structurecorrespondencér a configura-
tional, generallyendocentridanguagesuchas English, is largely predictablefrom a small
setof mappingprinciples(King 1995, Kroeger 1995, Bresnan2000). In the approachof
Bresnan(2000) and colleaguesthe mappingprinciplesassumea highly articulatedset of
X'-schematanvolving bothfunctionalandlexical projectionsin a configurationalanguage
suchasEnglish.A similar, but largely implicit, assumptioraboutthe predictabilityof the c-
to f-structuremappingis alsopresentin theearlierwork in LFG (KaplanandBresnan982)
whereit turnsup essentiallyasconstrainton pairingsof categoriesandgrammaticafunc-
tions (e.g. COMP s only appropriatdor S, only NPs/DPsare OBJsandso forth). In gen-
eral, the correspondencketweernc-structureandf-structurefollows from linguistically de-
terminedprincipleswhich arepartly universal,andpartly languagespecific(Bresnar2000),
(Dalrymple1999.

In the light of this, an obvious strateyy to pursueis to implementa setof principlesto
automaticallyprovide f-structureannotation®©f CFGrulesderivedfrom treebankepresen-
tations, eliminating the manualstepin the previous method. As a side effect, this canbe
expectedto castlight onthe soundnessaccurag andappropriag of thelinguists’ generali-
sationsithatis, theautomatigprocedureasappliedto alargerulesetderivedfrom atreebank,
cansene asa potentiallyinterestingtestbedor thelinguistic principles.

This papersubstantiallyextendsthe researchn van Genabithet al. (1999a,b,chy showving
how f-structureannotation®f grammarrulesextractedfrom treebanksnay (to a large ex-
tent) be automated.The basicideais very simple. We readoff a CFG treebankgrammay
usingthe first 100 treesof the AP treebank(LeechandGarsidel991). Systematiccorre-
spondencebetweerelementsn the c-structuredomainandelementsn the f-structuredo-
main are thendefinedin generalannotationtemplates. A corrected/completedersionof
this grammaris thenusedto inducef-structureassignment$or PStreesfrom the treebank
following the reparsingmethodof van Genabithet al. (1999a,b,c).The methodis partial
in thatit requiresmanualinspectionandcorrectionof the outputproducedoy the automatic
annotatiorprocessThe methodresultsin a setof annotatedulesfor realtext.

The challengefor our for our approachis provided by the overtly flat analysesrovided
by the treebankinput data,which in generaldo not conformto strongly hierarchicaland
recursve X' designprinciples.This hastheeffectthatoftenwhatshouldbeasingleseparate
constituentis not assignecda correspondingsubtiee but merely a substringin the RHS of
aflat treebankgrammarrule. Our featurestructureannotationprinciplesunderspecifyrule
RHSsandaimto pick out suitablesubstringsn flat rule RHSs.

Annotationprinciplesexpresslinguistic generalisations.The numberof principlesis sub-
stantiallylowerthanthenumberof annotatedCF-PSGgrammarules. The potentialbenefits
of automationusingannotationprinciplesare considerable substantiateductionin devel-
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opmenteffort, hencesarings in time andcostfor treebankannotationandgrammardevel-

opment;the ability to tackle larger fragmentsin a shortertime, a considerableamountof

flexibility for switching betweendifferenttreebankannotationschemesand a naturalap-

proachto robustness.The methodwe presenimay be viewed asa corpus-guidedyrammar
developmenimethodology

Thepaperis structuredasfollows. In Section2 we introducetheformalismfor writing anno-
tationtemplatesin Section3 we discussn somedetailthe NP fragmentof ourgrammarmand
presenta numberof the templatesnvolved. Section4 presentghe designof the automatic
annotationexperimentand evaluateshe resultsobtained. Finally we concludeandoutline
furtherwork.

2 Automatic f-structur e annotation of CF Rules

TreebanlgrammargCFGsextractedirom treebanksareverylargeandgrow with thesizeof
the treebank(Charniak1996, (Krotov etal. 1998. They featureflat rules, mary of which
shareand/orrepeatsignificantportionsof their RHSs. This causesseveral problemsfor
manualannotatiorapproachesuchasthe onedescribedn van Genabithetal. (1999a,b,c).
Annotationis labourintensve andrepetitve, becausef the sheersizeandsimilarity of the
rules,andannotatiorof ruleson a oneby onebasismeanghatgeneralisationknown to the
annotatoraresimply not expressed Of course|f the cardinalityof the rulesetcontinuesto
grow with the sizeof thetreebanksotoowill the manualannotatiortask.

In LFG the correspondencbetweenfunctional and constituentstructureis partly defined
in termsof annotationsassociatedvith c-structurenodes. Annotationfollows universal
and languagespecific principles. We can define principles as involving partial phrase
structureconfigurationsand apply themto all CFG rules that meetthe relevant partial
configuration.To give asimpleexample:a headprincipleassigns = | to the X daughteiin
all XP — ... X... configurationsjrrespectve of the surroundingcateyorial context. Such
annotationprinciplescapturegeneralisationsyhich canbe usedto automaticallyannotate
PSconfigurationsvith functionalstructuresn a highly generalandeconomicaivay.

2.1 Feature Description Templates
In our approachto automaticannotationof c-structurerules, the linguist statesgenerali-

sationsover local sub-treesn the form of possibly partial and underspecifiecannotation
principles,which take thefollowing form:

Rhs > Lhs @ Anno
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Rhs > Lhs isapossiblypartialandunderspecifie€F-PSGgrammarrule descriptionus-
ing regular expressionsAnno is a setof featurestructureannotations.To give a simple
example,the following threeannotatiorprinciplesfor vp rulesstatethattheleftmostvO is
theheadof vp, thatannp following av0 is adirectobjectandthata sequencef twov0s
(asin theflat treebankanalyse®f auxiliary/modalconstructions)inducesopencomplement
xcomp featurestructuresvherethe subjectof the complements controlledby the subject
of the superordinatéeaturestructure.

vp:VP > vOvV *

@[VP === V]
vp > * vO:VO np:NP *
@ [VO:0bj === NP]
vp > * vO:vVO vO:v1l *
@ [VO:xcomp === V1, VO:subj === VO0:xcomp:subj]

Givenalflat (treebank)CF-PSGrule (for stringslik e did order a recounj of theform
vp:VP > vO:VO vO:V1 np:NP

theseannotatiorprinciplesconspireto inducethe following featurestructureannotationas
required:

vp:VP > vO:VO vO:V1 np:NP
@[VP === VO, V1.0bj === NP,
VO:xcomp === V1, VO:subj === V0:xcomp:subj]

Our CF-PSGrule descriptionanguageconsistof regularexpressionsncluding Kleenestar
* | positive Kleene+, optionality ?, disjunction| anda limited form of complement .
Terminalsymbolsareeithercategory:feature structure pairs(asin np:NP ) or,
for corveniencesimplecatayoriesif thefeaturestructureassociateavith thecategoryis not
mentionedn the featurestructureannotations.The* and+ operatorscanbe usedwith or
without alguments. Without arguments* denotesary string (including the empty string)
while + denotesary stringof lenghtgreaterone.

Both Lhs andRhs in annotatiomprinciplesareregularexpressionsTheinterpretatiorof an
annotatiorprinciplesuchas

vp > * vO:vVO vO:v1 *
@ [VO:xcomp === V1, VO:subj === V0:xcomp:subj]

is: if you find a sequencef two adajecent0sin the RHS of avp rule thenannotatehat
rule with thefeaturestructureannotationstatedn the @ Anno partof theannotatiorprinci-
ple. A singleCF-PSGrule mayreceve annotationgrom morethanone(partial)annotation
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principle. Whatis more,a singleannotatiorprinciplemaymatchasingleCF-PSGrule more
thanonce.Considetthefollowing flat vp rule:

vp:VP > vO:VO vO:V1 vO:V2 np:NP

for a string suchasmayhaveordered a recount The rule RHS featurestwo adajecent/O
sequenceandthe v0 sequencannotationtemplateis going to matchtwice. The feature
structuresnducedby all suchmatchesarecollectedandtherule is annotatecgccordingly:

vp:VP > vO:VO vO:V1 vO:V2 np:NP

@[VP === VO, V1.obj === NP,
VO:xcomp === V1, VO:subj === V0:xcomp:subj,
Vl:xcomp === V2, Vlissubj === Vl.xcomp:subj]

As a final example,considera flat (treebank)CF-PSGrule for a string suchas may have
orderedthe countyto recountthe ballot.

vp:VP > vO:VO vO:V1 vO:V2 np:NP infp:l

The final infinitival phraseto recountthe ballot is an opencomplementargumentto the
rightmostv0. In ourrule descriptionanguagehis canbe expressedasfollows:

vp > * vO:VO *("vO) infp:l *
@ [VO:xcomp === ]
Thisannotatiorprinciplematchewp rulescontaininganinfp constituent.This constituent
providesanxcomp to av0 suchthatno othervO (thoughpossiblyotherconstituentsnay
intervenebetweerit andtheinfp

vp:VP > vO:VO vO:V1 vO:V2 np:NP infp:l

@[VP === VO, V1.0bj === NP,
VO:xcomp === V1, VO:subj === VO0:xcomp:subj,
V1:xxcomp === V2, V1l:isubj === Vl:xcomp:subj,
V2:xcomp === ]

Notice thatthe principle doesnot specifya subjectfunctionfor the opencomplement.This
is providedlexically by afeaturestructuremacrofor objectcontrolverbssuchasorder.

Our annotationprinciplesfactor out and expressgeneralisationsver the flat treebankCF-
PSGrules. The generalisationsire expressedn termsof partial and underspecifiedule
descriptions.The annotationprinciple compilerappliesprinciplesto the CF-PSGrulesex-

tractedfrom the treebank. Statementand processingof the annotationprinciplesis order
independent. The compilationof principlesover grammarrulesis efficient. Our current
implementatiorannotatesbout50 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 whatis involved, in this sectionwe will presentseveral aspectof the NP
grammar We show that this approachpermitsthe linguist to statesimple generalisations
andtranslatehemstraightforvardly into templatesin our work to datewe have developed
templatedor the entiregrammarof 330rulesderivedfrom the treebank However, we have
choserto concentrat®n onesectionof thegrammairfor expositorypurposes.

The NP fragmentconstituteghe largestandmostcomplex setof phrasestructurerulesin-
ducedfor a singlenon-terminalcategory from our setof sentencesBecauseof its sizeand
complity, andbecauseahe issueswhich it raisesgive a goodfeel for whatis involvedin
our approachto automaticannotationwe limit discussiorto this fragment. The grammar
fragmentcontainsl42rules,for which we have written 29 templates.23 cateyoriesare at-
testedwithin NP, avery high proportionof the overall numberof categoriesin thegrammay
whichis 41 (29 lexical and12 non-terminakateyoriesy.

(1) Catgyoriesfoundwithin NP

det ndet adj adjp dad;j

n0 np num title posspron
pron pnct conj relcl pp

p ntadv adv vO vp

fn tgp infp

3.1 Compactionand Supercategories

In earlierwork (vanGenabithet al. 1999c)we foundthattherich setof tagsusedin the AP
treebankprovided muchusefulf-structureinformationwhich could be simply re-expressed
in a setof lexical macros. The distinctionsintroducedby the AP tagset,in commonwith
othertagsetsare extremelyfine-grainedbecausall sortsof subcatgorial distinctionsare
expressedoy meansof the monadiccatayory labels. In very mary casesthesesubcate-
gorial distinctionsareoneswhich would be expressedy meansof grammaticafeaturesat
f-structurein LFG (distinctionssuchasnumberverbform,andsoon). Sincethisinformation
is recapturedby meansof theselexical macros,they hypothesizedhatit would be helpful
to abstractaway from the specificitiesof the particularsetof tagsusedin their databasef
sentences favour of asmallersetof “supertags’in orderto developastand-aloneesource.
This canbe viewed aspluggingholesin the grammay for it permitsa more generalgram-
mar to be derived from that which would otherwisebe readoff from the treebankentries.
ThereforevanGenabithetal. (1999b)introducea structure-preservingrammarcompaction
methodwhich first usedexical macrosto associaté-structureconstraintwith thewordsin

1Thecateory setthatwe aredealingwith is derivedfrom theoriginal AP tagseby aproces®f compaction,
whichwe describdn the following section.
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thetreeandthen,having specifieda mappingbetweerntagsand“supertags’(generalisations
over tags),usesthe latter to reparsethe treebankentriesand compilea “generalised’CFG
from thetreeusingthe methodof (Charniak1996).

Thework describedereinvestigatesheautomaticassociatiorf f-structureconstraintsvith
the rulesof the CFG by meansof annotationtemplates.We have found that the categorial
compactiordescribedn (van Genabithetal. 1999b)hasprovidedanexcellentbasisfor au-
tomaticf-annotation:mary of the distinctionspreseredin thereducedgeneralised)agset
are preciselythosewhich we requireto guide automaticannotation. For example,in the
nominaldomain,the large numberof distinctionsmadebetweennominal elementson the
basisof morphosyntacticlassmembershi@reeliminated but thedistinctionof nounswith
adwerbial function is maintained. We make useof suchinformationto directly guide the
f-structureannotatiorprocessLik ewise,the AP tagsetmakesa seriesof distinctionswithin
theverbal/sententiadystemwhich, suitablygeneralisedver, areusefulin thesameway. As
anexample,we assignsupertag®ver setsof AP tagsasindicatedbelow:

Supertag AP Tag Description

FA Fa Adverbialclause
Fa& First conjunctof anadwerbialclause
Fa+ Secondconjunctof anadwerbialclause
FN Fn Nounclause
Fn& First conjunctof a nounclause
(2) Fn+ Secondconjunctof anounclause
RELCL Fr Relative clause
Fr& First conjunctof arelative clause
Fr+ Secondconjunctof arelative clause
INFP Ti to + infinitive clause
Ti& First conjunctof ato + infinitive clause
Ti+ Secondconjunctof ato + infinitive clause

Thefollowing, exceptionlesgeneralisationsanbe statedaboutthesederived cateyories.

(3) An FN within NPis aCOMPIin the NP’s f-structure

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

(4) Aninfinitival VP within NPis anXCOMP in the NP’s f-structure

np:NP > * infp:l *
@ [NP:xcomp === 1]

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

Of course,not all constituentsvhich mapto the f-structurefunction RELMOD are repre-
sentedasrelcl in the treebankentries. The sampleof 100 sentencesontainsa numberof
casef reducedrelative clauseswhich areassociatedvith the (supef)cateyory vp in our
collapsedagset.Giventhedistinctionsmadein theverbalsupertagset,thefollowing gener
alisationmaybe madeaboutthe occurrencef the (super)tagvp within thenounphrase:

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

Notice that the two relcl annotationprinciplescan be collapsedinto a single principle as
follows:

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

Sincethe AP tagsetencodesadwerbial function, the supertaghtadvp (for nominaltemporal
adwerbial) canbe straightforvwardly relatedto a specificfunction:

(8) An NTADVP mapsto anNP_ADJUNCT in the mothersf-structure

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

The original AP tagsetcontainsmore than 20 pronominaltags,which we collapseto two
supertagsposspron for possessie pronounsandpron for all otherpronouns.Again, the
c-structureto f-structuremappingtemplatesaresimpleto write for thesecategorieg:

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

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

To take a morecomplicatedexample,the AP tagsetdistinguisheghe following subtypeof
Adjectives:ja jb jj dada2dar dat. All the"j” tagsareadjectves,eitherpredicatve, cen-
tral andattributive. The“d” adjectvesare“after determiners’suchas“former, such,few,
several..”. The"]” adjectvesareattributive modifierswithin NP, andunderour treatment,

20f course giventhe flatnessof the trees,a posspon might denotea POSSfunction, but not necessarily
the POSSof thef-structureof its mothernode(it mightbe moredeeplyembeddedh thef-structure).However,
in our fragmentthisis not attestecandwe canmake do with the simplegeneralisatiorn (9).
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correspondo NP_ADJUNCT andHEADMOD grammaticalfunctions?® while the “d” ad-
jectivesmapto SPECor may serne asthe headof NP in the absencef a nominalelement.
In our collapsedtagset.all the “d” adjectvesaretreatedasdadj andall the"j” adjectves
asadj: thisdistinction,which is a simplegeneralisatiorof the cateyorial distinctionsmade
in the treebankiags,correspondso a differencein grammaticafunctionalpossibilitiesfor

thesesubtypeof adjectves.For dadj, thegeneralisatiothatwe wish to stateis thatit maps
to SPECIf thereis anominalf-head,otherwiseto f-head.

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

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

This pair of templateds essentiallyequivalentto annotatinga dadj nodewith a disjunction
({€ (TADJ))V (4= 1). We recognisethe ability of theseadjectvesto standon their own as
theheadof NP by permittingthe category dadj to sene asthehead(whenno otherpotential
headis presentyatherthanby reassigninghemto anominalor determineicategory.

The other subclassof adjectves sene as nominal modifiers within NP. The LFG treat-
ment of attributive adjectvesis as membersof the set-\alued feature ADJUNCT (here
NP_ADJUNCT). Thisis appropriatdor iterative usesof adjectveswhich separatelyestrict
the interpretationof the headnoun. However, our corpuscontainsa significantnumberof
casesn which anadjectve mayappeaontheleft periphery(andpart) of whatis essentially
acomple (internally-modified)nominalhead,asin jumpshot,national guard troops,wide
areatelephoneservice For thelattercasesve have usedtheadditionalgrammaticafunction
HEADMOD: the prototypicaluseof this functionis in casesof noun-nouncompounding,
which aboundn our smallcorpusextract. We shallhave moreto sayaboutthe HEADMOD
functionwhenwe discussNN compounddbelow.

Treatingadjectvesaspotentiallymappingto HEADMOD aswell asto NP_.ADJUNCT leads
to the following templateinformationfor adj: adjectvesnext to nominalheadsare either
NP_ADJUNCTsor HEADMODs, otheradjectvesareNP_.ADJUNCTSs.

(13) np:NP > * adj;:A (nO:N|np:N|num:N) *
@[ ( NP:np_adjunctel === :
N:headmod === A ) ]

(14) np:NP > * adj;A "(nO|np|num) *
@ [NP:np_adjunct:el === A]

Sinceonly single,uncomplementedndunmodifiedadjectvescanbe usedaspartof these
sortsof structuresthe templatefor AP is simpleto state: it mapsto the nominaladjunct
function.

3We discusghis distinctionat greatedengthbelow.
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(15) np:NP > * adjp:A *
@ [NP:np_adjunct:el === A]

3.2 PP Dependents

DistinguishingOBL from ADJUNCTSsis a notoriouslydifficult problem,especiallywithin
NPs,wherethe PP dependentarelargely optional. Onepossibletack would beto treatall
PP dependentsf nominalsasADJUNCTSs(this approachs adoptedn (Butt etal. 1999)),
thatis, to treatall optionalagumentf nominalheadsassyntactiomodifiers(someof which
will be semanticagumentsyatherthansyntacticaguments.On this view, our annotation
templateswvould simply needto statethe generalisatiorthat the catgory pp mapsto the
ADJUNCT function. However, inspectionof our setof sentencesuggestshat while the
secondf two PPsis alwaysan ADJUNCT, a PPadjacento thenominalheadmaybeeither
an OBL or an ADJUNCT. Althoughit is claimedthat OBLIQUE and ADJUNCT PPscan
reordemratherfreely, the stringsin thetemplatereflectthe orderingwhich would beimposed
by the X’-schemataThe following templatestherefore jntroducea measuref disjunction
into theannotatiorprocess:

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

(A7) np:NP > * (no|np|num) pp:P *
@[ ( NP:np_adjunctel === ;
NP:obl === P ) ]
3.3 Head Modifier Structures

Thetreebankepresentationsf NPsarevery flat andoftenquite complex - thefollowing are
representate.

(18) np:A > [det:B,adj:C,adj:D,n0:E,n0O: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 Icl.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,n0O: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]

\

V V V V

Giventhe remarkablepaucity of internalstructurehere,a majorissueis determiningwhat
catayory is the headof NP; thatis, what cateyory is to be annotatedt= |A striking feature
of mary of the NP rulesis thatthey containstringsof nominal cateyories. In suchcases,
theseflat stringsof nominal catggoriesbehae in an essentiallyright-headedashion. The

element:n0, num andnp typically serne astheheadandtherightmostsuchelemenfpresent
(providedit is not precededy pnct, which marksanappositionaktructure) s the headof

theNP. This generalisatiortanbe statedasfollows:

(19) np:NP > *("conj) “(conj|pnct) (nO:N|np:N|num:N)
*("(nO|np|num))
@[NP === N]

As canbeseenthis templatemusttake into accounthe complicatingfactorof coordination,
andin particular the flat representationf coordinationwhich we discussn the following

section. The fragmentof grammarin (18) andthe template(19) illustrate nicely a feature
of treebankepresentationsilamelytheir extremelyflat representationslhetemplateabove

must searchfor the rightmostcateyory appropriateto sere as head,from a sequencef

cateyories.

Theoverly flat treebankepresentationarevery problematicwhenit comesto determining
the correcthead-modifierelationshipswithin the nounphrase Onepossibilityis to treatall
pre-heachominal (andadjectval) elementsasdirect modifiersof the final nominalhead. It
would betrivial to thendefinethe appropriateannotatiortemplatemappingall suchprehead
nominalmodifiersinto a set-\aluedADJUNCT f-structure. This would entail, for example,
treatinglaw enfoicemenbfficer asa headofficer modifiedby asetof adjuncts{ law, enforce-
ment}. Thisis essentiallythe approachadoptedn the LFG grammarsof the PARGRAM
projectdescribedn (Butt etal. 1999. Thedifficulty with thisis thataflat representatioas
ADJUNCTSat f-structurewould fail to encodethe semanticmodificationrelationswhich
hold within thesepre-headnodifiers(although,of course,it is possibleto keeptraceof at
leastlinear positionin the string of modifiersby judiciousindexing of the elementdn the
ADJUNCTSset).

Thesestructuresare extremely commonin our fragment: for example,thereare 52 rules
containinga total of 72 simple n0 n0 sequences which nominalelementanodify hom-
inal structuredo their right. We treattheseas head-modifeistructuresjntroducinga new
(single-valued)grammaticafunctionHEADMOD. Stringssuchasguard helicoptes, smole
inhalation, hospital spolesman law enfoicementofficers, and mary othersin our sample,
may beviewedassyntacticstructuregeachwordis associateavith aseparatéerminalcate-
goryin thetreebankepresentationsyhicharebuilt accordingo “morphological’principles
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(numberis markedonthefinal elementthestructuresareheadfinal), in which eachelement
modifiesthef-structureof the elementto its right.

This approachs also problematic,however. A nominalis takento modify the f-structure
projectedfrom its nominal sister as shovn schematicallyin (20), where(—) denoteshe
f-structure of the immediatelyadjacentright sister with the correspondingschematicf-
structuresn (21).

(20) NP
—HEADMOD=] — HEADMOD=] 1=
N1 N2 N3
(21) [PRED ‘N3’
HEADMOD |PRED ‘N2’

HEADMOD |[PRED ‘NI’

It is clear however, thatsuch®left-branching”structuresrenotalwayscorrectfor thestrings
in our corpus,andthatin somecasesa “right-branching”f-structure,with a comple head
(asshavn in (22) would be morecorrect. Thesesortsof structureswith whatamountsto
complex PREDs arenot permissiblan LFG.

(22) |HEAD PRED ‘N3’
HEADMOD [PRED ‘N2’
HEADMOD [PRED qu

For the moment,however, the templatesimply picks out sequencesf nO cateyoriesand
addsthef-structureconstraintthatthe first is the HEADMOD of the second.Note thatthe
templatecannotof courseequatdhef-structureof themotherwith therightmostcateyoryin

thepair, sincethef-structureof this category mayitself beaHEADMOD within acontaining
f-structure:pickingouttheheadof NPis performedby theheadiemplategivenin (19)above.

(23) np > * nO:N1 nO:NO *
@ [NO:headmod === N1]

“Neverthelessit mustbe statecthatsuchNPsin our grammarareall treatedas‘left-branching’structures.
As we pointout,thismeanghatin somecasesve providethewrongtreatmenfor suchphenomenaTheresults
givenlaterin the paperwereperformedon this ‘faulty’ setof NPs. We areconfidentthat reinterpretinghese
N-N compoundgorrectlywill notpreventusfrom achieving equallygoodfiguresfor precisionandrecall,but
we have yet to rewrite the grammarsandtemplatesasdesired so that this mustremainasspeculatiorat this
stage.
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What else,apartfrom n0O, mapsto the headmodunction? Membersof the catgory num,
likeadj maybeeitherADJUNCTsor HEADMOD: thetemplatds shovnin (24). We extend
the sametreatmento titles, asin (25).

(24) np > * num:N nO:NO *
@[ (NO:headmod === ; NO:np_adjunct:1 === N) ]

(25) np > * title:T nO:NO *
@ [NO:headmod === T]

3.4 Coordination and Flat Trees

The approacho constituentoordinationin LFG treatsthe conjunctsasa setat f-structure,
with the conjunctioncontributing a valuedirectly to the semanticstructure.Our formalism
doesnot currentlysupportsetvalues,andwe modelconstituentoordinationby treatingthe
conjunctionasa predicatedakinga CONJargumentwhichitself takesany numberof indexed
arguments.Thetreatmenbf the conjunctsthemselesthencloselyresemblesur treatment
of the setvaluedfeatureADJUNCT, as(26) illustrates.

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

[PRED and
CONJ |1 [PRED ..]

2> [PRED ..]

3 [PRED ..]

Ideally, then,the templatemustpick out the conj asthe f-headandtreatother cateyories,
exceptfor pnct as CONJfunctions. However, consideratiorof the setof np rulesinvolv-
ing coordinationmakes clearthat thingsare unfortunatelyconsiderablymore complicated.
Becausdhe treebankrepresentationare extremelyflat, the scopeof coordinationis notin-
dicatedby the presencef a distinctsub-tree:this meanghatit is not possibleto assignall
daughtergexceptconj 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,con; 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,ad] :F,n0 :G,p nct:H ,
relcl:1)]

np:A > [det:B,n0:C,n0:D,pnct:E,n0O: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 matchesas mary timesastherearen0s precedingthe conj n0 sequence,
theresultingannotationsrecollectedandtherule is annotatediccordingly Notice thatthis

canresultin multiple butidenticalC:conj:el === NO, NP === Cannotationsvhich

doesnot causeary harm. However, becausef the flat treebankrulesthe nO conjunction
principleis no morethananapproximationlt canintroduceerrorsin casetwo adjacenn0s

shouldbeanalysedisheadmod structuresatherthanascoordinateelementsn acoordinate
structure.

(28) np:NP > * nO:Nx * conj:C nO:NO *
@ [C:con;j:el === Nx, C:conj:el === NO,
NP === (]

Furthercomplicationsarethe coordinationof adjectvesdirectly undernp and even of ad-
verbs modifying adjectves undernp. Generalstatementsan be written for theseunder
which in eachcasethe coordinatestructureis identified and assignedhe correctsort of
ADJUNCT functionin the motherf-structure.

(29) np:NP > * adj;Ax * conj:C adiA *

@ [C:conj:el === AX, C:conjel === A,
NP:np_adjunct:el === (]

4 EXxperiments

In this section,we reporton experimentan automaticallycompiling the templatesover the
grammanrulesandcompareheresultsto our hand-codedjrammar

4.1 Experiment Designand Data

Ourexperimentinvolvesthefirst 100treesof the AP treebankLeechandGarsidel991). We
preprocesthetreebankusingthestructurepreservinggrammarcompactiormethodreported
in (vanGenabithetal. 1999b)and extract a treebankgrammarfollowing (Charniak1996).
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Thelarge numberof highly discriminatingterminalandnon-terminalkcateyoriesresultsin a

large numberof oftenvery specificrules: the grammarcompactiormethodprovidesa more
generalgrammarthat still preseresall importantcateyorial informationto drive automatic
annotation Compactiorworksby generalisingags,i.e. collapsingtags(andcateyories)into

supertagsThis reducegshe numberof rulesfrom 509to 330. The sentences the fragment
rangefrom 4 to 50 terminaltokens(including punctuationsymbols). We develop a set of

featurestructureannotationtemplates Our templateinterpretercompilesthetemplateover

therulesin thetreebankgrammar

In orderto evaluatetheresultsof automaticannotationve manuallyconstructedh reference
grammarfollowing (vanGenabithetal.,1999a,b,c) Thegrammarfeaturesl 128annotations,
on averageabout3.4 annotationgerrule?®

4.2 Automatic Annotation and Evaluation

We constructed 29templatesthisagainsB30CFGrulesresultingin atemplate/ruleatio of

0.39. We expecttheratio to skew in favour of templatesaswe proceedo largerfragments.
Automatic annotationgenerates 108 annotationspon averageabout3.36 annotationgper
rule. We evaluatethe automaticannotatiorproceduran termsof precisionandrecall.

(30)

#geneatedannotationsalsoin refeence

recision= :
P #geneatedannotations

#referenceannotationsalsogeneated
#refeenceannotations

recall =

Experiment
precision| 93.38%
recall 91.58%

Thesenumbers althoughgood, are conserative: precisionandrecall are computedauto-
matically andcurrentlyour annotatiormatcheris not complete®

Theresultsare encouragingandindicatethat while automaticannotationis (slightly) more
often partial thanincorrect,a small numberof annotationtemplatescan be written for a

STemplatesgrammarsandf-structuresareavailableat
http://www.compapp.dcu.ie/"away/Treeb ank/tr eebank.htm | .

®E.g.P1 = P2 | P2 = PlandA=B, A:P1 = P2  B:P1 = P2wherePi arepathsandA,B
variables;currentlyour precisionandrecall programmemissesP1:P2 = P3, Pl = A E AP2 = P3
typeinferences.
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grammairfragmentwhich appearso be quitecomplex. Thegeneralisationmadearesimple
androbust,andcanbe expectedo considerablyeasethe annotatiorburdenon thegrammar
writer.

Having beenconfrontedwith ‘real’ text, we have beenforcedto distinguisha numberof
grammaticafunctionsfor which thereis goodc-structuresvidenceand/ormotivationin real
text, butwhicharenotdiscussedh thetheoreticaliterature.In particular we have postulated
a pre-modificationaHEADMOD grammaticafunctionwithin NPs. The biggestchallenge
presenteddy the very flat treebankrepresentationsoncernghe coordinationdata,andin
particulartheinteractionof coordinationwith otherphenomena.

5 Conclusionsand Further Work

We have presentednd extensiely exemplifieda methodfor the automaticf-structurean-

notationof treebankgrammars. At this stageour intent hasbeento presentthe methods
andto explore someof their potential. The approachappliesto a CFG, suchasthat de-

rivedfrom atreebankandyieldsanannotatedyrammaywhich caneitherbe usedto reparse
treebankireesto inducefeaturestructureannotationdor treebankireesor sere asa basis
for developinga stand-alond.FG resource.It usesa compactiontechniquefor generalis-
ing overspecificcategorisation. The structureof treebankentriesremainsunchanged.We

implementedan orderindependenannotatiortemplateinterpreter Orderindependencean

easalevelopmentandmaintainancef annotatiorprinciples,but requiresnorecomplex rule

constraints.

Automaticannotatiorholdsconsiderablg@otentialin curtailingdevelopmentostsandopens
upthepossibilityof tacklinglargefragments.To date,our experimentsareadmittedlysmall-
scale.Still, we have presentednimportantgrammardevelopmentandtreebankannotation
methodologywhich is data-drven,semi-automati@andreusesxisting resourcesWe found
the LFG framework very conducve to our experiments. We do believe, however, thatthe
methodscanbegeneralisedandwe intendto applythemin anHPSGscenario Note further
thatourmethodencouragevork in thebestlinguistictraditionas(i) they areconcernedvith
reallanguageand(ii) they enforcegeneralisations the form of annotatiorprinciples.The
experimentsshov how theoreticalwork andideason principlescantranslateinto grammar
developmenfor realtexts. In this senséhe methodsridgethe oftenpercevedgapbetween
theoreticallymotivatedviews of grammarasa setof principlesversusgrammardor ‘real’
text.
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