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Abstract

Wepresentamethodfor automaticallyannotatingtreebankresourceswith functionalstructures.The
methoddefinessystematicpatternsof correspondencebetweenpartialPSconfigurationsandfunctional
structures.Theseareappliedto PSrulesextractedfrom treebanks.Thesetof techniqueswhichwehave
developedconstitutea methodologyfor corpus-guidedgrammardevelopment.Despitethewidespread
beliefthattreebankrepresentationsarenotveryusefulin grammardevelopment,weshow thatsystematic
patternsof c-structureto f-structurecorrespondencecanbe simply andsuccessfullystatedover such
rules.Themethodis partial in thatit requiresmanualcorrectionof theannotatedgrammarrules.

1 Intr oduction

Thepresentpaperdiscussesa methodfor theautomaticannotationof treebankswith functionalstructures.
A companionpaper(Frank2000) presentsan alternative methodfor the automaticannotationof corpus
resources.Thesecloselyrelated,but interestinglydifferentmethodshave developedthroughmuchcollab-
orative interchange.We presentthemin two separatecontributionsto allow for morein-depthdiscussion
andcomparison.Wefirst describeourmethodandthenexemplify its applicationto agrammarof 330rules
derivedfrom a fragmentof theAP treebank.We give someresultsconcerningprecisionandrecall for this
grammar.

Treebankswhich encodehigher-level functionalstructureinformationin additionto phrasestructureinfor-
mation,are requiredas training resourcesfor probabilisticunificationgrammarsanddata-driven parsing
approaches,e.g. (BodandKaplan1998). Manualconstructionof suchtreebanksis very labourandcost
intensive. As analternative, onecouldenvisagetheconstructionof new, or thescaling-upof existing, uni-
fication grammarswhich could thenbe usedto analyzecorpora. However, theseapproachesareequally
labourandcostintensive. Whatis more,evenif a large-coverageunificationgrammaris available,typically,
for eachsentenceit would comeup with hundredsor thousandsof candidateanalysesfrom which a highly
trainedexperthasto select.Althoughproposalshave beenmadefor filtering andrankingparsingambigu-
ities (e.g. (Franket al. 1998)), to datenoneis guaranteedto uniquelydeterminethebestanalysis.In order
not to compromisethe quality of the corpusunderconstruction,a linguistic expert is requiredto find the
bestamonga largenumberof candidateanalyses.

As a partial responseto this dataproblem,van Genabithet al. (1999a,b,c)introducea methodfor boot-
strappingthe constructionof grammarsfrom treebankresources.Their basicideais the following: take
anexisting treebank,readoff theCF-PSGfollowing (Charniak1996), manuallyannotateit with f-structure
annotations,provide macrosfor thelexical entriesandthen“reparse”thetreebankedtreessimply following
theoriginal c-structureannotations.During this reparsingprocess,thef-structureannotationsareresolved,
andan f-structureis produced. The processis deterministicif the annotationsare,and to a large extent
costly manualinspectionof candidateanalysesis avoided. The methodsuccessfullyallows the creation
of grammarresourcesbut still involvesonelabourintensive manualcomponent,namelyannotationof the
grammarruleswith functional information. Much recentwork in LFG, however, hasshown that the c-
structuref-structurecorrespondencefor a configurational,generallyendocentriclanguagesuchasEnglish,
is largely predictablefrom a smallsetof mappingprinciples(King 1995,Kroeger1995,Bresnan2000).In
theapproachof Bresnan(2000)andcolleagues,themappingprinciplesassumea highly articulatedsetof���

-schematainvolving bothfunctionalandlexical projectionsin aconfigurationallanguagesuchasEnglish.
A similar, but largely implicit, assumptionaboutthepredictabilityof thec- to f-structuremappingis also
presentin theearlierwork in LFG (KaplanandBresnan1982) whereit turnsup essentiallyasconstraints
on pairingsof categoriesandgrammaticalfunctions(e.g. COMPis only appropriatefor S, only NPs/DPs
areOBJsandso forth). In general,the correspondencebetweenc-structureandf-structurefollows from
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linguistically� determinedprincipleswhicharepartlyuniversal,andpartly languagespecific(Bresnan2000),
(Dalrymple1999).

In thelight of this,anobviousstrategy to pursueis to implementasetof principlesto automaticallyprovide
f-structureannotationsof CFGrulesderivedfrom treebankrepresentations,eliminatingthemanualstepin
the previous method. As a sideeffect, this canbe expectedto castlight on the soundness,accuracy and
appropriacy of the linguists’ generalisations:that is, the automaticprocedureasappliedto a large ruleset
derivedfrom a treebank,canserve asapotentiallyinterestingtestbedfor thelinguisticprinciples.

This papersubstantiallyextendstheresearchin vanGenabithet al. (1999a,b,c)by showing how f-structure
annotationsof grammarrulesextractedfrom treebanksmay (to a large extent) be automated.The basic
idea is very simple. We readoff a CFG treebankgrammar, using the first 100 treesof the AP treebank
(LeechandGarside1991). Systematiccorrespondencesbetweenelementsin thec-structuredomainandel-
ementsin the f-structuredomainarethendefinedin generalannotationtemplates.A corrected/completed
versionof this grammaris thenusedto inducef-structureassignmentsfor PStreesfrom the treebankfol-
lowing the reparsingmethodof van Genabithet al. (1999a,b,c).The methodis partial in that it requires
manualinspectionandcorrectionof theoutputproducedby theautomaticannotationprocess.Themethod
resultsin asetof annotatedrulesfor realtext.

The potentialbenefitsof automationareconsiderable:substantialreductionin developmenteffort, hence
savings in time and cost for treebankannotationand grammardevelopment;the ability to tackle larger
fragmentsin a shortertime, a considerableamountof flexibility for switchingbetweendifferenttreebank
annotationschemes,anda naturalapproachto robustness.The methodwe presentmay be viewed as a
corpus-guidedgrammardevelopmentmethodology.

Thepaperis structuredasfollows. In Section2 weintroducetheformalismfor writing annotationtemplates.
In Section3 we discussin somedetail the NP fragmentof our grammarand presenta numberof the
templatesinvolved. Section4 presentsthe designof the automaticannotationexperimentandevaluates
theresultsobtained.Finally weconcludeandoutlinefurtherwork.

2 Automatic f-structur eannotation of CF Rules

Treebankgrammars(CFGsextractedfrom treebanks)arevery largeandgrow with thesizeof thetreebank
(Charniak1996), (Krotov etal. 1998). They featureflat rules,many of whichshareand/orrepeatsignificant
portionsof their RHSs. This causesseveral problemsfor manualannotationapproachessuchasthe one
describedin vanGenabithet al. (1999a,b,c).Annotationis labourintensive andrepetitive, becauseof the
sheersizeandsimilarity of therules,andannotationof rulesonaoneby onebasismeansthatgeneralisations
known to the annotatoraresimply not expressed.Of course,if the cardinalityof the rulesetcontinuesto
grow with thesizeof thetreebank,sotoowill themanualannotationtask.

In LFG the correspondencebetweenfunctional and constituentstructure is partly defined in terms
of annotationsassociatedwith c-structurenodes. Annotation follows universal and languagespecific
principles. We can define principles as involving partial phrasestructureconfigurationsand apply
them to all CFG rules that meet the relevant partial configuration. To give a simple example: a head
principle assigns� = � to the X daughterin all XP � ����� X ����� configurations,irrespective of the
surroundingcategorial context. Suchannotationprinciplescapturegeneralisations,which canbe usedto
automaticallyannotatePSconfigurationswith functionalstructuresin ahighly generalandeconomicalway.
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2.1
	

FeatureDescription Templates

In our approachto automaticannotationof c-structurerules, the linguist statesgeneralisationsover local
sub-treesin theform of featuredescriptiontemplates,definedasfollows:

fd(Rule,Constrai nt s, FDesc r)

In a template,theRule is a (possiblypartial)descriptionof a treebankrule,while Constraints is a list
of categorial andconfigurational(that is, c-structure)constraintsandFDesrc a list of functionalannota-
tionsinduced.Theintendedinterpretationis thatevery rule thatsatisfiesConstraints is annotatedwith
FDescr . Rulescanmatch,satisfyandreceive annotationsfrom multiple fd/3 templates.The interpre-
tationof templatesis orderindependent:every templatewhosedescriptionis satisfiedis appliedto a given
rule.

Theconstraintinterpretersupportsa wide rangeof differenttypesof expressionincluding list constraints,
restrictedregularexpressions,macrosanduserdefinedconstraints.At this exploratorystage,we have not
tailoredtheconstraintinterpreterto enforceany particularstyleof constraintspecificationby the linguist,
andthuswe provide a numberof constraintpredicateswhichareperhapsunlikely to belinguistically moti-
vated.As weshallseebelow, becausewearedealingwith theratherflat representationsof treebankentries,
we rely on constraintsover linearity ratherthanhierarchicalstructurein anumberof cases.

To give a flavour of the templatedescriptionlanguage,the following functionsare includedin the list
processingconstraints:

(1) one(Dtrs,O) : returnstheonly item Oof a list Dtrs . It fails if Dtrs = [] , if O is not anitem
in Dtrs or if Ooccursmorethanjustoncein Dtrs . one/2 thushasthemeaningof exactlyonce.
Dtrs maycontainregularexpressions.This is adeterministicpredicate.

first(Dtrs,F) : returnsthe first item F of a list Dtrs . It fails if Dtrs = [] . Dtrs may
containregularexpressions.Deterministicpredicate.second(Dtrs,S) , andsoon,aresimilarly
defined.

last(Dtrs,L) : returnsthelastitemL of alist Dtrs . It fails if Dtrs = [] . Dtrs maycontain
regularexpressions.Deterministicpredicate.

eq(List1,List2) : succeedsif List1 andList2 areequal.List1 andList2 maycontain
regular expressions.Nondeterministicpredicate(lists containingregular expressionscambe the
samein morethanoneway).

leftof(D,Dtrs,L Dt rs) : LDtrs is the list to the left of item D in the list Dtrs . Dtrs and
LDtrs maycontainregularexpressions.Nondeterministicpredicate.LDtrs = [] if Dfirst item
in Dtrs . A predicaterightof is similarly defined.

element(D,Dtrs) : D is anitemin thelist Dtrs . Processingis left-to-right. Dtrs maycontain
regularexpressions.Nondeterministicpredicate.A deterministicelementpredicateis alsodefined.

prefix(Pre,List ) : succeedsif the list Pre is a prefix of the list List . Pre and List
may containregular expressions.[] is a prefix of every list. Also, every list is a prefix of itself.
Deterministicpredicate.A suffix relationis similarly defined.

sequence(Dtrs,L ef t,S equenc e, Rig ht ) : succeedsif the list Sequence is a subse-
quence(i.e. aninfix) of thelist Dtrs . Left andRight aretheremainderlists to theleft andright,
respectively, of Sequence . Left , Right , Sequence andDtrs may containregular expres-
sions.[] is aninfix of every list. Also, every list is aninfix of itself. Nondeterministicpredicate.
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As



is evident from the above, we definea numberof constraintswith the very flat structuresof treebank
representationsin mind. Often the linguist essentiallypicks out in a specifictemplatea substringof the
RHS categorieswhich would have correspondedto a distinct non-terminalnodein a more hierarchical
representation,effectively creatinga ‘virtual’ treefor thepurposesof themapping.

Weprovidea limited numberof basicregularexpressions,includingaboundedform of theKleeneoperator
andan opt predicatewhich specifiesthat its argumentlist is optional. Becausethe formalismis simple
andflexible, it is easyto extend: userdefinedPrologpredicatesmay be includedin the list of structural
constraints.For example,the predicateunary(M,D,FD) wasdefinedto expressthe generalisationthat
for any unarybranchinggrammarrule, themother’s f-structureis thesameasthedaughter’s f-structure.

(2) unary(M,D,[FM === FD]) :-
M =.. [_Cat,FM],
D =.. [_Cat,FD].

Theconstraintcanthenbeusedin a templateasfollows:

fd(rule(M,[D]),[ unar y( M,D,F Desc r) ],F Desc r) .

Theformalismalsocontainsanumberof macrodefinitions.Themostsignificantof these,theconj/5 con-
junction macro,describesandappliesto regular patternsof daughtersin RHSsof rule descriptionswhich
togetherform acoordinatestructure.Becausethetreebankrepresentationsareundulyflat, coordinatestruc-
turesarevery oftennot representedasseparatesubtrees,sothemacromustpick out therelevantsubstring
of daughters.For example,insteadof thetree(3) we have therule (4) from thetreebankgrammar.

(3) NP

N
�� � � �����

AP
 
 
���
Adj Cj Adj

N’� ���
N PP

(4) rule(np(_), [adj(_),conj(_ ), adj (_ ), n0(_ ),p p( _) ]) .

The formalismalsocontainsa numberof interpretercontrolstatements.Theoneof/1 control statement
is satisfiedassoonasoneof the membersof its argumentlist hasbeensatisfied.The all/4 constraint
ensuresthat all constraintsin its constraintlist areappliedasoften aspossibleto a rule descriptionand
that the resultingannotationsarecollected.ConsideranS rule which containsa numberof PPdaughters,
or an NP rule which containsa numberof AP daughters.The linguistic generalisationsthat one might
want to statemight be “map a PPdaughterof S to ADJUNCT” or “map an AP daughterof NP to AD-
JUNCT”. Thesearetrueof all suchinstances.The linguist usestheall/4 interpretercontrol statement,
all(Rule,Constra in ts ,F D, All FD) , to expressthisgeneralisation.1

(5) all(rule(s(S),D tr s), [member( pp( PP), Dt rs )], [S :s _adj unc t: 1 === PP],FD)

The first argumentof all(Rule,Constr s, FD,A ll FD) is a rule descriptionRule , thesecondargu-
menta list of constraintsConstrs , thethird argumentis thef-descriptionFD inducedeachtime thelist of

1Weabstractaway here,for thepurposesof exemplification,from themannerin which theadjunctsetis modelled.
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constraints� is satisfiedandfinally thefourth argumentAllFD collectsandreturnsall thosef-descriptions.
Theinterpretationof all/4 is thateachwayof satisfyingConstrs in Rule generatingaFD is collected
in AllFD . Theall/4 constraintis includedin thelist of constraintsin a fd/3 templatedescription:

(6) fd(rule(s(S),Dt rs ),
[all(rule(s(S) ,Dt rs ), [member (p p( PP), Dtr s) ], [S :s _ad ju nc t: 1 === PP],FD)],
FD).

The compilationof fd/3 featureannotationtemplatesover rule setsis provided in termsof a small and
convenient top level programcalled aa.pl (Automatic Annotation). aa.pl loadsthe interpreter, the
grammarfile andthetemplatefile, andthetop level predicateaa compilesout Templates over Rules
anddisplaystheresult.

The processingof fd/3 templatesis orderindependent.Unlessspecifiedotherwise(e.g. by the all/4
constraint)a templatewill applyonly onceto a rule descriptionandcanonly applyagainon backtracking.
All templatesthatmatcha givenrulewill applyto thatrule.2

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 presentseveral aspectsof the NP grammar. We show that
this approachpermitsthe linguist to statesimplegeneralisationsandtranslatethemstraightforwardly into
templates.In our work to datewe have developedtemplatesfor the entiregrammarof 330 rulesderived
from thetreebank.However, we have chosento concentrateon onesectionof thegrammarfor expository
purposes.

TheNP fragmentconstitutesthelargestandmostcomplex setof phrasestructurerulesinducedfor a single
non-terminalcategory from our set of sentences.Becauseof its size and complexity, and becausethe
issueswhich it raisesgive a goodfeel for what is involved in our approachto automaticannotation,we
limit discussionto this fragment.Thegrammarfragmentcontains142rules,for which we have written 29
templates.23 categoriesareattestedwithin NP, a very high proportionof theoverall numberof categories
in thegrammar, which is 41 (29 lexical and12 non-terminalcategories)3.

(7) 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 Compactionand Supercategories

In earlierwork (van Genabithet al. 1999c)we found that the rich set of tagsusedin the AP treebank
providedmuchusefulf-structureinformationwhichcouldbesimplyre-expressedin asetof lexical macros.

2A manual with detailed descriptions of the interpreter and the constraints supported is available at
http://www.compapp.dcu.ie/˜away/Treebank/ treeba nk.htm l .

3Thecategorysetthatwearedealingwith is derivedfrom theoriginalAP tagsetby aprocessof compaction,whichwedescribe
in thefollowing section.
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The
�

distinctionsintroducedby the AP tagset,in commonwith other tagsets,are extremely fine-grained
becauseall sortsof subcategorialdistinctionsareexpressedbymeansof themonadiccategorylabels.In very
many cases,thesesubcategorial distinctionsareoneswhich would beexpressedby meansof grammatical
featuresat f-structurein LFG (distinctionssuchasnumber, verbform,andsoon). Sincethis informationis
recapturedby meansof theselexical macros,they hypothesizedthat it would be helpful to abstractaway
from thespecificitiesof theparticularsetof tagsusedin their databaseof sentencesin favour of a smaller
setof “supertags”in orderto developa stand-aloneresource.This canbeviewedaspluggingholesin the
grammar, for it permitsa moregeneralgrammarto bederivedfrom thatwhichwouldotherwisebereadoff
from thetreebankentries.ThereforevanGenabithet al. (1999b)introducea structure-preserving grammar
compactionmethodwhichfirst useslexical macrosto associatef-structureconstraintswith thewordsin the
treeandthen,having specifiedamappingbetweentagsand“supertags”(generalisationsover tags),usesthe
latter to reparsethe treebankentriesandcompilea “generalised”CFG from the treeusingthe methodof
(Charniak1996).

Thework describedhereinvestigatestheautomaticassociationof f-structurecontstraintswith therulesof
theCFGby meansof annotationtemplates.Wehave foundthatthecategorial compactiondescribedin (van
Genabithet al. 1999b)hasprovided an excellentbasisfor automaticf-annotation:many of the distinc-
tionspreserved in thereduced(generalised)tagsetarepreciselythosewhich we requireto guideautomatic
annotation.For example,in thenominaldomain,the large numberof distinctionsmadebetweennominal
elementsonthebasisof morphosyntacticclassmembershipareeliminated,but thedistinctionof nounswith
adverbial function is maintained.We make useof suchinformationto directly guidethe f-structureanno-
tation process.Likewise, the AP tagsetmakesa seriesof distinctionswithin the verbal/sententialsystem
which, suitablygeneralisedover, areusefulin thesameway. As anexample,we assignsupertagsover sets
of AP tagsasindicatedbelow:

(8)

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 Relative clause
Fr& First conjunctof a relative clause
Fr+ Secondconjunctof a relative clause

INFP Ti to + infinitive clause
Ti& First conjunctof a to + infinitive clause
Ti+ Secondconjunctof a to + infinitive clause

Thefollowing, exceptionlessgeneralisationscanbestatedaboutthesederivedcategories.

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

fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(fn(B),D tr s) ],
[ NP:comp === B ],
AllConstr ) ],

AllConstr ).
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(10) An infinitival VP within NP is anXCOMP in theNP’s f-structure

fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(infp(B) ,D trs ) ],
[ NP:xcomp === B ],
AllConstr ) ],

AllConstr ).

(11) A RELCL within NP is aRELMOD in theNP’s f-structure

fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(relcl(B ), Dtr s) ],
[ NP:relmod === B ],
AllConstr ) ],

AllConstr ).

Of course,not all constituentswhich mapto thef-structurefunctionRELMOD are representedasrelcl in
the treebankentries.Thesampleof 100sentencescontainsa numberof casesof reducedrelative clauses,
which areassociatedwith the (super-)category vp in our collapsedtagset.Given thedistinctionsmadein
theverbalsupertagset,the following generalisationmaybe madeabouttheoccurrenceof the (super-)tag
vp within thenounphrase:

(12) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(vp(B),D tr s) ],
[ NP:relmod === B ],
AllConstr ) ],

AllConstr ).

SincetheAP tagsetencodesadverbial function,thesupertagntadvp (for nominaltemporaladverbial)can
bestraightforwardly relatedto a specificfunction:

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

fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(ntadvp( B) ,Dt rs ) ],
[ NP:np_adjunct:1 === B ],
AllConstr ) ],

AllConstr ).

We noteat this point thatour constraintlanguagecanalsobeimplementedin termsof regularexpressions.
For instance,thetemplatein (13) canberewritten as:

(14) np:NP > * ntadvp:B *
@ [NP:np_adjunct: 1=B]
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W
�

e shallnot give furtherexamplesof theregularexpressionvariantson our templateshere,but it is appro-
priateto notethatwe have subsequentlyimplementeda basicregularexpressionbasedannotatatorandour
work henceforthwill usethissimpler, cleanerlooking format4. Nevertheless,we stressthatall experiments
andresultsdocumentedherewereperformedusingtheoriginal fd/3 versionof thetemplates.While we
do not seeany reasonwhy similar resultscannotbe obtainedwith the regular expressionformat of our
templates,we have not testedthisdefinitively at this stage.

The original AP tagsetcontainsmorethan20 pronominaltags,which we collapseto two supertags:pos-
spron for possessive pronouns,andpron for all otherpronouns.Again, thec-structureto f-structuremap-
ping templatesaresimpleto write for thesecategories5:

(15) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(posspro n( B), Dt rs ) ],
[ NP:poss === B ],
AllConstr ) ],

AllConstr ).

(16) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(pron(B) ,D trs ) ],
[ NP === B ],
AllConstr ) ],

AllConstr ).

To take a morecomplicatedexample,theAP tagsetdistinguishesthefollowing subtypesof Adjectives: ja
jb jj da da2 dar dat. All the “j” tagsareadjectives,eitherpredicative, centralandattributive. The “d”
adjectivesare“after determiners”suchas“former, such,few, several...”. The “j” adjectivesareattributive
modifierswithin NP, andunderour treatment,correspondto NP ADJUNCT andHEADMOD grammatical
functions,6 while the“d” adjectivesmapto SPECor mayserveastheheadof NPin theabsenceof anominal
element.In our collapsedtagset,all the“d” adjectivesaretreatedasdadj andall the“j” adjectivesasadj:
this distinction,which is a simplegeneralisationof the categorial distinctionsmadein the treebanktags,
correspondsto a differencein grammaticalfunctionalpossibilitiesfor thesesubtypesof adjectives. For
dadj, thegeneralisationthatwe wish to stateis thatit mapsto SPECif thereis anominalf-head,otherwise
to f-head.

(17) fd(rule(np(NP), Dt rs) ,
[element(dadj( DA),D tr s) ,

oneof([ element(n0(_), Dt rs) , %%as soon as one of them
element(num(_) ,D trs ), %%is satis-

fied constraint
element(np(_), Dt rs) ]) ], %%fires exactly once

[NP:spec === DA]).

4Thanksto ananonymousreviewer for pointingthisout.
5Of course,given the flatnessof the trees,a posspron might denotea POSSfunction, but not necessarilythe POSSof the

f-structureof its mothernode(it might bemoredeeplyembeddedin thef-structure).However, in our fragmentthis is not attested
andwe canmake dowith thesimplegeneralisationin (15).

6Wediscussthisdistinctionatgreaterlengthbelow.
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(18) fd(rule(np(NP), Dt rs) ,
[element(dadj( DA),D tr s) ,

not(element(num( _) ,D tr s) ),
not(element(n0(_ ), Dt rs )) ,
not(element(np(_ ), Dt rs )) ],

[NP === DA]).

This pair of templatesis essentiallyequivalentto annotatinga dadj nodewith a disjunction( ��� ( � ADJ))�
( � = � ). We recognisetheability of theseadjectivesto standon their own astheheadof NP by permitting
thecategory dadj to serve asthehead(whenno otherpotentialheadis present)ratherthanby reassigning
themto anominalor determinercategory.

The othersubclassof adjectives serve asnominalmodifierswithin NP. The LFG treatmentof attributive
adjectives is asmembersof the set-valuedfeatureADJUNCT (hereNP ADJUNCT). This is appropriate
for iterative usesof adjectiveswhich separatelyrestrictthe interpretationof theheadnoun. However, our
corpuscontainsa significantnumberof casesin which anadjective mayappearon the left periphery(and
partof) what is essentiallya complex (internally-modified)nominalhead,asin jumpshot,nationalguard
troops,wideareatelephoneservice. For thelattercaseswe have usedtheadditionalgrammaticalfunction
HEADMOD: theprototypicaluseof this functionis in casesof noun-nouncompounding,whichaboundin
our smallcorpusextract. We shallhave moreto sayabouttheHEADMOD functionwhenwe discussNN
compoundsbelow.

Treatingadjectivesaspotentiallymappingto HEADMOD aswell asto NP ADJUNCT leadsto thefollow-
ing templateinformationfor adj: adjectivesnext to nominalheadsareeitherNP ADJUNCTsor HEAD-
MODs,otheradjectivesareNP ADJUNCTs.

(19) fd(rule(np(NP), Dt rs) ,
[ all( rule(np(NP),Dt rs ),

[ sequence(Dtrs, [a dj( A) ,X P] ) ,
element(XP,[n0 (N 0), np(N 0) ,n um(N0)] ) ],

[ (NP:np_adjunct :1 === A ; N0:headmod === A) ],
AllConstr )

],
AllConstr ).

(20) fd(rule(np(NP), Dt rs) ,
[ all( rule(np(NP),Dt rs ),

[ sequence(Dtrs, [a dj( A) ,X P] ) ,
not(XP = n0(_)),
not(XP = np(_)),
not(XP = num(_)) ],

[ NP:np_adjunct: 1 === A ],
AllConstr )

],
AllConstr ).

Sinceonly single,uncomplementedandunmodifedadjectivescanbeusedaspartof thesesortsof structures,
thetemplatefor AP is simpleto state:it mapsto thenominaladjunctfunction.
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(21) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ element(adjp(B) ,D trs ) ],
[ NP:np_adjunct:1 === B ],
AllConstr ) ],

AllConstr ).

3.2 PPDependants

DistinguishingOBL from ADJUNCTsis a notoriouslydifficult problem,especiallywithin NPs,wherethe
PP dependantsare largely optional. Onepossibletack would be to treatall PPdependantsof nominals
asADJUNCTs(this approachis adoptedin (Butt etal. 1999)), that is, to treatall optionalargumentsof
nominal headsas syntacticmodifiers(someof which will be semanticarguments)ratherthan syntactic
arguments.On this view, our annotationtemplateswould simply needto statethe generalisationthat the
category pp mapsto the ADJUNCT function. However, inspectionof our setof sentencessuggeststhat
while thesecondof two PPsis alwaysanADJUNCT, a PPadjacentto thenominalheadmaybeeitheran
OBL or anADJUNCT. Althoughit is claimedthatOBLIQUE andADJUNCTPPscanreorderratherfreely,
thestringsin thetemplatereflecttheorderingwhichwouldbeimposedby the

���
-schemata.Thefollowing

templates,therefore,introduceameasureof disjunctioninto theannotationprocess:

(22) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ sequence(Dtrs,[ pp(_) ,p p( C) ]) ],
[ NP:np_adjunct:1 === C ],
AllConstr ) ],

AllConstr ).

(23) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ sequence(Dtrs,[ XP,pp (C )] ) ,
element(XP,[n0( _) ,np (_ ), num(_)] ) ],

[ (NP:np_adjunct: 1 === C ; NP:obl === C) ],
AllConstr ) ],

AllConstr ).

3.3 HeadModifier Structures

Thetreebankrepresentationsof NPsareveryflat andoftenquitecomplex - thefollowing arerepresentative.

(24) rule(np(A), [det(B),adj(C),adj(D),n0(E),n0(F),a djp(G) ]).
rule(np(A), [det(B),adj(C),n0(D),n0(E),relcl(F) ]).
rule(np(A), [det(B),adj(C),n0(D),n0(E)]).
rule(np(A), [det(B),adj(C),n0(D),ntadvp(E),relc l(F)]) .
rule(np(A), [det(B),adj(C),n0(D),pnct(E),vp(F)] ).
rule(np(A), [det(B),adj(C),n0(D),pp(E)]).
rule(np(A), [det(B),dadj(C),n0(D),n0(E),n0(F),r elcl(G )]).
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rule(np(A), [n0(B),n0(C),n0(D),n0(E),vp(F)]).
rule(np(A), [n0(B),n0(C),n0(D),n0(E)]).
rule(np(A), [n0(B),n0(C),n0(D),np(E)]).
rule(np(A), [n0(B),n0(C),n0(D),ntadv(E),pp(F)]) .
rule(np(A), [n0(B),n0(C),n0(D)]).
rule(np(A), [n0(B),n0(C),np(D),pnct(E),np(F)]).
rule(np(A), [n0(B),n0(C),np(D)]).
rule(np(A), [n0(B),n0(C),pnct(D),np(E)]).
rule(np(A), [n0(B),n0(C),pnct(D),relcl(E)]).

Given the remarkablepaucityof internalstructurehere,a major issueis determiningwhat category is the
headof NP; that is, whatcategory is to beannotated( � = � ). A striking featureof many of theNP rulesis
thatthey containstringsof nominalcategories.In suchcases,theseflat stringsof nominalcategoriesbehave
in an essentiallyright-headedfashion. The elementsn0, num andnp typically serve asthe headandthe
rightmostsuchelementpresent(providedit is notprecededby pnct, whichmarksanappositionalstructure),
is theheadof theNP. Thisgeneralisationcanbestatedasfollows:

(25) fd(rule(np(NP), Dt rs) ,
[ element(N,[n0(F ), np(F ), num(F )] ), % what exactly is N?

sequence(Dtrs,L ef t, [N ], Rig ht ),
not(element(n0( _) ,R ig ht )), % check whether
not(element(np( _) ,R ig ht )), % N is final
not(element(num (_ ), Ri ght)) ,
not(last(Left,c onj( _) )) , % don’t apply in

% conj context
not(last(Left,p nc t( _) )) ], % nor if pre-

ceded by pnct <==
[NP === F]).

As canbe seen,this templatemusttake into accountthe complicatingfactorof coordination,andin par-
ticular, theflat representationof coordination,which we discussin thefollowing section.Thefragmentof
grammarin (24) andthe template(25) illustratenicely a featureof treebankrepresentations,namelytheir
extremelyflat representations.The templateabove mustsearchfor the rightmostcategory appropriateto
serve ashead,from asequenceof categories.

The overly flat treebankrepresentationsare very problematicwhen it comesto determiningthe correct
head-modiferrelationshipswithin the nounphrase.Onepossibility is to treatall pre-headnominal (and
adjectival) elementsasdirect modifiersof the final nominalhead. It would be trivial to then definethe
appropriateannotationtemplatemappingall suchpreheadnominalmodifiersinto a set-valuedADJUNCT
f-structure.This would entail,for example,treatinglaw enforcementofficer asa headofficer modifiedby a
setof adjuncts� law, enforcement� . This is essentiallytheapproachadoptedin theLFG grammarsof the
PARGRAM projectdescribedin (Butt etal. 1999). The difficulty with this is that a flat representationas
ADJUNCTSat f-structurewould fail to encodethesemanticmodificationrelationswhichholdwithin these
pre-headmodifiers(although,of course,it is possibleto keeptraceof at leastlinearpositionin thestringof
modifiersby judiciousindexing of theelementsin theADJUNCTSset).

Thesestructuresareextremelycommonin our fragment:for example,thereare52 rulescontaininga total
of 72 simple n0 n0 sequencesin which nominalelementsmodify nominalstructuresto their right. We
treattheseashead-modiferstructures,introducinganew (single-valued)grammaticalfunctionHEADMOD.
Stringssuchas guard helicopters, smoke inhalation, hospital spokesman, law enforcementofficers, and
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man� y othersin our sample,maybeviewedassyntacticstructures(eachword is associatedwith a separate
terminalcategory in thetreebankrepresentations)which arebuilt accordingto “morphological”principles
(numberis markedon thefinal element,thestructuresareheadfinal), in which eachelementmodifiesthe
f-structureof theelementto its right.

This approachis alsoproblematic,however. A nominal is taken to modify the f-structureprojectedfrom
its nominalsister, asshown schematicallyin (26), where( � ) denotesthe f-structureof the immediately
adjacentright sister, with thecorrespondingschematicf-structuresin (27).

(26) NP� � � � � � � � � �� ������������ HEADMOD = �
N1

� HEADMOD = �
N2

� = �
N3

(27) ������ PRED ‘N3’

HEADMOD ��� PRED ‘N2’

HEADMOD  PRED ‘N1’ !
"$#%
" ####%

It is clear, however, thatsuch“left-branching”structuresarenotalwayscorrectfor thestringsin ourcorpus,
andthatin somecasesa“right-branching”f-structure,with acomplex head(asshown in (28)wouldbemore
correct7. Thesesortsof structures,with whatamountsto complex PREDs,arenotpermissiblein LFG.

(28) ������� HEAD ��� PRED ‘N3’

HEADMOD  PRED ‘N2’ !
"$#%

HEADMOD  PRED ‘N1’ !
"$#####%

For themoment,however, thetemplatesimplypicksoutsequencesof n0 categoriesandaddsthef-structure
constraintthat thefirst is theHEADMOD of thesecond.Note that the templatecannot,of course,equate
the f-structureof the motherwith the rightmostcategory in the pair, sincethe f-structureof this category
mayitself beaHEADMOD within acontainingf-structure:pickingout theheadof NP is performedby the
headtemplategivenin (25)above.

(29) fd(rule(np(_),R hs ),
[ all( rule(np(_),Rhs ),

[ sequence(Rhs,[ n0(N0 1) ,n 0( N02)] ) ],
[ N02:headmod === N01 ],
AllConstr ) ],

AllConstr).

7Nevertheless,it mustbestatedthatsuchNPsin ourgrammarareall treatedas‘left-branching’structures.As wepointout, this
meansthatin somecasesweprovide thewrongtreatmentfor suchphenomena.Theresultsgivenlaterin thepaperwereperformed
on this ‘f aulty’ setof NPs.We areconfidentthatreinterpretingtheseN-N compoundscorrectlywill notpreventusfrom achieving
equallygoodfiguresfor precisionandrecall,but we have yet to rewrite thegrammarsandtemplatesasdesired,so that this must
remainasspeculationat this stage.
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What
�

else,apartfrom n0, mapsto theheadmodfunction?Membersof thecategory num, like adj maybe
eitherADJUNCTsor HEADMOD: the templateis shown in (30). We extendthesametreatmentto titles,
asin (31).

(30) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ sequence(Dtrs,[ num(Num), n0(N 0)] ) ],
[ ( N0:headmod === Num ; N0:np_adjunct: 1 === Num) ],
AllConstr ) ],

AllConstr ).

(31) fd(rule(np(NP), Dt rs) ,
[ all(rule(np(NP) ,D tr s) ,

[ sequence(Dtrs,[ ti tle (T ), n0(N 0)] ) ],
[ N0:headmod === T ],
AllConstr ) ],

AllConstr ).

3.4 Coordination and Flat Trees

The approachto constituentcoordinationin LFG treatstheconjunctsasa setat f-structure,with thecon-
junction contributing a valuedirectly to thesemanticstructure.Our formalismdoesnot currentlysupport
setvalues,andwe modelconstituentcoordinationby treatingtheconjunctionasapredicatetakinga CONJ
argumentwhich itself takesany numberof indexedarguments.Thetreatmentof theconjunctsthemselves
thencloselyresemblesour treatmentof thesetvaluedfeatureADJUNCT, as(32) illustrates.

(32) rule(np(A),[np(B),pnct(C),np(D),pnct(E),conj(F),np(G)]).����������
PRED and

CONJ:1  PRED ....!
CONJ:2  PRED ....!
CONJ:3  PRED ....!

" ########%
Ideally, then,the templatemustpick out theconj asthe f-headandtreatothercategories,exceptfor pnct
asCONJfunctions. However, considerationof thesetof np rulesinvolving coordinationmakesclearthat
thingsareunfortunatelyconsiderablymorecomplicated.Becausethetreebankrepresentationsareextremely
flat, thescopeof coordinationis not indicatedby thepresenceof adistinctsub-tree:thismeansthatit is not
possibleto assignall daughters(exceptconj andpnct to CONJfunctions.

(33) rule(np(A), [n0(B),conj(C) ,n 0(D )] ).
rule(np(A), [np(B),conj(C) ,n p(D )] ).
rule(np(A), [np(B),pnct(C) ,c onj (D ), np(E )]) .
rule(np(A), [np(B),pnct(C) ,n p(D ), co nj (E ),n p( F) ]) .
rule(np(A), [np(B),pnct(C) ,n p(D ), pnct (E ),c onj( F) ,n p(G)] ).
rule(np(A), [adj(B),conj(C ), adj (D ), n0(E ),n 0( F) ]) .
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rule(np(A), [adj(B),conj(C ), adj (D ), n0(E ),p p( F) ]) .
rule(np(A), [adv(B),num(C) ,a dj( D) ,n 0( E) ,n0 (F ), co nj (G) ,n 0( H) ]) .
rule(np(A), [det(B),adj(C) ,n 0(D ), co nj (E ),n 0( F) ,n 0( G)] ).
rule(np(A), [det(B),adj(C) ,n 0(D ), co nj (F ),n 0( G),p p( E)] ).
rule(np(A), [det(B),adv(C) ,c onj (D ), adv( E), adj( F) ,n 0(G), pnct (H ),r el cl (I )] ).
rule(np(A), [det(B),n0(C), n0(D) ,p nc t( E) ,n0 (F ), co nj (G) ,n 0( H) ]) .
rule(np(A), [posspron(B),n 0( C), pp(D ), co nj( E) ,a dv (F )]) .

Theconj macrois specialisedfor associatingtheright grammaticalfunctionswithin thef-structure:how-
ever, in thestatementof thetemplateit is alsonecessaryto ensurethatthemaximalapplicablesubstringof
daughtersis covered.Theconj(List,M,Ca tT y,F Ty,F D) macrois definedfor conjunctive patterns.
Its first argumentList is a list describing(aportionof) aruleRHS.List maycontainregularexpressions.
Mis amotherf-structurevariablementionedelsewherein thefd/3 template.CatTy is thecategory typeof
theconjunctsin theconjunctive structure.This is requiredto find theconjunctswhosef-structurevariables
contribute to the annotationto be constructed.FTy specifiesthe featurewhich is going to be usedin the
annotation.Finally, FD is theresultingfeaturedescription.

(34) fd(rule(np(NP), Dt rs) ,
[ element(conj(_) ,D tr s) , %%<= just effi-

ciency .. i.e.
%%don’t search if there is no

sequence(Dtrs,L ef t, Seq, Rig ht ), %%conj
not(element(n0( _) ,L ef t) ),
not(element(n0( _) ,R ig ht )),
eq(Seq,[conj([’ kl eene+’ ([n 0( A) ,o pt ([p nc t( _) ]) ]),

conj(E),n0(A1)] ,N P, n0, _, FD)] ) ],
FD ).

Furthercomplicationsarethecoordinationof adjectivesdirectly undernp andeven of adverbsmodifying
adjectivesundernp. Generalstatementscanbe written for theseunderwhich in eachcasethecoordinate
structureis identifiedandassignedthecorrectsortof ADJUNCT functionin themotherf-structure.

(35) fd(rule(np(NP), Dt rs) ,
[ member(conj(_), Dt rs ), %%efficiency

sequence(Dtrs,L ef t, Seq, Rig ht ),
not(element(adj (_ ), Left )),
not(element(adj (_ ), Ri ght)) ,
eq(Seq,[conj([’ kl eene*’ ([a dj (A )] ), adj (A 2) ,c onj(E ), adj( A1)],

M,adj,_,FD)]) ],
[ NP:np_adjunct:1 === M | FD ]).

4 Experiments

In this section,we reporton experimentsin automaticallycompiling thetemplatesover thegrammarrules
andcomparetheresultsto ourhand-codedgrammar.
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4.1
&

Experiment Designand Data

Ourexperimentinvolvesthefirst 100treesof theAP treebank(LeechandGarside1991). Wepreprocessthe
treebankusingthestructurepreservinggrammarcompactionmethodreportedin (vanGenabithetal. 1999b)
andextracta treebankgrammarfollowing (Charniak1996). Thelargenumberof highly discriminatingter-
minal andnon-terminalcategoriesresultsin a largenumberof oftenvery specificrules: thegrammarcom-
pactionmethodprovidesa moregeneralgrammarthat still preservesall importantcategorial information
to drive automaticannotation.Compactionworksby generalisingtags,i.e. collapsingtags(andcategories)
into supertags.This reducesthenumberof rulesfrom 509to 330.Thesentencesin thefragmentrangefrom
4 to 50 tokens(includingpunctuationsymbols).Wedevelopasetof featurestructureannotationtemplates.
A templateinterpretercompilesthetemplatesover therulesin thetreebankgrammar.

In orderto evaluatetheresultsof automaticannotationwe manuallyconstructeda referencegrammarfol-
lowing (van Genabithet al., 1999a,b,c). The grammarfeatures1128 annotations,on averageabout3.4
annotationsperrule.8

4.2 Automatic Annotation and Evaluation

We constructed129 templates,this against330 CFG rulesresultingin a template/ruleratio of 0.39. We
expect the ratio to skew in favour of templatesaswe proceedto larger fragments.Automaticannotation
generates1108annotations,onaverageabout3.7annotationsperrule. Weevaluatetheautomaticannotation
procedurein termsof precisionandrecall.

(36)

precision ')( generatedannotationsalsoin reference( generatedannotations

recall ' ( referenceannotationsalsogenerated( referenceannotations

Experiment
precision 93.38%
recall 91.58%

Thesenumbers,althoughgood, are conservative: precisionand recall are computedautomaticallyand
currentlyourannotationmatcheris not complete.9

Theresultsareencouragingandindicatethatwhile automaticannotationis (slightly) moreoftenpartialthan
incorrect,a small numberof annotationtemplatescanbe written for a grammarfragmentwhich appears
to bequitecomplex. Thegeneralisationsmadearesimpleandrobust,andcanbeexpectedto considerably
easetheannotationburdenon thegrammarwriter.

Having beenconfrontedwith ‘real’ text, wehave beenforcedto distinguishanumberof grammaticalfunc-
tionsfor whichthereis goodc-structureevidenceand/ormotivationin realtext, but whicharenotdiscussed

8Templates,grammarsandf-structuresareavailableathttp://www.compapp.dcu.ie/˜away/Treebank/ treeba nk.htm l .

9P1 = P2 * + P2 = P1 andA=B, A:P1 = P2 * + B:P1 = P2 wherePi arepathsandA,B variables;henceit misses
P1:P2 = P3, P1 = A * + A:P2 = P3 typeinferences.
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in, thetheoreticalliterature.In particular, wehavepostulatedapre-modificationalHEADMOD grammatical
functionwithin NPs.Thebiggestchallengepresentedby theveryflat treebankrepresentationsconcernsthe
coordinationdata,andin particulartheinteractionof coordinationwith otherphenomena.

5 Conclusionsand Further Work

Wehavepresentedandextensively exemplifiedamethodfor theautomaticf-structureannotationof treebank
grammars.At this stageour intenthasbeento presentthemethodsandto exploresomeof their potential.
The approachappliesto a CFG, suchasthat derived from a treebank,andyields an annotatedgrammar,
which caneitherbe usedto reparsetreebanktreesor serve asa basisfor developinga stand-aloneLFG
resource. It usesa compactiontechniquefor generalisingoverspecificcategorisation. The structureof
treebankentriesremainsunchanged.Weimplementedanorder-independent annotationtemplateinterpreter.
Order independencecaneasedevelopmentandmaintainanceof annotationprinciples,but requiresmore
complex ruleconstraints.

Automaticannotationholdsconsiderablepotentialin curtailing developmentcostsandopensup the pos-
sibility of tackling large fragments.To date,our experimentsareadmittedlysmall-scale.Still, we have
presentedan importantgrammardevelopmentandtreebankannotationmethodologywhich is data-driven,
semi-automaticandreusesexisting resources.We foundtheLFG framework very conducive to our exper-
iments. We do believe, however, that themethodscanbe generalised,andwe intendto apply themin an
HPSGscenario.Notefurtherthatourmethodsencouragework in thebestlinguistic traditionas(i) they are
concernedwith reallanguageand(ii) they enforcegeneralisationsin theform of annotationprinciples.The
experimentsshow how theoreticalwork andideasonprinciplescantranslateinto grammardevelopmentfor
real texts. In this sensethemethodsbridgetheoftenperceived gapbetweentheoreticallymotivatedviews
of grammarasasetof principlesversusgrammarsfor ‘real’ text.
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