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Abstract

We presenamethodfor automaticallyannotatingreebankesourcesvith functionalstructuresThe
methoddefinessystematigatternsof correspondenceetweerpartial PSconfigurationsandfunctional
structuresTheseareappliedto PSrulesextractedfrom treebanksThe setof techniquesvhichwe have
developedconstitutea methodologyfor corpus-guidedyrammardevelopment.Despitethe widespread
beliefthattreebankepresentationarenotveryusefulin grammadevelopmentwe shav thatsystematic
patternsof c-structureto f-structurecorrespondencean be simply and successfullystatedover such
rules. Themethodis partialin thatit requiresmanualcorrectionof the annotatedyrammarrules.

1 Intr oduction

The presenpaperdiscusses methodfor the automaticannotatiorof treebankswith functionalstructures.
A companionpaper(Frank2000 presentsan alternatve methodfor the automaticannotationof corpus
resourcesThesecloselyrelated,but interestinglydifferentmethodshave developedthroughmuchcollab-

orative interchange We presentthemin two separateontritutionsto allow for morein-depthdiscussion
andcomparisonWe first describeour methodandthenexemplify its applicationto agrammarof 330rules

derived from a fragmentof the AP treebank.We give someresultsconcerningprecisionandrecall for this

grammar

Treebanksvhich encodehigherlevel functionalstructureinformationin additionto phrasestructureinfor-

mation, are requiredas training resourcedor probabilisticunification grammarsand data-drven parsing
approachese.g. (BodandKaplan1998. Manualconstructionof suchtreebankss very labourand cost
intensve. As analternatve, onecould ervisagethe constructiorof new, or the scaling-upof existing, uni-

fication grammarswhich could thenbe usedto analyzecorpora. However, theseapproachesre equally
labourandcostintensve. Whatis more,evenif alarge-caoverageunificationgrammaiis available,typically,

for eachsentencét would comeup with hundredsor thousand®f candidateanalysesrom which a highly
trainedexpert hasto select. Although proposalshave beenmadefor filtering andrankingparsingambigu-
ities (e.g. (Franketal. 1998), to datenoneis guaranteedo uniquelydeterminethe bestanalysis.In order
not to compromisethe quality of the corpusunderconstruction,a linguistic expertis requiredto find the
bestamongalarge numberof candidateanalyses.

As a partial responseo this dataproblem,van Genabithet al. (1999a,b,c)ntroducea methodfor boot-
strappingthe constructionof grammarsrom treebankresources.Their basicideais the following: take
anexisting treebankyreadoff the CF-PSGfollowing (Charniak1996, manuallyannotatet with f-structure
annotationsprovide macrogfor thelexical entriesandthen“reparse”thetreebankd treessimply following
the original c-structureannotationsDuring this reparsingprocessthe f-structureannotationsareresoled,
and an f-structureis produced. The processs deterministicif the annotationsare,andto a large extent
costly manualinspectionof candidateanalyseds avoided. The methodsuccessfullyallows the creation
of grammarresourcedut still involvesonelabourintensve manualcomponentpnamelyannotatiornof the
grammarruleswith functionalinformation. Much recentwork in LFG, however, hasshavn that the c-
structuref-structurecorrespondencor a configurationalgenerallyendocentridanguagesuchasEnglish,
is largely predictablefrom a smallsetof mappingprinciples(King 1995,Kroeger1995,Bresnarn2000). In
the approachof Bresnan(2000)and colleaguesthe mappingprinciplesassumea highly articulatedsetof
X'-schematénvolving bothfunctionalandlexical projectionsn aconfigurationalanguagesuchasEnglish.
A similar, but largely implicit, assumptioraboutthe predictability of the c- to f-structuremappingis also
presentn the earlierwork in LFG (KaplanandBresnarl982 whereit turnsup essentiallyas constraints
on pairingsof catgjoriesandgrammaticafunctions(e.g. COMP s only appropriatdfor S, only NPs/DPs
are OBJsandsoforth). In generalthe correspondencbetweenc-structureandf-structurefollows from
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linguistically determinecrincipleswhich arepartly universal,andpartly languagespecific(Bresnar2000),
(Dalrymple1999.

In thelight of this,anobviousstratgy to pursueis to implementasetof principlesto automaticallyprovide
f-structureannotation®f CFG rulesderived from treebankrepresentationgliminatingthe manualstepin

the previous method. As a side effect, this canbe expectedto castlight on the soundnessaccurag and
appropriag of the linguists’ generalisationsthatis, the automaticprocedureasappliedto a large ruleset
dervedfrom atreebankcansene asa potentiallyinterestingtestbedor thelinguistic principles.

This papersubstantiallyextendstheresearchn van Genabithetal. (1999a,b,chy shaving how f-structure
annotationsof grammarrules extractedfrom treebanksnay (to a large extent) be automated.The basic
ideais very simple. We readoff a CFG treebankgrammay usingthe first 100 treesof the AP treebank
(LeechandGarsidel997). Systematicorrespondencdsetweerelementsn thec-structuredomainandel-
ementsn the f-structuredomainarethendefinedin generalannotationtemplates.A corrected/completed
versionof this grammairis thenusedto inducef-structureassignment$or PStreesfrom the treebankfol-
lowing the reparsingmethodof van Genabithet al. (1999a,b,c).The methodis partialin thatit requires
manualinspectionandcorrectionof the outputproducedoy the automaticannotatiorprocess. The method
resultsin a setof annotatedulesfor realtext.

The potentialbenefitsof automationare considerable substantiareductionin developmenteffort, hence
savings in time and costfor treebankannotationand grammardevelopment;the ability to tackle larger

fragmentsin a shortertime, a considerablemountof flexibility for switchingbetweendifferenttreebank
annotationschemesand a naturalapproachto robustness. The methodwe presentmay be viewed asa

corpus-guidedgrammardevelopmentmethodology

Thepaperiis structuredasfollows. In Section?2 we introducetheformalismfor writing annotatiortemplates.
In Section3 we discussin somedetail the NP fragmentof our grammarand presenta numberof the
templatesinvolved. Section4 presentghe designof the automaticannotationexperimentand evaluates
theresultsobtained Finally we concludeandoutline furtherwork.

2 Automatic f-structur e annotation of CF Rules

Treebanlgrammarg CFGsextractedfrom treebanksarevery large andgrow with the sizeof thetreebank
(Charniak1996, (Krotov etal. 1998. They featureflat rules,mary of which shareand/orrepeatignificant
portionsof their RHSs. This causesseveral problemsfor manualannotationapproachesuchasthe one
describedn van Genabithet al. (1999a,b,c).Annotationis labourintensie andrepetitve, becausef the
sheersizeandsimilarity of therules,andannotatiorof rulesonaoneby onebasismeanghatgeneralisations
known to the annotatorare simply not expressed.Of course,if the cardinality of the rulesetcontinuesto
grow with thesizeof thetreebanksotoowill themanualannotatiortask.

In LFG the correspondencédetweenfunctional and constituentstructureis partly definedin terms
of annotationsassociatedwvith c-structurenodes. Annotation follows universal and languagespecific
principles. We can define principles as involving partial phrasestructure configurationsand apply
themto all CFG rulesthat meetthe relevant partial configuration. To give a simple example: a head
principle assignst = | to the X daughterin all XP — ...X... configurations,irrespectie of the
surroundingcateyorial context. Suchannotationprinciplescapturegeneralisationsywhich canbe usedto
automaticallyannotatd®Sconfigurationsvith functionalstructuresn a highly generabndeconomicaivay.
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2.1 Feature Description Templates

In our approachto automaticannotationof c-structurerules, the linguist statesgeneralisationsver local
sub-treesn theform of featuredescriptiontemplatesdefinedasfollows:

fd(Rule,Constrai nt s, FDescr)

In atemplatetheRule is a(possiblypartial) descriptionof atreebankule, while Constraints s alist
of catgyorial and configurationalthatis, c-structure)constraintand FDesrc a list of functionalannota-
tionsinduced.Theintendednterpretationis thatevery rule thatsatisfiesConstraints  is annotatedvith
FDescr . Rulescanmatch,satisfyandreceve annotationdrom multiple fd/3 templates.Theinterpre-
tation of templateds orderindependentevery templatewhosedescriptionis satisfiedis appliedto a given
rule.

The constraintinterpretersupportsa wide rangeof differenttypesof expressionincludinglist constraints,
restrictedregular expressionsmacrosanduserdefinedconstraints.At this exploratory stage we have not
tailoredthe constraintinterpreterto enforceary particularstyle of constraintspecificationby the linguist,
andthuswe provide a numberof constrainfpredicatesvhich areperhapsainlikely to belinguistically moti-
vated.As we shallseebelav, becauseve aredealingwith theratherflat representationsf treebanlentries,
we rely on constraintover linearity ratherthanhierarchicaktructurein anumberof cases.

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

(1) one(Dtrs,0) :returnstheonly itemOof alist Dtrs . It failsif Dtrs = [] ,if Ois notanitem
in Dtrs orif Ooccursmorethanjustoncein Dtrs . one/2 thushasthe meaningof exactly once.
Dtrs maycontainregularexpressionsThisis adeterministicpredicate.

first(Dtrs,F) : returnsthe first item F of alist Dtrs . It failsif Dtrs = [] . Dtrs may
containregularexpressionsDeterministicpredicate second(Dtrs,S) ,andsoon, aresimilarly
defined.

last(Dtrs,L) :returnsthelastitemL of alist Dtrs . It failsif Dtrs = [] . Dtrs maycontain
regularexpressionsDeterministicpredicate.

eq(Listl,List2) :succeedff Listl andList2 areequal.Listl andList2 maycontain

regular expressions. Nondeterministigpredicate(lists containingregular expressionscam be the
samein morethanoneway).

leftof(D,Dtrs,L Dtrs) : LDtrs isthelist to theleft of item Din thelist Dtrs . Dtrs and
LDtrs may containregularexpressionsNondeterministiqredicateLDtrs = [] if Dfirstitem
in Dtrs . A predicaterightof  is similarly defined.

element(D,Dtrs) : Disanitemin thelist Dtrs . Processings left-to-right. Dtrs  maycontain
regularexpressionsNondeterministi@redicate A deterministicelementpredicatds alsodefined.
prefix(Pre,List ) . succeedsf the list Pre is a prefix of the list List . Pre andList
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 equence, Rig ht ) : succeedsf the list Sequence is a subse-
guencg(i.e. aninfix) of thelist Dtrs . Left andRight aretheremaindeltiststo theleft andright,
respeciiely, of Sequence . Left , Right , Sequence andDtrs may containregular expres-
sions.[] isaninfix of everylist. Also, every list is aninfix of itself. Nondeterministigredicate.
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As is evident from the above, we definea numberof constraintswith the very flat structuresof treebank
representationsn mind. Often the linguist essentiallypicks out in a specifictemplatea substringof the
RHS catgyorieswhich would have correspondedo a distinct non-terminalnodein a more hierarchical
representatioreffectively creatinga‘virtual’ treefor the purpose®f the mapping.

We provide alimited numberof basicregularexpressionsincludingaboundedorm of the Kleeneoperator
andanopt predicatewhich specifiesthatits agumentlist is optional. Becausehe formalismis simple
andflexible, it is easyto extend: userdefinedProlog predicategnay be includedin the list of structural
constraints.For example,the predicateunary(M,D,FD)  wasdefinedto expressthe generalisatiorthat
for ary unarybranchinggrammarrule, the mothers f-structureis the sameasthe daughtess f-structure.

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

Theconstraintcanthenbeusedin atemplateasfollows:
fd(rule(M,[D]),[ unar y( M,D,F Descr) ],F Descr) .

Theformalismalsocontainsa numberof macrodefinitions. Themostsignificantof thesetheconj/5 con-

junction macro,describesand appliesto regular patternsof daughtersn RHSsof rule descriptionsvhich

togetherform a coordinatestructure Becausdhetreebankepresentationareundulyflat, coordinatestruc-
turesarevery often not representedsseparatesubtreessothe macromustpick out the relevant substring
of daughtersFor example,insteadof thetree(3) we have therule (4) from thetreebankgrammar

3 N|P
NI
/\
AP N’
VAN

Adj Cj Adj N PP
(4) rule(np(), [adj(),conj(_ ), adj (), n0C).p p(D)) -

The formalismalsocontainsa numberof interpretercontrol statementsThe oneof/1  control statement
is satisfiedas soonasone of the membersof its agumentlist hasbeensatisfied. The all/4  constraint
ensureghat all constraintsin its constraintlist are appliedas often as possibleto a rule descriptionand
thatthe resultingannotationsare collected. Consideran S rule which containsa numberof PP daughters,
or an NP rule which containsa numberof AP daughters. The linguistic generalisationshat one might
wantto statemight be “map a PP daughterof S to ADJUNCT” or “map an AP daughterof NP to AD-
JUNCT". Thesearetrue of all suchinstances.Thelinguist usestheall/4 interpretercontrol statement,

all(Rule,Constra in ts ,F D, All FD), to expressthis generalisation.
(5) all(rule(s(S),D tr s), [member( pp( PP), Dtrs)], [S:s _adjunct: 1 === PP],FD)
Thefirst agumentof all(Rule,Constr s, FDAIl FD) is arule descriptionRule , the secondamgu-

mentalist of constraintsConstrs , thethird agumentis thef-descriptionFD inducedeachtime thelist of

1We abstractway here for the purpose®f exemplification,from the manneriin which the adjunctsetis modelled.
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constraintss satisfiedandfinally the fourth agumentAllFD collectsandreturnsall thosef-descriptions.
Theinterpretatiorof all/4  is thateachway of satisfyingConstrs in Rule generatinga FDis collected
in AlIFD . Theall/4  constraints includedin thelist of constraintsn afd/3 templatedescription:

(6) fd(rule(s(S),Dt rs),
[all(rule(s(S) ,Dt rs), [menber (p p( PP), Dtr s) ], [S:s _adju nct: 1 === PP],FD)],
FD).

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

The processingf fd/3 templatess orderindependentUnlessspecifiedotherwise(e.g. by the all/4
constraintja templatewill applyonly onceto arule descriptionandcanonly apply againon backtracking.
All templateghatmatcha givenrule will applyto thatrule?

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 aspectof the NP grammar We shav that
this approachpermitsthe linguist to statesimple generalisationandtranslatethem straightforvardly into
templates.In our work to datewe have developedtemplatedor the entire grammarof 330 rulesderived
from the treebank.However, we have chosernto concentraten onesectionof the grammarfor expository
purposes.

The NP fragmentconstituteghe largestandmostcomplec setof phrasestructurerulesinducedfor a single
non-terminalcateory from our set of sentences.Becauseof its size and compleity, and becausehe
issueswhich it raisesgive a goodfeel for what s involved in our approachio automaticannotationwe
limit discussiorto this fragment. The grammarfragmentcontainsl42rules,for which we have written 29
templates 23 cateyoriesareattestedwvithin NP, a very high proportionof the overall numberof cateyories
in thegrammaywhichis 41 (29 lexical and12 non-terminakateyoriesy.

(7) Catayoriesfoundwithin NP

det ndet adj adjp dadj

no np num title posspron
pron pnct conj relcl pp

p ntadv adv vO vp

fn tgp infp

3.1 Compactionand Supercategories

In earlierwork (van Genabithet al. 1999c)we found that the rich setof tagsusedin the AP treebank
providedmuchusefulf-structureinformationwhich couldbe simply re-expressedn a setof 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 1.

3Thecateyory setthatwe aredealingwith is derived from the original AP tagseby a processf compactionwhich we describe
in thefollowing section.
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The distinctionsintroducedby the AP tagset,in commonwith othertagsets,are extremely fine-grained
becausall sortsof subcatgorial distinctionsareexpressedhy meanf themonadiccateyory labels.In very
mary casesthesesubcatgorial distinctionsare oneswhich would be expressedy meansof grammatical
featuresat f-structurein LFG (distinctionssuchasnumbey verbform,andsoon). Sincethis informationis
recapturedoy meansof theselexical macros,they hypothesizedhatit would be helpful to abstractaway
from the specificitiesof the particularsetof tagsusedin their databas@f sentence# favour of a smaller
setof “supertags’in orderto develop a stand-aloneesource.This canbe viewed aspluggingholesin the
grammayfor it permitsa moregeneralgrammaro bederived from thatwhich would otherwisebe readoff
from thetreebankentries.Thereforevan Genabithet al. (1999b)introducea structure-preservqngrammar
compactiormethodwhich first usedexical macrosto associaté-structureconstraintsvith thewordsin the
treeandthen,having specifieda mappingbetweertagsand“supertags’{generalisationsvertags),useshe
latter to reparsethe treebankentriesand compile a “generalised”CFG from the tree using the methodof
(Charniak1996.

The work describecdhereinvestigateghe automaticassociatiorof f-structurecontstraintswith the rulesof

the CFG by meanf annotatiortemplatesWe have foundthatthe catgorial compactiordescribedn (van

Genabithet al. 1999b)hasprovided an excellentbasisfor automaticf-annotation: mary of the distinc-
tions preseredin thereduced generalised)agsetare preciselythosewhich we requireto guideautomatic
annotation.For example,in the nominaldomain,the large numberof distinctionsmadebetweemominal
elementonthebasisof morphosyntacticlassmembershireeliminated but thedistinctionof nounswith

adwerbial functionis maintained.We malke useof suchinformationto directly guidethe f-structureanno-
tation process.Likewise, the AP tagsetmakesa seriesof distinctionswithin the verbal/sententiagystem
which, suitablygeneralisedver, areusefulin the sameway. As anexample,we assignsupertagsver sets
of AP tagsasindicatedbelow:

Supertag AP Tag Description

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

Thefollowing, exceptionlesgeneralisationsanbe statedaboutthesederived catgories.

(9) An FNwithin NPis aCOMP in the NP’s f-structure
fd(rule(np(NP), Dtrs)

[ all(rule(np(NP) ,Dtr s),
[ element(fn(B),D tr s) |,
[ NP:comp === B ],

AllConstr ) 1
AllConstr ).
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(10) An infinitival VP within NP is anXCOMP in the NP’s f-structure

fd(rule(np(NP), Dtrs) ,
[ all(rule(np(NP) ,Dtr s),
[ element(infp(B) Dtrs ) 1,
[ NP:xcomp === B ],
AllConstr ) 1
AllConstr ).

(11) A RELCL within NPis aRELMOD in theNP’sf-structure

fd(rule(np(NP), Dtrs) ,
[ all(rule(np(NP) ,Dtr s),
[ element(relcl(B ), Dtrs) ],
[ NP:relmod === B ],
AllConstr ) 1
AllConstr ).

Of course not all constituentsvhich mapto the f-structurefunction RELMOD are representedsrelcl in
the treebankentries. The sampleof 100 sentencesontainsa numberof casesf reducedrelative clauses,
which areassociatedvith the (supef)cataory vp in our collapsedtagset. Given the distinctionsmadein
the verbalsupertagset, the following generalisationmay be madeaboutthe occurrenceof the (super)tag
vp within thenounphrase:

(12) fd(rule(np(NP), Dtrs)

[ all(rule(np(NP) Dtr s),
[ element(vp(B),D tr s) ],
[ NP:relmod === B ],
AllConstr ) 1

AllConstr ).

Sincethe AP tagsetencodesderbial function, the supertaghtadvp (for nominaltemporaladwerbial) can
be straightforvardly relatedto a specificfunction:

(13) An NTADVP mapsto anNP_ADJUNCT in themothers f-structure
fd(rule(np(NP), Dtrs)

[ all(rule(np(NP) Dtr s),
[ element(ntadvp( B),Dtrs) ],
[ NP:np_adjunct:1 === B ],
AllConstr ) 1

AllConstr ).

We noteat this point thatour constrainianguagecanalsobe implementedn termsof regularexpressions.
For instancethetemplatein (13) canberewritten as:

(14) np:NP > * ntadvp:B *
@ [NP:np_adjunct: 1=B]
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We shallnot give furtherexamplesof the regular expressionvariantson our templateshere,but it is appro-
priateto notethatwe have subsequentlymplementech basicregular expressiorbasedannotatatoendour

work henceforthwill usethis simpler cleanedooking format'. Neverthelessye stresghatall experiments
andresultsdocumentederewere performedusingthe original fd/3  versionof the templates.While we

do not seeary reasonwhy similar resultscannotbe obtainedwith the regular expressionformat of our

templatesyve have nottestedthis definitively at this stage.

The original AP tagsetcontainsmorethan20 pronominaltags,which we collapseto two supertagspos-
spron for possesse pronounsandpron for all otherpronouns.Again, the c-structureto f-structuremap-
ping templatesaresimpleto write for thesecategories:

(15) fd(rule(np(NP), Dtrs) ,
[ all(rule(np(NP) ,Dtr s),
[ element(posspro  n(B), Dtrs) ],
[ NP:poss === B ],
AllConstr ) 1
AllConstr ).

(16) fd(rule(np(NP), Dtrs)

[ all(rule(np(NP) Dtr s),
[ element(pron(B) ,Dtrs ) 1],
[ NP === B],
AllConstr ) 1

AllConstr ).

To take a more complicatedexample,the AP tagsetdistinguisheghe following subtypesof Adjectives: ja
jb jj dada2dar dat. All the"]” tagsare adjectves, eitherpredicatve, centraland attributive. The “d”
adjectvesare“after determiners’suchas“former, such,few, several..”. The"|” adjectvesareattributive
modifierswithin NP, andunderour treatmentcorrespondo NP_.ADJUNCT andHEADMOD grammatical
functions® while the“d” adjectvesmapto SPECor maysene astheheadof NPin theabsencef anominal
element.In our collapsedagsetall the“d” adjectvesaretreatedasdadj andall the"j” adjectvesasad;:
this distinction, which is a simple generalisatiorof the cateyorial distinctionsmadein the treebanktags,
corresponddgo a differencein grammaticalfunctional possibilitiesfor thesesubtypesof adjectves. For
dadj, thegeneralisatiothatwe wish to stateis thatit mapsto SPECIf thereis anominalf-head,otherwise
to f-head.

(17) fd(rule(np(NP), Dtrs) ,
[element(dadi( DA),Dtr s),
oneof(]  element(n0( ), Dtrs) , %%as soon as one of them
element(num( ) ,Dtrs ), %%is satis-
fied constraint
element(np( ), Dtrs) 1) 1, %%fires  exactly  once
[NP:spec === DA]).

“Thanksto ananorymousreviewer for pointing this out.

50f course,given the flatnessof the trees,a posspion might denotea POSSfunction, but not necessariljthe POSSof the
f-structureof its mothernode(it might be moredeeplyembeddedn thef-structure).However, in our fragmentthis is not attested
andwe canmake do with the simplegeneralisationn (15).

5We discusghis distinctionat greatedengthbelow.
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(18) fd(rule(np(NP), Dtrs) ,
[element(dadi( DA),Dtr s),
not(element(num(  _) ,Dtr s)),
not(element(n0(_ ), Dtrs)) ,
not(element(np(_ ), Dtrs)) 1,
[NP === DA]).

This pair of templatess essentiallyequivalentto annotatinga dadj nodewith a disjunction({.€ (tADJ))V
({=1). We recognisehe ability of theseadjectvesto standon their own asthe headof NP by permitting
the catgyory dadj to sene asthe head(whenno otherpotentialheadis presentyatherthanby reassigning
themto anominalor determinercateory.

The othersubclasf adjectives sene as nominal modifierswithin NP. The LFG treatmentof attributive
adjectvesis asmembersof the set-\aluedfeatureADJUNCT (hereNP_ADJUNCT). This is appropriate
for iteratve usesof adjectveswhich separatelyestrictthe interpretationof the headnoun. However, our
corpuscontainsa significantnumberof casesn which anadjectve may appearon the left periphery(and
partof) whatis essentiallya comple (internally-modified)nominalhead,asin jump shot,nationalguad
troops,wide areatelephoneservice For thelatter casesve have usedthe additionalgrammaticafunction
HEADMOD: the prototypicaluseof this functionis in casef noun-nouncompoundingyhich aboundn
our small corpusextract. We shall have moreto sayaboutthe HEADMOD functionwhenwe discuss\NN
compoundbelow.

Treatingadjectvesaspotentiallymappingto HEADMOD aswell asto NP_ ADJUNCT leadsto the follow-
ing templateinformationfor adj: adjectvesnext to nominalheadsare eitherNP_ADJUNCTsor HEAD-
MODs, otheradjectvesareNP_ADJUNCTS.

(19) fd(rule(np(NP), Dtrs)
[ all( rule(np(NP),Dt rs ),
[ sequence(Dtrs, J[adj( A),XP]) ,
element(XP,[n0  (NO), np(NO) ,n um(NO)] ) 1,
[ (NP:np_adjunct :1 === ; NO:headmod === A) ],
AllConstr )

1
AllConstr ).

(20) fd(rule(np(NP), Dtrs)
[ all( rule(np(NP),Dt rs ),
[ sequence(Dtrs, J[adj( A),XP]) ,
not(XP = n0()),

not(XP = np()),
notXP = num()) |,
[ NP:np_adjunct: 1 === A ],
AllConstr )
1
AllConstr ).

Sinceonly single,uncomplementedndunmodifedadjectvescanbeusedaspartof thesesortsof structures,
thetemplatefor AP is simpleto state:it mapsto the nominaladjunctfunction.
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(21) fd(rule(np(NP), Dtrs) ,
[ all(rule(np(NP) ,Dtr s),
[ element(adjp(B) Dtrs ) 1],
[ NP:np_adjunct:1 === B ],
AllConstr ) 1
AllConstr ).

3.2 PP Dependants

DistinguishingOBL from ADJUNCTsis a notoriouslydifficult problem,especiallywithin NPs,wherethe
PP dependantsare largely optional. One possibletack would be to treatall PP dependant®f nominals
as ADJUNCTSs (this approachis adoptedin (Buttetal. 1999), thatis, to treatall optional algumentsof

nominal headsas syntacticmodifiers (someof which will be semanticaguments)ratherthan syntactic
arguments. On this view, our annotationtemplatesvould simply needto statethe generalisatiorthat the
catgory pp mapsto the ADJUNCT function. However, inspectionof our setof sentencesuggestshat
while the secondof two PPsis alwaysan ADJUNCT, a PPadjacento the nominalheadmay be eitheran
OBL or anADJUNCT. Althoughit is claimedthatOBLIQUE andADJUNCT PPscanreorderratherfreely,

the stringsin thetemplatereflectthe orderingwhich would beimposedby the X’-schemataThefollowing

templatesthereforejntroducea measuref disjunctioninto theannotatiomprocess:

(22) fd(rule(np(NP), Dtrs) ,

[ all(rule(np(NP) Dtr s),
[ sequence(Dtrs,[  pp() .pp(C)]) 1,
[ NP:np_adjunct:1 === C ],
AllConstr ) 1

AllConstr ).

(23) fd(rule(np(NP), Dtrs) ,
[ all(rule(np(NP) ,Dtr s),
[ sequence(Dtrs,[ XP,pp (C)] ) ,
element(XP,[n0OC ) ,np (), num( )] ) 1.

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

3.3 Head Modifier Structures

Thetreebankepresentationsf NPsarevery flat andoftenquitecomple - thefollowing arerepresentate.

(24) rule(np(A), [det(B),adj(C),adj(D),n0(E),n0(F),a dip(G) .
rule(np(A), [det(B),adj(C),n0(D),n0(E),relcl(F) 1.
rule(np(A), [det(B),adj(C),n0(D),n0(E)]).

rule(np(A), [det(B),adj(C),n0(D),ntadvp(E),relc (M
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),n0O(F),r elcl(G ))).
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rule(np(A), [n0O(B),n0(C),n0(D),n0O(E),vp(F)]).
rule(np(A), [n0O(B),n0(C),n0(D),n0O(E)]).
rule(np(A), [nO(B),n0(C),n0(D),np(E))).
rule(np(A), [nO(B),n0(C),n0(D),ntadv(E),pp(F)])
rule(np(A), [nO(B),n0(C),n0(D))).
rule(np(A), [nO(B),n0(C),np(D),pnct(E),np(F)]).
rule(np(A), [nO(B),n0(C),np(D))).
rule(np(A), [nO(B),n0(C),pnct(D),np(E)]).
rule(np(A), [nO(B),n0(C),pnct(D),relcl(E)]).

Giventhe remarkablepaucity of internal structurehere,a majorissueis determiningwhat cateyory is the
headof NP; thatis, what cateyory is to be annotatedt= |). A striking featureof mary of the NP rulesis
thatthey containstringsof nominalcateyories.In suchcasestheseflat stringsof nominalcateyoriesbehae
in an essentiallyright-headedashion. The elementsn0, num andnp typically sene asthe headandthe
rightmostsuchelementpresen(providedit is notprecededby pnct, which marksanappositionaktructure),
is theheadof the NP. This generalisatiortanbe statedasfollows:

(25) fd(rule(np(NP), Dtrs)

[ element(N,[nO(F ), np(F), numF)] ), % what exactly is N?
sequence(Dtrs,L  eft, [N], Rig ht),
not(element(nO( _),Rig ht)), % check whether
not(element(np( _),Rig ht)), % N is final
not(element(num (_), Right)) ,
not(last(Left,c onj( 1)) , % don't apply in

% conj context
not(last(Left,p nct( ))) 1 % nor if pre-
ceded by pnct <==
[NP === F]).

As canbe seen this templatemusttake into accountthe complicatingfactorof coordination,andin par
ticular, the flat representationf coordinationwhich we discussn the following section. The fragmentof
grammairin (24) andthe template(25) illustrate nicely a featureof treebankrepresentationgiamelytheir
extremelyflat representationsThe templateabose mustsearchfor the rightmostcateyory appropriateto
sene asheadfrom asequencef cateories.

The overly flat treebankrepresentationare very problematicwhenit comesto determiningthe correct
head-modiferrelationshipswithin the noun phrase. One possibility is to treatall pre-headhominal (and
adjectval) elementsas direct modifiersof the final nominalhead. It would be trivial to then definethe
appropriateannotationtemplatemappingall suchpreheadchominalmodifiersinto a set-\aluedADJUNCT

f-structure.This would entail, for example,treatinglaw enfocemenbfficer asa headofficer modifiedby a
setof adjuncts{ law, enfocement}. Thisis essentialljthe approactadoptedn the LFG grammarf the
PARGRAM projectdescribedn (Buttetal. 1999. The difficulty with this is thata flat representatioms
ADJUNCTSatf-structurewould fail to encodehe semantianodificationrelationswhich hold within these
pre-headnodifiers(although,of courseijt is possibleto keeptraceof atleastlinearpositionin the string of

modifiersby judiciousindexing of the elementsn the ADJUNCTSset).

Thesestructuresareextremelycommonin our fragment:for example,thereare52 rulescontaininga total
of 72 simple n0 n0 sequences which nominal elementsmodify nominal structuresto their right. We
treattheseashead-modifestructuresintroducinganew (single-\alued)grammaticafunctionHEADMOD.
Stringssuchas guard helicoptes, smole inhalation hospital spolesman law enfocementofficers, and
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mary othersin our sample may be viewed assyntacticstructuregeachword is associateavith a separate
terminalcategyory in the treebankrepresentationsihich arebuilt accordingto “morphological” principles
(numberis marked on the final elementthe structuresareheadfinal), in which eachelementmodifiesthe
f-structureof the elemento its right.

This approachs alsoproblematic,however. A nominalis taken to modify the f-structureprojectedfrom
its nominalsister asshavn schematicallyin (26), where(—) denotegshe f-structureof the immediately
adjacentight sister with the correspondingchematid-structuresn (27).

(26) NP

—~HEADMOD=] —HEADMOD=] 1=
N1 N2 N3

(27) [PRED ‘N3’
HEADMOD |PRED ‘N2’

HEADMOD [F’RED ‘Nl’]

It is clear however, thatsuch®left-branching”structuresarenot alwayscorrectfor the stringsin our corpus,
andthatin somecases “right-branching’f-structure with acomplex head(asshavnin (28)wouldbemore
correct. Thesesortsof structuresyith whatamountso comple« PREDs arenot permissiblein LFG.

(28) |HEAD PRED ‘N3’
HEADMOD [F’RED ‘NZ’]

HEADMOD [PRED ‘Nl']

For themoment however, thetemplatesimply picksout sequencesf n0 catgyoriesandaddsthef-structure
constraintthatthefirst is the HEADMOD of the second.Note thatthe templatecannot,of course equate
the f-structureof the motherwith the rightmostcateyory in the pair, sincethe f-structureof this catgyory

mayitself bea HEADMOD within a containingf-structure:picking out the headof NP is performedby the

headtemplategivenin (25) above.

(29) fd(rule(np(),R hs),
[ all( rule(np(),Rhs ),
[ sequence(Rhs,[ nO(NO1),nO(NO2)] ) 1,

[ NO2:headmod === NO1 ],
AllConstr ) 1
AllConstr).

"Neverthelessit mustbestatedthatsuchNPsin our grammarareall treatedas‘left-branching’structures As we pointout, this
meanghatin somecasesve provide thewrongtreatmenfor suchphenomenaTheresultsgivenlaterin the paperwereperformed
onthis ‘faulty’ setof NPs.We areconfidentthatreinterpretingheseN-N compoundorrectlywill notpreventusfrom achieving
equallygoodfiguresfor precisionandrecall, but we have yet to rewrite the grammarsandtemplatesasdesired so thatthis must
remainasspeculatioratthis stage.



LFGUU— AULOrmatcAnrowationl

Whatelse,apartfrom n0, mapsto the headmodunction? Membersof the category num, like adj maybe
eitherADJUNCTsor HEADMOD: the templateis shavn in (30). We extendthe sametreatmento titles,
asin (31).

(30) fd(rule(np(NP), Dtrs) ,

[ all(rule(np(NP) ,Dtr s),
[ sequence(Dtrs,[ num(Num), nO(NO)] ) 1,
[ ( NO:headmod === Num; NO:np_adjunct: 1 === Num) ],
AllConstr ) 1

AllConstr ).

(31) fd(rule(np(NP), Dtrs) ,

[ all(rule(np(NP) ,Dtr s),
[ sequence(Dtrs,[ ti tle (T), nO(NO)] ) 1,
[ NO:headmod === T ],
AllConstr ) 1

AllConstr ).

3.4 Coordination and Flat Trees

The approachto constituentcoordinationin LFG treatsthe conjunctsasa setat f-structure,with the con-
junction contrikuting a valuedirectly to the semanticstructure. Our formalismdoesnot currently support
setvalues,andwe modelconstituentoordinationby treatingthe conjunctionasa predicateakinga CONJ
argumentwhich itself takesary numberof indexed aguments.The treatmenbf the conjunctsthemseles
thencloselyresemblesurtreatmenbf the setvaluedfeatureADJUNCT, as(32) illustrates.

(32) rule(np(A),[np(B),pnct(C),np(D),pnct(E),coflf),npG))).
PRED and

CONJ:1 [PRED ]
CONJ:2 [PRED ]
CONJ:3 [PRED ]

Ideally, then,the templatemustpick out the conj asthe f-headandtreatothercateories,exceptfor pnct
asCONJfunctions. However, consideratiorof the setof np rulesinvolving coordinationmakesclearthat
thingsareunfortunatelyconsiderablynorecomplicated Becauséhetreebankepresentationsreextremely
flat, the scopeof coordinationis notindicatedby the presencef a distinctsub-treethis meanghatit is not
possibleto assignall daughtergexceptconj andpnct to CONJfunctions.

(33) rule(np(A), [nO(B),conj(C) ,n0(D)] ).
rule(np(A), [np(B),conj(C) npD)] ).
rule(np(A), [np(B),pnct(C) ,c onj (D), np(E)))
rule(np(A), [np(B),pnct(C) np(D), conj (E),n p(F)]) .
rule(np(A), [np(B),pnct(C) ,np(D), pnct (E),c onj( F),np(G)] ).
rule(np(A), [adj(B),conj(C ), adj (D), nO(E),n O(F)]) .
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rule(np(A), [adj(B),conj(C ), adj (D), nO(E).p p(F)]) .

rule(np(A), [adv(B),num(C) ,adj( D),n O(E),n0 (F), conj (G) ,n O(H)]) .

rule(np(A), [det(B),adj(C) ,n 0(D), conj (E),n O(F),n 0(G)]).

rule(np(A), [det(B),adj(C) ,n0(D), conj (F),n 0O(G),p p( E)] ).

rule(np(A), [det(B),adv(C) ,conj (D), adv( E), adj( F),n 0(G), pnct (H),r elcl (I )] ).
rule(np(A), [det(B),n0(C), no(D) ,p nct( E),nO (F), conj (G) ,n O(H)]) .

rule(np(A), [posspron(B),n 0(C), pp(D), conj( E),adv(F)])

Theconj macrois specialisedor associatinghe right grammaticafunctionswithin thef-structure:how-
ever, in the statemenof thetemplateit is alsonecessaryo ensureghatthe maximalapplicablesubstringof
daughterss covered. The conj(List,M,Ca tT y,F Ty,F D) macrois definedfor conjunctve patterns.
Its firstagumentList isalist describingaportionof) aruleRHS.List maycontainregularexpressions.
Mis amotherf-structurevariablementionecelsavherein thefd/3 template.CatTy isthecateyory typeof
the conjunctsin the conjunctve structure.This s requiredto find the conjunctswhosef-structurevariables
contritute to the annotationto be constructed.FTy specifieghe featurewhich is goingto be usedin the
annotationFinally, FDis theresultingfeaturedescription.

(34) fd(rule(np(NP), Dtrs)
[ element(conj( ) ,Dtr s), %%<= just effi-
ciency .. i.e.
%%don't search if there is no
sequence(Dtrs,L  eft, Seq, Rig ht), %%conj
not(element(n0( _),Left)),
not(element(n0O( _),Rig ht)),
eq(Seq,[conj([ ki eene+' ([n OCA),opt([p nct( ) 1) ],
conj(E),n0(A1)] ,NP,n0, ,FD] ) 1],
FD ).

Furthercomplicationsarethe coordinationof adjectvesdirectly undernp andeven of adwerbsmodifying
adjectvesundernp. Generalstatementganbe written for theseunderwhich in eachcasethe coordinate
structureis identifiedandassignedhe correctsortof ADJUNCT functionin the motherf-structure.

(35) fd(rule(np(NP), Dtrs) ,
[ member(conj( ), Dtrs), %%efficiency
sequence(Dtrs,L  eft, Seq, Rig ht),
not(element(ad] (), Left ),
not(element(adj (L), Right)

eq(Seq,[conj([’ kl eene* ([a dj (A)] ), adj (A2),c onj(E ), adj( Al)],
M,adj,_,FD)]) 1
[ NP:np_adjunct:1 === M| FD ).

4 Experiments

In this section,we reporton experimentsn automaticallycompiling the templatesover the grammarrules
andcompareheresultsto our hand-codedjrammar
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4.1 Experiment Designand Data

Ourexperimentinvolvesthefirst 100treesof the AP treebankLeechandGarsidel991). We preprocesthe
treebanlkusingthestructurepreservinggrammaicompactiormethodreportedn (van Genabithetal. 1999
andextractatreebanigrammarfollowing (Charniak1996. Thelarge numberof highly discriminatingter-
minal andnon-terminalcateyoriesresultsin alarge numberof oftenvery specificrules: the grammarcom-
pactionmethodprovidesa more generalgrammarthat still preseresall importantcateyorial information
to drive automaticannotation Compactiorworksby generalisingags,i.e. collapsingtags(andcateyories)
into supertagsThisreduceghenumberof rulesfrom 509to 330. Thesentencem thefragmentrangefrom
4 to 50tokens(including punctuatiorsymbols).We develop a setof featurestructureannotatiortemplates.
A templateinterpretercompilesthetemplatesvertherulesin thetreebankgrammar

In orderto evaluatethe resultsof automaticannotatiorwe manuallyconstructedh referencegrammarfol-
lowing (van Genabithet al., 1999a,b,c). The grammarfeatures1128 annotationspn averageabout3.4
annotationperrule

4.2 Automatic Annotation and Evaluation

We constructedl29 templatesthis against330 CFG rulesresultingin a template/ruleratio of 0.39. We
expectthe ratio to skew in favour of templatesaswe proceedto larger fragments. Automatic annotation
generateg 108annotationspn averageabout3.7 annotationperrule. We evaluatetheautomaticannotation
proceduran termsof precisionandrecall.

(36)

#geneatedannotationsalsoin refeence

recision= .
P #geneatedannotations

#refeenceannotationsalsogeneated

recall = -
#refeenceannotations

Experiment
precision| 93.38%
recall 91.58%

Thesenumbers,althoughgood, are conserative: precisionand recall are computedautomaticallyand
currentlyour annotatiormatcheris not complete’

Theresultsareencouraging@ndindicatethatwhile automaticannotationis (slightly) moreoftenpartialthan
incorrect,a small numberof annotationtemplatescan be written for a grammarfragmentwhich appears
to be quite compl. The generalisationsmadearesimpleandrobust,andcanbe expectedto considerably
easeheannotatiorburdenon the grammauwriter.

Having beenconfrontedwith ‘real’ text, we have beenforcedto distinguishanumberof grammaticafunc-
tionsfor whichthereis goodc-structureavidenceand/ormotivationin realtext, but whicharenotdiscussed

8Templatesgrammarsandf-structuresareavailableathttp://www.compapp.dcu.ie/"away/Treebank/ treeba nk.htm | .

°p1
P1:P2

P2 = P2 = PlandA=B, A:P1 = P2 | B:P1 = P2wherePi arepathsandA,B variableshencet misses
P3, P1 = A = AIP2 = P3typeinferences.
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in thetheoreticaliterature.In particular we have postulateda pre-modificationaHEADMOD grammatical
functionwithin NPs. Thebiggestchallengeoresentedby thevery flat treebankepresentationsoncernghe
coordinationdata,andin particulartheinteractionof coordinationwith otherphenomena.

5 Conclusionsand Further Work

We have presente@dndextensvely exemplifiedamethodfor theautomatid-structureannotatiorof treebank
grammars.At this stageour intenthasbeento presenthe methodsandto explore someof their potential.
The approachappliesto a CFG, suchasthat derived from a treebank,andyields an annotatecgrammay
which caneither be usedto reparsetreebanktreesor sene asa basisfor developing a stand-alond.FG
resource. It usesa compactiontechniquefor generalisingoverspecificcateyorisation. The structureof
treebanlentriesremainsunchangedwWeimplementedinorderindependenannotatiortemplatenterpreter
Orderindependencean easedevelopmentand maintainanceof annotationprinciples, but requiresmore
comple rule constraints.

Automatic annotationholds considerablgotentialin curtailing developmentcostsand opensup the pos-
sibility of tackling large fragments. To date, our experimentsare admittedly small-scale. Still, we have
presentedin importantgrammardevelopmentandtreebankannotationrmethodologwhich is data-dwen,
semi-automati@andreusesxisting resourcesWe foundthe LFG framevork very conducie to our exper
iments. We do believe, however, thatthe methodscanbe generalisedandwe intendto apply themin an
HPSGscenario Notefurtherthatour methodsencouragevork in thebestlinguistic traditionas(i) they are
concernedvith reallanguageand(ii) they enforcegeneralisations theform of annotatiorprinciples.The
experimentsshav how theoreticalwork andideason principlescantranslatanto grammardevelopmentor
realtexts. In this sensehe methodsbridgethe often perceved gapbetweentheoreticallymotivatedviews
of grammarasa setof principlesversusggrammardor ‘real’ text.
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