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1. INTRODUCTION

In this contribution we addresswo importantconcerns:automaticannota-
tion of treebankandCFGsextractedfrom suchtreebanksvith LFG f(eature)-
structuregKaplanandBresnaril982),(Dalrympleetal. 1995).

Treebanksvhichencodéigherlevelfunctionalstructurejn additionto pure
phrasestructuranformation,arerequiredastrainingresourcefor probabilistic
unificationgrammarsand data-drven parsingapproaches.g. (Bod andKa-
plan1998). Manualconstructiorof treebanksvith featurestructureanndations
is very labourandcostintensive. Sois the developmenf new or thescaling-
up of existing unificationgrammarsvhich canbe usedto analysedext corpora.
Whatis more,evenif alarge-caoverageunificationgrammaiis available,typi-
cally, for eachinputstringit wouldgeneratéundred®rthousandsf candidate
(constituentandfeaturestructure)analysegrom which a highly trainedexpert
hasto select. Although proposalshave beenmadefor filtering and ranking
parsingambiguitieqe.g. (Charniakl993),(Abney 1997),(Franketal. 2000)),
to datenoneis guaranteetb uniquelydeterminghe bestanalysis.In ordernot
to compromisdhe quality of the corpusunderconstructionalinguistic expert
is requiredto find the bestamongalarge numberof candidateanalyses.

Giventhissituationjs thereawayto automategr bootstraptheconstruction
of grammarsandtreebanksvith featurestructureannotationgeusingexisting
resources?

In anumberof papervanGenabithetal. (1999a,b,cpresentednew corpus
basedmethod. The basicideais the following: take an existing treebank,
read off the CFG following (Charniak1996), manually annotateit with f-
structureannotationsprovide macrodor thelexical entriesandthen“reparse”
thetreebankrees(notthe strings)deterministicallyfollowing the original tree
structureannotationgssignedh thetreebank Duringthis“reparsing”process,
the f-structureannotationsare resoled, andan f-structureis produced. The
entire processis deterministicif the feature structureannotationsare, and
to a considerableaxtent costly manualinspectionof candidateanalysess
avoided. The methodis an improvementbut still involves a large labour
intensive componentnamelymanualannotatiorof thegrammarrules.

Treebanlgrammarg¢CFGsextractedromtreebanksarelargeandgrow with
the size of the treebank{Charniak1996), (Krotov et al. 1998). They feature
ratherflat rules,mary of which shareand/orrepeasignificantportionsof their
RHSs. This causegroblemsfor manualrule annotationapproachesuchas
the onedescribedn (van Genabithetal. 1999a,b,c).Manualrule annotation
is labourintensive, error prone repetitve andrisks missinggeneralisations.

In this papemwe shav how f-structureannotatiorof bothgrammarulesand
treefragmentscan(to alarge extent) beautomated
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Thebasicideais simple: functionalannotationgollow systematigatterns.
Thesesystematiccorrespondencdsetweenconstituentand higher level fea-
turestructurerepresentationsanbe capturedn generalinnotatiorprinciples,
whichareappliedto eithergrammarulesextractedfrom atreebanlor directly
to treebankPStrees.

The obsenation that constituentand higherlevel featurestructurerepre-
sentationstandin a systematiaelationshipinformstheoreticawork in LFG
(KaplanandBresnanl982), (Dalrympleet al. 1995)andHPSG(Pollardand
Sag1994). In LFG c(onstituent)-structurand f-structureare independent
levels of representatiomvhich arerelatedin termsof a correspondenctinc-
tion ¢. Thecorrespondendellowslinguistically determinedrincipleswhich
are partly universal,and partly languagespecific (Bresnan2000), (Dalrym-
ple 2000).

Whatis new in ourapproachs that(i) we employpartial andunderspecified
annotatiorprinciplesin aprinciplebased:- to f-structureinterfacefor the LFG
architecture{ii) we usetheseto automatefunctionalstructureassignmento
flat and“noisy” treebankreesand CFGsextractedfrom them; (iii) we reuse
existing linguistic resourcesln contrasto moretheoreticallyinformedwork
in LFG andHPSG treebankslo nottendto follow highly abstracandgeneral
X" architecturatlesignprinciples. Thechallengen ourapproachs to develop
grammarsandannotatiorrulesfor realtext.

Thepotentialbenefiteof automatiorareconsiderablesubstantiateduction
in developmenteffort, hencesavingsin time andcostfor treebankannotation
andgrammardevelopment;the ability to tacklelarger fragmentsn a shorter
time, a considerablemountof flexibility for switchingbetweerdifferenttree-
bankannotatiorschemesanda naturalapproactto robustness Our methods
canalso be viewed as a new corpus-and data-drven approachto grammar
developmentanapproachhatasmuchaspossiblereg/clesexisting resources.

In our work to datewe have developedtwo relatedbut interestinglydiffer-
entmethods.Both methodsdefineassociatiorprinciplesascorrespondences
betweenpartial andunderspecifiea- andf-structureconfigurations.In one
approachwe readoff a CFGtreebanlgrammarfollowing the methodof Char
niak (1996)andthencompileannotatiorprinciplesoverthetreebanigrammar
In our secondapproachwe operatedirectly on constraintsetencodingf PS
treebankreesandrewrite or annotatehemdirectly with f-structures.

Both methodsare partial in the following further sense:the first requires
manualinspection,completionand correctionof the output (setsof anno-
tated grammarrules) producedby the automaticannotationprocess. The
secondmethodis fully automaticandrobust, andyields partial, unconnected
f-structuresn the caseof missingannotatiorrules.

Wedescribeéwo experimentspnefor eachmethod.In orderto exploresome
of the possiblearchitecturesfor the first experimentwe developeda regular
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expressiorbasedannotatiorprinciple interpreterwhich operaten grammar
ruleswith order independenand monotonicinterpretationof principles. For
the secondexperimentwe employeda term rewriting systemwhich operates
on constraintsetdescriptionsof LFG structures. The term rewriting system
allows us to exploit both order dependentcascadednd order independent
formulationsof annotationprinciples. In our first experimentwe usedthe
first 100 treesof the AP treebank(Leechand Garside1991),in the second,
experimentl66treesof the SusannéreebankSampsori993).

The paperis structuredasfollows: in Section2 we motivateanddescribe
our methodsn moredetail. In Sections3 we reporton our two experiments.
For eachexperimentwe explain the design describethe dataandevaluatethe
results.In Sectiomd we compareghetwo methodsindoutlineongoingresearch.
Section5 concludes.

2. METHODS FOR AUTOMATIC F-STRUCTURE
ANNOTATION

In LFG the correspondencéetweenfunctional and phrasalstructureis
definedin termsof functionalannotation®f the RHS cateyoriesin CFGrules.

S
=1 PR ‘sELL((1sUBI)(10BI))’
"\ 'mm\‘ PRED ‘APCOM’
NP SUBJ f2: | NUM SG
(tsuBy)=1 PERS 3
! ORI f { PRED ‘SHARES’ }
APCOM NP 3 NUM PL
T=] (1 oBI)=4 \4@@55/ PAST
| | | PASSIVE - i
sold shares
PSrulesdefinef-structurevia functionaldescriptions
NP VP A% NP
S— VP — .
(tsuBs) =) 1=l t=| (toms) =|

Annotationfollows universaland languagespecificprinciples. We define
annotatiorprinciplesasinvolving partial andunderspecifiegphrasestructure
configurationsand apply themto CFG rules or tree fragmentsthat meetthe
relevantpartial configuration.To illustratethe idea: a headprinciple assigns
1 = | to the X daughterin all XP — ...X... configurationsjrrespectve of
the surroundingcategorial context. For the exampleat hand,the challengen
our approaclhis to provide annotatiorprinciplesthatidentify headsn theflat
treebankreeandrule configurationsvhichgenerallydeviatesignficantlyfrom
X' designprinciples.Annotationprinciplescapturegeneralisationandcanbe
usedto automaticallyannotatePSconfigurationswith functionalstructuresn
a highly generalandeconomicalWway. Both annotatiormethodsare built on



From TreebankResoucestoLFG f-Structues 5

this insight: in thefirst, correspondencesre appliedto CFG rules extracted
from treebankswhile in the secondcorrespondenceare applieddirectly to
constrainsetencodingof treebankreesandtreefragments.

2.1 F-STRUCTURE ANNOTATION OF CFGS
EXTRACTED FROM TREEBANKS

Annotation Principle Interpr eter.  Our CFGrule annotatiorprinciplesare
of the form L>ReA. L andR areregular expressiongunder)specifyind-HSs
andRHSsof CFGrulesin termsof categorial andconfigurationatonstraints.
The regular expressiongrovided include Kleeneand positive Kleene(*, +),
optionality(?), disjunction(|) andalimited form of complement~). A isaset
of attribute-value structureannotationgrule decorations).Givena grammar
ruleof theformM>D (expandingamothercategjoryM into asequencef daughter
catgyoriesD) andanannotatiorprincipleL>Re@4, if L matches! andR matches
D, thenM>D is annotatedwith A. A singlegrammarrule can matchmultiple
principlesanda singleprinciplemaymatchagivengrammarule in morethan
oneway. Theannotationsesultingfrom all possiblematchesrecollectedand
the grammarrule is annotatedaccordingly More formally, let the denotation
[E] of aregularexpressiork bethesetof stringsdenotedy E. GivenaCFGrule
M>D andasetof annotatiorprinciplesAP of theform L>R@A, M>D is annotated
with the setof featurestructureannotation§':

M>DeF iff F = {A|3P € AP with P = L>ReA andM € [L] andD € [R]}

Annotationis monotonicandorderindependent.

Example Principles. In our Prolog implementation,CFG grammarrules
extractedfrom thetreebanlarerepresenteds

C:F > C1:F1, ... , Cn:Fn.

wheresyntacticcatayoriesC andlogical variablesF representingeature-
structureinformationarepairedc : F. Annotationprinciplescanunderspecify
theLHS andRHS of grammarrules. To give a simpleexample,thefollowing
annotatiorprinciple' stateghatinfinitival phrasesinfp following thefinal vo
in vp rulesareopencomplementgxcomp) controlledby thesubjectof thefinal
vO:

vp > % v0:V0 *("v0) infp:I =*
@ [ VO:xcomp = I, VO:subj = I:subj ].

The next principle statesthat in non-conjunctie contexts? v0 sequences,
possiblyseparatetly adwerbialsadv, form opencomplemensequencewhere
thesubjectof the precedingr0 controlsthatof thefollowing:



vp > *(“conj) v0:V1l 7adv v0:V2 #*("conj)
@ [ Vi:xcomp = V2, Vi:subj = V2:subj ].

Notethatthe principle appliestwicetoa...v0:V1, v0:V2, v0:V3 ...
RHSruleconfiguratiorwith [ V1i:xcomp = V2, Vi:subj = V2:subj, V2:
xcomp = V3, V2:subj = V3:subj ] asthe resultingannotation. Finally
obsenrethattheformalismsupportghestatemenof generalisationeverLHSs
of CFGrules:

( fn:X|infp:X|tgp:X[si:X|vp:X )
> %("(v0|lconj)) v0:V0O #*("conj)
@ [X=V0].

Thisprinciplestateghatfor avarietyof constructiongncludingverbal(vp)
andinfinitival (infp) phrasesn non-conjunctve contets theinitial v0 is the
headof theclause.

Exampleoutput(automaticallyannotatedyrammarnules)is shavn below:?

vp:A > v0:B,v0:C,v0:D,np:E,fa:F
@ [A===B,D:obj===E,C:xcomp===D,C:subj===D:subj,
B:xcomp===C,B:subj===C:subj,A:vp_adjunct: 1===F] .

vp:A > v0:B,v0:C,v0:D,rp:E,pp:F
@ [(D:obl===F;D:vp_adjunct:1===F),A===B,D:part===E,
C:xcomp===D,C:subj===D:subj,B:xcomp===C,
B:subj===C:subj].

vp:A > vp:B,pnct:_,vp:C,pnct:_,conj:D,vp:E
@ [A:conj:3===C,A===D,A:conj:2===B,A:conj:1===E]).

vp:A > vp:B,conj:C,vp:D,pp:E,fa:F
@ [(D:obl===E;D:vp_adjunct:1===E),A===C,A:conj:2===B,
A:conj:1===D,A:vp_adjunct:1===F]).

In thefirstandin theseconduletheleftmostvo isidentifiedastheheadof the
constructionln v0,v0 sequencetheseconds0 providesanopencomplement
xcomp to thefirst with the subjectof the secondcontrolledby the subjectof
thefirst. Thenp in thefirst rule is analysedasthe objectof the rightmostvo,
while thepp in the secondule is eitheran adjunctor an obliqueargumentto
thevp. Thelasttwo examplerulesshown conjunctive structures.Note thatin
thefinal rule thepp is analysedsobliqueor asanadjunctto therightmostvp.
Hereour currentannotatiorprinciplesmissa possibleattachmenof the pp to
themothervp.
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2.2 F-STRUCTURE ANNOTATION OF TREEBANK
TREES

In our secondapproachve build onapurecorrespondencéew of theLFG
architecturewherethemappingrrom c- to f-structureis encodedy theprojec-
tion function ¢. Annotationprinciplesdefine ¢-projectionconstraintsvhich
associatgartial c-structuresvith their correspondingartialf-structures Ap-
plicationof annotatiorprinciplesto constraintsetencodingf treebankrees
directly inducegthef-structure allowing usto skip the (re)parsingprocesgor
f-structurecomposition.The principlescanapplyto non-localtreefragments,
asopposedo local CFGrules.

‘RISE((1SUBJ))’
PRED ‘TEMPERATURE’
NP:n2 VP:n3 SUBJ f2i | NUM  PL
PERS 3

Temperatures V:n4

rose

TENSE PAST
PASSIVE

¢—correspondere f-structure:
o(nl)=f1 d(n2)=f» (f1 suBI)= fo, (f- PRED)="temperature’
#(N3)=fa ¢(n4)=fi ¢(n1)=¢(n3)=¢(n4) (fs PRED=rise’

Modular projectionprinciples for f-structure annotation of tr eefragments.
To illustratethe key ideaof partialf-structureannotatiorprinciples,belov we
displaythe representatiof a complex NP. This complex configurationcan
be brokendown into modular piece-wisecorrespondenced partial c- andf-
structuresabstractingwayfromirrelevantmaterialin thesurroundingontext.

Det:n2 AP:p N:n4

the A:n6

solid

NUM SG
PERS 3

surface

PRED ‘SOLTD’ ((1SUBT))’
fa: PRED ‘SURFACE’
SUBJ

Thefunctionalcontributionof theprenominatleterminetheis independent
of the presenceof AP or PR andis capturedby the partial correspondence
constraintstatedon theright handside.

%
Detn2 ... N:n4 S [SPFJ(‘J ‘THE’]

‘ f2 :
the

é(n)=fi  $(nl)=$(n2)
#(n2)=f,  specf, the)

An AP daughterof NP is analysedasan apsuncT of the nominalhead,
unlesgheN headis omitted. Theformergeneralisatiolis capturecoelow.



NP . _ s(n1)=f1  adiunctx(f1, f2)
e R [rosover { o[ ]3] »(n3)= fs

Projectionprinciplesfor headcateyoriesandlexical nodeqherefor nominal
catgyories)arestraightforward:

NP:n1 (n1)=fr N:n4 _
J1: 4) = N\ . .[prED 1R d(n4)= fu
N:‘n4A> fa ;[ ] iE:1§: <J;4(n4) L(‘ax f [PF\‘F]’ rpx] pred(s, LEx)

Similarcorrespondencesedefinedor theremaininge-structurdragments.
Thesecorrespondences! applyto thecomplex NP structureabove, conspiring
to definethe ¢-projectionandf-structurein a modulay declaratve way. By
dint of abstractingaway from immaterial c-structurecontext, the principles
generaliseover specifictree configurationsandthereforeapply to fragments
of unseertrees.

In the correspondence-basegproachannotationprinciplescan apply to
non-local tree fragments. This allows us to associatepartial f-structures
with comple c-structurefragments. For example, by specifyingnon-local
c-structurefragmentsin binary branchingVPs, we capturetenseand ac-
tive/passie distinctionsof the verbal complex in a naturalway. This is il-
lustratedfor the characteristiconstructiorindicative of presenperfecttense.

VP:nl
/\
VHZ:n2 . VP:n3 f VTYPE  MAIN
| fl PERF +
has  VBN:n4 —VP:a5——— » °2 ;| PROG

! ! / fa TENSE  PRESPERF
been  VVN:n6 fe

| PASSIVE  +

(seen)

Theideaof modularannotatiorprinciplesis muchin the spirit of projection
principlesasproposedby (Dalrymple2000)and(Bresnar2000),andprovidesa
principle-based- to f-structureinterfacein the LFG architecturée. Application
of annotatiorprinciplesto c-structurdreesfollowsthedescription-by-analysis
(DBA) approactof (HalvorsenandKaplan1995)in the c-to-f-structurenter-
face. While in the classicalDBA approachcompletePS rules are matched
againstthe c-structure,in our approachpartial (non-local) c-structue frag-
mentsarematchedagainsthec-structurdrees.

A term rewriting systemfor f-structure annotation. To defineand pro-
cessannotationprinciples we make use of an existing term rewriting sys-
tem, originally designedor transferbasedVlachineTranslation(Kay 1999),
(Frank1999).

The systemtakesas input an unorderedset of n-ary termsp,q, and an
orderedsetof rewrite rulesp = q.° If the LHS termsp matchtheinput, the
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matchingtermsp areeliminatedfrom theinput set,andthetermsq areadded
to the outputset. A rule appliesto ead instantiation of the LHS termsin the
input. Besidegermsp thatareto be eliminatedfrom theinput, the LHS may
statepositive +p and negative -p terms. A rule with positive term +p only
appliesif p matchesometermin theinput. Positive termsarenot eliminated
from the input set. A rule with negative term -p only appliesif p doesnot
matchary termin theinput. Theorderin whichtherulesarestateds crucial:
Eachrule appliesto thecurrentinput set,andyieldsanoutputset. Theoutput
setof arule constitutegheinput setfor the next rule.

A term representationof the LFG architecture We encodethe LFG pro-
jectionarchitecturen atermrepresentatiofanguagesfollows:

immediatedominance: arc(MNode, MLabel, DNode, DLabel)
immediateprecedence: prec(CsNode x, CsNode_y)

lexical insertion: lex(TerminalNode, Lex)

¢-correspondence phi(CsNode, FsNode), equal (FsNode x, FsNode_y)
f-structureattributes: attr(FsNode x, FsNode.y),attr(FsNode, Val)

With this, thetraditionalrepresentation

‘RISE((TsuBJ))’

PRED ‘TEMPERATURE’
fa: | NUM  PL

PERS 3

NP:n2 VP:n3
i

Temperatures V:n4
PAST

PASSIVE -

rose
is translatednto thefollowing setof terms:

arc(nl,s,n2,np), arc(nl,s,n3,vp), arc(n3,vp,nd4,v), prec(n2,n3),
lex(n2,Temperatures), lex(n4,rose),

phi(ni, f1), phi(n2, f2), phi(n3, fs), phi(n4, f1),

equal (fi1, f3), equal(fs, fi),

pred(fi,rise), subj(fi,f2), pred(fz,temp.), num(fo,pl), tense(f1,past),..

2.2.1 Automatic annotation of tr eeswith f-structures.

Initialisation  Startingfrom the c-structuretermrepresentationye inducea
1-1 ¢-correspondencigom c-structurenodesto emptyf-structurenodes.

4
L
1+
NP:n2 VP:n3

+arc(ni,_,_,-) ==> phi(ni,f1). . ‘ ; H
. 3t
+arc(_,_,CsNode,_) ==> phi(CsNode,FsNode). N:n4 V:n5

by aeeps 4[] ge[]

Mary  sleeps
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Annotationrules associatpartialc-structureonfiguratimswiththeircorre-
spondingpartialf-structues andfurtherrestrictthetrivial 1-1 ¢-correspadence
via the predicateequal (Fx,Fy). Therule belon definesthe externalNP as
the suBJ of fy, the f-structureprojectedfrom the S node. The predicate
prec_x(B,C) is defined(by useof macros)asa finitely constrainedransitve
closureovertheprecedenceelationprec. It canbeusedo underspecifyprece-
denceconstraintoldingbetweemodesr, andn,, allowing for anarbitrary
or elsearestrictedsequencef interveningcatayories.

L = Y

NPn2 . VPin3T ] NPn2 ... VPin3 S o [ ]

+arc(A,s,B,np), +phi(A,FA), +phi(B,FB),
+arc(A,s,C,vp), +precx(B,C) ==> subj(FA,FB).

The following rule appliesto the outputresultingfrom the previous rule
application.The predicateequal (Fx,Fy) restrictsthe ¢-functionto mapthe
VP andS nodego identicalnodesin f-structure.

S:nlf\‘ f1 :[SUBJ fa: [ ]] Sl f1:{suBY fy :[ H
. L > . equal(fi,fa)
NP2 ... VPn3 gy« [] NP2 . VPna N i

+arc(A,s,C,vp), +phi(A,FA), +phi(C,FC) ==> equal (FA,FC).

Formal restrictions Werestrictphi predicatesoonly occurin LHSsof rules
aspositiveconstmaints. Giventheinputspecificatiorof a1-1 ¢-projection this
guaranteethatthe functionalpropertyof the ¢-correspondencis presered.
equal predicatesestrictthe¢-correspondencyhile preservingts functional

property

Order independencein a cascadedrewrite system Although annotation
rulesoperaten a cascadedorderdependentvay, orderindependenceanbe
obtainedby requiringthat no annotatiorrule refersto f-structureinformation
introducedby otherrules, and no rule consumegor adds)ary c-structure
informationreferredto by otherrules. Theseconstraint&nsurghatannotation
ruleshave accesdo thefull initial input structureandno morethanthis, and
therebyguaranteerderindependencef annotationirrespectie of theorderin
whichtherulesarestatedandapplied. Theeffect of orderindependenceanbe
obsenredby invertingthe applicationorderof the subjectandhead-projection
rulesabore: while theintermediatderm setwill bedifferent,thefinal output
setwill beidentical.

Thereis atrade-of betweerorderdependencandindependenceConstrain-
ing rulesto c-structurénformationonly canrequirecomple ruleconstraint$o
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avoid applicationof differentannotatiorrulesto the sametreefragmentjead-
ing to inconsistenciesReferencdo f-structureinformationcanalsobe used
to generaliseannotatiorrules. If several PS configurationsare indicative of
e.g.asubjector passve voice,suchdiverseconfigurationsanbe capturedoy
referringto themoreabstracf-structurenformationto furtherguidef-structure
construction.The orderof annotatiorrulesmustthenensurehattherequired
f-structureinformationis introducedby previousannotatiorrules.

An annotation grammar consistsjust like an ordinary LFG grammay of
differenttypesof annotatiorrules: lexical, morphosyntacticandphrasal.

Lexical and morphosyntacticrules Morphosyntactigulesintroducemor

phological(andsomesemanticjnformationencodedn lexical cateyorylabels
into the f-structurespace. The example given below illustrateshow highly

specificcatayory distinctionsin treebankencodingsanbe neutralised:once
NuMberis encodedn f-structure,basedon thenn1 vs. nn2 distinction,the

distinctioncan be neutralisecby mappingboth lexical cateyory labelsto the

generalisedabelnn (see(van Genabithet al. 1999b)for a similar approach).
Suchgeneralisationare essentiafor compactrule definition. For example,
belov the instantiationof the prED-value of nounsis capturedin a single
lexical rule which appliesto all “generalised’hn-daughters.

arc(A,ML,B,nn1)==> num(B,sg) ntype(B,common)arc(A,ML,B,nn).
arc(A,ML,B,nn2)==> num(B,pl),ntype(B,common)arc(A,ML,B,nn).

+arc(A,n,B,nn);+lex(B,Lex) ==> equal(A,B),pred(B,L«), pers(B3).

Tenseinformationaswell asthe active/passie distinctioncanbe captured
by statingconstrainton the partial c-structurecontext of verbs,asillustrated
below for presentperfecttensein a flat VP, asit is assignedn the Susanne
corpus. For binary branchingVPs (asassignedn the Penn-lI Treebank) we
candefinecomplex tenseinformationin similarways,by extendingannotation
rulesto non-localtreefragmentyseeabove and(Frank2000)).

+arc(A,vp,B,vhz) % have-aux vp PERF +
-arc(A,vp,D,vbn) % nobeen-aux P PROG -
+arc(A,vp,C,vvn) % mainverbparticiple vhz vvn |: TENSE PRESPERF ]
= perf(A,+),prog(A,-),tense(A,presperfpassie(A,-). (have) (seen)| passive -

+arc(A,vp,B,vhz), % have-aux

+arc(A,vp,C,vbn), % been-aux vP o N
+arc(A,vp,D,vvn), % mainverbpart. an .
_ TENSE PRESPERF
==> perf(A,+), prog(A,-), (have) (been) (seen)

tense(A,presperfpassie(A,+). PASSIVE  +

Partial phrasalrulesand underspecification Annotatiornrulesaredesigned
to apply to modular partial c-structureconfigurationsto definetheir corre-
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spondingfunctionalprojections.Eventhoughtreebanksio nottendto follow

classicalX’ syntax,specifictypesof treebranchesorrespondo functionalde-
pendencief f-structure.Annotationrulesapply, in thegenerakaseto single
treebrancheswith somecontectual constraintsandgeneralis¢o unseertree
configurations. Below, that-clauseqcatejory f) are associatedvith a func-

tion comp in f-structureby referringto a singlebranch(arc) in c-structure,
abstractingway from irrelevantco-occurrencem the c-structurecontext.

The examplealsoillustratesthe effect of underspecificationthat-clauses
canappeairin differentsyntacticcontets. By referringto an underspecified
(variable)mothernodelabel ML, we generaliseover variouspossiblemother
labels(e.qg. (in)finite, modal,nominalor adjectve phrases).

+arc(A,ML,B,f), +compform(B,that)=> comp(A,B).

Finer catayorial restrictionscan be capturedby defining classesf cateyory
labelsin disjunctive templates. Below, the disjunctive templatenp_cat (X)
definesa classof category labels(n, d, m). Thetemplateis called(by logical
“and” &&) in theannotatiorrule for PPs(p) to definethis restrictedclassof
alternatve NP-typesascomplementéi.e.,oBJ) of prepositionsn asinglerule.

templatedefinition: npcat(X):: {X==n}==>0; %n: nominalphrase
{X==d}==>0; %d: determinephrase
{X=m}==>0. %m: numbemhrase

annotatiorrule: +arc(A,p,B,NPF=> 0bj(A,B) && np_cat(NP).

Grammatical function assignment In languages$ike English,grammatical
functionassignmenteliesheavily on c-structureconfigurationswhile still not
beingfully deterministic.In casemarkinglanguagesmorphologicaimarking
will be usedto constraingrammaticalfunction assignment.Below we give
an examplefor the assignmenof o vs. oBJ2 functionsfor transitive and
ditransitve verbsin English, which is determinedby surfaceorder Long-
distancephenomenarecapturedy pathexpressiongsee(Frank2000)).

+arc(A,vp,C,np);+arc(A,vp,D,np)+precx(C,D) ==> obj2(A,D). % oBJ2 of ditransitves
+arc(A,vp,C,np);rarc(A,vp,D,np)+precx(C,D) ==> obj(A,C). % onu of ditransitves
+arc(A,vp,C,np);arc(A,vp,D,np){D \== C} ==> obj(A,C)’ % oBJ of transitves

Subcategorisatiomassignment Weinducesubcatgorisationframes(these-
manticforms)by collectinggrammaticafunctionsassignedby annotationules
into the predicates semantidorm, following the methodof (van Genabithet
al. 1999a).

Obviously, pure c-structureinformation doesnot allow us to distinguish
betweenNP, PR or infinitival agumentsvs. adjuncts. Similarly, lacking
lexical information,raisingandcontrol constructionsanonly berepresented
asinvolving anaphoriacontrol. In (Frank2000)we shov how to extendthis
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modelby integrationof lexical subcatgorisationinformation,combinedwith
stratgjiesfor OT-basedambiguityrankingandfiltering (cf. Franketal. (2000)).

Partial annotationandrobustness Oursecond-structureannotatbnmethal
embodiesan importantaspectof robustness.In the caseof missingannota-
tion rulesthe systemdoesnot fail, but partialtreesareleft without f-structure
annotation We obtain(typically large) partial,unconnected structures.

Moving treebanks Our framevork can also be usedto adjust particular
treebanlencodingsby “moving” treebankgo a differentstructuralencoding,
therebyfacilitating principle-based-structureinduction. In our treatmentof

the Susanneorpuswe defineda setof c-structurgewriting rulesto transform
the encodingof coordinationandflat modalVP structuresnto morestandard
PSanalyseswhichlendthemselesto principle-drivenf-structureannotation.

3. TWO EXPERIMENTS
3.1 EXPERIMENT |

Experiment Design. Ourfirst experimentinvolvesthefirst 100 treesof the
AP treebankLeechand Garside1991). We referto this subsectiorasAPO1.
We preprocesthetreebanlusingthestructurgpreservinggrammaicompaction
methodreportedn (van Genabithetal. 1999b)preservingasmuchcatejorial
fine-grainednesasis requiredto guide annotation. From this we extract a
treebankgrammarfollowing (Charniak1996). We develop a setof feature
structureannotationprinciples. The regular expressionbasedinterpreterde-
scribedin section2.1 compilesthe principlesover the rulesextratedfrom the
APO1 treebankfragment. The resultsobtainedare comparedagainsta man-
ually annotated'gold standard’referencegrammarand precisionand recall
measuresrereported

Data. The AP treebankannotationschemaemploys183 lexical tag types
and 53 non-terminalcateyory types,with tree structureencodedn termsof
labelledbracketing.The corpusis ‘skeletallyparsed’ thatis, it containssome
unlabelledbrackets. We remove thesein an automaticpre-editingstep. The
sentencesn the APO1 fragmentrangefrom 4 to 50 leaf tokens(including
punctuationsymbols). The AP01 sectionof the corpusattests94 of the 183
lexical tag typesand 25 of the 53 phrasaltag types. The large numberof
highly discriminatingterminaland non-terminalcateyoriesresultsin a large
numberof flat andoftenvery specificrules. To facilitateannotatiorwe usethe
structurepreservinggrammarcompactiormethodpresentedn (van Genabith
etal. 1999b)to compacthegrammainto amoregenerabnethatstill preseres
importantcategorial informationto drive automaticannotation. Compaction
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worksby generalisindags,i.e. collapsingtags(andcateyories)into supertags.
This reduceghe numberof CFG rule typesfrom 511 to 330. AP0l andthe
compacteddP01¢ aresummarisedh table T1 below:

T1 sentences average phrasal lexical CFGrule
lengh types  types types

APO1 100 20 25 94 511
AP01¢ 100 20 12 28 330

Manually AnnotatedReferenceGrammar. Inorderto evaluateExperiment
| we manuallyconstructe@ “gold standard'teferencgrammarollowing (van
Genabithetal.1999a,b,c)Thegrammareaturesl 143annotationspn average
3.46annotationperrule.

Automatic Annotation and Evaluation. For theexperimentwe constructed
119 annotationprinciples, this against330 CFG rules resultingin a tem-
plate/ruleratioof 0.36. We expecttheratioto skew morein favourof templates
aswe proceedo larger fragments.Automaticannotationgenerated029an-
notations,on average3.12 annotationgerrule. Experiment is evaluatedn
termsof precisionandrecall measures:

# generatec@nnotationslsoin reference

recision= s
P # generatecnnotations

# referenceannotationslsogenerated

recall= .
# referenceannotations

Theresultsaresummarisedh tableT2:?

T2 Experiment
precision 87.9
recall 83.7

Thenumbersareconserative: precisionandrecall arecomputedautomat-
ically for afirst passencodingof annotatiorprinciplesasregular expressions.
The resultsare encouragingand indicate that automaticannotationis more
oftenpartialthanincorrect.

3.2 EXPERIMENT I

Our methodfor f-structureannotatiorof treesin section2.2 is evaluatedn
Experimentl, thistime basednthe Susanneorpus(Sampsori993).
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Data The Susanndreebankencodedabelledbracketedstructureswith sur
faceform andlemmatisedexical entries.Functionakateyorylabels(subj,obj)
andtracesindicatingcontrol or long-distancalependencieareeliminatedin
preprocessingp guarante@anon-biasedvaluationwith corventionalPStrees
asinput. In preprocessinge alsocollapseoverspecifiqgohrasakateyories.
Somedecisionson PS assignmenin the Susannecorpusare debatable.
We defineda setof c-structurerewriting rulesthattransformthe encodingof
coordinatiorandflat modalVP structuresnto a standard®Sanalysis.

Experiment Design We chosetwo sectionof the Susanneorpus,JO1land
JO2(text type J: learnedwriting). Onthesewe rananexperimentin 3 steps:

First,basednthefirst66sernencesf JOL, we developf-structureanrotaion
rulesto cover50sentencedn step2 weapplytheresultingannotatiorgrammar
AGL1 to the first 50 sentence®f J02, and measurethe annotationresults.
GrammarAG1lis thenupgradedo AG2, which coverstheses0 sentencesWe
recordthe numberof rulesthat were addedor modified. In step3, AG2 is
appliedto the remaining46 sentencesf J02. Again, we measurdheresults.
In this experimentwe applied an order dependen&nnotationschemethat
consumes-structurgermswhile building upthef-structure(cf. (Frank2000)).
We established naturalorderfor the differenttypesof annotatiorprinciples
discussedh section2.2.1.

Evaluation and Results Table 3 providesbasicdataon thesesubsections:
the numberof sentencesand averagesentencédength;the numberof phrasal
and lexical catgoriesandthe numberof distinct PSrulesand PS branches
encodedy thecorpustrees.Notethatthe percentagef new (unseenpPSrules

in J02-1andJ02-2is considerablyhigherthanfor new (unseenjreebranches.
This is not surprising,andsupportsour annotationschemewhereannotation
involvesunderspecifiedpartialtrees(oftensinglebranches).

Table3 sent. length phrasakcat lexical cat PSrules treebranches

Jo1 66 3427 32 73 430 281
J02-1 50 21.68 25(3new) 64(8nen) 249(60.34%new) 172(20.93%new)
J02-2 46 248 24(4new) 57(3new) 212(45.28%new) 163(15.95%new)

The resultsare summarisedn Table 4. We measurectorrectnesf f-
structureassignmenmodulothe agument/adjunctlistinctionfor PPsandin-
finitival VPs, andthe missingassignmenof control/raisingequations.Also,
attachmenbr labellingmistakesn the treebankarenot countedasannotation
mistakedf theresultingf-structureis predictedrom the giventree.

AG1featuresl18non-lexical (phrasallannotatiorrulesandassignsorrect
f-structurego 48%of theunseersectionJ02-1.As expectedtheupgraddgrom
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AG1lto AG2requiredittle effort: it involves28 newv and5 modifiedrulesand
requiredapprox. onepersonday of work. AG2 appliedto the unseersection
J02-2yields 76.09%o0f correctf-structures.

Table4 correctfs partialfs tagrules lexicalrules phrasakules all rules
JOiw/ AG1 50 75.76% 16 24.24% 41 132 118 291
J02-1w/ AG1 24 48% 26 52% 41 132 118 291
JO2-1w/ AG2 49 98% 1 2% 41+4  132+4(2mod) 118+20 (3mod) 291+28
J02-2w/ AG2 35 76.09% 11 23.91% 45 136 138 319

Although small scale,we considertheseresultsas promising. Upgrading
to larger fragmentstakeslittle effort due to the generalisatiorcapacity of
annotationprinciples. This is alsobroughtout by the increasingpercentage
of correctf-structureassignmentgo unseentrees,and the fact that partial
f-structureassignmentgenerallyconsistof large piecesof partialf-structures.

4. DISCUSSIONAND CURRENT RESEARCH

We have presentedwo automaticf-structureannotationmethodsfor tree-
banksandgrammars.Both methodsandthe experimentsshov considerable
overlapandseveralinterestingdifferences.

Annotationprinciplescanapplyto extractedP Srulesor to PStreefragments
encodedhsconstrainsets.Oursecondnethodcanbespecialisedio PSrulesby
restrictingtreeso depthone. Thefirstmethodyenerateanannotatedgyrammay
which canbeusedto reparsdreebankreesor sene asabasisfor developinga
stand-alon&FG resourceln thesecondapproactanf-structureis built during
theannotatiorprocess.In orderto parsefreetext, this methodcanbe applied
to the outputof (P)CFGparsing. The samearchitecturecanbe implemented
usingthe principlesdesignedn thefirst approach.Our secondapproactcan
be modifiedto annotatgnon-local)treefragmentswith f-descriptionsfor the
reparsingscenarioappliedin the first method. Both our methodsusecom-
pactiontechniquedor generalisingoverspecificcategyorisation. In the first
experimentthe structureof treebankentriesremainsunchangedvhile in the
secondcertainstructuresaretransformedo corventionalPSanalysego sup-
portprinciple-basednnotation For ourfirstmethodweimplementecénorder
independenaind monotonicannotationprinciple interpreter For the second,
a more generalterm rewriting systemwasused. The term rewriting system
allows usto exploit anorderdependent;ascadedtatemenandprocessingf
annotatiorprinciples. Alternatively, the termrewriting systemcanimplement
orderindependenannotatiorwithoutconsumptiorof input constraints Order
independenceansometimesasemaintenancef annotationprinciples, but
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requiresmorecomple andverboseconstraintsn orderto avoid inconsistent
annotationsBy contrastprderdependentascadedewriting allowsfor acom-
pactrepresentationf annotatiorrules. The extra power of anorderdependent
systemcanbe usefulin cateyory generalisatiorand subcatgorisationinduc-
tion duringthe annotatiorprocess.Experimentl usesa manuallyconstructed
“gold standard'referencegrammarfor evaluation,experimentll is evaluated
with respecto how it performson extendingthetreebankragment.For larger
fragmentsclearlythisis the only possibleevaluationmethod.

Outputof thefirstmethod asetof annotatedules)canbemanuallycorrected
andcompletedwhile the seconds automaticandrobustby returningpartial
andunconnecteéstructuresn caseof missingor conflictingannotatiorrules.

Rolustnesds an inherentproperty of the approachegresentechere. It
residesn anumbeiof levels: First,ourprinciplesarepartialandunderspecified
andwill matchnew, asyet unseerconfigurations.Secondthe principlesare
conditional. If a certaincontet (a regular expressionor a constraintset)is
met, a principle applies. Evenif only few principlesapply, the systemwill
not fail but deliver partial annotations.Third, the constraintsolver employed
in our secondmethodcancopewith partial, unconnectear even conflicting
information. A constraintsolver of this type canalso be importedinto the
processingf rulesannotatedby our first method.

Both approachegactor out information spreadover CFG grammarrules
into modularandgeneralprinciples. To afirst approximationthe reasorwhy
our principlesallow a compactrepresentatiof grammaticalknowledgeis
thefollowing: by andlarge the annotatiorprinciplescapturestatementsbout
single mother— daughterrelationshipsn CFG rulesor local treesof depth
one. This meansthatthe principlesare essentiallyaboutsingle branchesn
local configurations. Given a treebank(grammar)with n distinct categories
the worstcasenumberof distinctbranchess »n2. Contrasthis with the worst
casenumberof possiblegrammarrules:

T =y = n?
T = Y1Y2 =
=YYy = nmTl

Clearly, givenagrammamith » categoriesanda RHSrule lengthof atmost
m, theworstcasenumberof differentgrammarules

m .
an-}-l > n2
=1

for m > 2ismuchhigherthantheworstcasenumbem? of distinctbranches.
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In our currentresearctwe areworking with the Penn-litreebankesource.
Comparedo our AP andSusannexperimentsve areapplyingour methodso
atreebankragmentiargerby anorderof magnitude.

In orderto develop stand-alond.FG grammarswe needsemanticforms
(subcatgorisationlists) to enforcesubcatgorisationrequirements. We are
currentlyexploring a numberof waysof semi-automaticallgompiling these
from machinereadabledictionariesand the f-structureannotatedcorpusre-
sourcegproduced.

We expectthat our approachcanalsofeedinto grammardevelopmentef-
forts. To besure,becauséreebankgrammarsarelarge andflat, automatically
annotatedreebankgrammarsare less maintainablethan the more compact,
linguisticallydesignedyrammarsvhichfollow X’ designprinciples.However,
aspointedout abore, our approachesllow for a novel grammardesignand
processin@rchitecturegivenatreebanka PCFGcompiledfrom thetreebank
parsesnew text. For eachinput string, the (possiblyrn-) bestparsetreesare
passedn to the annotationinterpreterswhich annotateor rewrite the parse
treesandinducef-structures.We considerthis a promisingnewn approacho
large scaleandcorpushasedgrammaidevelopementvith applicationsn areas
suchasinformationretrieval.

5. SUMMARY

We have presentedwo automaticf-structureannotationrmethodsfor tree-
banksandgrammarsTheapproachemakeuseof acorpus-basestratgy that
takesdisambiguatetreestructuressinput,andcombinghemwith traditional
rule basedechniquesn theform of (linguistically motivated)annotatiorprin-
ciples. The principlesareusedto automaticallyenrichtreebankr extracted
treebankgrammarswith higherlevel functional information not presentthe
original corpora.Automaticannotatiorholdsconsiderablgotentialin curtail-
ing developmentostsandopensupthepossibilityof tacklinglargefragments.
To date,our experimentsarerelatively small-scale. Still, we have presented
angrammamdevelopmentndtreebankannotatiormethodologywhichis data-
driven, semi-automaticreusesexisting resourcesand covers real text. We
foundthe LFG framevork very conducie to our experiments.We do believe,
however, that the methodscan be generalisedand we intendto apply them
in an HPSGscenarioandto semanticrepresentatiothasedannotations.Our
secondnethodcouldbeappliedto workin aTAG scenariqseealsotheclosely
relatedworkin Neumann(1998,200@ndNeumanrandFlickinger(1999)).In
our work to date, contraryto an often perceved view, we have found that
treebankgncodehighly usefullinguisticinformation,albeitoftenin ratherflat
representations.
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Our methodsencouragevork in the bestlinguistic traditionas(i) they are
concernedvith reallanguageand(ii) they enforcegeneralisation# theform
of annotatiorprinciples.Our methoddactoroutinformationspreacover CFG
rulesinto modularand generalprinciples. What is new in our approachis
that(i) theprinciplesstatepartialandunderspecifiedorrespondencdsetween
¢- and f-structureconfigurationsand (ii) they are appliedto flat and noisy
treebankepresentationthatdo not follow generalX’ designprinciples. Our
experimentsshov how theoreticalwork andideason principlescantranslate
into grammardevelopmentfor realtexts. In this sense¢he methodsnay help
to bridge the often perceved gap betweentheoreticallymotivatedviews of
grammarasasetof principlesvs. grammardor “real” text.
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Appendix: Exampleof an Automatically GeneratedF-Structure

[PRED " will <[-1-XCOMP:probe] >[~1-XCOMP-SUBJ:observation] *
PRED ' probe <[-1-XCOMP-SUBJ:observation] , [-1-XCOMP-OBJ:atmosphere] >'
PRED’ atmosphere '
oBJ SPEC [SPEC-TYPEdef , SPEC-FORNhe]
IPERS 3, NTYPEcommon NUMsg
[PRED  * observation °
PRED’ of <[-15-OBJ:emission] >’
[PRED  *emission '
SPEC  [SPEC-TYPEdef, SPEC-FORMhe]
[PRED’ radio '
MoD {@[PEPSS, NTYPE common NUMSQ}}
[PRED' of <[-16-OBJ:planet] ~ >'
PRED  * planet '
ISPEC  [SPEC-FORM, SPEC-TYPEindef , NUMsg]
RED ° have<[-7-SUBJ:pro] , [-7-OBJ:atmosphere] >’
suss  |abauncr, PRED " atmosphere
0BJ SPEC  [SPEC-FORMnN, SPEC-TYPEindef , NUMsg]
[0BJ . .
lADJUNCT! PRED' extensive
083 | pIuncT] ADIUNCT; -12[ATYPEam . ADEGREEpositive
PERS 3, NTYPEcommon NUMsg
RED’ pro '
suey [ERON—WP&e\ ) PRON*FORMhICh}
[TOPIC [-7-SUBJ:pro]
-7|PASSIVE -, PROG-, PERF-, VTYPEmain, TENSEpresent , ADJUNCT-TYPHel
kcomn _16 PERS3, NTYPEcommon NUMsg
-15 IPERS 3, NTYPEcommon NUMsg
PERS3, NTYPEcommon NUMpl
PRED' to <[-17-OBJiextent] >’
[PRED " extent '
SPEC  [SPEC-FORM, SPEC-TYPEindef , NUMsg]
PRED * than <[-3-OBJpro] >'
[ADJUNCT-TYPEcomparison
RED  'pro’
PRED’ use<[-8-SUBJ:pro] , [-8-OBJlength] >’
RED  'length '
VoD PRED' wave'
-10[PERS3, NTYPEcommon NUMsg
|[ADJUNCT; 0B [oBJ "
oBJ IADJUNCT; PRED' short *
[ADIUNCT; ADJUNCT{—M[ATYPEam , ADEGREEcomparative
PERS3, NTYPEcommon NUMpl
PRED' pro’
suey [PRON*TVPEnaph‘ PRON-FORMull }
-8|PROG+, PASSIVE -, PERF -, VTYPEmain, ADJUNCT-TYPEerbal
3 PRON-TYPElemon, NUMpl , PRON-FORIthose
PRED’ great *
-4[aTYPEatr , ADEGREEcomparative
17 PERS3, NTYPEcommon NUMsg
PASSIVE -, PROG-, PERF-, VTYPEmain
[SUBJ [~1-XCOMP-SUBJ:0bservation]
PERF +, PASSIVE -, PROG-, VTYPEmodal
_ips  (-zshall )

[PRED ° shall <[-2-XCOMP:give] >[~1-XCOMP-SUBJ:observation]

PRED ' give <[-1-XCOMP-SUBJ:observation] , [-2-XCOMP-OBJ:information] ~>'
[PRED " information
PRED' about <[-5-OBJ:characteristic] >

[PRED characteristic '
ISPEC [SPEC-TYPEdef , SPEC-FORMhe ]

PRED’ of <[-14-OBJ:surface] ~ >'

RED ’ surface ’
oBJ [SPEC  [SPEC-TYPEdef, SPEC-FORNMhe]
IADJUNCT; oBJ
oBJ JADJUNCT, lapsunct{ [PRED" solid
-13|ATYPEattr , ADEGREEpositive
_14 PERS3, NTYPEcommon NUMsg
XComA
co 5 PERS3, NTYPEcommon NUMpl

PRED * unobtainable
IADJUNCT{-19 [PRED " otherwise ']}
-6|ATYPEattr , ADEGREEpositive
PERS3, NTYPEcommon NUMsg
SUBJ  [-1-XCOMP-SUBJ:observation]
PRED' in <[-18-OBJ:case] >'

IADJUNCT? RED" case!
OBJ  |SPEC [SPEC-TYPEquant , SPEC-FORMom¢g
-18 IPERS 3, NTYPEcommon NUMpl
PASSIVE -, PROG-, PERF -, VTYPE main

[SUBJ [-1-XCOMP-SUBJ:observation]
-2|PERF +, PASSIVE -, PROG-, VTYPE modal

~20[CONJ-FORMNd, STMT-TYPEdeclarative

Figure 1.A.1 F-structurefor: “Obsenationsof the radio emissionof a planetwhich hasan
extensive atmospheravill probethe atmospherdo a greaterextent thanthoseusing shorter
wave lengthsand shouldin somecasesgive otherwiseunobtainablenformation aboutthe
characteristicsf the solid surface.
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Notes

1. Forexpositorypurposestheseareslightly simplified principlesfrom ourannotatiorgrammar

2. Theannotatiorprincipleshave to takeinto consideratiorthat,in manycasesthe representationf
coordinationin treebankulesis overlyflat.

3. Theannotatiorprocesstself is fast: in our experimentshe interpreterannotatesbout40 treebank
CFGrulespersecond Sparc400Mhz).

4. ltis alsocloselyrelatedto principle-base@rammardescriptionn HPSG.
5. Thereareobligatory(=-) andoptional(?=-) rewrite rules.

6. Disjunctive templatesncodealternatve rewrite rules,andcanbe unioned(by logical and&&) with
annotatiorrules. While thisdoesstill involvedisjunctive processingtherulescanbestatedn ageneralised,
compactwvay.

7. WerequireB andC to bedistinctvariableshroughinequalityconstraintgin curly brackets).

8. Templatesgrammarsandf-structuregyeneratedreavailableat: http://www.compapp.dcu.ie/
~away/Treebank/treebank.html.

9. In earlierwork (Sadleret al. 2000)we wereableto reportprecisionandrecall resultsof 93.4%and
91.6%,respectiely. Theseresultswereachievedwith our previousProloglist constrainbasedormulation
of annotatiorprinciplesandthe correspondingnterpreter In movingto the new regularexpressiorbased
format presentedn this paperwe have not yet beenable to undertakethe all importantfine tuning of
principlesrequiredto achieve precisionandrecall resultsabove90%. Finetuningis currentlyunderway
andwe hopeto reportthe final results(ratherthan the preliminary first passresults)beforethe present
volumegoesto print.
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