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1. INTRODUCTION

In this contributionwe addresstwo importantconcerns:automaticannota-
tion of treebanksandCFGsextractedfrom suchtreebankswith LFG f(eature)-
structures(KaplanandBresnan1982),(Dalrympleetal. 1995).

Treebankswhichencodehigher-level functionalstructure,in additiontopure
phrasestructureinformation,arerequiredastrainingresourcesfor probabilistic
unificationgrammarsanddata-drivenparsingapproaches,e.g. (Bod andKa-
plan1998).Manualconstructionof treebankswithfeaturestructureannotations
is very labourandcostintensive. Sois thedevelopmentof new or thescaling-
upof existingunificationgrammarswhichcanbeusedto analysetext corpora.
What is more,even if a large-coverageunificationgrammaris available,typi-
cally, for eachinputstringit wouldgeneratehundredsor thousandsof candidate
(constituentandfeaturestructure)analysesfrom whichahighly trainedexpert
hasto select. Although proposalshave beenmadefor filtering andranking
parsingambiguities(e.g. (Charniak1993),(Abney 1997),(Franketal.2000)),
to datenoneis guaranteedto uniquelydeterminethebestanalysis.In ordernot
to compromisethequalityof thecorpusunderconstruction,a linguisticexpert
is requiredto find thebestamonga largenumberof candidateanalyses.

Giventhissituation,is thereawaytoautomate,orbootstrap,theconstruction
of grammarsandtreebankswith featurestructureannotationsreusingexisting
resources?

In anumberof papersvanGenabithetal. (1999a,b,c)presentedanew corpus
basedmethod. The basicidea is the following: take an existing treebank,
readoff the CFG following (Charniak1996), manuallyannotateit with f-
structureannotations,providemacrosfor thelexical entriesandthen“reparse”
thetreebanktrees(not thestrings)deterministicallyfollowing theoriginal tree
structureannotationsassignedin thetreebank.Duringthis“reparsing”process,
the f-structureannotationsareresolved, andan f-structureis produced.The
entire processis deterministicif the featurestructureannotationsare, and
to a considerableextent costly manual inspectionof candidateanalysesis
avoided. The methodis an improvementbut still involves a large labour
intensivecomponent,namelymanualannotationof thegrammarrules.

Treebankgrammars(CFGsextractedfromtreebanks)arelargeandgrow with
the sizeof the treebank(Charniak1996),(Krotov et al. 1998). They feature
ratherflat rules,many of whichshareand/orrepeatsignificantportionsof their
RHSs. This causesproblemsfor manualrule annotationapproachessuchas
theonedescribedin (vanGenabithet al. 1999a,b,c).Manualrule annotation
is labourintensive,errorprone,repetitiveandrisksmissinggeneralisations.

In thispaperweshow how f-structureannotationof bothgrammarrulesand
treefragmentscan(to a largeextent)beautomated.
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Thebasicideais simple: functionalannotationsfollow systematicpatterns.
Thesesystematiccorrespondencesbetweenconstituentandhigher level fea-
turestructurerepresentationscanbecapturedin generalannotationprinciples,
whichareappliedto eithergrammarrulesextractedfrom atreebankor directly
to treebankPStrees.

The observation that constituentand higher-level featurestructurerepre-
sentationsstandin a systematicrelationshipinformstheoreticalwork in LFG
(KaplanandBresnan1982),(Dalrympleet al. 1995)andHPSG(Pollardand
Sag1994). In LFG c(onstituent)-structureand f-structureare independent
levelsof representationwhich arerelatedin termsof a correspondencefunc-
tion

�
. Thecorrespondencefollowslinguistically determinedprincipleswhich

arepartly universal,and partly languagespecific(Bresnan2000), (Dalrym-
ple2000).

Whatis new in ourapproachis that(i) weemploypartial andunderspecified
annotationprinciplesin aprinciplebasedc- to f-structureinterfacefor theLFG
architecture;(ii) we usetheseto automatefunctionalstructureassignmentto
flat and“noisy” treebanktreesandCFGsextractedfrom them;(iii) we reuse
existing linguistic resources.In contrastto moretheoreticallyinformedwork
in LFG andHPSG,treebanksdonot tendto follow highly abstractandgeneral
X � architecturaldesignprinciples.Thechallengein ourapproachis to develop
grammarsandannotationrulesfor realtext.

Thepotentialbenefitsof automationareconsiderable:substantialreduction
in developmenteffort, hencesavings in time andcostfor treebankannotation
andgrammardevelopment;the ability to tacklelarger fragmentsin a shorter
time,aconsiderableamountof flexibility for switchingbetweendifferenttree-
bankannotationschemes,anda naturalapproachto robustness.Our methods
can alsobe viewed as a new corpus-anddata-driven approachto grammar
development,anapproachthatasmuchaspossiblerecyclesexistingresources.

In our work to datewe have developedtwo relatedbut interestinglydiffer-
ent methods.Both methodsdefineassociationprinciplesascorrespondences
betweenpartial andunderspecifiedc- andf-structureconfigurations.In one
approachwereadoff aCFGtreebankgrammarfollowing themethodof Char-
niak(1996)andthencompileannotationprinciplesoverthetreebankgrammar.
In our secondapproachwe operatedirectly on constraintsetencodingsof PS
treebanktreesandrewrite or annotatethemdirectlywith f-structures.

Both methodsarepartial 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-structuresin thecaseof missingannotationrules.

Wedescribetwoexperiments,onefor eachmethod.In ordertoexploresome
of the possiblearchitectures,for the first experimentwe developeda regular



4

expressionbasedannotationprinciple interpreterwhich operateson grammar
ruleswith order independentandmonotonicinterpretationof principles. For
the secondexperimentwe employeda term rewriting systemwhich operates
on constraintsetdescriptionsof LFG structures.The term rewriting system
allows us to exploit both order dependent, cascadedandorder independent
formulationsof annotationprinciples. In our first experimentwe usedthe
first 100 treesof the AP treebank(LeechandGarside1991), in the second,
experiment166treesof theSusannetreebank(Sampson1993).

The paperis structuredasfollows: in Section2 we motivateanddescribe
our methodsin moredetail. In Sections3 we reporton our two experiments.
For eachexperimentwe explain thedesign,describethedataandevaluatethe
results.In Section4wecomparethetwomethodsandoutlineongoingresearch.
Section5 concludes.

2. METHODS FOR AUTOMATIC F-STRUCTURE
ANNOTATION

In LFG the correspondencebetweenfunctional and phrasalstructureis
definedin termsof functionalannotationsof theRHScategoriesin CFGrules.

S�����
NP VP

(
���	��
�

)=
� �����

APCOM V NP�����
(
����
��

)=
�

sold shares

���
:

���������
������� � � �������! �"�	��
��!#  �"��
��!#%$ ’�	��
�� �'&

: ( ������� � )+*�,�-/.102 ��3 �	4����� �65 7�8
� �'9
: : ������� � �	;�< ��� � 02 ��3 ��� =>���2 � � � <�� >� <��	�	?A@ � -

BDCCCCCCCE
PSrulesdefinef–structurevia functionaldescriptions
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Annotationfollows universalandlanguagespecificprinciples. We define

annotationprinciplesasinvolving partial andunderspecifiedphrasestructure
configurationsandapply themto CFG rulesor tree fragmentsthat meetthe
relevantpartial configuration.To illustratethe idea: a headprincipleassigns\

= ] to the X daughterin all XP ^ _�_8_ X _8_�_ configurations,irrespective of
thesurroundingcategorial context. For theexampleat hand,thechallengein
our approachis to provide annotationprinciplesthat identify headsin theflat
treebanktreeandruleconfigurationswhichgenerallydeviatesignficantlyfrom
X � designprinciples.Annotationprinciplescapturegeneralisationsandcanbe
usedto automaticallyannotatePSconfigurationswith functionalstructuresin
a highly generalandeconomicalway. Both annotationmethodsarebuilt on
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this insight: in the first, correspondencesareappliedto CFG rulesextracted
from treebankswhile in the secondcorrespondencesare applieddirectly to
constraintsetencodingsof treebanktreesandtreefragments.

2.1 F-STRUCTURE ANNOTATION OF CFGS
EXTRACTED FROM TREEBANKS

Annotation Principle Interpr eter. Our CFGrule annotationprinciplesare
of the form `baQcVd[e . ` and c areregular expressions(under)specifyingLHSs
andRHSsof CFGrulesin termsof categorial andconfigurationalconstraints.
The regular expressionsprovided includeKleeneandpositive Kleene( f , g ),
optionality( h ), disjunction( i ) andalimited form of complement( j ). e is aset
of attribute-valuestructureannotations(rule decorations).Givena grammar
ruleof theform kla[m (expandingamothercategory k intoasequenceof daughter
categoriesm ) andanannotationprinciple `na[cld[e , if ` matchesk and c matchesm , then kVaQm is annotatedwith e . A singlegrammarrule canmatchmultiple
principlesandasingleprinciplemaymatchagivengrammarrule in morethan
oneway. Theannotationsresultingfrom all possiblematchesarecollectedand
thegrammarrule is annotatedaccordingly. More formally, let thedenotationo oApnq q

of aregularexpression
p

bethesetof stringsdenotedby
p
.GivenaCFGrulekla[m andasetof annotationprinciplesebr of theform `na[cld[e , kla[m is annotated

with thesetof featurestructureannotationss :kVaQmVdQs if f sutwv8e/xAybr{z|ebr with rut}`ba[cld[e and k~z o o ` q q and m{z o o c q q	�
Annotationis monotonicandorderindependent.

Example Principles. In our Prolog implementation,CFG grammarrules
extractedfrom thetreebankarerepresentedas���%�~���Q�Q�%�Q�Q�u�����u�������%�����

wheresyntacticcategories � and logical variabless representingfeature-
structureinformationarepaired ����s . Annotationprinciplescanunderspecify
theLHS andRHSof grammarrules. To givea simpleexample,thefollowing
annotationprinciple� statesthatinfiniti valphrases���V�Q� following thefinal �V�
in �Q� rulesareopencomplements( ���Q�S�b� ) controlledby thesubjectof thefinal�l� :��� �~� ��� �%� � �V�'  ���S¡£¢ ��¤ � �'¥¦�§©¨�� � �%ª�«�¬® �u¯ ¥n��� � �	°®±�²´³ ¯ ¥n�	°®±�²´³¶µ��

The next principle statesthat in non-conjunctive contexts·¸�l� sequences,
possiblyseparatedby adverbials¹bº[� , form opencomplementsequenceswhere
thesubjectof thepreceding�V� controlsthatof thefollowing:
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Note that the principleappliestwice to a _�_8_��V����ÃÅÄ+Æ|�V�Ç�'ÃVÈÉÆ|�V�Ç�'ÃlÊË_8_�_

RHSruleconfigurationwith ÌÍÃÅÄX�����Î�Î�b�ÐÏÑÃlÈÒÆ|Ã/ÄX�"Ó8ÔbÕ×ÖØÏØÃVÈÇ�®Ó8ÔnÕ�ÖÉÆ|ÃVÈÇ����Q�S�b�ÙÏØÃVÊÉÆ|ÃVÈÇ�®Ó�ÔbÕ�Ö}ÏÑÃlÊ��"Ó8ÔbÕ×ÖÛÚ as the resultingannotation. Finally
observethattheformalismsupportsthestatementof generalisationsoverLHSs
of CFGrules:��¤����%Ü+Ý ¢ ��¤ � �ÞÜ+ÝLß�à � �%Ü�Ý!° ¢ �%Ü+Ý ��� �%Ü ¡�~�V�' n� ��� Ý!«�¬á�´³ ¡�¡â��� �%� � �V�' �«�¬®�´³ ¡§©¨�Ü ¯ � � µ��

Thisprinciplestatesthatfor avarietyof constructionsincludingverbal( �[� )
andinfiniti val ( �N�l�[� ) phrasesin non-conjunctivecontexts theinitial �l� is the
headof theclause.

Exampleoutput(automaticallyannotatedgrammarrules)is shown below: ã��� �%ä~� ��� �%å�� ��� �%��� ��� �%æ��ç� � �Þè��é¤�¾V�é�§ê¨%ä ¯�¯�¯ å��%æ��	¬á²´³ ¯�¯�¯ è��%�l�%ª�«�¬® ��¯�¯�¯ æV�%���!°®±�²´³ ¯�¯�¯ æ��	°á±�²´³n�å��%ª�«�¬® ��¯�¯�¯ �l�%å��%°®±�²N³ ¯�¯�¯ �V�	°�±�²´³b�%ä�� ����ë ¾�¿�³®±��´«�ßV��� ¯�¯�¯ ��µ����� �%ä~� ��� �%å�� ��� �%��� ��� �%æ��éì � �Þè�� ��� �é�§ê¨��%æ��	¬®²´í ¯�¯�¯ ��îÞæ�� �®�´ë ¾"¿�³á±��´«®ß���� ¯�¯�¯ � ¡ �%ä ¯�¯�¯ å��Þæ�� � ¾�ì�ß ¯�¯�¯ è�����%ª�«�¬® ��¯�¯�¯ æl�%���%°®±�²N³ ¯�¯�¯ æV�	°�±�²´³b�%å��Þª�«�¬® ��¯�¯�¯ ���å��	°®±�²´³ ¯�¯�¯ ���!°®±�²�³�µ����� �%ä~� ��� �%å�� � �´«�ß�� ë � ��� �é��� � �´«®ß�� ë �	«�¬®�´³b�%æ�� ��� �%è§ê¨%ä��	«�¬®�´³V�	ï ¯�¯�¯ ���%ä ¯�¯�¯ æ��éä��	«�¬®�N³V�	Á ¯�¯�¯ å��éä��	«�¬®�N³V��� ¯�¯�¯ è�µ ¡ ���� �%ä~� ��� �%å��	«�¬®�´³V�é��� ��� �éæ�� ��� �éè��%¤�¾V�Þ�§ê¨��%æ��	¬®²´í ¯�¯�¯ è�îÞæ�� �®�´ë ¾"¿�³á±��´«®ß���� ¯�¯�¯ è ¡ �%ä ¯�¯�¯ ���Þä��	«�¬®�´³n�	Á ¯�¯�¯ å��ä��	«�¬®�´³V��� ¯�¯�¯ æ��%äV� ���Në ¾®¿�³®±��´«"ß���� ¯�¯�¯ ��µ ¡ �
In thefirstandin thesecondruletheleftmost�V� is identifiedastheheadof the

construction.In �V�ÉÆ��V� sequencesthesecond�V� providesanopencomplement���Q�S�b� to thefirst with the subjectof the secondcontrolledby the subjectof
thefirst. The �b� in thefirst rule is analysedastheobjectof therightmost �V� ,
while the �b� in thesecondrule is eitheranadjunctor anobliqueargumentto
the �[� . The last two examplerulesshow conjunctivestructures.Note that in
thefinal rule the �n� is analysedasobliqueor asanadjunctto therightmost�[� .
Hereour currentannotationprinciplesmissa possibleattachmentof the �n� to
themother�[� .
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2.2 F-STRUCTURE ANNOTATION OF TREEBANK
TREES

In oursecondapproachwebuild onapurecorrespondenceview of theLFG
architecture,wherethemappingfromc- to f-structureisencodedby theprojec-
tion function

�
. Annotationprinciplesdefine

�
-projectionconstraintswhich

associatepartialc-structureswith their correspondingpartialf-structures.Ap-
plicationof annotationprinciplesto constraintsetencodingsof treebanktrees
directly inducesthef-structure,allowing usto skip the(re)parsingprocessfor
f-structurecomposition.Theprinciplescanapplyto non-localtreefragments,
asopposedto localCFGrules.

S:n1

NP:n2 VP:n3

Temperatures V:n4

rose

���Ið�'9Éð�'ñÉð ����� ������� � � ?A� ���% �"�	��
�%#%$ ’�	��
� �'&
: ( ������� � >�� 3 ����� < > � ���802 ��3 �������� �ò5 7>���2 � � � <�� >� <��	�	?A@ � -

B CCCEó
–correspondence: f–structure:ó

(n1)= ô � ó
(n2) = ô & ( ô � M�O[P´R )= ô & , ( ô &�õ�öQ÷�ø )= ’temperature’ó

(n3)= ô 9 ó
(n4) = ô ñ ó

(n1) =
ó

(n3) =
ó

(n4) ( ô ñ õ�öQ÷�ø = ’rise’ . . .

Modular projectionprinciples for f-structure annotation of treefragments.
To illustratethekey ideaof partialf-structureannotationprinciples,below we
displaythe representationof a complex NP. This complex configurationcan
bebrokendown into modular, piece-wisecorrespondencesof partial c- andf-
structures,abstractingawayfromirrelevantmaterialin thesurroundingcontext.

NP:n1

Det:n2 AP:n3 N:n4 PP:n5

the A:n6 surface

solid

���Xð�'&Ið�'ñIð
�������
�������É� �	� ��ù <�ú �80� ��� ú � > ; ��0< � � 2üûýýþ ýýÿ

��9Ið���Ið �� �������É� �	� � ? �[0D�% �®�	��
�%#!$ ’�	��
�� ( ������� � �	� ��ù <�ú �802 ��3 �	4����� �ò5 7 BE���Ið����
� ýý	ýý

BDCCCCCE

Thefunctionalcontributionof theprenominaldeterminertheis independent
of the presenceof AP or PP, and is capturedby the partial correspondence
constraintsstatedontheright handside.

NP:n1

Det:n2 . . . N:n4

the

���Xð�'&Ið � � ��� ú � > ; ��0 � ó
(n1) = ô � ó

(n1)=
ó

(n2)ó
(n2) = ô & spec(ô � , the)

An AP daughterof NP is analysedasan ������������ of the nominalhead,
unlesstheN headis omitted.Theformergeneralisationis capturedbelow.



8

NP:n1

AP:n3 . . . N:n4

���Xð�� < � �é� 2 ú >�� �'9 ð�������� ó
(n1)= ô � adjunctx( ô � , ô 9 )ó
(n3)= ô 9

Projectionprinciplesfor headcategoriesandlexical nodes(herefor nominal
categories)arestraightforward:

NP:n1

N:n4

���Xð�'ñIð ��� ó (n1) = ô �ó
(n4) = ô ñó
(n1) =

ó
(n4)

N:n4

Lex

�'ñ ð�� �������X����� � ó (n4)= ô ñ
pred(ô ñ ,  ÷�! )

Similarcorrespondencesaredefinedfor theremainingc-structurefragments.
Thesecorrespondencesall applyto thecomplex NPstructureabove,conspiring
to definethe

�
-projectionandf-structurein a modular, declarative way. By

dint of abstractingaway from immaterialc-structurecontext, the principles
generaliseover specifictreeconfigurations,andthereforeapply to fragments
of unseentrees.

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

. . . VP:n1

VHZ:n2 . . . VP:n3

has VBN:n4 VP:n5 . . .

been VVN:n6

(seen)

����'&�'9��� :

���� @ >�"���� 3V<�? 2������ù #��� ��4 $>���2 � � ����� � ������ù� <��	�	?A@ � +

BDCCE
Theideaof modularannotationprinciplesis muchin thespirit of projection

principlesasproposedby(Dalrymple2000)and(Bresnan2000),andprovidesa
principle-basedc- to f-structureinterfacein theLFGarchitecture.% Application
of annotationprinciplesto c-structuretreesfollowsthedescription-by-analysis
(DBA) approachof (HalvorsenandKaplan1995)in thec-to-f-structureinter-
face. While in the classicalDBA approachcompletePS rules are matched
againstthe c-structure,in our approachpartial (non-local)c-structure frag-
mentsarematchedagainstthec-structuretrees.

A term rewriting systemfor f-structure annotation. To defineandpro-
cessannotationprincipleswe make use of an existing term rewriting sys-
tem,originally designedfor transfer-basedMachineTranslation(Kay 1999),
(Frank1999).

The systemtakesas input an unorderedset of n-ary terms � Æ'& , and an
orderedsetof rewrite rules �)( & . * If theLHS terms� matchtheinput, the
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matchingterms� areeliminatedfrom theinputset,andtheterms & areadded
to theoutputset. A rule appliesto each instantiationof theLHS termsin the
input. Besidesterms � thatareto beeliminatedfrom the input, theLHS may
statepositive gÎ� andnegative +S� terms. A rule with positive term gÎ� only
appliesif � matchessometermin theinput. Positive termsarenot eliminated
from the input set. A rule with negative term +Î� only appliesif � doesnot
matchany termin theinput. Theorderin which therulesarestatedis crucial:
Eachrule appliesto thecurrent inputset,andyieldsanoutputset.Theoutput
setof a ruleconstitutestheinputsetfor thenext rule.

A term representationof the LFG architecture We encodetheLFG pro-
jectionarchitecturein a termrepresentationlanguageasfollows:

immediatedominance:
¾�ì�«V�-,�.�¬�¿�/V�0,�1�¾®²2/�íV��æ�.�¬�¿�/V�Çæ�1�¾®²2/�í ¡

immediateprecedence:

� ì�/�«V�%��°�.�¬�¿�/ ª�����°�.�¬�¿�/ 3 ¡
lexical insertion:

í�/�ª��-4�/�ì� ¢ ��¾�í5.�¬�¿6/V�71�/�ª ¡ó
-correspondence:

��8n¢ �%��°�.�¬�¿�/b�É��°�.�¬�¿�/ ¡
,
/�9�±´¾�íV�%��°�.�¬"¿�/ ª�� ��°�.�¬�¿�/ 3 ¡

f-structureattributes:
¾�ß�ß�ì��%��°�.�¬�¿�/ ª�����°�.�¬�¿�/ 3 ¡

,
¾�ß�ß�ì��%��°�.�¬�¿�/n�Ò��¾�í ¡

With this, thetraditionalrepresentation

S:n1

NP:n2 VP:n3

Temperatures V:n4

rose

���Ið�'9Éð�'ñÉð ����� ������� � � ?A� ���% �"�	��
�%#%$ ’�	��
� �'&
: ( ������� � >�� 3 ����� < > � ���802 ��3 �������� �ò5 7>���2 � � � <�� >� <��	�	?A@ � -

BDCCCE
is translatedinto thefollowing setof terms:¾�ì�«V�é�n�Q�	°V�L�´ÁV�ç� �Î¡ ��¾�ì�«V�é�n�Q�	°V�é�NïV� �®�n¡ � ¾�ì�«V�é�´ïV� ��� �é��:�� �´¡ � � ì�/�«V�é�´ÁV�é�´ï ¡ �í�/�ª��é�´ÁV�-4�/� � /®ì�¾"ß�±�ì�/�° ¡ �Çí�/�ª��é��:��%ì�¬�°�/ ¡ ���8n¢ �é�n�Q� ô � ¡ � ��8n¢ �é�´ÁV� ô & ¡ � ��8n¢ �é�´ïV� ô 9 ¡ � ��8n¢ �é��:�� ô ñ ¡ �/�9�±´¾�íV� ô � � ô 9 ¡ �;/�9�±´¾�íV� ô 9 � ô ñ ¡ �� ì�/�¿�� ô � �%ì ¢ °�/ ¡ � °®±�²´³V� ô � � ô & ¡ � � ì�/�¿�� ô & �%ß�/® � � ¡ �Ò��±��� ô & � � í ¡ � ß�/®�´°�/V� ô � � � ¾�°�ß ¡ �����
2.2.1 Automatic annotation of treeswith f-structures.

Initialisation Startingfrom thec-structuretermrepresentation,we inducea
1-1

�
-correspondencefrom c-structurenodesto emptyf-structurenodes.

< ¾�ì�«V�é� � � � � ¡¶¯�¯>=ü��8n¢ �é� � �%¤ � ¡ �< ¾�ì�«V� � �%��°�.�¬�¿�/V� ¡¶¯�¯>=Û��8n¢ �%��°�.�¬�¿6/V�%��°�.¬�¿�/ ¡ � S:n1

NP:n2 VP:n3

N:n4 V:n5

Mary sleeps

���Xð �?��'&Ið �?� �'9 ð ����'ñIð2�?� ��� ð>���
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Annotation rules associatepartialc-structureconfigurationswiththeircorre-
spondingpartialf-structures,andfurtherrestrictthetrivial 1-1

�
-correspondence

via thepredicate@A&ÎÔ×¹CB�D"sb�ÇÆ�sFEHG . The rule below definesthe externalNP as
the I���J�� of K � , the f-structureprojectedfrom the S node. The predicate�CLC@n� �MD5N�Æá��G is defined(by useof macros)asa finitely constrainedtransitive
closureovertheprecedencerelation�OLP@b� . It canbeusedtounderspecifyprece-
denceconstraintsholdingbetweennodesQ�R and QOS , allowing for anarbitrary
or elsea restrictedsequenceof interveningcategories.

S:n1

NP:n2 . . . VP:n3

���XðT�?� ��&IðT�?��'9Ið �?� U S:n1

NP:n2 . . . VP:n3

���Åð�� �	��
��©�'&Ið6�V�W��'9
:
���

< ¾�ì�«V�%ä��	°V�%åV�é� �n¡ � < ��8n¢ �%ä��%��ä ¡ � < ��8n¢ �%å��%��å ¡ �< ¾�ì�«V�%ä��	°V�%�V� �"�n¡ � < � ì�/�« ª��%å��%� ¡¸¯�¯>= °®±�²´³V�%��ä��%��å ¡ �
The following rule appliesto the output resultingfrom the previous rule

application.Thepredicate@X&SÔ�¹PB�D®sn��Æ�sFEYG restrictsthe
�

-functionto mapthe
VP andS nodesto identicalnodesin f-structure.

S:n1

NP:n2 . . . VP:n3

���Xð � �	��
�ê�'&Ið �Y�Z��'9IðT�?� U S:n1

NP:n2 . . . VP:n3

���Xð�� �	��
�ê�'& ð����W�
equal(

���
,
�'9

)�'9
:
�?�

< ¾�ì�«V�%ä��	°V�%��� ���Q¡ � < ��8n¢ �%ä��%��ä ¡ � < ��8n¢ �%���%��� ¡�¯�¯>= /�9�±´¾�íV�%��ä��%��� ¡ �
Formal restrictions Werestrict�T[Å� predicatestoonlyoccurin LHSsof rules
aspositiveconstraints. Giventheinputspecificationof a1-1

�
-projection,this

guaranteesthat the functionalpropertyof the
�

-correspondenceis preserved.@A&ÎÔ×¹CB predicatesrestrictthe
�

-correspondence,whilepreservingits functional
property.

Order independencein a cascadedrewrite system Although annotation
rulesoperatein a cascaded,orderdependentway, orderindependencecanbe
obtainedby requiringthatno annotationrule refersto f-structureinformation
introducedby other rules, and no rule consumes(or adds)any c-structure
informationreferredto by otherrules.Theseconstraintsensurethatannotation
ruleshave accessto thefull initial input structure,andno morethanthis, and
therebyguaranteeorderindependenceof annotation,irrespectiveof theorderin
whichtherulesarestatedandapplied.Theeffectof orderindependencecanbe
observedby invertingtheapplicationorderof thesubjectandhead-projection
rulesabove: while the intermediatetermsetwill bedifferent,thefinal output
setwill beidentical.

Thereisatrade-off betweenorderdependenceandindependence.Constrain-
ing rulestoc-structureinformationonlycanrequirecomplex ruleconstraintsto
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avoid applicationof differentannotationrulesto thesametreefragment,lead-
ing to inconsistencies.Referenceto f-structureinformationcanalsobeused
to generaliseannotationrules. If several PSconfigurationsare indicative of
e.g.asubject,or passivevoice,suchdiverseconfigurationscanbecapturedby
referringto themoreabstractf-structureinformationtofurtherguidef-structure
construction.Theorderof annotationrulesmustthenensurethat therequired
f-structureinformationis introducedby previousannotationrules.

An annotation grammar consists,just like an ordinaryLFG grammar, of
differenttypesof annotationrules: lexical, morphosyntactic,andphrasal.

Lexical and morphosyntactic rules Morphosyntacticrulesintroducemor-
phological(andsomesemantic)informationencodedin lexical category labels
into the f-structurespace. The examplegiven below illustrateshow highly
specificcategory distinctionsin treebankencodingscanbeneutralised:once����\ ber is encodedin f-structure,basedon the �b� Ä vs. �n��È distinction,the
distinctioncanbeneutralisedby mappingboth lexical category labelsto the
generalisedlabel �b� (see(vanGenabithet al. 1999b)for a similar approach).
Suchgeneralisationsareessentialfor compactrule definition. For example,
below the instantiationof the ]P^H_P� -value of nounsis capturedin a single
lexical rulewhichappliesto all “generalised”�b� -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,Lex), pers(B,’3’).

Tenseinformationaswell astheactive/passive distinctioncanbecaptured
by statingconstraintson thepartialc-structurecontext of verbs,asillustrated
below for presentperfecttensein a flat VP, as it is assignedin the Susanne
corpus. For binarybranchingVPs (asassignedin thePenn-IITreebank),we
candefinecomplex tenseinformationin similarways,by extendingannotation
rulesto non-localtreefragments(seeabove and(Frank2000)).

+arc(A,vp,B,vhz) % have-aux
-arc(A,vp,D,vbn) % nobeen-aux!
+arc(A,vp,C,vvn) % mainverbparticiple` perf(A,+),prog(A,-),tense(A,presperf),passive(A,-).

vp

vhz vvn
(have) (seen)

�� ������ù #��� �84 $>���2 � � ����� � ������ù� <��	�	?A@ � -

BE
+arc(A,vp,B,vhz), % have-aux
+arc(A,vp,C,vbn), % been-aux
+arc(A,vp,D,vvn), % mainverbpart.

==

=
perf(A,+),prog(A,-),
tense(A,presperf),passive(A,+).

vp

vhz vbn vvn
(have) (been) (seen)

�� ������ù #��� �84 $>���2 � � ����� � ������ù� <��	�	?A@ � +

BE
Partial phrasalrulesandunderspecification Annotationrulesaredesigned
to apply to modular, partial c-structureconfigurations,to definetheir corre-
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spondingfunctionalprojections.Eventhoughtreebanksdonot tendto follow
classicalX � syntax,specifictypesof treebranchescorrespondto functionalde-
pendenciesin f-structure.Annotationrulesapply, in thegeneralcase,to single
treebranches,with somecontextual constraints,andgeneraliseto unseentree
configurations.Below, that-clauses(category � ) areassociatedwith a func-
tion �Hab\;] in f-structureby referringto a singlebranch( ¹TL×� ) in c-structure,
abstractingaway from irrelevantco-occurrencesin thec-structurecontext.

The examplealso illustratesthe effect of underspecification.that-clauses
canappearin differentsyntacticcontexts. By referringto an underspecified
(variable)mothernodelabel kV` , we generaliseover variouspossiblemother
labels(e.g. (in)finite,modal,nominalor adjectivephrases).

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

Finer categorial restrictionscan be capturedby definingclassesof category
labelsin disjunctive templates.c Below, the disjunctive template�b� �Q¹XdeDZfYG
definesa classof category labels(� ÆnºÒÆS� ). Thetemplateis called(by logical
“and” &&) in theannotationrule for PPs(� ) to definethis restrictedclassof
alternativeNP-typesascomplements(i.e., aJ�� ) of prepositionsin asinglerule.

templatedefinition: np cat(X) :: g X == n h ==

=
0; % n: nominalphraseg X == d h ==

=
0; % d: determinerphraseg X == m h ==

=
0. % m: numberphrase

annotationrule: +arc(A,p,B,NP)==> obj(A,B) && np cat(NP).

Grammatical function assignment In languageslike English,grammatical
functionassignmentreliesheavily onc-structureconfigurations,while still not
beingfully deterministic.In casemarkinglanguages,morphologicalmarking
will be usedto constraingrammaticalfunction assignment.Below we give
an examplefor the assignmentof abJO� vs. aJ���i functionsfor transitive and
ditransitive verbs in English, which is determinedby surfaceorder. Long-
distancephenomenaarecapturedby pathexpressions(see(Frank2000)).

+arc(A,vp,C,np),+arc(A,vp,D,np),+precx(C,D) ==

=
obj2(A,D). %

ZQPSRZj
of ditransitives

+arc(A,vp,C,np),+arc(A,vp,D,np),+precx(C,D) ==

=
obj(A,C). %

ZQPSR
of ditransitives

+arc(A,vp,C,np),-arc(A,vp,D,np),g D k == Ch ==

=
obj(A,C).l %

ZQPSR
of transitives

Subcategorisationassignment Weinducesubcategorisationframes(these-
manticforms)bycollectinggrammaticalfunctionsassignedbyannotationrules
into the predicate’s semanticform, following themethodof (vanGenabithet
al. 1999a).

Obviously, pure c-structureinformation doesnot allow us to distinguish
betweenNP, PP, or infiniti val argumentsvs. adjuncts. Similarly, lacking
lexical information,raisingandcontrolconstructionscanonly berepresented
asinvolving anaphoriccontrol. In (Frank2000)we show how to extendthis
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modelby integrationof lexical subcategorisationinformation,combinedwith
strategiesfor OT-basedambiguityrankingandfiltering(cf. Franketal. (2000)).

Partial annotationandrobustness Oursecondf-structureannotationmethod
embodiesan importantaspectof robustness.In the caseof missingannota-
tion rulesthesystemdoesnot fail, but partial treesareleft without f-structure
annotation.Weobtain(typically large)partial,unconnectedf-structures.

Moving treebanks Our framework can also be usedto adjust particular
treebankencodings,by “moving” treebanksto a differentstructuralencoding,
therebyfacilitating principle-basedf-structureinduction. In our treatmentof
theSusannecorpus,wedefinedasetof c-structurerewriting rulesto transform
theencodingof coordinationandflat modalVP structuresinto morestandard
PSanalyses,which lendthemselvesto principle-drivenf-structureannotation.

3. TWO EXPERIMENTS

3.1 EXPERIMENT I

Experiment Design. Our first experimentinvolvesthefirst 100treesof the
AP treebank(LeechandGarside1991). We refer to this subsectionasAP01.
Wepreprocessthetreebankusingthestructurepreservinggrammarcompaction
methodreportedin (vanGenabithet al. 1999b)preservingasmuchcategorial
fine-grainednessas is requiredto guide annotation. From this we extract a
treebankgrammarfollowing (Charniak1996). We develop a setof feature
structureannotationprinciples. The regular expressionbasedinterpreterde-
scribedin section2.1 compilestheprinciplesover therulesextratedfrom the
AP01 treebankfragment. The resultsobtainedarecomparedagainsta man-
ually annotated“gold standard”referencegrammarandprecisionandrecall
measuresarereported.m
Data. The AP treebankannotationschemaemploys183 lexical tag types
and53 non-terminalcategory types,with treestructureencodedin termsof
labelledbracketing.Thecorpusis ‘skeletallyparsed’,thatis, it containssome
unlabelledbrackets.We remove thesein an automaticpre-editingstep. The
sentencesin the AP01 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 discriminatingterminalandnon-terminalcategoriesresultsin a large
numberof flat andoftenveryspecificrules.To facilitateannotationweusethe
structurepreservinggrammarcompactionmethodpresentedin (vanGenabith
etal.1999b)tocompactthegrammarintoamoregeneralonethatstill preserves
importantcategorial informationto drive automaticannotation.Compaction
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worksby generalisingtags,i.e. collapsingtags(andcategories)into supertags.
This reducesthe numberof CFG rule typesfrom 511 to 330. AP01 andthe
compactedAP01c aresummarisedin tableT1 below:

T1 sentences average phrasal lexical CFGrule
lengh types types types

AP01 100 20 25 94 511
AP01c 100 20 12 28 330

Manually AnnotatedReferenceGrammar. In ordertoevaluateExperiment
I wemanuallyconstructeda“gold standard”referencegrammarfollowing(van
Genabithetal.1999a,b,c).Thegrammarfeatures1143annotations,onaverage
3.46annotationsperrule.

Automatic Annotation and Evaluation. For theexperimentweconstructed
119 annotationprinciples, this against330 CFG rules resulting in a tem-
plate/ruleratioof 0.36.Weexpecttheratioto skew morein favourof templates
aswe proceedto larger fragments.Automaticannotationgenerates1029an-
notations,on average3.12annotationsper rule. ExperimentI is evaluatedin
termsof precisionandrecallmeasures:

precision
Uon generatedannotationsalsoin referencen generatedannotations

recall
Upn referenceannotationsalsogeneratedn referenceannotations

Theresultsaresummarisedin tableT2:q
T2 ExperimentI

precision 87.9

recall 83.7

Thenumbersareconservative: precisionandrecallarecomputedautomat-
ically for a first passencodingof annotationprinciplesasregularexpressions.
The resultsare encouragingand indicatethat automaticannotationis more
oftenpartialthanincorrect.

3.2 EXPERIMENT II

Our methodfor f-structureannotationof treesin section2.2 is evaluatedin
ExperimentII, this time basedontheSusannecorpus(Sampson1993).
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Data TheSusannetreebankencodeslabelledbracketedstructureswith sur-
faceformandlemmatisedlexical entries.Functionalcategorylabels(subj,obj)
andtracesindicatingcontrolor long-distancedependenciesareeliminatedin
preprocessing,to guaranteeanon-biasedevaluationwith conventionalPStrees
asinput. In preprocessingwe alsocollapseoverspecificphrasalcategories.

Somedecisionson PS assignmentin the Susannecorpusare debatable.
We defineda setof c-structurerewriting rulesthat transformtheencodingof
coordinationandflat modalVP structuresinto a standardPSanalysis.

Experiment Design We chosetwo sectionsof theSusannecorpus,J01and
J02(text typeJ: learnedwriting). On these,werananexperimentin 3 steps:

First,basedonthefirst66sentencesof J01,wedevelopf-structureannotation
rulestocover50sentences.In step2weapplytheresultingannotationgrammar
AG1 to the first 50 sentencesof J02, and measurethe annotationresults.
GrammarAG1is thenupgradedto AG2,whichcoversthese50sentences.We
recordthe numberof rulesthat wereaddedor modified. In step3, AG2 is
appliedto theremaining46 sentencesof J02. Again, we measuretheresults.
In this experimentwe applied an order dependentannotationschemethat
consumesc-structuretermswhilebuildingupthef-structure(cf. (Frank2000)).
We establisheda naturalorderfor thedifferenttypesof annotationprinciples
discussedin section2.2.1.

Evaluation and Results Table3 providesbasicdataon thesesubsections:
the numberof sentencesandaveragesentencelength; the numberof phrasal
and lexical categoriesand the numberof distinct PSrulesand PSbranches
encodedby thecorpustrees.Notethatthepercentageof new (unseen)PSrules
in J02-1andJ02-2is considerablyhigherthanfor new (unseen)treebranches.
This is not surprising,andsupportsour annotationscheme,whereannotation
involvesunderspecified,partialtrees(oftensinglebranches).

Table3 sent. length phrasalcat lexical cat PSrules treebranches

J01 66 34.27 32 73 430 281
J02-1 50 21.68 25 (3 new) 64 (8 new) 249(60.34%new) 172(20.93%new)
J02-2 46 24.8 24 (4 new) 57 (3 new) 212(45.28%new) 163(15.95%new)

The resultsare summarisedin Table 4. We measuredcorrectnessof f-
structureassignmentmodulotheargument/adjunctdistinctionfor PPsandin-
finitival VPs, andthe missingassignmentof control/raisingequations.Also,
attachmentor labellingmistakesin thetreebankarenot countedasannotation
mistakesif theresultingf-structureis predictedfrom thegiventree.

AG1 features118non-lexical (phrasal)annotationrulesandassignscorrect
f-structuresto 48%of theunseensectionJ02-1.As expected,theupgradefrom
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AG1to AG2requiredlittle effort: it involves28new and5 modifiedrulesand
requiredapprox. onepersondayof work. AG2 appliedto theunseensection
J02-2yields76.09%of correctf-structures.

Table4 correctfs partialfs tagrules lexicalrules phrasalrules all rules

J01w/ AG1 50 75.76% 16 24.24% 41 132 118 291

J02-1w/ AG1 24 48% 26 52% 41 132 118 291

J02-1w/ AG2 49 98% 1 2% 41+4 132+4 (2 mod) 118+20 (3 mod) 291+28

J02-2w/ AG2 35 76.09% 11 23.91% 45 136 138 319

Although small scale,we considertheseresultsaspromising. Upgrading
to larger fragmentstakeslittle effort due to the generalisationcapacityof
annotationprinciples. This is alsobroughtout by the increasingpercentage
of correct f-structureassignmentsto unseentrees,and the fact that partial
f-structureassignmentsgenerallyconsistof largepiecesof partialf-structures.

4. DISCUSSIONAND CURRENT RESEARCH

We have presentedtwo automaticf-structureannotationmethodsfor tree-
banksandgrammars.Both methodsandthe experimentsshow considerable
overlapandseveralinterestingdifferences.

AnnotationprinciplescanapplytoextractedPSrulesor toPStreefragments
encodedasconstraintsets.OursecondmethodcanbespecialisedtoPSrulesby
restrictingtreestodepthone.Thefirstmethodgeneratesanannotatedgrammar,
whichcanbeusedto reparsetreebanktreesor serveasabasisfor developinga
stand-aloneLFGresource.In thesecondapproachanf-structureisbuilt during
theannotationprocess.In orderto parsefreetext, this methodcanbeapplied
to the outputof (P)CFGparsing. The samearchitecturecanbe implemented
usingtheprinciplesdesignedin thefirst approach.Our secondapproachcan
bemodifiedto annotate(non-local)treefragmentswith f-descriptionsfor the
reparsingscenarioappliedin the first method. Both our methodsusecom-
pactiontechniquesfor generalisingoverspecificcategorisation. In the first
experimentthe structureof treebankentriesremainsunchangedwhile in the
secondcertainstructuresaretransformedto conventionalPSanalysesto sup-
portprinciple-basedannotation.For ourfirstmethod,weimplementedanorder
independentandmonotonicannotationprinciple interpreter. For the second,
a moregeneralterm rewriting systemwasused. The term rewriting system
allowsusto exploit anorderdependent,cascadedstatementandprocessingof
annotationprinciples.Alternatively, thetermrewriting systemcanimplement
orderindependentannotationwithoutconsumptionof inputconstraints.Order
independencecansometimeseasemaintenanceof annotationprinciples,but
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requiresmorecomplex andverboseconstraintsin orderto avoid inconsistent
annotations.By contrast,orderdependentcascadedrewriting allowsfor acom-
pactrepresentationof annotationrules.Theextrapowerof anorderdependent
systemcanbe usefulin category generalisationandsubcategorisationinduc-
tion duringtheannotationprocess.ExperimentI usesa manuallyconstructed
“gold standard”referencegrammarfor evaluation,experimentII is evaluated
with respectto how it performsonextendingthetreebankfragment.For larger
fragments,clearlythis is theonly possibleevaluationmethod.

Outputof thefirstmethod(asetof annotatedrules)canbemanuallycorrected
andcompleted,while thesecondis automaticandrobustby returningpartial
andunconnectedf-structuresin caseof missingor conflictingannotationrules.

Robustnessis an inherentpropertyof the approachespresentedhere. It
residesin anumberof levels: First,ourprinciplesarepartialandunderspecified
andwill matchnew, asyet unseenconfigurations.Second,theprinciplesare
conditional. If a certaincontext (a regular expressionor a constraintset) is
met, a principle applies. Even if only few principlesapply, the systemwill
not fail but deliver partialannotations.Third, theconstraintsolver employed
in our secondmethodcancopewith partial, unconnectedor evenconflicting
information. A constraintsolver of this type can alsobe importedinto the
processingof rulesannotatedby ourfirst method.

Both approachesfactor out information spreadover CFG grammarrules
into modularandgeneralprinciples.To a first approximation,thereasonwhy
our principlesallow a compactrepresentationof grammaticalknowledgeis
thefollowing: by andlargetheannotationprinciplescapturestatementsabout
single mother– daughterrelationshipsin CFG rulesor local treesof depth
one. This meansthat the principlesareessentiallyaboutsinglebranchesin
local configurations.Given a treebank(grammar)with Q distinct categories
theworstcasenumberof distinctbranchesis Q+· . Contrastthis with theworst
casenumberof possiblegrammarrules:r ^ts � ut Q ·r ^ts � s · ut Q ã_�_8_ _8_�_ _8_�_r ^ts � _8_�_Ws�v ut Q v�w �

Clearly, givenagrammarwith Q categoriesandaRHSrulelengthof atmostx , theworstcasenumberof differentgrammarrulesvy z � � Q
z w �|{ Q ·

for x~}o� ismuchhigherthantheworstcasenumberQ+· of distinctbranches.
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In our currentresearchwe areworkingwith thePenn-IItreebankresource.
Comparedto ourAP andSusanneexperimentsweareapplyingourmethodsto
a treebankfragmentlargerby anorderof magnitude.

In order to develop stand-aloneLFG grammarswe needsemanticforms
(subcategorisationlists) to enforcesubcategorisationrequirements. We are
currentlyexploring a numberof waysof semi-automaticallycompiling these
from machinereadabledictionariesand the f-structureannotatedcorpusre-
sourcesproduced.

We expect that our approachcanalsofeed into grammardevelopmentef-
forts. To besure,becausetreebankgrammarsarelargeandflat, automatically
annotatedtreebankgrammarsare lessmaintainablethan the morecompact,
linguisticallydesignedgrammarswhichfollow X � designprinciples.However,
aspointedout above, our approachesallow for a novel grammardesignand
processingarchitecture:givenatreebank,aPCFGcompiledfrom thetreebank
parsesnew text. For eachinput string, the (possibly Q -) bestparsetreesare
passedon to the annotationinterpreterswhich annotateor rewrite the parse
treesandinducef-structures.We considerthis a promisingnew approachto
largescaleandcorpusbasedgrammardevelopementwith applicationsin areas
suchasinformationretrieval.

5. SUMMARY

We have presentedtwo automaticf-structureannotationmethodsfor tree-
banksandgrammars.Theapproachesmakeuseof acorpus-basedstrategy that
takesdisambiguatedtreestructuresasinput,andcombinethemwith traditional
rulebasedtechniquesin theform of (linguisticallymotivated)annotationprin-
ciples. Theprinciplesareusedto automaticallyenrichtreebanksor extracted
treebankgrammarswith higher-level functional informationnot presentthe
originalcorpora.Automaticannotationholdsconsiderablepotentialin curtail-
ing developmentcostsandopensupthepossibilityof tacklinglargefragments.
To date,our experimentsarerelatively small-scale.Still, we have presented
angrammardevelopmentandtreebankannotationmethodologywhichis data-
driven, semi-automatic,reusesexisting resourcesand covers real text. We
foundtheLFG framework very conducive to ourexperiments.We dobelieve,
however, that the methodscanbe generalised,andwe intendto apply them
in an HPSGscenarioandto semanticrepresentationbasedannotations.Our
secondmethodcouldbeappliedto work in aTAGscenario(seealsotheclosely
relatedwork in Neumann(1998,2000)andNeumannandFlickinger(1999)).In
our work to date,contrary to an often perceived view, we have found that
treebanksencodehighly usefullinguisticinformation,albeitoftenin ratherflat
representations.
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Our methodsencouragework in thebestlinguistic traditionas(i) they are
concernedwith reallanguageand(ii) they enforcegeneralisationsin theform
of annotationprinciples.Ourmethodsfactorout informationspreadoverCFG
rules into modularand generalprinciples. What is new in our approachis
that(i) theprinciplesstatepartialandunderspecifiedcorrespondencesbetween
c- and f-structureconfigurationsand (ii) they are appliedto flat and noisy
treebankrepresentationsthatdo not follow generalX � designprinciples. Our
experimentsshow how theoreticalwork andideason principlescantranslate
into grammardevelopmentfor real texts. In this sensethemethodsmayhelp
to bridge the often perceived gap betweentheoreticallymotivatedviews of
grammarasasetof principlesvs. grammarsfor “real” text.
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Appendix: Exampleof anAutomatically GeneratedF-Structure
"

’ will <[−1−XCOMP:probe] >[−1−XCOMP−SUBJ:observation] ’PRED

’ probe <[−1−XCOMP−SUBJ:observation] , [−1−XCOMP−OBJ:atmosphere] >’PRED

’ atmosphere ’PRED

SPEC−TYPE def , SPEC−FORM theSPEC

PERS 3, NTYPE common, NUM sg

OBJ

’ observation ’PRED

’ of <[−15−OBJ:emission] >’PRED

’ emission ’PRED

SPEC−TYPE def , SPEC−FORM theSPEC

’ radio ’PRED
PERS 3, NTYPE common, NUM sg−9

MOD

’ of <[−16−OBJ:planet] >’PRED

’ planet ’PRED

SPEC−FORM a, SPEC−TYPE indef , NUM sgSPEC

’ have <[−7−SUBJ:pro] , [−7−OBJ:atmosphere] >’PRED

’ atmosphere ’PRED

SPEC−FORM an, SPEC−TYPE indef , NUM sgSPEC

’ extensive ’PRED
ATYPE
�

 attr , ADEGREE
�

 positive−12
ADJUNCT

PERS 3, NTYPE common, NUM sg

OBJ

’ pro ’PRED
PRON−TYPE rel , PRON−FORM which

SUBJ

[−7−SUBJ:pro]TOPIC
PASSIVE −, PROG −, PERF −, VTYPE main , TENSE present , ADJUNCT−TYPE rel−7

ADJUNCT

PERS 3, NTYPE common, NUM sg

OBJ

−16

ADJUNCT

PERS 3, NTYPE common, NUM sg

OBJ

−15

ADJUNCT

PERS 3, NTYPE common, NUM pl

SUBJ

’ to <[−17−OBJ:extent] >’PRED

’ extent ’PRED

SPEC−FORM a, SPEC−TYPE indef , NUM sgSPEC

’ than <[−3−OBJ:pro] >’PRED
comparisonADJUNCT−TYPE

�
’ pro ’PRED

’ use<[−8−SUBJ:pro] , [−8−OBJ:length] >’PRED

’ length ’PRED

’ wave’PRED
PERS 3, NTYPE common, NUM sg−10

MOD

’ short ’PRED
ATYPE attr , ADEGREE comparative−11

ADJUNCT

PERS 3, NTYPE common, NUM pl

OBJ

’ pro ’PRED
PRON−TYPE anaph , PRON−FORM null

SUBJ

PROG +, PASSIVE −, PERF −, VTYPE main , ADJUNCT−TYPE verbal−8

ADJUNCT

PRON−TYPE demon, NUM pl , PRON−FORM those

OBJ

−3

’ great ’PRED
ATYPE
�

 attr , ADEGREE
�

 comparative−4

ADJUNCT

PERS 3, NTYPE common, NUM sg

OBJ

−17

ADJUNCT

PASSIVE −, PROG −, PERF −, VTYPE
�

 main

XCOMP

[−1−XCOMP−SUBJ:observation]SUBJ
PERF +, PASSIVE −, PROG −, VTYPE modal

[−2:shall]>s−1

’ 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 ’PRED

SPEC−TYPE def , SPEC−FORM theSPEC

’ of <[−14−OBJ:surface] >’PRED

’ surface ’PRED

SPEC−TYPE def , SPEC−FORM theSPEC

’ solid ’PRED
ATYPE attr , ADEGREE positive−13

ADJUNCT

PERS 3, NTYPE common, NUM sg

OBJ

−14

ADJUNCT

PERS 3, NTYPE common, NUM pl

OBJ

−5

’ unobtainable ’PRED

’ otherwise ’PRED−19ADJUNCT

ATYPE
�

 attr , ADEGREE positive−6

ADJUNCT

PERS 3, NTYPE common, NUM sg

OBJ

[−1−XCOMP−SUBJ:observation]SUBJ

’ in <[−18−OBJ:case] >’PRED

’ case ’PRED

SPEC−TYPE quant , SPEC−FORM someSPEC

PERS 3, NTYPE common, NUM pl

OBJ

−18

ADJUNCT

PASSIVE −, PROG −, PERF −, VTYPE main

XCOMP

[−1−XCOMP−SUBJ:observation]SUBJ
PERF +, PASSIVE −, PROG −, VTYPE

�
 modal−2

CONJ−FORM and, STMT−TYPE declarative−20

Figure 1.A.1 F–structurefor: “Observationsof the radio emissionof a planetwhich hasan
extensive atmospherewill probethe atmosphereto a greaterextent than thoseusing shorter
wave lengthsand should in somecasesgive otherwiseunobtainableinformation about the
characteristicsof thesolidsurface.”
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Notes

1. Forexpositorypurposes,theseareslightly simplifiedprinciplesfrom ourannotationgrammar.

2. Theannotationprincipleshaveto takeinto considerationthat,in manycases,therepresentationof
coordinationin treebankrulesis overlyflat.

3. Theannotationprocessitself is fast: in our experimentsthe interpreterannotatesabout40 treebank
CFGrulespersecond(Sparc400Mhz).

4. It is alsocloselyrelatedto principle-basedgrammardescriptionin HPSG.

5. Thereareobligatory( U ) andoptional(?U ) rewrite rules.

6. Disjunctive templatesencodealternativerewrite rules,andcanbeunioned(by logicaland �W� ) with
annotationrules.While thisdoesstill involvedisjunctiveprocessing,therulescanbestatedin ageneralised,
compactway.

7. WerequireB andC to bedistinctvariablesthroughinequalityconstraints(in curly brackets).

8. Templates,grammarsandf-structuresgeneratedareavailableat: �W�W���>���W���Z�W�X�����'�������5�2���'���X�����Z�� ���Z���Z���Z���Z�W�����Z�Z�������Z�W�����W�X���Z�W��� .
9. In earlierwork (Sadleret al. 2000)wewereableto reportprecisionandrecall resultsof 93.4%and

91.6%,respectively. Theseresultswereachievedwith ourpreviousProloglist constraintbasedformulation
of annotationprinciplesandthecorrespondinginterpreter. In movingto thenew regularexpressionbased
format presentedin this paperwe have not yet beenable to undertakethe all importantfine tuning of
principlesrequiredto achieve precisionandrecall resultsabove90%. Fine tuning is currentlyunderway
andwe hopeto report the final results(ratherthan the preliminary first passresults)beforethe present
volumegoesto print.
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