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Abstract

In this paper, we build up on the work presented in [ClémentandKinyon,2003b], and
[KinyonandRambow, 2003b]: we presentthenotionof MetaGrammar, which wasoriginally successfully
usedto easethe developmentandmaintenanceof large Tree-AdjoiningGrammars.We explain how we
reusethenotionof MetaGrammarin orderto generateLFGs. Themainideais thata compactMetaGram-
marhierarchyis hand-crafted,from which largegrammarsareautomaticallygeneratedoffline. We argue
that MetaGrammarhierarchiesshouldabstractasmuchaspossiblefrom any given syntacticframework
andmachinery, andbecloserto “descriptive linguistics” in orderto facilitateportinghierarchiesfrom one
framework to anotherframework. We alsodiscusswork in progresssuchasgeneratinggrammarsfor dif-
ferentlanguagesandframeworksfrom a singleMetaGrammarhierarchy.

1 Intr oduction
Regardlessof the syntacticframework considered,the two mostcommonwaysto obtainwide-
coveragegrammarsareeitherto extractgrammarsfrom atreebank,or to hand-craftgrammarsasis
done for LFG in the ParGram project [Butt etal., 2002], for TAG in the Xtag project
[XTAG ResearchGroup,2001], for HPSGin the Matrix [Benderetal., 2002] or even for some
application-specificframeworks (e.g. Microsoft WinNLP [Suzuki,2002]). As discussedin
[Kinyon andProlo,2002], both approacheshave well-known advantagesanddrawbacks. Here,
we proposea “middle-way” betweenhand-craftedand automaticallyextractedgrammars:the
useof a MetaGrammar(MG). The main idea is that a compactMG hierarchyis hand-crafted,
from whichgrammarsareautomaticallygeneratedoffline. More specifically, we explainhow this
MetaGrammarapproach,which wassuccessfullyusedto develop andmaintainTree-Adjoining
Grammars,is usedto generateLexical FunctionalGrammars.Moreover, we focuson crafting
MG hierarchiesin a framework-neutralmanner, which meansthat we try to remainascloseas
possibleto descriptive linguistics and abstractfrom the machineryof any given framework in
orderto facilitatethecross-framework portability of thethegrammarswe generate.

2 What is a MetaGrammar ?
2.1 Candito’s MetaGrammar organization
Thenotionof MetaGrammar(MG) wasoriginally presentedin [Candito,1996] to automatically
generatewide-coverageTAGsfor FrenchandItalian1, usinga higher-level andcompactlayerof
linguistic descriptionwhich imposesa generalorganizationfor syntacticinformationin a three-
dimensionalhierarchy:

� Dimension1: initial subcategorization� Dimension2: valency alternationsandredistribution of functions� Dimension3: surfacerealizationof arguments.

1A Similar MetaGrammartypeof organizationfor TAGswasindependentlypresentedin [Xia, 2001] for English.
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Figure1: Generationof anelementarytreefor “Parqui seraaccompagńeeMarie”

A MetaGrammarhierarchyis hand-crafted.Fromthis hierarchy, a grammaris generatedau-
tomaticallyoffline. Eachterminalclassin dimension1 encodesan initial subcategorization(i.e.
transitive, ditransitive etc...);Eachterminalclassin dimension2 encodesa list of valency alter-
nationsi.e. a possiblechangein the initial functionsfrom dimension1, including thepossibility
to increaseor decreasethenumberof syntacticfunctionsto berealized(e.g. to addanargument
for causatives, to eraseone for passive with no agents...); Eachterminalclassin dimension3
encodesthe surfacerealizationof a syntacticfunction i.e. its phrase-structurerealization(e.g.
declaresif a direct-objectis pronominalized,wh-extracted,etc.). Eachclassin the hierarchy
is associatedto the partial descriptionof a tree,usinga first-orderlogic languagedescribedin
[RogersandVijay-Shanker, 1994]. Thesepartialdescriptionsof trees,calledQuasi-trees, encode
father, dominance, equality andprecedencerelationsbetweentreenodes.A well-formedtreeis
generatedby inheritingfrom exactlyoneterminalclassfrom dimension1, oneterminalclassfrom
dimension22, and � terminalclassesfrom dimension3 (where� is thenumberof argumentsof
theTAG elementarytreebeinggenerated).For instance,asillustratedin figure1, theelementary
tree- i.e. TAG rule - for “Par qui sera accompagnée Marie” (“By whomwill be accompanied
Mary”) is generatedby inheritingfrom STRICT-TRANSITIVE in dimension1, from PERSONAL-
FULL-PASSIVE in dimension2 and INVERTED-SUBJECT for its subjectandWH-QUESTIONED-
BY-COMPLEMENT for its objectin dimension3.3 Thisparticulartool wasusedto develop,from a
compacthand-craftedhierarchyof a few dozenclasses,a wide-coverageTAG for Frenchof 5000

2This terminalclassmaybetheresultof thecrossingof severalsuper-classes,to handlecomplex phenomenasuch
asPassive+Causative.

3WethankM.H. Canditofor kindly allowing usto reproduceFigure1 to illustrateherwork.

107



elementarytrees[Abeill é etal., 1999], aswell asa medium-sizeTAG for Italian [Candito,1999].
Thecompactnessof thehierarchyis dueto the fact thatclassesaredefinedonly for simple syn-
tacticphenomena:classesfor complex syntacticphenomena(e.g.passive-no-agent+ dative-shift)
aregeneratedby automaticcrossingsof classesfor simplephenomena.

Althoughwe usea differentandnewer MetaGrammarcompiler, we essentiallyretainthelin-
guisticsinsightof [Candito,1996] andretainherthree-dimensionhierarchy, with aslight rephras-
ing of dimension3: in our approach,dimension3 encodesnot only the surfacerealizationof
syntacticarguments,but alsothe surfacerealizationof syntacticheads(including verbs)andof
modifiers. It is also worth mentioningthat dimension3 containsin fact several distinct sub-
dimensions,namelyonesub-dimensionfor eachpossiblesyntacticfunction(e.g.SubjectRealiza-
tion, DirObjectRealization,SecondObjRealization,SententialComplementRealization, VerbReal-
ization,ModifiersRealization).

2.2 HyperTags
The grammarruleswe generatearesortedby syntacticphenomena,thanksto the notion of Hy-
perTag, introducedin [Kinyon,2000]. HyperTagswereinspiredby theconceptof Supertags,pre-
sentedin [JoshiandSrinivas,1994] and[Srinivas,1997], aswell asby Candito’s MetaGrammar.
Supertaggingconsistsin assigningoneor moreTAG elementarytreeto lexical items,thuspro-
viding richersyntacticandmorpho-syntacticinformationthantraditionalpart-of-speechtagging4.
For example,theTAG elementaryfrom fig. 1 wouldbeasupertagfor theverb“accompagnée” in
“Par qui sera accompagnéeMarie” (By whomwill beaccompaniedM.). This supertaginforms
usnot only that thePOSis a verb,but alsogivesusinformationaboutthesyntacticpropertiesof
thatverb(It is transitive; Passivewith aWh-extractedby-phraseetc.).

Onemainproblemof supertagsthough,is that they areframework-dependent(i.e. specificto
TreeAdjoining Grammars).Moreover, supertagsaredependenton a specificTAG grammar:in
figure1, thesupertaghasa topologyspecificto a givengrammar. Onecouldassociateto theverb
“accompagnée” a supertagfrom anothergrammar, which could be topologicallyvery different
(e.g.with branchingVP nodes)andyetcapture/encodethevery samesyntacticproperties.

Finally, supertagspresentsomereadability issues. For instance,the supertagfor “accom-
pagnée” couldbe representedusingany standardtreenotation,suchas(S (PP(P par)N0) (S V
V N)). Suchnotationalreadypresentssomereadabilityissues.In practicehowever, esp. when
supertaggingwith a very large grammar, one is more like to usea notationsuchas “accom-
pagnée:tree167”, which is thenevenlessinformative thanasimplePOStag.

In orderto addresssomeof theseissues,we proposedin [Kinyon,2000] theconceptof Hy-
perTags. Themain ideabehindHyperTagsis to keeptrack,whentrees(i.e. grammarrules)are
generatedfrom a MetaGrammarhierarchy, of which preterminalclasseswereusedfor generat-
ing thetree. This allows oneto obtaina framework-independentfeaturestructurecontainingthe
salientsyntacticcharacteristicsof eachgrammarrule. So for instance,the verb “accompagnée”
from figure1 in “Par qui sera accompagnéeMarie” - insteadof beingassignedasupertag- would
beassignedthefollowing HyperTag,whichcontainsadirectprojectionof thenamesof theclasses
in fig. 1:

4Onemaingoalof super-taggingis to performafirst-passdisambiguationin lineartimew.r.t. apotentialinputstring
in orderto improve theperformanceof TAG parsers,but this is orthogonalto ourdiscussion.

108



Subcat Strict-Transitive
Valency alternations Personal-Full-Passive

ArgumentRealization
Subject: Inverted
Object: Wh-Questioned-by-Complement

So,insteadof usingCandito’sMetaGrammarimplementation,weretainherlinguistic insights
(i.e. herthreedimensionsto modelsyntax),but useamorerecentMetaGrammartool, whichwas
developedatLORIA, andwhichexplicitly supportsthenotionof HyperTags.

AlthoughtheLORIA tool wasalsooriginally designedto generateTAGs,it turnedout to be
lessframework-dependent.Additionally, this tool is monotonicandis moreflexible becauseit
doesnot imposeafixed-numberof dimensionsor sub-dimensions.5

2.3 The LORIA MetaGrammar tool

Figure2: Generationof a simpleTAG rule � standsfor father, � for precedes,� for a lexical
anchorand � for substitutionnodein theTAG terminology.

To generateTAGsandLFGs,we usea MG compilerdevelopedat LORIA andpresentedin
[Gaiffe etal., 2002] and[Gaiffe etal., 2003]. This compiler is freely available.6 In the LORIA
tool, eachclassin theMG hierarchyencodes:� Its SuperClasse(s)7

� A HyperTagto capturethemainsyntacticpropertiesof thatclass
5For example,Candito’s compilerdid not easilyallow oneto encodesub-dimensionsfor Verb-Realizations,or for

Modifier-Realizations.
6http://www.loria.fr/equipes/led/outils/mgc/mgc.html
7Both theLORIA tool andCandito’s tool allow multiple inheritance.
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� Which resource(s)theclassneedsandprovides� A Topologicalcontent(TC) consistingof:

– A setof treenodes
– Topologicalrelationsbetweenthosenodes(father, dominates,precedes,equals)
– A function for eachnodeto decoratethe tree(e.g. for traditionalagreementfeatures

and/orLFG functionalequations)

TheMG tool automaticallycrossestheclassesin thehierarchy, looking to create“balanced”
classes,thatis classesthatdonotneednorprovide any resource.Thenfor eachbalancedterminal
class,theHyperTagsinheritedfrom its super-classesareunified,andthe topologicalconstraints
(i.e. quasi-trees)areconjoined;If theHyperTagunificationsucceeds,oneor moreminimal satis-
fying description(s)arecomputedfrom thequasi-tree,andoneor more � HyperTag, tree� pairs
are generated.Figure 2 illustratesthe generationof an elementarytree for a canonicaltransi-
tive (“J. seesM.”): CLASSTRANSITIVE needsa ResourceSubjectanda ResourceObject,class
SUBJECTREALIZATION providesaResourceSubject,classOBJECTREALIZATION providesaRe-
sourceObject.Whenthesethreeclassesareautomaticallycrossedby thecompiler, oneobtainsa
CLASSTRANSITIVE-SUBJECTREALIZATION-OBJECTREALIZATION which is terminalandbal-
anced,i.e. it doesnot neednor provide any resource.Hence,the HyperTagsof the threenon
terminalclassesareunifiedanda minimal satisfyingdescriptionis successfullycomputedfor the
quasi-tree:
(S � VP) � (VP � V) � (S � NP0) � (NP0 � VP) � (VP � NP1) � (V � NP1).

3 GeneratingLFGs with a MetaGrammar
3.1 Inter pretation of the MetaGrammar output

TheLORIA MG compileroutputs� HyperTag,tree� pairs.WhengeneratingaTAG, ����� �"!$#&%('
encodesthemainsyntacticpropertiesof a TAG elementarytree(i.e. grammarrule), and )*!+�(� is
interpretedasaTAG elementarytree.

When generatingan LFG, �,��� �-!.#/%0' encodesthe main syntacticpropertiesof a terminal
class,and)*!+�(� correspondsto oneor moreLFG rewriting rules.

In orderto generateLFGs,we retain(with a few exceptions)thesamehierarchyasfor TAGs.
However, weenrichthetopologicalcontentof eachclassin thehierarchyby decoratingtreenodes
with LFG functionalequations.8 Thus,in a first steptheMetaGrammarcompilergeneratestrees
which areno longerTAG elementarytrees,but rather“hybrid” trees,which aredecoratedwith
standardTAG notations(substitutionnodes,foot nodes,anchornodesetc.),but alsowith standard
LFG notations,(in awaywhichis similar to constituenttreesdecoratedwith functionalannotation
e.g.by [Frank,2000]). In asecondstep,thesehybrid treesaresplit on theonehandinto oneTAG
elementarytreeand,on theotherhand,into a decoratedconstituenttreewhich is furtherbroken
down into oneor moreLFG rewriting rule(s).9 Figure3 illustrateshow a simpledecoratedtree
is generatedwith the MG compiler, and how the decoratedtree is decomposedinto one TAG
elementarytreeandinto two LFG rewriting rulesfor acanonicaltransitive construction.Notethat

8Thesefunctionalequationsareattachedto quasi-treenodesusingthesamemechanismasfor traditionalfeature-
structuresfor agreement.

9In athird step,rewriting ruleswhichdiffer only by thenameof theirnon-terminalsaremerged,in amannersimilar
to thatof [HeppleandvanGenabith,2000].
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Figure3: A simplehierarchywhichyieldsonedecoratedtree,correspondingto oneTAG ruleand
two LFG rules

theonly differencebetweenfigures2 and3 is that in the latter, the treenodesin the topological
contentof theclassesaredecoratedwith LFG functionalequations.

In additionto generatingLFG rewriting rules,andin orderto easethegrammar-lexicon inter-
face,eachdecoratedtreealsoyieldsaLFG lexical templatewhich is generatedusingtheinforma-
tion encodedin theHyperTag: in figure3, a templatefor a transitive subcategorizationframe
SubjObj:V(1 Pred=‘x� ( 1 Subj)(1 Obj)� ’) .

[ClémentandKinyon,2003b] discussthe motivationsfor generatingtreesof depthpossibly
greaterthanone,anddecomposingthesetreesinto oneor moreLFG rewriting rules(insteadof
directly generatingtreesof depthonei.e. rewriting rules),aswell as the motivationsfor using
a MetaGrammarto generateLFGs. Note that a notion of resource-sensitivity similar to the one
whichis presentin theMetaGrammaris foundin LFG work onsemantics[Dalrympleetal., 1995].

Word ordervariationsarehandledby leaving someprecedenceand/ordominancerelations
betweenquasi-treenodesunderspecified.For instancefigure4 illustratesthengenerationof two
decoratedtreesfor handlingcanonicalditranstitives in French.Contraryto English,both word-
ordersNP24365 -PP798*:;24365 andPP798*:;24365 -NP24365 areallowed(eg: “J eandonneà Marie unepomme/
unepommeà Mary” - J. givesto M. an apple/an apple to M.). In the topologicalcontentof
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theclasses,theprecedencerelationbetweenthedirectobjectNP andthesecondobjectPPis left
underspecified.Hence,two decoratedtreesareobtainedfrom thequasi-treedescription:(S � VP)
� (VP � V) � (S � NP0) � (NP0 � VP) � (VP � NP1) � (V � NP1) � (VP � PP) � (V � PP)

Figure4: Frenchditransitives:anexampleof word-ordervariations

TheLFG rewriting ruleswe generatefrom a MG hierarchycontain“standard”LFG notations
(i.e. 1 , � , parenthesisfor optionality, Kleenestar, constraintequationsetc.). However, we do not
generaterules containingthe additionalLFG operatorsdefinedin [KaplanandMaxwell, 1996]
(e.g.“shuffle”, “ignoreor insert”),essentiallyfor two reasons:first, thoseoperatorsarehelpful for
developing/maintaining hand-craftedLFGs,but, sinceour grammarsareautomaticallygenerated
andnever editedin a post-generationphase10, generatingrulescontainingtheseadditionaloper-
atorswould not make muchsense.Second,thoseoperatorsmake it possibleto expressthesame
rewriting rulesin many differentways,which seemsto bea not sodesirableproperty. This point
is discussedin [ClémentandKinyon,2003b]. In any event, our decisionto generateLFG rules
without the [KaplanandMaxwell, 1996] operators,aswell aswithout lexical rules(seesection
4.1below) hasno incidencein interfacingourgrammarswith existingparsers.11

10i.e. only theMG hierarchiesareedited,never theruleswhichareautomaticallygenerated
11So far, we have usedthe freely availableXLFG parserdescribedin [ClémentandKinyon,2001] andhave also

experimentedwith theMedley parserdescribedin [KaplanandMaxwell, 1996].
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3.2 Handling completeness,coherenceand uniquenessat the MetaGrammatical
level

Linguistic well formednessconditions,suchasa “Predicate-ArgumentCooccurencePrinciple”
mustbedefinedfor TAGelementarytreesin orderto enforcecompleteness,coherenceandunique-
nessconstraints,whereasLFG rewriting rulestypically donotneedto follow suchprinciples.So,
still for ditransitivesin French,onecanhave anLFG rewriting rulesuchas:

VP � V (NP) (PP) (NP)<
= = (

<
Obj)== (

<
SecondObj)== (

<
Obj)==

In additionto handlingthetwo word-ordervariationsfor canonicalditranstitives,this rulealso
handlestheVP expansionfor canonicalintransitives,aswell asfor canonicaltransitives.

If completeness,coherenceor uniquenessconstraintsareviolated(e.g. “*Mary eatsan apple
to Peteranapple”), aC-structurewill bebuilt, but nocorrespondingwell-formedF-structure.So,
asexpected,suchanungrammaticalsentencewill berejected.

However, becauseof the resource-sensitivity of the MetaGrammar, coherence,consistency
anduniquenessconditionsareintrinsically enforcedat themetagrammaticallevel. For example,
we seein fig. 3 that a transitive needsa resourceSubjectanda resourceObjectand in 4 that a
ditransitive needsa resourceSubject,a resourceObjectanda resourceSecondObject.Therefore,
insteadof generatinga rewriting rulesuchastheoneabove,we quitenaturallygeneraterewriting
ruleswhich encodecompleteness,coherenceanduniqueness.Namely, we generatefour distinct
rewriting rules,rule (1) for canonicalintransitives,rule (2) for canonicaltransitives,rules(3) and
(4) for thetwo word-ordervariationsfor canonicalditransitives:

1- VP � V<
= =

2- VP � V NP<
= = (

<
Obj)==

3- VP � V NP PP<
= = (

<
Obj)== (

<
SecondObj)==

4- VP � V PP NP<
= = (

<
SecondObj)== (

<
Obj)==

As a consequence,for a similar coverage,thegrammarswe generatearetypically larger than
hand-craftedLFGs. However, this is not a majorproblemin practicebecausethoserulesarenot
manuallydevelopednor maintained,andalsobecausethe increasein thenumberof rulesis not
suchthatit affectsparsingperformance.

Moreover, with suchanapproach,fewer spuriousC-structuresarebuilt (i.e. C-structureswith
nocorrespondingwell-formedF-structure),potentiallyreducingthesearchspacewhencomputing
F-structures.Also onecouldenvision a pruningstrategy (similar to what is donewith supertag-
ging),wherea first passselectsin linear time theruleswhich arecompatiblewith theselectional
restrictionsof lexical itemsin a sentence(e.g. For a sentencecontainingonly a strict transtitive
verb, rewriting rules for intransitives andditransitives will be abandonned),anda secondpass
combinestheserulesto createa C-structure.Of courseit doesnot reducetheworst-caseparsing
complexity but cangreatlyspeedupparsingin practice.12

12Anotheroptionwould beto resortto guided-parsing,asdescribedin [Barthélémyetal., 2001].
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4 Main differ encesbetweenTAG and LFG
We have seenin section2 that MetaGrammarswereoriginally usedto generateTreeAdjoining
grammars.Whenusinga MG to generateLFGs,onemustthenbe ableto handleLFG machin-
ery which doesnot necessarilyexists in TAG. In this section,we discusseachof the threemain
differencesbetweenthetwo frameworks,whichare:� TheLFG dichotomy“rewriting rules” versus“lexical rules” doesnotexist for TAG.� Long-distancedependenciesarehandleddifferentlyin thetwo frameworks.� Modifierscanbehandledin amoreflexible mannerwith LFG thanwith TAG

4.1 Lexical rules

Figure5: Generatingrulesfor Passivewith noagent,without lexical rules

Froma linguistic perspective, Candito’s dichotomybetween“dimension2” (valency alterna-
tions)and“dimension3” (realizationof syntacticfunctions)amountsto separatewhatwasorigi-
nally thoughtof as“syntactictransformations”into two distinctsub-categories:“transformations”
wherea syntacticfunction is modified(e.g. passive) versus“transformations”wherea syntactic
function is not modified(e.g. Wh-movement,cliticization). We werenot ableto find wherethis
dichotomyoriginatedfrom. For instance,[Levin, 1993] - who proposesa very extensive andde-
tailedclassificationof Englishverbsandtheiralternations- doesnot resortto thisdichotomy. Our
guessis that this distinctionbetween“valency alternations”and“surfacerealizationof syntactic
functions”mayhavebeeninspiredby LFG, partlybecauseit correspondsquitestraight-forwardly
to thedistinctionbetween“lexical rules” and“rewriting rules” in theLFG machinery. Sincethe
distinctionis madeat thematagrammaticallevel, thereis noneedfor usto keep- in thegrammars
we generate- the distinctionbetweenlexical rulesandrewriting rules. Therefore,we generate
LFGswithout lexical rules13 andsimply resortto rewriting rulesto handlesyntacticphenomena

13This choicehasbeenmadeout of linguistic considerations:in practice,theMG compilercould,if we wantedto,
generatelexical rulesaswell.
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which are traditionally handledwith LFG lexical rules. Figure5 illustratesthe generationof a
passive with no agent(ex: “The applewaseaten”), whichyieldstwo LFG rewriting rules.14

Furthermore,LFG lexical ruleswere to someextent designedto expresssyntacticgeneral-
izationswhich hold acrossmany subcategorization frames: for instance,the fact that one can
passivize transitive verbs,ditransitive verbs,transitive verbswith particles(ex: ‘ ‘The left-overs
were givenawayto thecats” ) etc. This kind of generalization,which is desirablefrom a theo-
reticalperspective, but alsofrom a practicalperspective to easegrammardevelopment,is already
capturedby the MetaGrammar. Therefore,if we did generatelexical rules from a MetaGram-
marhierarchy, this would amountto expressthesamekind of linguistic generalizationusingtwo
distinctmechanisms,whichwould beredundant.15

4.2 Long-distancedependencies

As discussedin [JoshiandVijay-Shanker, 1989], onemajordifferencebetweenTAG andLFG is
thewayeachof thosetwo frameworkshandleslong-distancedependencies.To analyzeasentence
suchas “Which cat doesMary think that John saw”, TAG resortsto the extendeddomainof
locality of its elementarytreesandto the “adjunction” operationto plug in the elementarytree
anchoredby “think” . This elementarytreeanchoredby “think” musthave a distinguishednode,
calledfoot node.16 Thesiteof theextraction(“Which cat”) bearsnospecialnotation.

To handlethe samephenomenon,LFG, resortsto the notion of “functional uncertainty”
[KaplanandZaenen,1989]: thenodeat thesiteof theextractionmustbedecoratedwith a func-
tional uncertaintyequation. Figure 6 illustratesthe generationof a decoratedtree for a Wh-
extractedobject.The“extracted”tree-nodebearsa functionaluncertaintyequation.

4.3 Handling modifiers

With TAG, modifiersareadjoinedandthereforemodificationalwaysyieldsbranchingconstituent
trees.Figure7 illustratesa simpleTAG elementarytreefor prenominaladjectives. By adjoining
this elementarytree into NP trees,oneobtainsa constituentstructurefor e.g. “Cute little grey
kittens”. With LFGs,onecanof courseobtainsuchbranchingstructuresfor modification,but one
canalsochose- for linguistic reasons- to handlemodifiersin a “flatter” manner. For instance,the
insertionof modifiersinto aVP in Frenchis, contraryto English,veryflexible andthereis noclear
linguisticmotivationfor handlingthoseVP modifiersin anonflat manner. Figure8 illustrateshow
we generateaflat rule for theVP expansionof aditransitive,whichwouldallow to analyze“Jean
offre chaleureusementun bouquetdefleur chaquematinà Marie avantle départdu train” (lit: J.
offers kindlya bouquetof flowers everymorningto Mary before thedeparture of thetrain).17

14Thetopologicalcontentof theclassesareomittedfor spacereasons.
15This argumentis clearly visible in the TAG community, wheresomeTAGs are developedusing MetaRules-

a mechanismsimilar to LFG lexical rules - whereassomeother TAGs are developedusing MetaGrammars(c.f.
[Kinyon andProlo,2002] for a discussion),themainadvantagesof MG beingdeclarativity andmonotonicity.

16TAG elementarytreeswith a foot nodearecalledauxiliary trees
17Fig. 8 is simplifiedfor readability. Esp.thetopologicalconstraintspreventingsequencessuchas“VP > V Modif1

NP PPModif2 Modif3” arenot shown. The fig simply aims at giving a generalidea of how suchphenomenaare
handledusing“inheritancechains”in theMG hierarchy.
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Figure6: Generatingruleswith functionaluncertaintyequationsfor longdistancedependencies

?A@
B BDCCEGFIHKJ ?A@ML

NP

B B B B CCCCENFIH
(cute)

NP
B B B B CCCCEGFIH

(little)
NPB B B CCCEGFIH

(grey)
NP

?
(kittens)

Figure7: Modifier adjunctionyieldsbranchingtrees.

5 Advantagesof the MetaGrammar
A first advantageof using a MetaGrammar, as is detailedin [KinyonandProlo,2002], is that
the syntacticphenomenacoveredarequite systematic:if rulesaregeneratedfor TRANSITIVE-
PASSIVE-WHEXTRACTEDBYPHRASE (e.g. By whomwasthemouseeaten), andif thehierarchy
includesditransitive verbs,thenthe automaticcrossingof phenomenaensuresthat ruleswill be
generatedfor handlingDITRANSITIVE-PASSIVE-WHEXTRACTEDBYPHRASE (i.e. By whomwas
Petergivena present). All rulesfor word ordervariationsareautomaticallygeneratedby under-
specifyingrelationsbetweenquasi-nodesin theMG hierarchy(e.g. precedencerelationbetween
first andsecondobjectfor ditransitives in Frenchasshown in fig. 4). This propertyprovesvery
usefulfor encodingin acompactmannerMG hierarchiesfor freeword-orderlanguages(e.g.Rus-
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Figure8: Generating“flat” rulesfor VP modification

sian,andto somedegreeGerman)18.
A secondadvantageof theMG is to minimizetheneedfor humaninterventionin thegrammar

developmentprocess.Humansencodethelinguistic knowledgein a compactmanneri.e. theMG
hierarchy, andthenverify thevalidity of the rulesgenerated.If somegrammarrulesaremissing
or incorrect,thenchangesaremadedirectly in theMG hierarchyandnever in thegeneratedrules
(esp.“exceptions”arenever handledin a post-generationphase)This ensuresa homogeneitynot
necessarilypresentwith traditionalhand-craftedgrammars.

A third andessentialadvantageis that it is straightforward to obtainfrom a singlehierarchy
parallelmulti-lingualgrammarssimilarto theparallelLFGgrammarspresentedin [Butt et al., 1999]
and[Butt etal., 2002], but with anexplicit sharingof classesin theMetaGrammarhierarchyplus
across-framework application.19

5.1 Handling exceptionality

The MG offers a very convenientway to expressgeneralization.So onequestionwhich arises
is that of exceptionality, which is of coursea major issuein any grammardevelopmenteffort.

18See[Kinyon andRambow, 2003a] and[KinyonandRambow, 2003b] for a discussion.
19This sharingof classesin the hierarchyacrosslanguagesis similar to what is donein the HPSGMatrix project

[Benderetal., 2002].
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Many syntacticexceptionsare lexically determined:a well known exampleis that of English
ditransitives. SomeEnglish ditransitives acceptboth an NP-PPconstructionand a doubleNP
construction(ex: “J . gaveanappleto M. / J. gaveM. anapple”)20. Someditransitivesacceptonly
the doubleNP construction(ex: J. tippedthe waitress10 dollars / *10 dollars to the waitress).
Someditransitives (essentiallyfrom Latin origin) acceptonly the NP-PPconstruction(ex: “J .
donateda large amountof money to a NGO / *a NGO a large amountof money” ). In theMG,
both word-ordervariationsareof courseencoded.The appropriaterestrictionsfor a given verb
areencodedin its lexical entry. Someothersyntacticexceptionsarenot lexically-driven. Such
is thecaseof thealternation“qui/que” in Frenchwhena subjectis extractedfrom a subordinate
clause21: “que” maybeacomplementizer, asin (1)22 or arelative pronounfor anobject(2), “qui”
is usuallynever a complementizer, but a relative pronounfor a subject(3) or for anoblique(4).
So,whenanobjectis extractedfrom asubordinate,“que” appearstwice: asacomplementizerand
alsoasa relative pronoun(5). Whenanobliqueis extractedfrom a subordinate,“que” appearsas
acomplementizer, and“qui” asa relative pronoun(6). However, whenasubjectis extractedfrom
a subordinate,then“que” asa complementizerand“qui” asa relative pronounis ungrammatical
(7). Instead,thetwo areinverted,with “qui” appearingat thesiteof thecomplementizerand“que”
at thesiteof relative pronoun(8).

1. Jeanpenseque: Marie viendra / J. thinksthat M. will come
2. La pommequeO Marie mange .../Theapplewhich Mary eats
3. La femmequiO /*queO mange despommes... / Thewomanwhoeatsapples...
4. La femmèa quiO J croit que: Marie donnedesfleurs / Thewomanto whomJ. thinksthatM.

givesflowers
5. La pommequeO Pierre croit que: Marie mange / TheapplethatP. believesthatM eats
6. La femmèa quiO Marie croit que: Pierre offre desfleurs / Thewomanto whomM. believes

that P. offers flowers
7. *La femmequiO Marie penseque: viendra / ThewomanwhoM. thinksthatwill come
8. La femmequeO Marie pensequi: viendra / ThewomanthatM. thinkswhowill come

In practice,the caseof a “simple” subjectrelative (3) will be muchmorefrequentthanthat
of a subjectrelative extractedfrom a subordinate(8). Similarly, whena sententialcomplementis
realized,thesiteof thecomplementizer“que” will overwhelminglybefilled with “que” (1), rather
than“qui”. So(8) canbeconsideredto beasyntacticexception.

Nonetheless,whena subjectis relativized, we cannot know prior to parsingwhetherit will
be extractedfrom a subordinate(8) or not (3). We never modify rulesthat have beengenerated
from theMG, becauseit would potentiallyjeopardizemostof theadvantagesof a MG approach.
Soexceptionsareencodedat themetagrammaticallevel. For the“qui/que” alternation,thismeans
that we encodein the MG not only a classfor the standardrelative pronoun“qui” for subject
relatives,but alsoa classallowing thesiteof thesubjectrelative pronounto be“que”. Similarly,
we alsoencodea classin which thecomplementizersite is filled with “qui”. Featureclasheswill
ensureat parse-timethatungrammaticalsentencessuchas(7) and(3-*que)arerejected.

Sobasically, exceptionsarehandledin theMetaGrammarin thesamemannerasthey would
be handledin any hand-craftedgrammar. The MG doesnot specificallyeasethe handlingof

20With of coursesomeanimacy restrictions:J. sentMary/*Londona package (see[Levin, 1993] p. 46)
21Thisphenomenonis oftencomparedin thelinguistic literature,to the“that-trace”phenomenonin English.
22Contraryto English,complementizerscannotbeomittedin French.
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exceptions.However, mostimportantly, it doesnot imposeany additionalburdento handleexcep-
tionality comparedto standardhand-craftedgrammars.

“Incompatibleclasses”canbepreventedfrom generatingrulesin theMG hierarchywith three
mechanisms.First, throughtheresourceallocationmodel: a classA anda classB will not yield
a classA-B if A doesnot needa resourceprovided by B, or B a resourceprovided by A. This
is not a straight-forward way to encodeexceptionalitythough,becauseit could be the casethat
a crossinginvolving A andB will be creatednonetheless23. The secondmechanismwhich pre-
ventsthe generationof invalid rulesis if the quasi-treeresultingfrom a crossingdoesnot yield
any tree. For example,if thedescriptionassociatedto a balancedclassstatesthatN1 is fatherof
N2, andN2 is fatherof N1, assumingthat the relation“f ather” is not reflexive, thenno treewill
begenerated.This is alsoa nonpracticalway to encodeexceptionality.24 Thethird solutionfor
preventingthegenerationof rulesfrom incompatibleclassesis to preventthoseclassesfrom cross-
ing by encodingincompatiblefeaturesin their HyperTags. This is thesolutionwhich is usedin
practicewhencraftingaMG hierarchy, for instanceto preventaclasssuchasOBJECTRELATIVE-
COMPLEMENTIZERISQUI from beingcreated,or moregenerallyto prevent“doubleextractions”
(e.g.WHFRONTEDSUBJECT-WHFRONTEDOBJECT).

5.2 Compactness

Concerningthe compactnessof MetaGrammarhierarchiesw.r.t. the numberof grammarrules
which will be generated,Candito’s implementation- which we have discussedin section2.1 -
assumesby default that classesdo cross,anda specificmechanismhasto prevent incompatible
classesfrom crossing. The explicit three-dimensionalorganizationmakesclassescombinein a
cross-productmanner. If dimension1, 2 and 3 have respectively P , Q and R terminal classes,
the numberof combinationsto generategrammarruleswill be PTSMQUSVR . However, within each
dimension,agivennumberof classesarehand-crafted,andthenclasseswithin eachdimensionare
automaticallycrossed.Assumingdimensions1,2 and3 haverespectively W , � , and X hand-crafted
classes,the automaticcrossingamountsto creatingpowersetsfor eachof the threedimensions.
Hencethegrammargenerationprocessis exponentialin thenumberof grammarrulesgenerated
from thehand-craftedclassesin theMetaGrammarhierarchy, sincewe have PAY[Z]\ , Q^Y_Z]` and
RaYbZ]c . Similarly, with theLORIA implementation- which is theonewe have used- a hierarchy
of � terminalclassesmayyield in theworstcaseZ ` decoratedtrees(i.e. aPowerset).Thisensures
that largegrammarscanbegeneratedfrom a small limited numberof hand-craftedclassesin the
hierarchyandalsois apromisingpropertyfor grammarextraction.

6 Someresultsand work in progress
Researchersfrom severalgroups,in particularfrom INRIA/Rocquencourt,LORIA, Universityof
Paris7, University of PennsylvaniaandColumbiauniversity areworking on the MetaGrammar.
Thesegroupstry to organizeinformalmeetingsto discusspotentialimprovementsto theMG tools
andresources.A mailing list is alsoavailable.25 Moreover, a projecthasjust startedat Columbia

23e.g. if A needsR1 andprovidesR2, C needsR2 andprovidesR3, B needsR3 andprovidesR4 andD needsR4
andprovidesR1,thenaclassA-B-C-D will eventuallybegenerated

24Moreover, differentMG compilers(or evendifferentversionsof thesamecompiler)maymake slightly different
assumptions:e.g.someversionsmayimplementtherelation“f ather” to bereflexive, in which casethedescriptionN1
is fatherof N2 andN2 is fatherof N1 will yield a nodeN1=N2.

25At thetime of thiswriting: http://www.ps.uni-sb.de/mailman/listinfo/metagrammar
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University,to generate,from a singleMG hierarchy, grammarsfor thedifferentdialectsof spoken
Arabic.

6.1 Linguistic perspectives: multilingual and cross-framework grammars

Figure9: Sharinghierarchyclassesfor differentlanguages

Froma linguisticperspective,work is beingconductedondevelopingMG hierarchiesfor sev-
erallanguagesandframeworks.Thehypothesisis thatgivenaframework-neutralMG hierarchyit
shouldbereasonablysimpleto usethathierarchyto generatenew frameworks,andalsoto re-use
asmany classesaspossibleto developa grammarfor a new language.Whenportinga hierarchy
from oneframework (e.g. TAG) to anotherframework (e.g. LFG), one“only” needsto change
the topologicalcontentof the classesin the hierarchy.26 Whenporting a given hierarchyfrom
onelanguageto anotherlanguage,theassumptionis thatmany classescanbereusedfor thenew
language.Of course,themorerelatedthelanguagesare,themoreclasseswill bereusable.

In addition to the TAGs generatedfor FrenchandItalian [Candito,1999], Metagrammars-
andmorespecificallythe LORIA MG tool - wasusedat the university of Paris 7 to generatea
TAG for German[Gerdes,2002]. Also at Paris7, A MG hierarchyis beingdevelopedfor Korean
by Sinwon Yoon. In termsof grammardevelopment,the largestLFG generatedwith theMG is
thegrammarfor French,which is developedandmaintainedby Lionel Clémentat INRIA. This
MG hierarchyfor Frenchyieldsapproximately600decoratedtrees,andis alsousedto generate
Range-ConcatenationGrammars[Boullier, 1998]. Thesyntacticphenomenacoveredby thisLFG
for Frencharediscussedin [ClémentandKinyon,2003a].

26Of course“only” shouldbetakenwith agrainof salt,becauseif theframeworksareverydifferentandthehierarchy
very large, this still involves a substantialamountof work. However, it is still much fasterthandeveloping a MG
hierarchyor agrammarfrom scratch.
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Concerningparallelmultilingualandgrammargeneration,in additionto proposingacompact
representationof syntacticknowledge, [Candito,1999] explored whethersomecomponentsof
theMG hierarchycould be re-usedacrosssimilar languages(FrenchandItalian). However, she
developedtwo distinct hierarchiesto generategrammarsfor thesetwo languagesandgenerated
only TAG grammars.

We have extendedtheuseof theMetaGrammarto generateLFGsandalsohave pushedfur-
ther its cross-languageandcross-framework potentialby generatingparallelTAGsandLFGsfor
severallanguagesfrom onesinglehierarchy:[ClémentandKinyon,2003b] describehow asingle
hierarchyyieldsparallelTAG andLFG grammarsfor FrenchandEnglish;

[Kinyon andRambow, 2003b] haveusedasimilarstrategy to generatefrom asinglehierarchy
cross-framework and cross-languageannotatedtest-suites,including English and Germansen-
tencesannotatedfor F-structure,aswell asfor constituentanddependency structure.Additionally,
this line of work wasextendedin [KinyonandRambow, 2003a] to generatein parallelannotated
test-suitesandLFGsfor English,FrenchandGermanandto discusstheprtability of anexisting
hierarchyto Russian.Whengeneratinggrammarsfor differentlanguagesfrom a singleMG hier-
archy, afirst generaltendency is thatclasseswhicharehigherin thehierarchyaremorelikely to be
sharedfor severallanguages,whereasterminalclasses(i.e. leaves)aremorelikely to belanguage
specific.Moreover, asaruleof thumb,moreclassesin dimension1 (initial subcategorization)and
in dimension2 (valency alternations)will besharedthanclassesin dimension3 (surfacerealiza-
tion of syntacticfunctions).For dimension1, mostlanguageshave subcategorizationframessuch
asintransitive, transitive, ditransitive etc. Of course,even in dimension1, someclassesmay be
language-specific.For example,the classTRANSITIVEWITHPARTICLE in dimension1 is valid
for EnglishandGerman(e.g. “He gavesomethingup”), but not for French.Similarly, in dimen-
sion2, theclassIMPERSONALPASSIVE is valid for German(e.g.“Es wurdegetanzt”), but not for
EnglishnorFrench(“Il a ét́e danśe” with “il” impersonalis atbestextremelymarginal).

Figure 9 illustratesa (simplified) fragmentof dimension3 of a MG hierarchywhich was
craftedfor English,FrenchandGerman.TheclassesCLITICIZED for subject,objectandsecond
objectrealizationsarevalid only for French.TheclassSTANDARDRELATIVEWITOUTCOMPLE-
MENTIZER is valid for GermanandEnglish,but not for French.TheclassCANONICAL-PP for a
secondobjectrealizationis valid only for EnglishandFrench,but not for German.Conversely,
theclassDATIVE-NP is valid for EnglishandGerman,but not for Frenchwhich doesnot allow
adoubleNPconstruction.OtherclassessuchasSTANDARDRELATIVEWITHCOMPLEMENTIZER

aresharedby all threelanguages.
Other uses of the MG include a replication of the Xtag grammar for English

[Kinyon andProlo,2002], [Kinyon,2003], in orderto detecterrorsin thehand-craftedXtag and
helpthemaintenanceof thegrammar, andalsoin orderto systematicallycomparewithin thesame
projecta MG developmentstrategy with a MetaRuledevelopmentstrategy [Prolo,2002]. As a
side-effect, using the techniqueof generating“hybrid trees”describedin section3, in addition
of regeneratingthe EnglishXtag grammar, we plan to generate,asa side-effect, a parallelLFG
grammarfor English.

AlthoughtheMG automatesgrammardevelopment,onebottleneckremains:thelexicon. Al-
thoughwe generatelexical templatesfrom our MG hierarchies,thereforeaddressingto some
extent the grammar-lexicon interface,satisfactory lexical coveragestill remainsa problem. To
illustrate this point, FTAG - the TAG grammarfor Frenchgeneratedfrom a hand-craftedMG
hierarchy- containsmorethan5000TAG elementarytreesbut cannotparsenewspapertext es-
sentially becauseof a lack of lexical coverageand maintenanceand of a poor interactionbe-
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tweenthe grammarand the lexicon. By contrast,Xtag for English, which was entirely hand-
craftedovermorethan15years,containsonly 1200elementarytreesbut canparsenewspapertext
[PrasadandSarkar, 2000].27 To remedythis problem,many grammarsareextractedfrom tree-
banks(esp. from thePennTreebank)for a variety of frameworks: for LFG [Cahill etal., 2003],
for CCG[Hockenmaieret al., 2002], for TAGs[Chiang,2000], [Chen,2001], [Xia, 2001]. How-
ever, suchtreebank-extractedgrammarsyield problemsof their own, esp. the lack of portability
acrossframeworks,a potentiallack of annotateddata,errorsandlack of annotationconsistency,
therisk of extractingrulesthatarenot linguisticallysoundetc.To remedysomeof theproblemsof
treebankextractedgrammarswhile retainingtheadvantagesof anempiricalapproach,wepropose
to usetheMG asa syntacticinterlinguafor grammarextraction.Froma MG hierarchyautomati-
cally extractedfrom thePenntreebank,theideais to generategrammarsfor several frameworks.
This work, which is describedin detailin [Kinyon,2003] is a four-stepprocess:

1. ExtractHyperTagsfrom thePenntreebank
2. TurneachHyperTagfeatureinto aclassin theMG hierarchy
3. Associatea topologicalcontentto eachclassin thehierarchy
4. Generategrammarsfor severalframeworksusingandexisting MG compiler

6.2 Impr oving MetaGrammar tools

While extendingtheuseof theMG to generatenew frameworks,we have improved theLORIA
MG implementation.More specifically, Lionel Clémenthasimplementeda new graphicaluser
interface28 to easethedevelopmentandmaintenanceof MG hierarchiesanda new versionof the
compiler, which supportsthe notion of free variablesfor quasi-treenodes29, optionalresources,
aswell asadditionalrelationsbetweentreenodesin thetopologicalcontentof classes.Thesead-
ditional relationsinclude“sister”, “c-command”,“unequality”andadistinctionbetweenreflexive
andnon reflexive “dominance”and“parenthood”.His implementationalsomakesit possibleto
generatesetsof rewriting rules(insteadof a decoratedtreewhich needsto be broken down in a
post-processingphase).Wedo not furtherdetailthesetechnicalpointsfor sake of brevity.

Additionally, yet anotherversionof theMG compilerwasimplementedby E. dela Clergerie,
using the DyAlog programming language (which has similarities with Prolog)
[Villemontedela Clergerie,2002]. Thisrecentcompilersignificantlyspeedsupthegrammargen-
erationprocess.

As theMG is beingusedby moreresearchersandto generateframeworks otherthanTAGs,
grammarsfor morelanguagesetc. thereis anincreasingneedfor a standardizationeffort suchas
thedefinitionof XML dtdsto easethesharingof MG-relatedtools. Oneof themaingoalsof the
MG is to achieve a higher level of consistency in the grammarsgenerated.Of course,it is still
a small effort comparede.g. to ParGram. In the long-run, it would be desirableto have better
“checkingmechanisms”to ensureconsistency andhelperrordetectionin MG hierarchies- such
astypos,misspelledor inconsistentfeaturenames(ex: Gend.versusGender)etc. - for instance
by having a featuredeclarationmechanismsimilar to the“featurespace”in theParGramproject
[Butt etal., 2003].

27Morethanlexicalor grammaticalcoverage,themainproblemfor theXtagsystemis itsparser’sperformance,which
cannothandlelong sentencesfrom the WSJ.However, contraryto LFG, the worst-caseparsingcomplexity of TAGs
is polynomialandmuchfasterTAG parsershave beendeveloped,suchas [Barthélémyet al., 2001]. Unfortunately,
integratingparser-grammar-lexicon from thosedifferentsourceshasnotbeendoneat this time.

28http://atoll.inria.fr/d lclement/
29This featuremakesrulesfor clitic orderingeasierto encodein a compactmanner
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7 Conclusionand futur e work
We have presentedthe notionof MetaGrammar- which wasoriginally designedto develop and
maintainTree-AdjoiningGrammars,andhave explainedhow we have usedit to generateLFGs.
Themainideais thata compactMG hierarchyis handcrafted.Fromthis hierarchy, grammarsare
generatedautomaticallyoffline. We focuson crafting hierarchiesthat areasframework-neutral
andcloseto descriptive linguisticsaspossible,in orderto easegrammarportability. Wealsotry to
maximizecross-languagesharingby generating,from asingleMetaGrammarhierarchy, grammars
for morethanonelanguage.

In order to further supportour claim that the MetaGrammaris framework-independent,we
hopeto generatein futurework grammarsfor additionalframeworks,suchasCCGor HPSG.30

We keepexpandingour MG hierarchyin order to broadenthe coverageof our grammars
(in particularfor French)andarealso trying - in collaborationwith other researchgroups- to
improveexistingMG tools(GUIs,editors,compilersetc.)Moreover, wearefocussingonusingthe
MetaGrammarasa syntacticInterlinguafor Grammarextraction[Kinyon,2003], the ideabeing
to extracta MG from thePenn-Treebank,andthengeneratinggrammarsfor several frameworks,
including LFG. In particular, we hopeto compareLFGs extractedvia a MG approachwith the
LFGs directly extractedfrom the PennTreebanke.g. by [Cahill etal., 2003]. Finally, basedon
the work of [Kameyama,1986] andon the “hybrid” TAG-LFG treeswe generatewith the MG,
we areinvestigatingwhethera framework suchasLexical-Functional-Tree-Adjoining-Grammar
(LFTAG) couldhave interestingproperties,bothfrom a theoreticalandpracticalperspective.
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