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1. Introduction

The XTAG Project(Joshi,2001)is an ongoingprojectat the University of Pennsylaniasinceabout1988,
aiming at the developmentof naturallanguageresourcedasedon Tree Adjoining GrammargTAGs) (Joshiand
Schabes1997). Perhapshe mostsuccessfuexperiencein it hasbeenthe constructionof a wide-coveragelex-
icalized TAG for English (LTAG) (Doranet al., 2000; XTAG Researchsroup, 2001), basedon ideasinitially
developedin (Krock andJoshi,1985).

As thegrammargrew larger, the procesf consistengrammardevelopmentandmaintenancéecameharder
(Vijay-ShanlerandSchabes]1992). Drivenby locality principles,eachelementarytreefor a givenlexical headis
expectedto containits projection,andslotsfor its agumentge.g.,(Frank,2001)). As consequencehe number
of requiredelementarytreesgrows hugefor a grammaiwith reasonableoverageof syntacticohenomenaUnder
the XTAG project,for engineeringeasonsthe grammarhasbeensplit up in (roughly)two maincomponents a
settreetemplatedexicalizedby a syntacticcategory, anda lexicon with eachword selectingits appropriateree
templates Although varioussyntacticcategorieshave multiple syntacticframesavailable (e.g.,prepositionanay
have differentkindsof agumentsnpounsandadjectvesmayhave argumentor not, etc.),it is theverbsthatexhibit
the mostwild variety of domainsof locality: from the 1226templatetreesin the XTAG grammay 1008 arefor
verbs,morethan82%. Thathappendecause¢he grammaitriesto capturein elementartreesthelocality for each
of thediversesyntacticstructureselatediransformationallyto eachother(the effect of long distancemovements
capturedy adjunctionof theinterveningmaterial). Exampleof requiredireetemplatesare: declaratvetransitive;
ditransitive passve with wh-subjectmoved;andintransitive with PPobjectwith the PP-objectelativized.

As early noticed by (Vijay-Shanler and Schabes1992) the information regarding syntacticstructureand
featureequationsn (feature-based) TAGsis repeatedacrosgsemplatedreesin a quite regularway, that perhaps
couldbemoreconciselycapturedhanby justhaving aplain setof elementaryrees.Besideghe obviouslinguistic
relevance asapureengineeringssue thesuccessf suchenterprisavouldresultin enormoudbenefitfor grammar
developmentandmaintenance.

Severalapproachebave beenproposedn the literaturedescribingcompactrepresentationsiethodsfor LT-
AGs, of which, perhapghe bestknown are (Vijay-Shanler and Schabes]1992),(Candito,1996; Candito,1998),
(Evans,GazdarandWeir, 1995; Evans,GazdarandWeir, 2000),(Xia et al., 1998;Xia, 2001),and(Becker, 1993;
Becker, 1994;Becler, 2000). We describdn this paperhow we combinedBecker’s metaruleswvith a hierarchyof
rule applicationto generateheverbtreetemplatef the XTAG Englishgrammayfrom asmallinitial setof trees.

2. Metarules

A subsystenfor interpretingmetarulesvasinitially introducednto the XTAG developmensystenby Tilman
Becker, from 1993to 1995, basedon his ideasin (Becker, 1993; Becker, 1994)with subsequenadditionsover
theyears,reachinga stableform asdocumentedby this author)in (XTAG ResearclGroup,1998). Althoughit
hasbeentopically usedsincethen,asanauxiliary tool to reducethe effort spentin grammardevelopmente.g.,to
generatehe treesfor an updatedanalysisof relative clausesusingthe formertreesasstartingpoint), this paper
describeshefirst effort to effectively usethemto generatehefull XTAG grammarverbtrees?

* Weareindebtedto all memberof the XTAG Groupthatparticipatedf the valuablediscussionsluringtherealizationof
thiswork, andin particularto AlexandraKinyon for hercommentson this paper

1. Foramoreaccuratedescriptionof thearchitecturesee(XTAG Researclroup,2001)or (Doranet al., 2000).

2. This effort is alreadymentionedin (Doranet al., 2000,p. 388). Therehasbeensomeconfusionon the issue,perhaps
driven by a somavhat ambiguousstatementn (Becker, 2000,p. 331): “In this paper we presenthe variouspatternswhich
areusedin theimplementatiorof metarulesvhich we addedto the XTAG system(Doranet al. 2000)”. The work of Becler
concevedanddevelopedtheideaof metarulesor TAGsandalsocreatedheoriginalimplementatiorof themetaruldanterpreter
aspartof the XTAG software. However, he only createdhe necessargxamplepatterngo supportthe conceptof metarules
while thework describedhereis thefirst to actuallyevaluatemetarulesn-the-lageaspartof the XTAG project.

© 2002 CarlosA. Prolo. Proceedings of the Sixth International Workshop on Tree Adjoining Grammar and Related Frame-
works (TAG+6), pp. 181-186. Universita di Venezia.
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We presentn this sectiona brief introductionto Becker’s metarules’ Considerthetreesin Figurel anchored
by verbsthat take asargumentsan NP anda PP (e.g.,put). The oneto the left corresponddgo its declaratve
structureithe otherto the wh-subjectextractedform. Despitetheir complexity, they sharemostof their structure:
theonly differencedeingthewh-site(higherNPin therighttree)andthetraceatsubjectposition. Thatobsenation
would not be very usefulif the differentialdescriptionwe have madewasidiosyncraticto this pair, which is not
thecase Clearly, mary otherpairsall overthegrammarmwill sharethe samedifferentialdescription.
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Figurel: Somerelatedtreesfor theverbput

Figure 2.a shavs a metarulefor wh-subjectextraction, that capturesthe similarities mentionedabove. It
describeow to automaticallygeneratehetreein Figurel.b, givenasinputthetreein Figurel.a. Hereis how
it works. Firsttheinputtreehasto matchthe left-hand side of the metarule Ihs in Figure2.a, startingfrom their
roots. In the examplethe lhs tree,requiresthe candidatdreeto have its root labeledsS,.. Then,its leftmostchild
hasto bean N P, asindicatedby thenode?2 N P; in |hs: 72 indicatest is thevariable#2; N P, indicatesve need
an N P, regardlesof the subscript. Next, the Ihs treerequiresthe restof the treeto matchvariable?1. Thatis
trivial, becausesuchvariableswith justanidentificationnumberare“wild cards”"thatmatchary rangeof subtrees.
Thematcheof eachvariablein lhs, for theapplicationto theinputtreein Figurel.a,areshovnin Figure2.h.
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a) Metarulefor wh-movementof subject b) VariablesMatchingfor thetreein Figurel.a

Figure2: A metarulefor wh-movementof subjectappliedto thetreeof Figurel.a

Had the matchingprocesgailed the metarulewould not apply andno new treewould have beengenerated.
Sincein the exampleabove the matchingsucceededhe processomove to thefinal step,whichis to generatéhe
new tree. We look at the right-hand side of the metarulerhs andjust replacethe instancef the variablesthere

3. Foramorecomprehense view, including linguistic motivationsandthe sortof patterndt allows, we referthe readerto
(Becler, 2000). The actualsetof metarulesve usedcanbe obtaineduponrequesto this author
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SUBCATEGORIZATION GROUP | No. OFFAMS. | TOTAL No. OF TREES
Intransitve 1 12
Transitve 1 39
Adjectival complement 1 11
Ditransitive 1 46
Prepositionatomplement 4 182
Verbparticleconstructions 3 100
Light verb constructions 2 53
SententialComplemen(full verb) 3 75
SententiaSubject(full verb) 4 14
Idioms (full verb) 8 156
SmallClauses/Predicaft 20 187
Equational’be” 1 2
Ergative 1 12
Resultatves 4 101
It Clefts 3 18
Total 57 1008

Tablel: CurrentXTAG GrammarCoverage

with their matchedvalues,obtainingthe treein Figure1l.b. The sameprocesscanbe appliedfor the mary other
pairsrelatedby the samemetarule.

Variableslike 71 above, with no cateyory specification,are indeedmore powerful thanthe above example
allow usto see.For instancethey allow usto expressdominancerelations.Additionally a single metaruleappli-
cationmay resultmultiple matchingsandthereforemultiple outputtrees.

In afeature-basedrammarasthe onewe arefocusingon, to createtreestructuresvithout the properfeature
equationss of little use. On the other hand, experiencehasshavn that featureequationsare much harderto
maintaincorrectand consistentin the grammarthan the tree structures. The XTAG metarulesuse featuresin
two ways: asmatchingrequirementsandfor transformatiorpurposes Both positive and negative matchingcan
be specified(thatis, one can statethat matchwill happenonly if the input tree doesnot have a certainfeature
equation). Regardingthe transformationsfeatureequationscan be inserted,deleted,maintained,or modified,
whengeneratinghe new treefrom the matchedone. A few imperatve commandsave provedvery useful,e.g.
“replaceall NPswith index 1 by NPswith index w in all equations”.

3. A hierarchy for the application of the metarules

The set of verbaltreescan be seenas a subsetof the Cartesianproductof three dimensions: subcatgo-
rization (e.g., transitve, intransitive), redistritution (e.g., passve), andrealization(e.g., wh-subjectmovement)
— discountedpof course,combinationsblocked by linguistic constraintge.g.,therecannot be objectmovement
in intransitves). The verb treesin the XTAG Englishgrammarare organizedin familiesthat roughly reflecta
subcatgorizationframe. Hence eachfamily containstreesfor eachcombinationof redistribution andrealization
alternatvescompatiblewith the subcatgorizationframe. The base treeof afamily is the onecorrespondingdo its
declaratve usaggno redistribution, argumentsn canonicabposition). Table1 summarizeshe currentcoverageof
the XTAG Englishgrammar The groupingof the familiesis just for presentationatorvenience.

Becker(1993;1994;2000) proposeghata grammatris the closureof the setof basetreesundermetaruleap-
plication,raisinga heatediscussioron theunboundedness the processf recursve application.We understand
theissueis artificial andwe shaw in this sectionthata simpleorderingmechanismamongthe metarulessufiices?

Our strat@y for generatiorof the verbaltreesis asfollows. Thereis a uniqueorderedsetof 21 metarules
(Table2). For eachfamily, we startwith the basedeclaratve tree,applythe sequencef metarulesandtheresult
isthewholefamily of trees.Thesequencef metarulegreappliedin away we call cumulatve modeof application
representeth Figure3. The generatecgetstartwith the declaratve tree. Thefirst metaruleis appliedto the set,
generatinghew trees which arethemselesincludedin the generatedet. Thenthe secondule is applied,andso
on, until the sequencts finished.

Redistrilution rulesareappliedbeforerealizationrules. It is usualfor a metaruleto fail to applyto mary of
the alreadygeneratedrees. Partly, this is dueto the obviousfactthatnot all rulesarecompatiblewith any given

4. Noticethatin the context of TAGs, metarulesareused-off-line” to generate finite grammay a boundedorocessyhich
is radically differentfrom their usein the TransformationaGrammaitraditionor in ary other“on-the-fly” ervironment.
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Metarule Description
passve Generatehe passve form
passive-fromPP Passve form for PPcomplements:
"The resultswereaccountedor by thetheory”
dropby Passve without by-clause
gerund Treesfor NPslikein "Johneatingcale (is unbeliezable)”
wh-subj Wh-subjecimovement
wh-sentsubj Wh-subjectmovementfor sententiabubjects
wh-npobj NP extractionfrom insideobjects
wh-smallnpobj NP extractionfrom insideobjectsfor smallclauses
wh-apobj AP complemengxtraction
wh-adwbj ADVP complementxtraction
wh-ppobj PPcomplemengxtraction
rel-adj]-W Adjunctrelatve clausewith wh-NP
rel-adj-noW Adjunctrelative clausewith (possiblyempty)complementizer,
rel-subj-wW Subjectrelative clausewith wh-NP
rel-subj-noW Subjectrelative clausewith complementizer
rel-subj-noWforpassie | Subjectrelative clausewith complementizefor passies
rel-obj-W NP Obijectrelative clausewith wh-NP
rel-obj-noW NP Objectrelative clausewith complementizer
rel-ppobj PPObjectrelative clause
imperatve Imperatve
PRO PRO Subject

Table2: Metarulesusedto generatehe verbfamiliesof the XTAG EnglishGrammar

nput. > MRO MR1 N MRn Output
Trees Trees

Figure3: Cumulative applicationof metarules

subcatgorizationframeor afteraredistributionmetarulehasbeenappliedto it. Butalso,because¢helinearorderis
asimplificationof whatin factshouldbeapartialorder, e.g. subjectrelativizationshouldnot applyto awh-subject
extractedtree. The constraintexpressedn the metarulesareresponsibldor blockingsuchapplications.

We choseone of the largestfamilies, with 52 trees,for verbslike put that take both an NP and a PP as
complementsto detailthe procesof generation.For the sale of simplicity we omit the 26 relative clausetrees.
Theremaining25trees’® aredescribedn Table3, andthegeneratiorgraphis shovn in Figure4. Numbersassigned
to thetreesin the Tableareusedto referto themin the Figure.

Figure4: Partial generatiorof the put family usingMetarules

5. Thereis onetree,for nominalizationwith determinerwe have found not worth generatingWe commenton thatahead.
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Number | Description Example

1 Declaratve He putthebookonthetable

2 Passve w. by Thebookwasputonthetableby him

3 Passvew.o. by Thebookwasputonthetable

4 Gerundve nominals He puttingthebook on thetablewasunexpected
5 Gerundve for passie w. by Thebookbeingputonthetableby him ...

6 Gerundve for passie w.o. by Thebookbeingputonthetable...

7 Subjectextraction Who putthebookonthetable?

8 Subj. extr. from passve w. by Whatwasputon thetableby him ?

9 Subyj. extr. from passve w.o. by Whatwasputonthetable?

NRRRRRRERR R
QOO NOUIRAWNRO

NNN NN
ORrWNE

1stobj extraction

2ndobj NP extraction

2ndobj NP extr. from passw. by

AgentNP extr. from passw. by

2ndobj NP extr. from pass.w.o. by

PPobj extr

PPobj extr. from pass.w. by

By-clauseextr. from pass.w. by

PPobj extr. from pass.w.o. by

Imperatie

Declaratve with PRO subject

Passve w. by w. PRO subject

Passve w.o. by w. PRO subject

Gerundve nominalswith PRO subject

Gerundve nominalsfor passie w. by w. PRO subject
Gerundve nominalsfor passie w.o. by w. PRO subject

Whatdid he putonthetable?

Wheredid he putthebookon ?

Wherewasthe bookputon by him ?

Who (the hell) wasthis stupidbook put on thetableby ?
Wherewasthebookputon?

Onwhichtabledid heputthebook?

Onwhich tablewasthe bookput by him ?

By whomwasthe bookputonthetable?

Onwhich tablewasthebookput ?
Putthebookonthetable!

| wantto [ PRO putthebookonthetable]
Thecatwanted] PRO to be putonthetreeby J.]
Thecatwanted] PRO to be putonthetree]
Johnappraved of [ PRO puttingthecatonthetree]
Thecatapprored of [ PRO beingputonthetreeby J.]
Thecatappraed of [ PRO beingputonthetree]

Table3: Partial view of thetreesfrom the put family

4, Evaluation and final remarks

An importantmethodologicalssueis thatthe grammarwasgeneratedowardsa pre-eistentEnglishGram-
mar. Sowe canclaim thatthe evaluationwasquite accurate Differencedetweerthe generatecnd pre-eistent
treeshadto be explainedanddiscussedvith the groupof grammardevelopers.Oftenthis led to the discovery of
errorsandbetterwaysof modelingthe grammar The purposeof this work wasto generatehe 57 verbfamilies
(1008trees)from only the corresponding7 declaratve trees(or so) plus21 metarulesa quite compactnitial set.
More importantlya compactsetthat canbe effectively usedfor grammardevelopment We turn now to a short
inventoryof problemsfoundaswell assomeinterestingobsenations:

1. Weundegenerate:

(a) Thereareabout20idiosyncratidreesnotgeneratednvolvingtreesfor “-ed” adjectives,restrictedo transitve
andergative families, and DeterminerGerundtrees,which lack a clear patternacrossthe families! These
treesshouldbe separatelyaddedto the families. Similarly, thereare 10 treesinvolving punctuationin the
sententiacomplementamilieswhich arenotworth generatingautomatically

(b) We overlookedtheit-cleft familieswith peculiartreestructuresandthe equationabe family with two trees.

(c) We do not handleyet: the passvization of the secondobject (from insidea PP)in familiesfor idiomatic
expressiong“The warningwastakenheedof”); the occurrenceof the“by phrase” beforesententiacomple-
ments(“l wastold by Mary that..”); andwh-extractionof sententialcomplementsand of exhaustve PPs.
Exceptfor thefirst caseall canbe easilyaccountedor.

2. We overgenerate:we generatel 200trees(insteadof 1008)8 However things are not so bad asthey look at
first: 206 of them arefor passvesrelatedto idioms andthey are fruit of somepragmatismin the group. It
is acknavledgedthe existenceof a certainamountof overgeneratiorin the treefamiliesdueto the separation
betweenthe lexicon andthe treetemplates.For instancejt is widely known that not all transitve verbscan
undego passvization. But thetransitive family containgpassie trees.The reconciliationcanbe madethrough

6.
7.

Of coursewe would notbevery happy with acompactepresentationresemblinga “zipped” file.
Forinstancethenominalizatiorof thetransitve verbfind selectsa prepositionatomplemenintroducedy thepreposition

of: “The finding of the treasurgby the pirates)wasnews for weeks. But the”of” insertionis not uniform acrossamilies: cf.
“the accountingor thebook”

8.

Whichmeanamorethananexcessof 192treessincethereis alsosomeundegenerationalreadymentioned.
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featuresassignedo verbsthatallow blockingtheselectionof the particulartree. Howeverin thefamily for verb
particlewith two objects(e.g.,for “Johnopenedup Mary abankaccount”) thefour lexical entrieswerejudged
notto undego passvization andthe correspondingrees(64) wereomittedfrom the family. It is not surprising
thenthatthe metarulevergeneratehem. Still, 100 out of the 206 arefor passvesin idiom familieswhich are
currentlynot in the grammarand are definitely lexically dependent.The other42 overgenerategassiesare
in thelight verbfamilies. Therea few othercasesf overgeneratiordueto lexically dependenfudgmentsnot
worth detailing. Finally, a curiouscaseinvolved empty elementghat could be generatedat slightly different
positionsthatarenot distinguishecdat surface(e.g.,beforeor aftera particle). The choicefor having only one
alternatve in thegrammaiis of practicalnature(relatedto parsingefficiency) asopposedo linguistic.

3. Limitationsto furthercompaction:All the metarulesor wh-objectextractiondo essentiallythe same but cur-
rently they cannotbe unified. Furtherimprovementsin the metarulesystemimplementationcould solve the
problemat leastpartially, by allowing to treatsymbolsandindicesasseparateariables.A moredifficult prob-
lemis somesubtledifferencesn thefeatureequationsacrosghe grammar(e.g.,causingthe needof a separate
treefor relativization of the subjectin passve trees). By far, featureequationsconstitutethe hardestissueto
handlewith the metarules.

4. A metaruleshortcoming:currentlythey do not allow for the specificationof negative structuralconstraintgo
matching.Thereis onefeatureequationrelatedto punctuatiorthatneeded separatenetarulegnot described
above) to handle(by exhaustion)the following constraint:the equationshouldbe addedif andonly if the tree
hassomenon-emptymaterialafterthe verbwhichis nota“by-phrase”.

5. Othercases:a separatenetarulewas neededo corvert foot nodesinto substitutionnodesin sententialcom-
plementtrees. This families departsfrom the restof the grammarin that their basetreeis an auxiliary tree
to allow extractionfrom the sententiacomplement.But the correspondingelative clauseshave to have the S
complemengsa substitutionnode. This is moreanengineeringhana conceptuaproblem.
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