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Abstract

We discussa grammardevelopmentprocesaisedto
generatahetreesof thewide-coreragelexicalized
TreeAdjoining GrammarLTAG) for Englishof the
XTAG Project. Resultof the coupling of Becker’s
metarulesand a simple yet principled hierarchyof
rule applicationtheapproacthasbeensuccessfuio
generatahe large setof verbtreesin the grammay
from avery smallinitial setof trees.

1 Introduction

The XTAG Project (Joshi, 2001) is an ongoing
project at the University of Pennsylania since
about1988, aiming at the developmentof natural
languageesourcedasedn TreeAdjoining Gram-
mars (TAGSs) (Joshiand Schabes1997). Perhaps
the most successfulexperiencein it hasbeenthe
constructionof a wide-coveragelexicalized TAG
for English (Doran et al., 2000; XTAG Research
Group,2001),basedon ideasinitially developedin
(Krock andJoshi,1985).

As the grammargrew larger, the processf con-
sistentgrammardevelopmentand maintenancée-
came harder (Vijay-Shanler and Schabes,1992).
An LTAG is a setof lexicalized elementarytrees
thatcanbecombinedthroughtheoperation®f tree
adjunctionandtree substitutionto derive syntactic
structuredor sentencesDriven by locality princi-
ples,eachelementanytreefor a given lexical head
is expectedo containits projection,andslotsfor its
arguments(e.g., (Frank, 2001)). Keepingup with
theseprinciples,onecaneasilyseethatthe number
of requiredelementarytreesis hugefor a grammar
with reasonableoverageof syntacticphenomena.
Underthe XTAG project, for engineeringreasons,
thegrammarthasbeensplitupin (roughly)two main
components a settreetemplatedexicalized by a

For a more accuratedescriptionof the XTAG systemar-
chitecture see(XTAG ResearclGroup,2001)or (Doranetal.,

syntacticcatgory, and a lexicon with eachword
selectingits appropriatetree templates. Figure 1
shaws typical grammartemplatetreesthat can be
selectedvy lexical itemsandcombinedto generate
thestructurein Figure2. Thederivationtree to the
right, containsthe history of the tree grafting pro-
cessthatgeneratedhe derivedtreg to theleft.?
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Figurel: An exampleof TreeAdjoining Grammar
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Figure2: Derivation of JohnsawMary fromthe win-
dow

Although varioussyntacticcategyorieshave mul-
tiple syntacticframesavailable (e.g., prepositions
may have differentkinds of aguments,nounsand
adjectves may have amgumentsor not, etc.), it is
the verbsthat exhibit the mostwild variety of do-
mainsof locality: from the 1004 templatetreesin

2000).
2For amorecomprehensk introductionto TAGsandLexi-
calizedTAGswereferthereaderto (JoshiandSchabes]997).




the XTAG grammay 783arefor verbs,almost80%.
Thathappendecausehe grammartriesto capture
in elementarytreesthe locality for eachof the di-
versesyntacticstructureselatedtransformationally
to eachother (the effect of long distancemove-
mentis capturedby adjunctionof the intervening
material). Examplesof requiredtreetemplatesare:
declaratie transitive (the exampleabove); ditransi-
tive passie with wh-subjecmoved;andintransitive
with PPaobjectwith the PP-objectelatiized.

As earlynoticedby (Vijay-Shanler andSchabes,
1992)the informationregardingsyntacticstructure
and featureequationsin (feature-based).TAGs is
repeatedacrosstemplatestreesin a quite regular
way, thatperhapsouldbe moreconciselycaptured
thanby just having a plain setof elementarytrees.
Besidesthe olvious linguistic relevance,asa pure
engineeringissue, the successof such enterprise
would resultin enormoushenefitsfor grammarde-
velopmentandmaintenance.

Severalapproachebave beenproposedn thelit-
eraturedescribingcompactrepresentationmethods
for LTAGSs, perhapsthe bestknown being (Vijay-
Shanler and Schabes1992), (Candito,1996; Can-
dito, 1998),(Evansetal., 1995;Evansetal., 2000),
(Xia et al., 1998; Xia, 2001), and (Becker, 1993;
Becler, 1994; Becker, 2000). We describein this
paperhow we combinedBecker's metaruleswith
a hierarchyof rule applicationto generatehe verb
treetemplatesn the XTAG Englishgrammayfrom
avery smallinitial setof trees?

2 Metarules

We presentin this sectionanintroductoryexample
of metarule$. Considerthe two treesin Figure 3

3This work startedyearsago,alreadymentionedn (Doran
etal., 2000,p. 388). Therehasbeensomeconfusionon the
issue,perhapdriven by a somevhat ambiguousstatementn
(Becler, 2000, p. 331): “In this paper we presentthe vari-
ouspatternswvhich areusedin theimplementatiorof metarules
whichwe addedo the XTAG systemDoranetal. 2000)”. The
work of Becler conceved anddevelopedtheideaof metarules
for TAGs (Beclker, 1993; Becler, 1994). He alsocreatedthe
original implementationof the metaruleinterpreteras part of
the XTAG software, from 1993to 1995, thereafterimproved
to reachafirst stableform asdocumentedn (XTAG Research
Group,1998).However, with respecto grammaidevelopment,
he only createdthe necessargxamplepatternsto supportthe
conceptof metarulesyhile thework describedhereis thefirst
to actuallyevaluatemetarulesn-the-lage aspartof the XTAG
project(a preliminaryversionof this paperwasin the TAG+6
workshop).

“For a more comprehense introduction of its linguistic
motivationsandthebasicpatternst allows, see(Becler, 2000).

anchoredy verbsthattake asargumentsanNP and
aPP(e.g.,put).

The one to the left corresponddo its declara-
tive structure;the otherto the wh-subjectextracted
form. Despitetheir complity, they sharemostof
their structure: the only differencesbeingthe wh-
sitein therighttree(higherNP) andthetraceatsub-
ject position. That obseration would not be very
usefulif the differential descriptionwe have made
wasidiosyncraticto this pair, which is notthe case.
Clearly mary otherpairsall over the grammaiwill
sharethe samedifferentialdescription.
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(a) declaratie (b) subjectextracted

Figure3: Somerelatedtreesfor theverbput

Figure4 shavs a metarulefor wh-subjectextrac-
tion that captureghe similaritiesmentionedabove.
It describeshow to automaticallygeneratehe tree
in Figure 3.b, given asinput the treein Figure 3.a.
Hereis how it works. First the input tree hasto
matchtheleft-handsideof themetaruleJhsin Fig-
ure 4, startingfrom their roots. In the example,the
Ihs tree requiresthe candidatereeto have its root
labeledsS,.. Then,its leftmostchild hasto beanNP,
asindicatedby thenode?2 NP, in Ihs. 72 indicates
it is thevariable#2; NP, indicatesve needanNP,
regardlessof the subscript. Next, the lhs tree re-
quirestherestof thetreeto matchvariable?1. That
is trivial, becausesuchvariableswith just aniden-
tification numberare “wild cards”that matchary
rangeof subtrees.The matchesf eachvariablein
Ihs, for the applicationto the input treein Figure
3.a,areshavn in Figureb.

Had the matching processfailed no new tree
would have beengenerated.Sincein the example
above the matchingsucceededhe processomove
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Figure4. Metarulefor wh-movementof subject
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Figure5: VariableMatchingfor thetreein Fig. 3.a

to thefinal step,which is to generateghe new tree.
We look at the right-hand side of the metarulerhs
andjustreplacethe instanceof the variablesthere
with their matchedvalues,obtainingthetreein Fig-
ure 3. The sameprocesscan be appliedfor the
mary otherpairsrelatedby the samemetarule.

In a feature-basedjyrammaras the one we are
focusing on, to createtree structureswithout the
properfeatureequationss of little use.Ontheother
hand,experiencehasshavn that featureequations
aremuchharderto maintaincorrectandconsistent
in thegrammarthanthetreestructures.The XTAG
metarulesisefeaturesn two ways:asmatchingre-
guirementsandfor transformatiorpurposes.

3 Anordered set of metarules

The setof verbaltreescan be seenas a subsetof
the Cartesianproduct of three dimensions: sub-
cateyorization (e.g., transitve, intransitive), redis-
tribution (e.g., passie), and realization(e.g., wh-
subjectmovement)- discountedpf course combi-
nationsblocked by linguistic constraintge.g.,there
cannot be objectmovementin intransitives). The
verbtreesin the XTAG Englishgrammarare orga-
nizedin families that roughly reflecta subcatgo-
rization frame. Hence,eachfamily containstrees

SUBCATEGORIZATION GROUP | No. of | No. of

Fams.| Trees
Intransitve 1 12
Transitve 1 39
Adjectival complement 1 11
Ditransitive 1 46
Prepositionatomplement 4 182
Verbparticleconstructions 3 100
Light verbconstructions 2 53
SententialComplementfull verb) 3 75
SententiaSubject(full verb) 4 14
Idioms (full verb) 8 156
SmallClauses/Predicatt 20 187
Equational’be” 1 2
Ergative 1 12
Resultatves 4 101
It Clefts 3 18
Total 57| 1008

Tablel: CurrentXTAG GrammarCoverage

for eachcombinationof redistritution andrealiza-
tion alternatvescompatiblewith the subcatgoriza-
tion frame. The basetree of a family is the one
correspondingo its declaratre usage(no redistri-
bution, agumentsin canonicalposition). Table 1
summarizeshe currentcoverageof the XTAG En-
glish grammar The groupingof the familiesis just
for presentationatorvenience.

Becler (1993;1994;2000)proposeshatagram-
mar is the closureof the set of basetreesunder
metaruleapplication raisinga heateddiscussioron
theunboundedness the proces®f recursve appli-
cation. We understandheissueis artificial andwe
shaw in this sectionthata simple orderingmecha-
nismamongthe metarulessufices®

Our stratgy for generationof the verbal trees
is the following. Thereis a uniqueorderedset of
21 metarules(Table 2). For eachfamily, we start
with the base,declaratie tree, apply the sequence
of metarulesandthe resultis the whole family of
trees. The sequencef metarulesare appliedin a
way we call cumulative modeof applicationrepre-
sentedn Figure6. The generatedgetstartwith the
declaratie tree. Thefirst metaruleis appliedto the
set,generatinghew trees,which arethemselesin-
cludedin thegeneratedet. Thenthe secondule is
applied,andsoon, until the sequencés finished.

Redistritlution rulesareappliedbeforerealization

SNoticethatin thecontext of TAGs, metarulesreused-off-
line” to generatea finite grammayraboundedorocesswhichis
radicallydifferentfromtheirusein theTransformationaGGram-
martraditionor in ary other“on-the-fly” ervironment.



Metarule Description
passve Generatahe passve form
passve-fromPP | Passve form for PPcomplements:
"Resultswereaccountedor by ..”
dropby Passve without by-clause
gerund Treesfor NPslikein "Johneating
cake (is unbelievable)”
imperatve Imperatve
wh-subj Wh-subjectmovement
wh-sentsubj Wh-subj.mov. for sententiakubjs.
wh-npobj NP extractionfrom insideobjects
wh-smalinpobj | NP obj. extr. for smallclauses
wh-apobj AP complemengxtraction
wh-adwobj ADVP complemengxtraction
wh-ppobj PPcomplementxtraction
rel-adj-W Adjunctrel. clausewith wh-NP
rel-adj-now Adj. rel. clausewith compl.
rel-subj-W Subjectrel. clausewith wh-NP
rel-subj-noW Subj. rel. clausewith compl.
rel-subj-noW Subj. rel. clausewith compl. for
forpassie passves
rel-obj-W NP Obijectrel. clausewith wh-NP
rel-obj-nowW NP Obj. rel. clausewith compl.
rel-ppobj PPObijectrel. clause
PRO PRO Subject

Table2: Metarulesusedto generatdhe verb fami-
lies of the XTAG EnglishGrammar

el el lrer
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Figure6: Cumulatve applicationof metarules

rules. It is usualfor a metaruleto fail to apply to
mary of the alreadygeneratedrees. Partly, thisis
dueto theobviousfactthatnotall rulesarecompat-
ible with ary givensubcatgorizationframeor after
anothermetarulehasbeenappliedto it. But also,
becausehe linear orderis clearly a simplification
of whatin factshouldbeapartialorder e.g.subject
relativization shouldnot apply to a wh-subjectex-
tractedtree. Constraintsxpressedn the metarules
areresponsibldor blockingsuchapplications.

We choseone of the largest families, with 52
trees,for verbslike put that take both an NP and
a PPascomplementsto detail the processof gen-
eration. For the sale of simplicity we omit the 26
relative clausetrees. The remaining25 trees® are
describedin Table 3, andthe generationgraphis
shawvn in Figure7. Numbersassignedo thetreesin

5Thereis onetree,for nominalizationwith determinerwe
have found notworth generatingWe commenton thatahead.

the Tableareusedto referto themin the Figure.

Figure7: Partial generatiorof the put family

4 Evaluation

An importantmethodologicaissueis thatthegram-
mar was generatedowards a pre-«istent English
grammar Sowe canclaim thatthe evaluationwas
quite accurate.Differenceshetweenthe generated
and pre-«istenttreeshadto be explainedanddis-
cussedwith the group of grammardevelopers. Of-
tenthisledtothediscovery of errorsandbetterways
of modelingthe grammar Perhapghe bestexpres-
sion of the succes®f this enterprisevasto be able
to generatethe 53 verb families (783 trees)from
only the corresponding3 declaratie trees(or so)
plus 21 metarulesa quite compactnitial set.More
importantlythis compacisetcanbeeffectively used
for grammaidevelopment Weturnnow to theprob-
lemsfoundaswell assomeinterestingobsenations.

4.1 Weundergenerate:’

There are about 20 idiosyncratictreesnot genef
ated,involving treesfor “-ed” adjecties, restricted
to transitive and ergative families, and Determiner
Gerundtrees,which lack a clear patternacrossthe
families® Thesetreesshouldbeseparateladdedo
the families. Similarly, thereare 10 treesinvolving
punctuationin the sententialcomplementfamilies
which arenotworth generatingautomatically

We do not handleyet: the passvization of the
secondobject(from insidea PP)in familiesfor id-
iomatic expressiong“The warningwastaken heed

"We overlooled it-cleft families, with unusualtree struc-
tures,andthe equationabe family with two trees.

8For instance the nominalizationof the transitive verbfind
selectsa prepositionakcomplementntroducedby the preposi-
tion of: “The finding of the treasurgby the pirates)wasnews
for weeks. Butthe”of” insertionis not uniform acrossfami-
lies: cf. “the accountindgor thebook”



Passvew.o. by

Gerundve nominals

Gerundve for passve w. by
Gerundvefor passve w.o. by
Subjectextraction

Subj. extr. from passve w. by

Subj. extr. from passve w.o. by

10 | 1stobj. extraction

11 | 2ndobj. NP extraction

12 | 2ndobj. NP extr. from pass.w. by
13 | AgentNP extr. from pass.w. by

14 | 2ndobj. NP extr. from pass.w.o. by
15 | PPobj. extr.

16 | PPobj. extr. from pass.w. by

17 | By-clauseextr. from pass.w. by

18 | PPobj. extr. from pass.w.o. by

19 | Imperatve

20 | Declaratve with PRO subject

21 | Passvew. by w. PRO subject

22 | Passvew.o. by w. PRO subject

23 | Ger noms.with PRO subject

24 | Ger noms.for passvew. by w. PRO subj.
25 | Ger noms.for passvew.o. by w. PRO subj.

©O~NOUTAWNR Z

0. | DESCRIPTION EXAMPLE
Declaratve He putthebookonthetable
Passvew. by Thebookwasputonthetableby him

Thebookwasputonthetable

He puttingthe book on thetablewasunexpected
Thebookbeingputonthetableby him ...
Thebookbeingputonthetable...

Who putthebookonthetable?
Whatwasputonthetableby him ?
Whatwasputonthetable?

Whatdid heputonthetable?

Wheredid heputthebookon ?

Wherewasthe bookputon by him ?

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

Onwhichtabledid heputthebook?
Onwhichtablewasthebookputby him ?

By whomwasthebookputonthetable?
Onwhichtablewasthebookput ?
Putthebookonthetable!

I wantto [ PRO putthebookonthetable]
Thecatwanted[ PRO to be putonthetreeby J.]
Thecatwanted[ PRO to be putonthetree]
Johnapproredof [ PRO puttingthecatonthetree]
Thecatapprovedof [ PRO beingputonthetreeby J.]
Thecatapprovedof [ PRO beingputonthetree]

Table3: Partial view of thetreesfrom the putfamily

of”); theoccurrenceof the“by phrasé beforesen-
tentialcomplementg”l wastold by Mary that...");

andwh-extractionof sententiatomplementsindof
exhaustve PPs. Exceptfor thefirst caseall canbe
easilyaccountedor.

4.2 Weovergenerate:

We generatel 200 trees(insteadof 1008)? How-
everthingsarenotasbadasthey look: 206 of them
arefor passvesrelatedto multi-anchortrees,aswe
explain next. It is acknavledgedthe existenceof a
certainamountof overgenerationin the tree fami-
lies dueto the separatiorbetweenthe lexicon and
thetreetemplatesFor instanceijt is widely knowvn
that not all transitve verbscanundego passviza-

tion. Butthetransitive family containgpassie trees.

Thereconciliationcanbe madethroughfeaturesas-
signedto verbsthatallow blockingthe selectionof
the particulartree. However in the family for verb
particlewith two objects(e.qg.,for “Johnopenedip
Mary abankaccount”) thefour lexical entrieswere
judgednot to undego passiization andthe corre-
spondingrees(64) wereomittedfrom thefamily. It
is not surprisingthenthat the metarulesovergener
atethem. Still, 1000utof the206arefor passvesin
theunfinisheddiom familiesandaredefinitelylex-

®Which meansmorethananexcessof 192treessincethere
is alsosomeundegenerationalreadymentioned.

ically dependent.The other42 overgenerategas-
sivesarein thelight verbfamilies. Therearea few
other casesof overgenerationdue to lexically de-
pendentjudgments not worth detailing. Finally, a
curiouscaseinvolved emptyelementghatcouldbe
generatedht slightly different positionswhich are
not distinguishedat surface(e.g., beforeor after a
particle). The choicefor having only one alterna-
tive in thegrammaiis of practicalnature(relatedto
parsingefficiengy) asopposedo linguistic.

4.3 Limitationsto further compaction:

All themetaruledor wh-objectextractiondo essen-
tially the same,but currently they cannotbe uni-

fied. Furtherimprovementsin the metarulesys-

temimplementatiorcouldsolve theproblematleast
partially, by allowing to treatsymbolsandindices
as separatevariables. A more difficult problem
aresomesubtledifferencedn thefeatureequations
acrosghegrammarn(e.g.,causingheneedof a sep-
aratetreefor relatvization of the subjectin passie

trees).By far, featureequationsonstitutethe hard-

estissueto handlewith the metarules.

4.4 A metarule shortcoming:

Currentlythey do not allow for the specificationof
negatie structuralconstraintso matching. There
is one featureequationrelatedto punctuationthat
neededs separatanetarulegnot describedabore)



to handle(by exhaustion)the following constraint:
the equationshouldbe addedif andonly if thetree
hassomenon-emptymaterialafter the verb which
is nota“by-phrase”.

45 Other cases.

A separatemetarulewas neededto convert foot
nodesinto substitutionnodesin sententiakcomple-
menttrees. This families departsfrom the restof
the grammarin that their basetree is an auxiliary
treeto allow extractionfrom the sententiacomple-
ment. But the correspondingelative clauseshave
to have the S complementsa substitutionnode.

5 Discussion

A questionmight arise aboutthe rationalebehind
the orderingof therules. Therehasbeensomede-
bateabouthow lexical or syntacticrulesshouldap-
ply to generatean LTAG. Becker's metaruleshave
beentageteddueto the unboundedness the pro-
cessof their recursve application.He hasbeende-
fending himself (Becker, 2000) suggestingprinci-
plesunderwhich boundedneswould ariseasa nat-
ural consequence What we have beenproposing
hereis a clearseparatioetweerthe metarulessa
formal systemfor deriving treesfrom treesandthe
control mechanisnthat sayswhich rule is applied
when. Given the experimentwe have reportedin
this paper it seemaundeniablehat suchapproach
shouldbe consideredht leastvalid.

As for the particularorderwe adopted,as men-
tioned before,it comespartly from reasonableas-
sumptionsabout precedencef lexical redistritu-
tion rules over extractionrules (which canalsobe
empirically obsered), andpartly asa meresimpli-
ficationof a partialorderrelation.

In arelatedissue,it is importantto notice also
thatthe orderingis not amongrules,but amongin-
stance®f rule applicationsasobseredin (Evanset
al., 2000). It wasjust by “accident’thatruleswere
appliedonly once. For instance,one could imag-
ine thatin languagesvhere doublewh-movement
is possibleawh-rule have to be effectively applied
twice. Thatdoesnot entitle oneto rejectana pri-
ory orderingbetweenthe instanceslin this casethe
wh-rulewould appeatwice in thegraph.

Still anotherissuethatcanberaisedis relatedto
themonotonicityof theapproachespeciallyin face
of the problemswe hadwith passies. As in (Can-
dito, 1996), we overgenerate:ultimately treesare
incorrectlybeingassignedo somelexical items.In
our particularcase however this canbe chagedto

thearchitectureof the XTAG Englishgrammar The
obvious way to handlethis kind of problemin the
XTAG grammaiis by way of featuresn thelexical
items that block their effective selectionof a tem-
plate. On the other handif one wantsto adopta
strongerlexicalist approachiit is easyto seehow
one could allow the lexical item to influencethe
basdreessoasto controlwhatrulesin thechainare
effectively applied,e.g.,asin (Evanset al., 2000).
Or, in otherwords: a metaruleby itself is just a
mechanisnor tree-transformatiot

6 Conclusions

Theideasof compactrepresentationf the lexicon
arecertainlynotnew, with well known concretepro-
posaldor diverseframevorks(Bresnan1982;Gaz-
daretal.,1985;PollardandSag,1997).For LTAGS,
in particular therehasbeenquite a few proposals,
aswe have alreadymentioned(Vijay-Shanler and
Schabes]992;Becker, 1993;Candito,1996;Evans
etal., 1995; Xia, 2001),andevenlarge-scalegram-
marshbuilt with them, e.g.,the Frenchgrammarin
(Abeille andCandito,2000)andan Englishonein
(Xia, 2001).

The work we describedin this paperevaluates
a particularapproachto grammargenerationfrom
compactepresentatiorOntheonehand,it teststhe
hypothesighat Becler’s tree-transformatiomules,
the 'metarules; fit well the LTAG formalism and
canbeeffectively andefficiently usedto build large-
scalesuchgrammarsOntheotherhand thefacility
with which anaturalpartialorderingof suchrulesis
obtained(heresimplified asatotal orderfor practi-
cal reasons)dismisseghe debateconcerningfree-
generation,unboundednessnd also wealensthe
argumentsconcerningthe non-directionalityof the
metarulessuggestinghatthey mightbemoreof an
academimature.

A major strengthof the approaclis to have seta
target grammarwith which to compare.A detailed
qualitative evaluation of the mismatchesbetween
the existing and generatedyrammarswvas obtained
thatallows usto accessiot only the weaknessesf
the generatiomrocessut alsothe problemsof the
original grammardevelopment: e.g., the inconsis-
teng in the treatmentof the interfacebetweenthe
lexicon andthetreetemplates.

Futurework in the XTAG groupincludesthecon-
structionof a graph basedinterface for metarules
that allows the applicationof metarulesaccording

190t coursethis maynotreflectBecker’s view.



to a partial order aswell as distinct treatmentfor
differentfamilies!! We are also interestedin as-
pectsof the useof metaruleso enhancextracted
grammargKinyon andProlo,2002).
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