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Abstract

This paper presentsa workbenchfor
Tree Adjoining Grammarsthat we are
currently developing. This workbench
includes several tools and resources
basedon the markup languageXML,
usedasacorvenientlanguageo format
andexchangdinguistic resources.

1 Intr oduction

Our primary concernlies in the developmen-
t of efficient parserdor variousgrammaticafor-

malisms of interestfor Natural LanguagePro-
cessing.TreeAdjoining GrammargTAG] is one
of theseformalisms,importantfrom a linguistic
pointof view but alsobecausét is possibleto de-
signefficient parsers.

However, during our work on TAG, we were
confrontedwith alack of standardizationf gram-
mars, especiallywhen dealingwith wide cover-
agegrammars.The XTAG Systermt (The XTAG
Researclzroup,1995)providesanimplicit stan-
dard,but it is not very readableandlacksexplic-
it specifications.The variousgrammarsve stud-
ied presentednary variations.Moreover, we also
notedmary problemsof consistencietn mostof
them.

Following others,amongstwhom LT XML 2
and especially(Bonhommeand Lopez, 2000),
we consideredhat the markuplanguageXML 3

lhttp://www.cis.up(—:‘nn.edu/~xtag/
2http://www.ltg.ed.ac.uk/
3http://www.w3c.org/XML/
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would be a goodchoiceto represenTAG, espe-
cially with the possibility of providing anexplicit

andlogical specificatiorvia a DTD. Beingtextu-

al, resourcesn XML canbereadby humansand
easily exchangedand maintained. Finally, there
existsmoreandmoresupportdo handleXML re-

sourcesWe have alsofoundthatXML isacorve-

nientlanguageto storelinguistic results,suchas
the sharedderiation forestsoutputby our TAG

parsers.

The paperstartswith a brief introductionto
TAGs. Section3 presentghe different XML en-
codingsthatwe have designedor therepresenta-
tion of grammarsnddervationforests.Sectiord
presentssereral different maintenancdools we
are developing to handlegrammarsand derva-
tion forests. Section5 presentsseners usedto
accesdlifferentkind of informations. Interfaces
for thesesenersarepresentedn Section6.

2 TreeAdjoining Grammars

The TAG formalism (Joshi, 1987)is particular
ly suitableto describemary linguistic phenome-
na. A TAG is given by a setof elementaryrees
partitionedinto initial treesand auxiliary trees
Internal nodesare labeledby non-terminalsand
leavesby non-terminalor terminals. Eachauxil-
iary tree 8 hasa distinguishedeaf, calledits foot
and labeledby a non-terminal,the sameas the
rootnodeof .

Two operationsmay be usedto derie trees
from elementarytrees. Thefirst one,called sub-
stitution replacesa leaf nodelabeledby a non-
terminal A by aninitial treea whoserootis also
labeledby A. The secondoperation,called ad-
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junction is illustratedby Figure1. An auxiliary
tree whoserootis labeledby A maybeadjoined
at ary nodev labeledby A. The subtreerooted
atv is graftedto thefoot of S.

FeatureTAGs extend TAGs by attachingto n-
odesa pair of first-order terms representedy
Featue Structues [FS] and called top and bot-
tomarguments. Thesefeaturestructuresmay be
used;for instanceto handleagreemenbr enforce
semantiaestrictions.

Lexicalized (Feature)TAGsassumeshateach
elementarytree hasat leastone lexical nodela-
beledby aterminal. However, explicit lexicalized
grammarswvould be huge,with oneor moreele-
mentarytreesfor eachentryin the lexicon. The
choicemadeby the XTAG groupandby all the
designersof wide coverage TAGs is to factor
ize the grammarsand gives enoughinformation
to lexicalize partsof the grammarsvhenneeded.
Morphologicalentries(or inflectedforms) refer
enceoneor morelemmaentries,which, in turn,
referto familiesof treeschemaA treeschemas
anelementaryreewith adistinguishedeafcalled
andor nodethatis to be replacedoy a morpho-
logical entry Eachreferencemay be completed
by additionalconstraints.

For instance,extracted from a small French
grammay Figure 2 shavs the basic elements
(morphologicalentry donne, lemma\DONNER),
and tree schematn1pn2 ) usedto build the tree
tnlpn2 (donne) correspondingto the syntactic
pattern(1) andillustratedby sentencg2). The
lemma part statesthat the subjectNP, and the
prepositionakcomplemeniNP, mustboth be hu-
man andthat NP, is introducedby the preposi-
tion a (co-anchoring). In the treetnlpn2 , the
substitutionnodesare marked with | andthe an-
chornodewith <>.

Q) quelgu’undonnequelquechosea quelqu’un
somebodyives something to somebody

~

2) Yvesdonneunjoli livre a Sabine
Yvesgives a nicebookto Sabine

donne: \ DONNER,\ V
{mode =,indnum =sing }

\ DONNER,WV: tnlpn2 [p_2=a ]

{NP_O .trrestr =+,hum
NP_2t:rrestr =+hum}
tnlpn2
S
/N
NP, VP
FON
vV NPl PP
v /N
<>V Pl NP

Figure2: Treeschema

3 XML Encoding

3.1 Representinggrammars

We have designeda DTD# that clearly specifies
the relationsbetweenthe variouscomponent®of

agrammar Forinstancethefollowing DTD frag-

ment statesthat a morphologicalentry is char

acterizedby a field lex and includeszero or

moredescriptionentries(for documentationand
at leastonereferenceto a lemma(lemmaref ).

Similarly, an elementlemmaref is character
ized by the fields name and cat , and may be

completedby aFSamgument(fs ).

<IELEMENT morph (desc*lemmaref+)>

<IATTLIST  morph lex CDATA #REQUIRED>
<IELEMENT lemmaref  (fs?)>

<IATTLIST  lemmaref name CDATA #REQUIRED

cat CDATA #REQUIRED>

Following the DTD, the variouselementsde-
scribedin Figure 2 may be representedy the
(tiny) following XML fragment,omitting the FS
specificatioron nodesfor sale of spaceandclar

ity.

<tag axiom="s">
<mor ph | ex="donne ">
<l enmar ef cat ="v"
<fs>
<f name="mode">
<val >ind </ val >
<val >subj </ val >

name="*DONNER">

4http://atoll.inria.fr/~c|erger/ta(.;.dtd,xml



</f>
<f name="num">
<val >sing </ val >
</f>
</ fs>
</ | emmar ef >
</ mor ph>
<l enma cat ="v" name="*DONNER">
<anchor tree_id ="family [@name=tnlpn2 ]">
<coanchor node_id ="p_2 ">
<l ex>a</ | ex>
</ coanchor >
<equation node_id ="np_0 "
<f s>
<f name="restr ">
<val >plushum </ val >
</ f>
</ fs>
</ equati on>
<equation node_id ="np_2 "
<fs>
<f name="restr ">
<val >plushum </ val >
</ f>
</ fs>
</ equati on>
</ anchor >
</ 1 emma>
<fam |y name="tnlpn2 ">
<tree name="tnlpn2 ">

type= "top">

type= "top">

<node cat ="s" adj ="yes" type="std ">

<node cat ="np" id="np_0 " type= "subst’ />
<node cat ="vp" adj="yes " type= "std">

<node cat="v" adj="yes " type= "anchor" />

<node cat="np"
<node cat="pp"
<node cat="p"
<node cat="np "
</ node>
</ node>
</ node>
</tree>
</fam|y>
</tag >

type="subst " />

adj="yes " type ="std">
id="p_2 " type= "subst"/>
id="np_2 " type ="subst "/>

Currently we have encodeda small French
grammar (50 tree schemata,117 lemmasand
345morphologicalentries)andan Englishgram-
mar (456 tree schemata, 333 lemmas and
507 morphologicalentries). We are processing
someotherlargergrammargfor bothEnglishand
French).

3.2 Encodingderivations

A (deterministic)TAG parsermay return either
the result of the analysisas a parsetree, or the
stepsof thederivationasadervationtree. These
two alternatvesareillustratedfor sentencé3) by
Figures3 and4 (with Figure5 shawing the ele-
mentarylexicalized trees). A derwvationtreein-
dicateswhich operation(substitutionor adjunc-
tion of sometree)hastaken placeon which node
of which tree, for instancethe adjunctionof tree
a(joli ) atnodelabeledN. It is worth notingthat
the parsetree may be retrieved from the deriva-
tion tree, which motivatesour interestin deriva-

tion trees.

(3) Yvesdonneunjoli livre a Sabine
Yvesgives a nicebookto Sabine
/ S\
NP /VP\
Yves V NP PP
donne NP P NP
D N a Sabine
un Adj N
oo
joli  livre
Figure3: ParseTree
substs,
tnipn2 (donne,a )
| ™~
substxp, substnp, substnp,
np(Yves) npdn (livre ) np(Sabine )
/N
substp, adj <>
d(un) a(joli )

Figure4: DerivationTree
/OP\
derivy derivy derivs
node; nodes nodes
op op op

Figure6: Organizationof a dervationforest

In caseof ambiguity(frequentin NLP), several
or evenanunboundeciumberof derivationtrees
may actuallybe compactednto a shaed deriva-
tion forest equialentto a Context-FreeGrammar
(Lang, 1991). Thisremarkhasguidedthe design
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Figure5: Elementarytrees

of a DTD® to encodesharedderiation forests.
This DTD introducesthe primary elementsop,
deriv , andnode aswell asanelemenwpref
usedto referenceslementop. Thelogical orga-
nizationof theseelementss sketchedn Figure6.
More precisely:

op , identifiedby its attributeid , denoteseither
anoperationof substitutionor of adjunction
(attribute type ) on somesyntacticcateyo-
ry (attribute cat ) for somespanof thein-
putstring (attribute span ). Sub-elementef
op mayalsobe presento specifythefeature
valuesassociatedo the operation.

deriv detailsapossiblederivationfor someoper
ation, basedon somelexicalizedtree given
by atreeschemdattributetree ) andanan-
chor(anchor ).

node specifieswhich operationop hasbeenper
formedon somenode (attribute node_id )
of anelementantreeduringadervation.

A derivationtreemay be expressedn a nested
way usingonly elementp, deriv , andnode .
A sharedorestwill requirethe useof opref to
denotemultiple occurrencesf a sameoperation.

5http://atolI.inria.fr/~c|erger/fores,t.dtd,xml

The abore derivation tree may be represented
by the following XML fragment(omitting infor-
mationaboutthefeaturestructures).

<forest parser ="Light DyAlLog">
<sent ence> Yves donne un joli livre & Sabine
</ sent ence>
<op cat=" s" span="0 7" id ="1" type ="subst ">

<deriv tree="tnlpn2 " anchor ="donne ">

<node id="p_2 "><opref ref="5" /></ node>
<node id="np_0 "><opref ref="2" /></ node>
<node id="1"> <opref ref ="4" /[></ node>
<node id="np_2 "><opref ref="6" /></ node>
</ deriv>
</ op>

<op cat=" np"
<deriv tree="np "

</ op>

<op cat=" np"
<deriv tree="npdn

span="0 1" id ="2" type ="subst ">
anchor ="Yves" />

span="2 5" id ="4" type ="subst ">
" anchor ="livre ">

<node id="n_" ><opref ref="10" /></ node>
<node id="0"> <opref ref ="8" /></ node>
</ deriv>
</ op>

<op cat=" p"
<deriv tree="p"

</ op>

<op cat=" np"
<deriv tree="np

</ op>

<op cat=" d"
<deriv tree="d"

</ op>

span="5 6" id ="5" type ="subst ">
anchor= "a" />

span="6 7" id ="6" type ="subst ">
" anchor ="Sabine " />

span="2 3" id ="8" type ="subst ">
anchor= "un" />

<op cat=" n" span="3 5 4 5" id="10" type= "adj">
<deriv tree="an " anchor ="joli" />
</ op>
</forest>

4 Maintenancetools

4.1 For the grammars

The XML encodingof grammarsis corvenient
for maintenanceandexchange.However, it does



not correspondo the input formatsexpectedby
the two parsercompilerswe develop. One of
them(DyALog) expectsa prolog-like representa-
tion of the grammargAlonso Pardoet al., 2000)
while the secondone expectsRangeConcatena-
tion GrammargRCG] (Boullier, 2000).

\ /
| XTAG]—[XML ] TAG
~ ™~

Figure7: Maintenancéloolsfor thegrammars

Therefore we have developedin Perl a setof
maintenancenodules.for thesecorversionsand
for othertasks(Figure 7). The centralmodule
TAG implementsan object-orientedview of the
logical structurespecifiedby the GrammarDTD.
Theothermodulesaddnen methoddgo theclass-
esintroducedby TAG.

BesidegheconversionmodulesLP andRCG,
we also have a read/writeXML module. Mod-
ule Checker is usedto check(partially) the co-
herenceof the grammarandto producesomes-
tatistics. Module Analyzer extractsinformation
neededor the compilationby the DyALog sys-
tem. Module Strip deletesall informationrela-
tiveto featurestructuregrom thegrammarMod-
ule SQL may be usedto storeto andloadfrom a
SQL database.

Our choiceof Perl hasbeenmotivatedby the
availability from archve sitesof mary Perlmod-
ulesto handleXML resource®r databasaccess.
Moreover, the developmentof a Perl moduleis
fast(for a prototype) generallyonly afew hours.
For instance we have realizeda prototypemod-
ule LaTeX, usefulto build the documentatiorof
a grammar We are alsothinking of an HTML
moduleto build onlineversions.

4.2 For the derivation forests

Similarly, we have alsodevelopeda setof mod-
ulesto handledervation forests(Fig. 8) with a

_[oe

| FOREST——[HTML |
/ / ~

XML
[XTAG| |Tree]

RCG

Figure8: Maintenancéloolsfor theforests

centralmodule FOREST and corversion mod-
ules.ModulesLP, RCG, andXTAG readtheout-
put formatsof the derivation forestsproducedby
our parsersandby the TAG parse?. The forests
canthenbeemittedin XML format(moduleXM-
L), in HTML format (moduleHTML ), astrees
(moduleTreg or asdependengcgraphs(module
Dep).

Othermodulesshouldbe addedin the future,
suchasSQL moduleto readto andto write from
adatabaseisedasa derivationtree-banka Strip
moduleto remove features,or differentfiltering
modulesto extractsubset®f aforest.

5 Sewers

Exploiting someof thesemodules but alsoother
componentglevelopedin Java, we areinstalling
several senersto accesdlifferentkinds of infor-
mation (parsers,grammars,forests)in uniform
anddistributedways.

5.1 A sewer of parsers

We are exploring several waysto build efficient
parsersfor TAGs (Eric Villemonte de la Clerg-
erie and Alonso Pardo, 1998; Alonso Pardo et
al., 2000; Eric Villemontede la Clemyerie, 2001;
Boullier, 2000;Barthélemyetal., 2001;Barthéle-
my et al., 2000), which leads us to maintain
a growing set of parsers. Moreover, we wish
to be able to comparethe output producedby
theseparsersto check soundnessgcompleteness
andlevel of sharingin the deriation forests. To
achieve theseobjectives, we provide a uniform
setting by installing a simple server of parsers,
writtenin Perl. Onceconnectedo this sener, one

6http://www.cis.upenn.(—:‘du/~xtag/



selectsa parserandsendsa sentenceo parsethe
sener returnsthe sharedderiation forestin raw,
HTML, XML, Treeor Depformats.

A WEB front-end may be usedto connectto
this sener. Figures9 and10 shawv two views of a
dervationforestbuilt usingthesener.

AnotherWEB front-end allows thedirectsub-
mission to the sener of a derwvation forest in
oneof the 3 recognizednput formats(LP, RCG,
XTAG). Submissionin XML format should be
addedsoon.

s07
tnlpn2(donne

/%#1\32 np_2

np01 np25 p56 npe67
np(Yves) npdn(livre) p(a) np(Sabine),
\
\
\
d#0 ' n_
\
\
\
A |
d23 n3545
d(un) an(joli)

Figure9: Derivationtree

5.2 A sewer of grammars

Becauseof the size of wide-coseragegrammars,
we believe thatworking with grammarsstoredin
files is no longer a valid option (except for ex-
changingthem). Databaseshouldbe usedin-
steadwherebits of informationcanbe efficiently
retrieved. Moreover, moderndatabasenanagers
provide sener fonctionalitiesand securitymech-
anisms.

Aroundtheseideas,we arecurrently develop-
ing in Javaa sener of grammars.

First the grammarsare loaded into a SQL
databasgnamely MySQL®). It shouldbe noted
thatthestructureof thedatabaseeflectsthe XML
structurefor grammarsandnotdirectly the struc-
tureof thegrammarsThis meanghattheloading

7http://medoc.inria.fr/pub-cg.;i-bin/parser.cgi

8http://medoc.inria.fr/pub—cgi—bin/forest.cgi
9http://www.mysql.com/

phasemay be performedfor (almost)ary kind of
XML documents.

The secondmain componenbf theseneris a
small query languageusedto fetch information
from the databaseavhile hiding, for non special-
ists, the complity of languagesSQL, XQL or
XPath. We have chosenan objectorientednota-
tion which, once again, reflectsthe structureof
the TAG DTD andwhich is also closeto path
equationsfamiliar to computationalinguistsin,
for instanceHPSG .We have severaltypessuchas
family , morph,tree ornode corresponding
to thedifferentkindsof elementf theDTD. For
eachtype, severalmethodsareavailable. For ex-
ample,thefollowing queryreturnsthe nameand
the Databasdd (DBId) of all treesbelongingto
family tnlpn2 . A secondkind of requestdakes
a DBId n andreturnsthe full XML fragmentas-
sociatedo the XML elementwhoseindex in the
databasés n.

var
tree t;
sel ect
t. name; t;
wher e
t. family.
end

name’ = 'tnlpn2

ThegrammarsenerworksasaJavaservletin-
tegratedin a HTTP sener ApacheusingJServ®.
It may be accessedising URL with parameters
(asdonefor CGl scripts). Thesener decodeghe
parametersand transformsthe queryinto a SQL
guery sendto the databasecorrespondingo the
selectedgrammar Theresultis eitheratableen-
codedin XML formatoran XML fragmentof the
grammarA smallWEB interfacé is availableto
displaytheresultsin anavigator (by transforming
theminto HTML) but it is alsopossibleto getthe
resultsasan XML file. Toolscanthereforequery
thesener by sendinga URL andgettingbackthe
resultsin XML.

The sener shouldbe sooncompletedfor edi-
tion tasks. Full deletionof an elementand of its
descendantmay be achiered using DBIds. Ad-
dition canbe achieved by sendingan XML frag-
mentandaDBId (statingwhereto attachthe XM-
L fragment).

10http://www.apache.org
Yhttp:/itequilainria. fr/
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5.3 A sewer of derivation forests

Thedevelopmentof a sener of derivationforests
hasjust started alongthe samdineswe followed
for the sener of grammars.Sucha sener will be
analternatve to treebanksTwo mainfunctional-
ities are plannedfor this sener. First the possi-
bility to adda derivation forestto the underlying
databasein orderto build corporaof derivation-
s) and second,ways to accesghesederiations
througha simplebut powerful querylanguage.

6 Interfaces

We have alreadymentionedWEB interfacesto

theparsersenerandthegrammarsener. Besides
theseinterfaces,we (Kaouane,2000) have also
modifiedandenricheda Java interfacedeveloped
by PatriceLopez(Lopez,2000). Thenew version
canimport grammarsand derivation foreststhat
follow our XML DTD. It canalsousethe sener

of parserssendingthe sentencdo parseandre-

ceving the shareddervation forestin XML for-

mat.

The dervationsare extractedfrom the deriva-
tion forestsand,for eachderivation, the tool dis-
playsboththederiationtreeandthe correspond-
ing parsetree (seeFigure 11). It is also possi-
ble to follow stepby stepa derivation by moving
forward or backward. We found this functionali-
ty usefulto understanar explain to studentghe
workoutsof TAG.

Theviewer may alsobe usedto brovsethe d-
ifferentcomponent®f a grammar(treesandlex-
icons),thereforehelpingin its maintenance.

Thistool alreadyexploits the parsersener, but
we alsoplanto extendit to exploit the grammar
sener (for browsing the grammarsor displaying

aderivedtree)andtheforestsener (for accessing
dervationforests).

Conclusion

The experiments we have performed have
strengthenedur opinion that XML is really ad-
equateto maintain and exchangelinguistic re-
sourcesand that XML allows us to quickly de-
veloptoolsto handletheseresourcesMost of the
componentpresentedh this paperhave beende-
velopedover a short period of time, and, while
still preliminary arefully usable We believe that
XML andthesetools gives us solid foundation-
s to further develop a completeenvironmentto
handle TAGs, basedon mary simple and easy-
to-maintaintools (insteadof having a monolith-
ic system). We also think that the availabili-
ty of suchtools or resourcesmay prove useful
for linguists(to developgrammarswith browsing
andmaintenanceools), for parserdevelopers(to
browvse grammarsand dervations), and for stu-
dentsin computationalinguistics (to understand
TreeAdjoining Grammars).

The tools and resourceghat we develop are
freely available. Toolsarebasedn a modularar
chitecturewith a specificationgiven by the DTD
andwe hopethatnenv componentsvill be added
by otherpeople.
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