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Abstract
In this paper, we presenta novel ap-
proach for building parallel syntacti-
cally annotatedsentencesfor different
frameworks andlanguages.Thesesyn-
tactically annotatedsentencesare au-
tomatically generatedfrom a compact
higher level of syntacticabstraction,a
MetaGrammar hierarchy, whichmin-
imizesthe needfor humanintervention
in building annotatedtest-suites.With
a single hierarchy, eachsentencegen-
eratedis automaticallymappedto sev-
eral annotations(traditionalconstituent
structure,LFG F-structure,dependency
structureand constraintgrammarrep-
resentation)thus allowing one to di-
rectly comparethe coverageof gram-
mars based on different frameworks.
Furthermore,also with that samesin-
gle compacthierarchy, the tool gener-
atesparallelannotatedsentencesfor dif-
ferentlanguages,which mayprove use-
ful for MachineTranslationevaluation.

1 Introduction
A large numberof grammarformalismsexist for
which expensive dedicatedtools such as wide-
coveragegrammars,parsersetc. have beende-
veloped. All these grammar formalisms have
the samegoal: formalize the syntax of natural
languageso that it can be processedby a com-
puter. However, they resorttoverydifferentmeans
andto very differentformatsof representationsto
achieve this goal. Broadly speaking,somefor-
malismsrely on the notion of PhraseStructure,
othersrely onthenotionof syntacticfunction,oth-
ersonthenotionof dependency, andyetagainoth-
ers on the notion of “constraint” or on a hybrid
typeof syntacticinformation.1

1Sometimes,the dichotomyphrase-structureversusde-
pendency structureis deemedlanguagedependentbecause

As pointedout in (Sutcliffe et al., 1996), this
variety of formatsbecomesa problemwhenone
wantsto directly comparegrammars. One stan-
dardway to evaluatethe coverageof a grammar
consistsin comparingthe analysisof the gram-
marto agoldstandardanalysisi.e. hand-corrected
syntacticallyannotateddata. Traditionally, when
talkingaboutsyntacticallyannotateddata,onedis-
tinguishestreebanks,suchas the PennTreebank
(Marcuset al., 1993),which consistof naturally
occurring text and often contain complex syn-
tactic phenomenaanda large lexicon, from test-
suites,such as TSNLP (Lehmanand al, 1996).
A testsuiteis a setof artificially built sentences,
which are sortedby linguistic phenomena,and
designedto contain a limited lexicon.2 Evalu-
ation approacheswhich rely on treebankstend
to be favored by the statisticalparsingcommu-
nity becauseof their empirical flavor. However,
rather than opposingtreebanksto test-suites,it
seemsmorefruitful to seebothascomplementary
tools, eachhaving its advantagesanddrawbacks
for evaluationpurpose.Whenevaluatingtheper-
formanceof a grammaragainsta treebank,one
can obtain quantitative measuresby computing
metricssuchasprecision,recall, crossingbrack-
etsetc.3 However, onecannot obtainqualitative
measuresi.e. whichsyntacticphenomenaarehan-
dled by the grammar. Sincetest-suitesentences
aresortedby phenomena(e.g. wh-questionedob-
ject, passive with no agent,. . . ), whenevaluating

phrasestructurerepresentationsare thoughtto be lessade-
quateto formalize the syntaxof so-calledfree word order
languages, but even this is not to be taken for grantedsince
thereare,for instance,dependency grammarsfor Englishand
phrasestructuregrammarsfor Japanese,suchas the HPSG
grammarof (Y.Mitsuishietal., 1998).

2Anothercharacteristicof test-suiteis thatthey maycon-
tain ungrammaticalsentenceson purpose,but we do not ad-
dressthis issuehere.

3For an overview of the variousmetricsusedwith their
respective advantagesanddrawbacks,seee.g.(Carroll et al.,
1998)



theperformanceof agrammaragainsta test-suite,
one may find, in addition to the metrics above,
which syntacticphenomenaarebadlyhandled(or
not handledat all) by the grammar, thusgiving a
clear indication as to which grammarrules need
to beaddedor improved. Moreover, whendevel-
oping a grammarwithin a given framework, for
a given domainand a given language,more of-
ten than not, an annotatedtreebankfor this spe-
cific � framework,domain,language� triplet will
not be available. For applicationsrequiring par-
allel grammarsfor several languages,theproblem
is evenmoreacutesincevirtually no treebankcur-
rentlyexistswith parallelannotationsfor naturally
occurringtext in morethanonelanguage.4

However, both Treebanksand test-suitesare
costly to build: usually, oncethe datato be an-
notatedis chosen(beit realworld-dataor artificial
data), it is then parsedand hand-corrected.The
hand-correctionphaserequiresextensive human
intervention. We proposeto departfrom this 2-
phaseschemeof annotation.Instead,we encodea
compacthigherlevel of syntacticabstraction,the
MetaGrammar(MG), from which annotateddata
is generated.This allows usto make thedevelop-
mentof test-suitesfasterby reducingtheneedfor
humanintervention,andalsoby makingit possi-
ble to generate,from a singleMG hierarchy, par-
allel test-suitesfor differentlanguagesandframe-
works.5

In the first part of this paper, we introducethe
notionof MetaGrammarandexplainhow it canbe
usedto classify andgeneratesyntacticallyanno-
tatedsentences.

In the secondpart of this paper, we explain
how the abstractlevel allows to “share” syntac-
tic knowledgeamongdifferentlanguages,anddis-
cusshow we have generatedparallel annotated
datafor EnglishandGerman.

In the third part of this paper, we explain how
this approachhasallowed us to generatein par-
allel thesamedataannotatedfor differentsyntac-
tic frameworks. More specifically, we focus on

4This maypartly explain why industrialresearchproject,
suchas Xerox XLE, still develop large hand-craftedgram-
marsinsteadof inducingthemfrom treebanks.

5Anotheradvantageof our approachis that thereis not
needfor a parser, and for disambiguation(manualor auto-
matic)in orderto build a test-suite.

phrasestructureannotation,dependency annota-
tion, LFG F-structureannotationand constraint
grammarannotation.

Finally, in thelastpartof thispaper, we discuss
directionsfor futurework, including thequestion
of extendingthe approachto naturally occurring
text in orderto bridgethegapbetweentreebanks
andtest-suites.

2 What is a MetaGrammar?
2.1 Theoretical Issues

The notion of MetaGrammarwasoriginally pre-
sentedin (Candito,1996).6 Her goal was to au-
tomatically generatea wide-coverageTree Ad-
joining Grammar(TAG)7 while minimizing hu-
maninterventionin thegrammarwriting process,
andthuseasinggrammardevelopmentandmain-
tenance.Theideais to addahigher-level andcom-
pactlayerof linguisticdescription,which imposes
ageneralorganizationfor syntacticinformationin
a three-dimensionalhierarchy:� Dimension1: initial subcategorization
� Dimension2: valency alternationsandredis-

tribution of functions
� Dimension 3: surface realization of argu-

ments.

Eachterminalclassin dimension1 describesa
possibleinitial subcategorization (i.e. transitive,
ditransitive etc...). Eachterminalclassin dimen-
sion2 describesa list of orderedredistributionsof
functions(e.g. it allows to add an argumentfor
causatives,to eraseonefor passive with no agents
...). Eachterminalclassin dimension3 represents
the surfacerealizationof a surfacefunction (ex:
declaresif a direct-objectis pronominalized,wh-
extracted,etc.). Eachclassin thehierarchyis as-
sociatedto thepartialdescriptionof a tree(Rogers
and Vijay-Shanker, 1994) which encodesfather,
dominance, equalityandprecedencerelationsbe-
tweennodes.A well-formedtreeis generatedby
inheritingfrom exactlyoneterminalclassfrom di-
mension1, oneterminalclassfrom dimension2,
and n terminal classesfrom dimension3 (where
n is the numberof argumentsof the elementary

6A similar metagrammartool for TAGsmaybefound in
(Xia, 2001)

7We do not presentTAGs here,sinceit is orthogonalto
our concern.Suffice it to saythat thebasicrulesarephrase-
structuretrees.



tree being generated).For instancethe elemen-
tary tree for Par qui sera accompagnée Marie
(By whom will Mary be accompanied)is gener-
atedby inheriting from transitivein dimension1,
from passive-no-agent in dimension2 andsubject-
nominal-inverted for its subjectand questioned-
objectfor its objectin dimension3. This compact
representationallows oneto generatea 5000tree
grammarfrom a hand-craftedhierarchyof a few
dozensof nodes,esp. sincenodesareexplicitly
definedonly for simple syntacticphenomena.8

This particularMG tool was usedto develop
a wide-coverageTAG for French(Abeille et al.,
1999)(5000grammarrules),aswell asamedium-
sizeTAG for Italian (Candito,1999). It is worth
mentioningthat in addition to proposinga com-
pactrepresentationof syntacticknowledge,(Can-
dito, 1999) began exploring whethersomecom-
ponentsof the hierarchycould be re-usedacross
similar languages(FrenchandItalian). However,
shedevelopedtwo distincthierarchiesto generate
grammarsfor thesetwo languagesandgenerated
only grammarsfor theTAG framework 9. We ex-
tend the useof the MetaGrammar, whosebasic
role is to generatetrees,in orderto generateanno-
tatedstringsi.e. sentencesin a test-suite.In order
to achieve this, we simply addonedimensionto
the organizationabove: a Lexicalization dimen-
sion which allows us to specify lexical items i.e.
thewordswhich will appearin theannotatedsen-
tence.Wealsopushfurtherthecross-languageand
cross-framework potentialof a MetaGrammaror-
ganizationby generatingannotatedsentencesfor
English and Germanfrom one single hierarchy
and for different frameworks: traditional phrase
structure,LFG F-structure,Dependency tree,con-
straintgrammarannotation.

In addition to that, the syntacticallyannotated
sentenceswe generateare classifiedby syntac-
tic phenomena,thanksto thenotionof Hypertag,
which was introducedin (Kinyon, 2000). The
mainideabehindhypertagsis to keeptrack,when
treesaregeneratedfrom a MG hierarchy, of their

8Nodesfor complex syntacticphenomenaaregenerated
by automaticcrossingsof nodesfor simplephenomena

9For croos-languagegrammardevelopment,onecanalso
cite theLFG ParallelGrammarproject(Butt etal.,2002),but
to thebestof our knowledge,this projectdoesnot explicitly
explorerule-sharingacrosslanguages.

salientsyntacticcharacteristicsi.e. the terminal
classesused for generatingthe tree10. For in-
stance,theverbgive in A bookwasgivento May
couldbeassignedthehypertag:

Subcat:Ditransitive
Valency alternations:Passiveno Agent

ArgumentRealization
Subject: CanonicalNP
Object: CanonicalNP

Although we retain the linguistic insightspre-
sentedin (Candito,1996), that is the notionsof
multi-dimensionsto model syntax, with one di-
mensionfor subcategorization,onedimensionfor
valency alternation,onedimensionfor therealiza-
tion of syntacticargument,andonedimensionfor
the realizationof lexical items, we usea differ-
ent MetaGrammartool which is lessframework-
dependentandsupportsthenotionof hypertag.
2.2 Practical Issues
TheMG compilerweusefor generatingtest-suites
is presentedin (Gaiffe et al., 2002).11 In the
(Gaiffe et al., 2002)tool, eachclassin theMG hi-
erarchyencodes:
� Its SuperClasse(s)
� A Hypertagwhich capturesthe salient lin-

guisticcharacteristicsof theclass.
� Whattheclassneedsandprovides
� A setaquasi-nodes
� Constraints between quasi-nodes (father,

dominates,precedes,equals)
� Traditionalfeatureequationsfor agreement.

The MG tool automaticallycrossesthe nodes
in the hierarchy, looking to create “balanced”
classes,that is classesthat do not neednor pro-
vide anything.12 Then,for eachbalancedterminal
classes,the structuralconstraintson quasi-nodes
areunified,andif theunificationsucceeds,a pair� description,tree� is generated.Figure1 shows
a simpleexampleof how onecangeneratethean-
notatedsentencesTheboyseesa duck for phrase
structure.

10Thenotionof hypertagwasinspiredby thatof supertags
presentedin (Srinivas,1997),which consistsin assigninga
TAG elementarytreeto eachlexical itemin asentence,hence
enrichingtraditionalPOStagginginformation.However, hy-
pertagsareframework-independent.

11This compiler is freely available on
http://www.loria.fr/equipes/led/outils/mgc/mgc.html

12Anotherway to view this is by analogyto thenotionof
resourceallocationgraphs.



Class Declarative

Hypertag :
construction:
        declarative

Needs: subcat
lexV

Provides: <empty>

QuasiTree :
S dominates V

Class TransitiveCanonical

Hypertag :
subcat :transtitive

N
�

eeds: SubjectRealization
ObjectRealization

P
�

rovides: subcat

QuasiTree :
      S father VP
      S dominates Subj
      VP father Obj
      VP father V

Subj precedes V
V
�

 precedes Obj

        Class N
�

PSubj

Hypertag : subject: NP

N
�

eeds: l
�
exSubj

Provides:
SubjectRealization

QuasiTree :
Subj equals NP
Subj father detObj
Subj father nObj
detSubj  precedes nSubj

        Class NPObj

Hypertag : object: NP

Needs: lexObj

QuasiTree :
Obj equals NP
Obj father detObj
Obj father nObj
detObj  precedes nObj

Provides:
ObjectRealization

           Class
LexVEnglish

Hypertag :
   tense:simple

english =+
german=-

N
�

eeds: <empty>

QuasiTree :
     v father sees

P
�

rovides:
lexV

   Class LexSubjEnglish

Hypertag :
english =+
german=-

N
�

eeds: <empty>

QuasiTree :
detSubj  father the
nSubj father boy

P
�

rovides:
lexSubj

Class LexObjEnglish

Hypertag :
english =+
german=-

N
�

eeds: <empty>

QuasiTree :
detObj  father a
nObj father duck

Provides:
l
�
exObj

S

NPSubj VP

V N
�

PObjdet n

det nthe boy sees

a duck

Hypertag :
        construction:  declarative

subcat :transitive
        subject: N

�
P

        object: N
�

P
        tense:simple

english :+
german :-

GENERATED
OUTPUT

Figure1: Generationof sentenceTheboyseesa duck

Note that with the samehierarchy, but with
slightly differentdominanceandprecedencecon-
straintson thehierarchynodes,oneobtainsa sen-
tenceannotatedfor phrase-structure,but with dif-
ferentlinguisticchoices(e.g.anX-bar representa-
tion of thesentence).

A first advantageof theapproachis thatthesyn-
tacticphenomenacoveredarequitesystematicand
theannotationcoherent:if sentencesaregenerated
for “transitive-passive-whExtractedByPhrase”
(e.g. By whom was the mouseeaten?), and if
the hierarchy includes ditransitive verbs, then
the automatic crossing of phenomenaensures
that sentenceswill be generatedfor “ditransitive-
passive-whExtractedByPhrase”(i.e. By whom
wasPetergivena present).

A secondadvantageof theapproachis to min-
imize theneedfor humaninterventionin thetest-
suite building process. Human intervention is
neededto “organize”thelinguistic knowledgei.e.
encodethe hierarchy, and then to verify that the
output sentencesare valid. There is no annota-
tion phaseafterthegeneration.If thegenerationis
notsatisfactory, eitherbecausesomesentencesare
ungrammatical,or somesyntacticstructuresare
deemedincorrect,thenchangesaremadedirectly
in theMG hierarchyandneverin apost-generation
phase.This ensuresa homogeneityof theannota-
tion which is not necessarilypresentwith tradi-
tionalhand-annotationapproaches.

A third and essentialadvantageis that it is
straightforward to have parallel annotationsgen-
eratedfrom asinglehierarchy. Wedevotethenext
two sectionsto this topic.

3 Generating Cross-Language
Annotated Data

Traditionally, phrase-structuregrammars are
deemednot well suited for languagessuch as
Germanwhich exhibit a relative free-word order.
The English sentencetoday the boy seesa duck
has only 3 possible orders (with today at the
beginning or at the end of the sentence,or,
felicitous in somecontexts, just beforethe verb).
The samesentencein German,heutesieht der
Junge eineEnte, has6 possiblewordorders,since
all the combinatoricsbetweenthe constituents
areallowedaslong asthefinite verb is in second
position (the “V2” effect). Moreover, German
also allows an expletive construction: es sieht
der Junge eine Ente heute, thus doubling the
numberof possibleword ordersto 12. However,
theMG tool allows usto generateall thepossible
word-orders,simply by leaving someprecedence
relationsunspecified. In the appendix,we show
how 18 English sentencessorted by syntactic
phenomenacorrespondto 82sentencesin German
becauseof word order variations. This total of
100 sentencescovers for English and German
declarative sentences,sentenceswith subordinate
clauseswith or without a complementizer, sen-



Class Declarative

Hypertag :
construction:
        declarative

Needs: subcat
l
�
exV

Provides: <empty>

QuasiTree :
S dominates V

      Class Transitive

Hypertag :
subcat :transtitive

Needs: SubjectRealization
ObjectRealization
V
�

FRealization
Provides: subcat

QuasiTree :
   S dominates Subj
   S dominates Obj
   S dominates VF

V
�

F precedes V

        Class N
	

PSubj

Hypertag :Subj:N
	

P

N
	

eeds: lexSubj

Provides:
SubjectRealization

QuasiTree :
Subj equals NP
Subj father detObj
Subj father nObj
detSubj  precedes nSubj

        Class NPObj

Hypertag :Obj:NP

Needs: l
�
exObj

QuasiTree :
Obj equals N

	
P

Obj father detObj
Obj father nObj
detObj  precedes nObj

P



rovides:
ObjectRealization

           Class
LexVGerman

Hypertag :
   tense:simple

english =-
german=+

N
	

eeds: <empty>

QuasiTree :
     v father sieht

Provides:
lexV

   Class LexSubjGerman

Hypertag :
english =-
german=+-

N
	

eeds: <empty>

QuasiTree :
detSubj  father der
nSubj father Junge

P



rovides:
lexSubj

Class LexObjGerman

Hypertag :
english =-
german=+

N
	

eeds: <empty>

QuasiTree :
detObj  father eine
nObj father Ente

Provides:
lexObj

Hypertags :
        construction:  declarative

subcat :transitive
        subject: NP
        object: NP
        tense:simple

english :+
german :-

VF:E
�

xpl / Subject / Object

GENERATED
OUTPUT

 Class VorFeld

Provides: VFRealization

Class
VFisExpletive

Class
V
�

FisSubj

Class
VFisObj

QuasiTree :
VF equals E

�
xpl

Expl father es

Hypertag :
german=+

  English=-

Hypertag :
VF:expl

Needs:<empty>

QuasiTree :<empty>

Needs:<empty> Needs:<empty>

Needs:<empty>

Provides: <empty> P



rovides: <empty>

Hypertag :
VF:Subject

QuasiTree :
V
�

F equals Subj

Provides: <empty>

Hypertag :
V
�

F:Object

QuasiTree :
V
�

F equals Obj

S

NPSubj V
�



N
	

PObjdet n

det nder J
�

unge

sieht

eine Ente

S

N
	

PObj V
�



N
	

PSubjdet n

det neine Ente
sieht

der Junge

S

N
	

PObj NPSubj

det n det n

eine E
�

nte der J
�

unge

VExpl

es sieht

S

N
	

PSubj NPObj

det n det n

der J
�

unge eine E
�

nte

VExpl

es sieht

Figure2: Generationof four wordordersfor Der Junge siehteineEnte
Largeplainarrowsindicateinheritancelinks in thehierarchy. Smallerarrowsindicateacrossingof final classeswhichproduces
anoutput

tenceswith or without a temporalmodifier, and
for Germansentenceswith or withoutanexpletive
es. This constitutesa sampleof the annotated
sentencesgeneratedby our hierarchy. Becauseof
spaceconstraints,we are not able to reproduce
here the syntactic annotations,but the data is
availableuponrequestto theauthors.

Figure 2 illustrateshow we generatethe Ger-
man versionof our sentencefrom Figure 1 (the
boy seesthe duck). We retain the English hier-
archy, but adda specialclassfor V2, calledVor-
feld (at the left in Figure2). Of course,the lex-
ical items (at the right in both Figures1 and 2)
aredifferentaswell. Thishierarchycorrectlygen-
eratesthe four possibleword-orders:Der Junge
siehteineEnte, eineEntesiehtder Junge, essieht
der Junge eineEnte, essiehteineEnteder Junge.
All the sentenceshave thesamehypertag,except
for the Vorfeld value,which is Expletive,Subject,
or Object. Exceptfor the classesin the lexical-
izationdimension,whicharelanguagedependent,
classesarethesameasfor English,with theexcep-
tion of theVorfeldrealizationclassandits descen-
dants. (Thefiguresomit somedetailsfor reasons
of space.)

In using a single hierarchy for multiple lan-
guages,oneof courseis immediatelyfacedwith
the question of what level of granularity one
should use in expressingthe categories of the
metagrammar. For example,in describinga verb-
secondlanguagesuchasGerman,onecouldopt to
“bury” thesyntaxof verb-secondin thelanguage-
specific partial description associatedwith the
classesof the hierarchy. Alternatively, onecould
introduce(as we have done in Figure 2) a Vor-
feldclasswhichtheGermanmain-clausesentence
(but nottheEnglishverbor theGermanembedded
verb)obligatorily inherits. It is clearthat this ap-
proachis interestingwhen several languagesare
to be modelled,someof which areverb-second,
andothersof whicharenot. Furthermore,onecan
might modelthe occupationof the Vorfeld either
assubclassesof Vorfeld (aswe have done),or us-
ing argumentrealizationclasses(in fact,thesame
as for English topicalization). Finally, if one is
modelling a large numberof V2 languages,one
needsto considerthevarietyof V2 behavior found
cross-linguistically with respectto the locationof
thenon-finiteverb(VO or OV), theoccurrenceof
V2 in embeddedclauses(seethecomplex behav-



ior in MainlandScandinavian), or the occasional
V3 effect (Kashmiri). Thus,we seethat our ap-
proachdoesnot imposea linguistic choicefor the
cross-linguisticmodellingof syntax,but it allows
for a wide variety of approacheswhich can be
chosenas a function of researchand application
needs.

4 Generating Cross-Framework
Annotated Data

So far, we have explainedhow we producesen-
tencesannotatedfor phrase-structure.Wenow ex-
plain how we produceothertypesof syntactican-
notation: LFG F-structures,dependency annota-
tions,andconstraintgrammarannotation.13

As we’ve seen in the previous section, the
MG generatoroutputspairsof � FeatureStructure-
Tree� . WhentheMG is usedto generatea gram-
mar, thenthetreeis interpretedasa grammarrule
(notion of “elementarytree” in the TAG frame-
work) and Featurestructureis meant to repre-
senta descriptionof this tree. However, the �
������������������������������! #"$�%��� � pair canbe inter-
preteddifferently. In theprevioussection,wehave
seenthatthetreesgeneratedby theMG mayrepre-
senta wholePhrase-structureannotatedsentence,
and the featurestructurerepresentsa description
of that sentence.But the generatedtreedoesnot
have to representa Phrasestructuretree: it can
as well representa dependency tree, an LFG F-
structure(with co-indicesto accountfor reentrant
features),or a flat treeconsistingof only oneroot
nodeanddaughterleaves(with oneleaf for each
wordin thesentence),whereeachleafis annotated
with constraintgrammarannotation.

So, by using the the exact sameMG hierar-
chy usedfor generatingPhrase-structureannota-
tion, we have generatedthe very samesentences
for EnglishandGerman,but this time annotated
with dependency structures.

Figure 3 shows how we generateannotations
for Theboy seesthe duck, for dependency. Note
that the hierarchyis identical to the one on fig-
ure 1, except for the constraintsfor building the

13For theconstraintgrammarannotation,wehaveusedthe
output for Englishof the ENCCGdemoavailableonline at
www.connexor.com/demos.html.For LFG, anddependency
annotations,we produce“standard”analysis,but aswe have
seenin theprevioussection,differentlinguisticchoicescould
bemade.

Quasi-tree.We usethesametechnique(changing
theconstraintson quasi-trees)to generateLFG F-
structures,andconstraintgrammarannotations.

Of course,all thesentencesin theappendixare
generatedin a similar fashionusing 26 classes.
Thecross-languageand-framework parallelismof
the sentencesis ensuredby the hypertag.For in-
stance,all theexamplespresentedon figures1, 2
and3 have acommonhypertagkernel:

construction:Declarative
Sucat:Transitive
tense:simpleenglish:+/-
german:+/-
Subject:NP
Object:NP

5 Conclusion and Future Work
We have shown a new way to producecross-
languageandcross-framework test-suites,usinga
commonMetaGrammarhierarchy, which reduces
the needfor humanintervention in the develop-
ment process. The sametechniquemay be ap-
plied for generatingcross-languagesand cross-
framework grammars,which is a problemwe are
currentlyinvestigating.We planto expandthehi-
erarchyto generatelargertest-suites14

Moreover, in futurework, we planto apply the
sametechniqueto naturallyoccurringtext, which
wouldprovepromisingfor producingparalleltree-
banksfor variousframeworks. If we assumethat
a treebankalreadyexists (suchasthe PennTree-
bank),our taskwouldbeto extracthypertagsfrom
the existing annotation(which, in the caseof the
PennTreebank,canbe done,usingsomeheuris-
tics), and then usethe hypertagsto generatean-
notationsfor the samecorpusin different frame-
works. If no treebankexists,wehave to dothehy-
pertaggingbyhand,andassignadependency-style
structureto thesentence.We canthenproceedin
the samemannerasbefore,usinga singlehand-
annotationto derive thetreebanksfor thedifferent
frameworks. Thus,we believe that theuseof hy-
pertagsas a framework-neutralrepresentationof
relevant syntacticfeaturescangreatly reducethe
dependenceof treebankson particularformalisms

14Scalinguphasnotbeenaproblemto generategrammars
of morethan5000rules(see(Kinyon andProlo,2002)for a
detaileddiscussion),andpresentsno intrinsic difficulties for
test-suitegeneration.



Class Declarative

Hypertag :
construction:
        declarative

Needs: subcat
lexV

Provides: <empty>

QuasiTree :
<empty>

Class TransitiveCanonical

Hypertag :
subcat :transtitive

N
&

eeds: SubjectRealization
ObjectRealization

Provides: subcat

QuasiTree :
      Root dominates Subj
      Root dominates Obj

Subj precedes Obj

        Class N
&

PSubj

Hypertag : subject: N
&

P

Needs: lexSubj

Provides:
SubjectRealization

QuasiTree :
Subj equals nSubject

        Class N
&

PObj

Hypertag : object: NP

Needs: l
'
exObj

QuasiTree :
Obj equals nObj

Provides:
ObjectRealization

           Class
LexVEnglish

Hypertag :
   tense:simple

english =+
german=-

Needs: <empty>

QuasiTree :
     Root equals v:sees

Provides:
lexV

   Class LexSubjEnglish

Hypertag :
english =+
german=-

Needs: <empty>

QuasiTree :
nSubj equals nSubj:boy
nSubj father detS:the

Provides:
lexSubj

Class LexObjEnglish

Hypertag :
english =+
german=-

N
&

eeds: <empty>

QuasiTree :
nObj equals nObj:duck
nObj father detO:a

Provides:
lexObj

V:sees

nSubj: boy nObj:duck

det:adet:the

Hypertag :
        construction:  declarative

subcat :transitive
        subject: N

&
P

        object: N
&

P
        tense:simple

english :+
german :-

GENERATED
OUTPUT

Figure3: Generationof dependenciesfor Theboyseesa duck

andframeworks.
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Appendix 1: Sampleof ParallelEnglish-Germansentenceswe generate.
SyntacticPhenomena # Engl-Germ. English German

Declarative-NoModif-SimpleTense 1-4 Theboyseesaduck DerJungesiehteineEnte
EineEntesiehtderJunge
EssiehtderJungeeineEnte
EssiehteineEntederJunge

Declarative-NoModif-CoumpoundTense 1-4 Theboyhasseena duck DerJungehateineEntegesehen
EineEntehatderJungegesehen
EshatderJungeeineEntegesehen
EshateineEntederJungegesehen

Declarative-Modif-SimpleTense 2-12 Todaytheboyseesa duck HeutesiehtderJungeeineEnte
HeutesiehteineEntederJunge

Theboyseesaducktoday DerJungesiehteineEnteheute
EineEntesiehtderJungeheute
EssiehtderJungeeineEnteheute
EssiehteineEntederJungeheute
DerJungesiehtheuteeineEnte
EineEntesiehtheutederJunge
EssiehtheutederJungeeineEnte
EssiehtheuteeineEntederJunge
EssiehtderJungeheuteeineEnte
EssiehteineEnteheutederJunge

Declarative-Modif-CoumpoundTense 2-12 Todaytheboyhasseena duck HeutehatderJungeeineEntegesehen
HeutehateineEntederJungegesehen

Theboyhasseena ducktoday DerJungehateineEnteheutegesehen
EineEntehatderJungeheutegesehen
EshatderJungeeineEnteheutegesehen
EshateineEntederJungeheutegesehen
DerJungehatheuteeineEntegesehen
EineEntehatheutederJungegesehen
EshatheutederJungeeineEntegesehen
EshatheuteeineEntederJungegesehen
EshatderJungeheuteeineEntegesehen
EshateineEnteheutederJungegesehen

SubordinateWithCompl-NoModif-SimpleTense 1-2 Hesaysthattheboyseesa duck Er sagt,dassderJungeeineEntesieht
Er sagt,dasseineEntederJungesieht

SubordinateWithCompl-NoModif-CoumpoundTense 1-2 Hesaysthattheboyhasseenaduck Er sagt,dassderJungeeineEntegesehenhat
Er sagt,dasseineEntederJungegesehenhat

SubordinateWithCompl-Modif-SimpleTense 2-6 Hesaysthattodaytheboyseesa duck Er sagt,dassheutederJungeeineEntesieht
Er sagt,dassheuteeineEntederJungesieht

Hesaysthattheboyseesa ducktoday Er sagt,dassderJungeeineEnteheutesieht
Er sagt,dasseineEntederJungeheutesieht
Er sagt,dasseineEnteheutederJungesieht
Er sagt,dassderJungeheuteeineEntesieht

SubordinateWithCompl-Modif-CoumpoundTense 2-6 Hesaysthattodaytheboyhasseenaduck Er sagt,dassheutederJungeeineEntegesehenhat
Er sagt,dassheuteeineEntederJungegesehenhat

Hesaysthattheboyhasseenaducktoday Er sagt,dassderJungeeineEnteheutegesehenhat
Er sagt,dasseineEntederJungeheutegesehenhat
Er sagt,dasseineEnteheutederJungegesehenhat
Er sagt,dassderJungeheuteeineEntegesehenhat

SubordinateNoCompl-NoModif-SimpleTense 2-6 Hesaystheboyseesa duck Er sagtderJungesiehteineEnte
Er sagteineEntesiehtderJunge
Er sagtessiehtderJungeeineEnte
Er sagtessiehteineEntederJunge

SubordinateNoCompl-NoModif-CoumpoundTense 1-4 Hesaystheboyhasseena duck Er sagtderJungehateineEntegesehen
Er sagteineEntehatderJungegesehen
Er sagteshatderJungeeineEntegesehen
Er sagteshateineEntederJungegesehen

SubordinateNoCompl-Modif-SimpleTense 2-12 Hesaystodaytheboyseesa duck Er sagtheutesiehtderJungeeineEnte
Er sagtheutesiehteineEntederJunge

Hesaystheboyseesa ducktoday Er sagtderJungesiehteineEnteheute
Er sagteineEntesiehtderJungeheute
Er sagtderJungesiehtheuteeineEnte
Er sagteineEntesiehtheutederJunge
Er sagtessiehtderJungeeineEnteheute
Er sagtessiehteineEntederJungeheute
Er sagtessiehtderJungeheuteeineEnte
Er sagtessiehteineEnteheutederJunge
Er sagtessiehtheutederJungeeineEnte
Er sagtessiehtheuteeineEntederJunge

SubordinateNoCompl-Modif-CoumpoundTense 2-12 Hesaystodaytheboyhasseenaduck Er sagtheutehatderJungeeineEntegesehen
Er sagtheutehateineEntederJungegesehen

Hesaystheboyseesa ducktoday Er sagtderJungehateineEnteheutegesehen
Er sagteineEntehatderJungeheutegesehen
Er sagtderJungehatheuteeineEntegesehen
Er sagteineEntehatheutederJungegesehen
Er sagteshatderJungeeineEnteheutegesehen
Er sagteshateineEntederJungeheutegesehen
Er sagteshatderJungeheuteeineEntegesehen
Er sagteshateineEnteheutederJungegesehen
Er sagteshatheutederJungeeineEntegesehen
Er sagteshatheuteeineEntederJungegesehen


