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Abstract
TreebankKormatsandassociatedoftwaretools areproliferatingrapidly, with little consideratiorfor interoperability We suney awide
variety of treebankstructuresand operationsandshaov how they canbe mappedonto the annotationgraphmodel, andleadingto an
integratedframevork encompassingreeandnon-treeannotationslike. This developmentopensup new possibilitiesfor managingand

exploiting multilayerannotations.

1. Introduction

Thereis a proliferationof treebankseachwith its own
format and software tools. Examplesinclude the Penn
Treebankthe PragueDependeng Treebankthe Susanne
Corpus, and treebanksof German,Spanish,Portuguese,
French, Italian, Turkish, Polish, Bulgarian, Old English,
andtherecentdevelopmenif Korean Arabic andChinese
treebanksEachtreebanks associateavith toolsfor anno-
tation, searchandrendering.Despitethe obvious benefits
of interoperabilitythetoolsassociateavith any giventree-
bankrarely escapehe confinesof its own project. More-
over, treebankdothrequireandinvite multilayer capabili-
ties. Parsergdlependntokenizerstaggersandmorpholog-
ical analyzers.Layersof annotatiorsuchassenseagging
andnamedentity taggingarebuilt ontop of treebanksDis-
fluengy tagging,as combinedwith treebankingn switch-
board,addsanothelayerof indirectionbetweerparsesand
the surfacestring. In short, necessitydictatesthe integra-
tion of treebankdnto a generalmultilayer annotationsys-
tem, coupledwith the developmentof a logical modeland
correspondind\P|l which addresshelinguisticdemandsf
treebanking.

Linguistically, the developmentof sucha framework
leadsto someinterestingchallenges.Grammarsand the-
oriesof syntaxyield structureswhich stretchthe simplis-
tic notion of treesover surfacestrings(suchasemptycon-
stituents encodingof deepsyntacticstructure puredepen-
deng structuresgtc). As advancesn informationextrac-
tion andlanguageaunderstandingpridge syntaxandseman-
tics, syntactictreesare growing variousforms of seman-
tic annotation.A casein pointis the EnglishPropbankjn
which sentencesre annotatedvith mary fine grainedse-
manticrelations(or propositions)vhoseargumentsn turn
pointto relevant syntacticsubstructuresuchasindividual
nodesor tracechains. The designand developmentof a
systemwhich aptly addressetheseissuess certainlynon-
trivial.

In this paperwe examinecorvetional phrasestructure
treesdependengtreesandsemantidrees.In eachof these
categgories,we first surwey the dataformatsandediting op-
erations,outline an abstractAPI for the structuralopera-
tionsinvolved,anddescribeanimplementatiorwith anno-
tationgraphs.

A variety of treebankformatsand modelsare covered
by the surney. Sourcesof this variety are both linguis-
tic and computational. On the linguistic side, languages
may permit a greateror lesserdegreeof word-orderfree-
dom. In somecasesthe conventionaltree representation
requirescrossingbranches.This happendo a limited ex-
tent in English, with phenomenauch as adwerbials and
extraposition. However it is penasive in languageshav-
ing rich case-markingystemssuchas Czech. Treebanks
for theselanguagedypically usea dependeng represen-
tation insteadof the corventionaltree representation.On
the computationalside, projectsmay have differentprior
commitmentdo file formats. The file format may simply
be derived from the original PennTreebankformat, or be
a novel plain text format, or be one of a variety of possi-
ble XML representationsTo a considerablextent, these
formatsareintertranslatable Anothersourceof variation
is thekind of informationwhich is annotatedandthe sur
vey includessomerecentwork on semantic@nnotatiorand
predicate-agumentagging.

After reviewing a diversesetof treebankprojects,we
considerthe kinds of tree-manipulatioroperationghey re-
quire, leadingto an inventory of elementarytree opera-
tions. Theseoperationamay be composedvith eachother
to perform comple tree manipulations. Next, we shav
how the operationscan be implementedn the annotation
graphmodel (Bird and Liberman, 2001). This mapping
hasan importantconsequencéor multilayer annotations,
for now treebanksan co-exist with a variety of otheran-
notationtypes, such as prosodicand discourselevel an-
notations. With all the annotationexpressedn the same
datamodel,it becomes straightforvard matterto investi-
gatetherelationshipsetweerthe variouslinguistic levels.
Modelingtheinteractionbetweeringuistic levelsis a cen-
tral concernboth for the study of humancommunicatve
interaction,andfor the constructionof naturalisticspolen
languagealialoguesystems.

This inventory of elementarytree operationsleadsto
a new applicationprogramminginterfacefor treebanking,
built on top of the existing annotationgraphAPI which is
implementedn the AnnotationGraphToolkit (?). Thisim-
plementationvork is ongoing,andwill be releasedunder
anopensourcelicensewith AGTK.
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2. Conventional Syntax Trees

21. Survey

The PennTreebankwas the first syntactically anno-
tatedcorpus,and consistsof one million words of manu-
ally parsedext from the Wall StreetJournal(Marcusetal.,
1993).An exampleof the Treebankormatis shavn below.

(S (NP-SBJ-1
(NP Yields)
(PP on
(NP money-market
(VP continued
(S (NP-SBJ *-1)
(VP to
(VP slide)))

mutual  funds)))

(PP-LOC amid
(NP signs

(SBAR that

(S (NP-SBJ portfolio

(VP expect
(NP (NP further
(PP-LOC in
(NP interest

managers)
declines)

rates)))))))))

Theemptyconstituentscalledtraces represenvarious
forms of syntacticmovementthat sene to normalizethe
underlyinggrammar In this examplethereis a trace*-
1, immediatelyprecedinghe infinitive to slide. This node
is an empty consituentand refersto the phraseYields on
moneg-marlket mutualfunds asis indicatedby thefactthat
bothnodessharethe-1 label. Themovementof this nomi-
nal phraseo thenominalpositionin theinfinitival S clause
normalizesthis clauseso thatits constituentsare NP fol-
lowedby VP. In the PennTreebankjracesarealsousedto
indicateWH andotherpronominalmovement.Full details
canbefoundin theannotatiorguidelines.

The datain the PennTreebankwere createdwith an
Emacsmodecalled parsermode The tool parsediles of
braclettedtext in variousstageof thecorpusdevelopment,
starting with output from the automaticparser Editing
operationsadd function tags, relabel, coinde, insert, and
deleteconstituentsandrelocatesubtreedrom constituent
to constituent.Eachof theseoperationss associatedvith
ahandfulof constraintssuchaspreserationof the surface
string. Notably, this constrainton the tree editing opera-
tions leadsto a setof tree editing functionsfor the user
closedunderthe following structuralmanipulations:pro-
motion of a leftmostor rightmostconstituentjnsertionof
a constituentjnsertion/deletiorof emptyconstituentsand
themovemenbf aconstituento its right (left, respectiely)
sibling’s leftmost(rightmost,respectiely) child position.

In therestof this sectionwe considewvariousextensions
to thePennTreebankormat.

TheSwitchboardorpusof corversationaspeeci{God-
frey etal., 1992)waslaterenrichedwith informationabout
breathgroupsand disfluencies(Taylor, 1995). This new
informationis simpleenoughonits own, e.g.:

B.22: Yeah, / no one seems to be adopting it. /
Metric  system, [ no one’s very, + F uh, no one wants ]
it at all seems like. /

However, the disflueny informationwasalsosuperim-
posednthesyntactidrees resultingin extremelycomplex
structuresuchasthefollowing:

(S (NP-SBJ-1
(VP seems
(S (NP-SBJ *1)
(VP to (VP be (VP adopting
E_S)
((S (NP-TPC Metric system)
(S-TPC-1 (EDITED (RM |)
(S (NP-SBJ no one)

(VP 's (ADJP-PRD-UNF very)))

(IP +4)) (INTJ uh) ,
(NP-SBJ no one)
(VP wants (RS ])

(NP-SBJ *)
(VP seems (SBAR like

no one)

(NP it))))

(NP ity (ADVP at all)))

(S *T*1)) . E_S))

This formatdemonstratethe acuteproblemthatarises
whenwe attemptto force onelinguistic structureinto afor-
matthatwasdesignedor representing.completelydiffer-
entkind of structure.

A more consenative extensionof the PennTreebank
formatis theUAM SpanishTreebankMorenoetal.,2000)
In thisformat,thetreebankiodelabelshave arecordstruc-
ture:

(S
(NP SUBJ ID-1 SG P3
(ART "<EI>" "el" DEF MASCSG)

(N "<Gobierno>" "Gobierno"  SG P3))
(VP TENSEDPRESIND SG P3
(V "<quiere>" "querer"
(CL INFINITIVE OBJ1
(NP * SUBJ REF-1)

(VP UNTENSEDINFINITE
(V "<subir>"
(NP OBJ1

(ART "<los>"  "el"
(N "<impuestos>"

TENSEDPRES IND SG P3)

"subir" UNTENSEDINFINITE)

INDEF MASCPL)
“impuesto”  MASCPL))))))

Emacsds usedfor creatingthestructuresandatreedis-
playtool is usedfor verification. Variousothertools check
for well formednesge.g. of the nodeattributesandgram-
maticalstructures).

Othertreebanksisethe samecornventionalnestedstruc-
ture, but with a differentsyntax.For example,considerthe
following fragmentfrom the Portugues@reebani{http:

/lcgi.portugues.mct.pt/treebank/ ].

<S>

SOURCE: CETEMPblico n=1 sec=clt sem=92b

Cl-2 O 7 e Meio um ex-libris da noite algarvia.
Al

STA:fcl

SUBJ:np

=>N:artM S) O
=H:prop(M S) 7_e_Meio

P:v-fin(PR  3S IND)
SC:np
=>N:art(<arti> MS) um

=H:n(M P) ex-libris

=N<:pp

==H:prp(<sam->) de
==P<:np

===>N:art(<-sam> FS) a
===H:n(F S) noite
===N<:adj(F S) algarvia

</s>

Emacamacrosareusedto editthedata,with operations
for insertionand deletion of nodesas well asincreasing
and decreasinghe depthof the nodesin the tree. Some
treestructuralconstraintsareenforced:wheneer a nodes
depthis increasedso are all of its constituents,and all
nodesmusthave alabel.

Finally, XML is now beingusedto representreebanks.
The simplestand mostdirect way to do this is to useel-
ementnestingto representierarchy An exampleof this
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useof XML is provided by the FrenchTreebank(Abeille
et al., 2000), and we shav a translationbelow. [http:
[Itreebank.linguist.jussieu.fr/ ]
<S>
<NP>The proportion:NC
<PP>of:P  students:NC</PP>
</NP>
<PP>compared to:P
<NP>the population:NC
<PP>of:P
<NP>our:D country:NC</NP>
</PP>
</NP>
</PP>
<PONCT>,:PONCT</PONCT>

[rest of sentence elided]

</S>

It is notablethatthe partof speecHabelsarestructuredby
corventionin theembeddedext ratherthanby usingXML
markup.

2.2. API

Many corventional tree operations,such as adding,
maving or deletinga subtree alsomodify the sequencef
terminals(or leaves).In syntacticannotationthis sequence
is usuallyfixed, sinceit is anexternalartefactwhichis not
subjectto editing. Therefore,we needto provide a com-
pleteinventoryof treeoperationsvhich preserethetermi-
nal string.

Many treebankingprojectsincorporatea preprocessing
phasewhich may createsomelow-level constituentgsuch
asnounphrasechunking)or may createan entire parseof
the sentence.Therefore,the inventory of tree operations
mustbe capableof reomganizingthe structureof anexisting
tree,notjust building atreefrom scratch.

In this sectionwe defineaninventoryof elementaryree
operationsvhich presere the terminalstringandwhich is
sufficiently expressve to permit ary well-formed phrase-
structuretreeto bebuilt overtheterminalstring,beginning
eitherfrom anunparsedstring or from a previously parsed
string. Theinventoryis inspiredby the variousoperations
thatareprovidedby existing treeannotatiortools. We con-
sideronly thoseoperationsvhich modify the structureof
atree(asopposedo the operationgor modifying nodela-
bels).

Eachoperationrequiresa treet alongwith a selected
noden. We write t,, for thetreet orientedat noden.

movedown m(t,) This createsa new nodes in the po-
sition formerly occupiedby n, andmakesn the sole
child of 7. The new node# is an unlabelednon-
terminal symbol. For example,underthis operation,
thetreeontheleft becomeshetreeontheright:

A A

T T

B C D B e D
|
C

moveup m4(t,) This appliesonly if n hasno siblings,
deletingn, the parentof n. Noden now occupieshe
formerpositionof n.

A A

/I\ /I\

B C D B C D
b

promoteright m ~(t,) This appliesonly if n hasatleast
one sibling, but no siblings to its right. Noden is
moved up to the positionimmediatelyto the right of

its parentn.
A A
| N
B B D
PN |
C D C

promoteleft mx_(t,) mirrorimageoperatiorof m »(t).

demoteright m~_(¢,) Thisappliesonly if n hasasibling
to theright 7, and 7 is a non-terminal.Noden be-
comestheleftmostchild of 77.

A A
PN |
B C C
| o
D B D

demoteleft m . (t,) mirrorimageoperationof m- (¢,)

All operationgresere the orientationof the tree; the
selectednode remainsselectedafter the operation. Ob-
sene that all operationshave inverses: my(t,) = ty;
m g (tn) = tn; mx(tn) = tn. All of theseoperations
presere the order of the terminal string, and all are ele-
mentaryasnonecanbe expressedsa combinationof any
others.

More complex operationscan be built from theseele-
mentaryoperationsFor instancejn a particularuserinter-
face,it maybepossiblefor auserto selecta setof contigu-
ousterminalsandandnon-terminalsandgroupthemunder
anew non-terminal:

A A
/’\ N
B C D B e

P
c D

This can be done with a sequenceof operations:
my(tc), m (tp). Thisis ageneralizeanove down opera-
tion, for which thereis ancorrespondingeneralizednove
up.

Notethatthereis anotherpair of elementaroperations
notdiscusse@dbove,thatcouldbecalledtrace-insertiormnd
trace-deletionThesenvolvethecreation/deletionf azero
width elementn theterminalsequencéor equivalently, of
a‘“non-terminal’which dominateso terminal).

2.3. Implementation

Bird andLibermanhave developedamodelfor express-
ing thelogical structureof linguistic annotationsandhave
demonstratedhatit canencodea greatvariety of existing
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annotationtypes(Bird andLiberman,2001). An annota-
tion graphis a directedagyclic graphwhereedgesare la-
beledwith fielded records,and nodesare (optionally) la-
beledwith time offsets. The modelis implementedn the
Annotation Graph Toolkit and usedas the basisfor sev-
eralannotatiortools,includingonefor editingconventional
syntaxtrees(?; Bird etal., 2002).

Annotationgraphscanmosteasilybe usedto represent
treesusingtheso-called‘'chartconstructiorf,in whicheach
treenodeis mappedo anannotatiorgrapharc. An exam-
ple treeandits correspondingannotationgraphare shovn
below:

A

N
B C

This approachastwo shortcomingsFirst,in the situa-
tion wherea non-terminahasasinglechild, theannotation
graphis ambiguous.Thus,the following two simpletrees
have the sameannotatiorgraphrepresentation:

A B
| | ¢
B A
The secondshortcomingis that the annotationgraphrep-
resentatiorcannotexpressdiscontinuousonstitueng (i.e.
treesthatcontaincrossindines).

Both problemscanbe addressedby usingequialence
classe®r crossreferencegBird andLiberman,2001). We
depicttherelationbetweera child arcandits parentusing
adottedarrow, asshovn below. While thisis partly redun-
dant,it involvesminimal overhead.

/_A\

e~ B> —(C—>e

A .
~_p—7

Theelementaryreeoperationghatwe discusseébove
cannow beimplementedlirectlyin termsof theannotation
graphmodel. We begin with somedefinitions. Let z.start
(resp.z.end)bethestart(resp.end)anchorof annotation.
Let z be z’s parent(undefinedf = hasno parent).Define
z’'sright sibling asfollows:

-1V if y.start=z.endz =g
~ 1 undefined otherwise

Annotationgrapharcsaretyped, and our implementa-
tion requirestwo types,namely“word” for word arcs(the
orthographicstring), and “phrasal” for the phrasalarcs.
Now we can definethe above tree operationsn termsof
annotatiorgraphs.

movedown Giventhearcz, inserta new coterminousarc
which becomeshe parentof z.

° u ° ° u °
A A A A

\ : / \ : !
N

AN : / AN
>0 —i>0

promoteright Move arightmostchild to theright, out of
the subtree;z’s parent(y) becomese’s left sibling.
Notethaty mustbea phrasakrc.

Y.

\ﬁ [ ]
\
AN

>0

~ s

~>e0

demoteright Moveasubtreegight,to becomeheleftmost
daughtery’sright siblingy becomes:’s parent.Note
thaty mustbea phrasalrc.

Obsene thatnoneof theseoperationslter the content
or arrangemendf theword arcs.

3. Dependency Treebanks

Dependeng grammaiis anapproacHho syntacticrepre-
sentatiorin whichwordsareorganizednto a hierarchyus-
ing abinary“dependeny” relation.Dependengtreespose
adifferentsetof challengedor representatioandmanipu-
lation, asdiscussedh this section.

3.1. Survey

TheTurin University TreebankBoscoetal.,2000)pro-
videsanexampleof a puredependeng structure shawving
a binary relation betweenthe words. The treebankcon-
sistsof 500 sentencesavailable from [http://iwww.di.
unito.it/ tutreeb/ 1. A samplefollows

1 E' (ESSERE VERB MAIN IND PRES INTRANS 3 SING) [0;TOP-
VERB]

2 italiano
SUBJ]
3, (# PUNCT) [1;,0PEN-PARENTHETICAL]

4 come (COME CONJ SUBORDMOD+TEMPO]1;PREPMOD]

5 progetto (PROGETTONOUNCOMMOM SING) [4;PREPARG]

6 e (E CONJCOORD)[5;COORD]

7 realizzazione (REALIZZAZIONE NOUNCOMMON SING REAL-
1IZZARE TRANS) [6;COORD-2ND]

8 , (# PUNCT) [1;,CLOSE-PARENTHETICAL]

9 il (IL ART DEF M SING) [1;SUBJ]

(ITALIANO ADJ QUALIF M SING) [1;PREDCOMPL-

10 primo (PRIMO ADJ ORDIN M SING) [11;ADJCMOD-ORDIN]

11 porto (PORTO NOUNCOMMOM SING) [9;NBAR]

12 turistico (TURISTICO ADJ QUALIF M SING) [11;ADJCMOD-
QUALIF]

13 dell’ (DI PREP MONO)[11;PREPMOD-LOC-SPEC]

13.1 dell (LA ART DEF F SING) [13;PREPARG]

14 Albania  (|Albania] NOUNPROPER) [13.1;NBAR]

This format consistsof: the index of the word in the
sentencethe word; parenthesesontainingthe lemmaand
its morphosyntactideatures;braclkets containinga refer
enceto the parentof this dependentind the nameof the
grammaticatelation.

The PragueDependeng Treebank(PDT) (Hajicova,
2000)is a corpuswith threedistinct layersof annotation
—morphological analytic(syntactic) andtectogrammatial.
We won’t addresshe morphologicalannotationin order
to focus on more tree and treelike structures. Both an-
alytic and tectogrammaticastructuresare representeds
hybrid dependeng trees,mixing a pure dependeng rela-
tion over the wordswith a minimum of constituents.This
representations indicative of the underlying grammati-
cal theory functional generatie grammar As the cor-
pus usesan extensie tagsetand views annotationsvia a
specialtool, we refer the readerto the url above for data
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samples. PDT has an online tree viewer available (see
[http://shadow.ms.mff.cuni.cz/pdt/ D.

The editorfor the analyticlevel restrictsthe userto op-
erationsthat maintaina well formeddependengtreewith
constituentnodesmixedin. In accordancewith the rela-
tively freeword orderin Czech,thetool allows movement
of subtreego arbitrarynodes,alongwith the creationand
deletionof constituents.

Furtherdiscussionof the tectogrammaticahnnotation
is deferredo section§4.

The TIGER Projectusesa modelintermediatébetween
cornventional trees and dependeng trees, representedn
XML (MengelandLezius,2000). The dependeng struc-
tureis representedsa collectionof nodegn elementsand
words(w elementsronnectedisingedge s! A simplified
versionis shovn below:

<n id="n1_500" cat="S">
<edge href="#id(w1)"/>
<edge href="#id(w2)"/>
</n>

word="the"/>
word="boy"/>

<w id="w1"
<w id="w2"

Thisformatcanrepresenarbitrarydigraphs.Thelinear
orderingof the children of ary given nodeis represented
by the file orderof the correspondinglementqor by the
internalstructureof nodeidentifiers).

An importantpropertyof this formatis its extensibil-
ity. For instance,edgescan be typed (with an attribute
type , and coreferenceis marked using edgeshaving
type="semantic" . Edgescanalsobelabeledwith the
grammaticalrole of their dependent{e.g. label="HD"
for theheaddaughter).

3.2. API

An API for the structuralediting of pure dependeng
treesis remarkablysimple. We startwith anarbitraryroot
node,and make all the words dependentpon this node.
Fromthis point, we cancreateary dependengrelationby
iterative applicationof a single move subtree operation,
which takesa sourcenodeotherthanthe root anda target
nodeandmakesonedependentiponthe other Thus,after
an annotatoridentifiesa single dependeny;, we may seea
treeasfollows.

Treel Root

Wi Wy Wy

W3

Sincethe word orderis free, it may be thatw; is de-
pendanton wy. To accomodatdor this, we caneitherlet
the branche®f thetreecrossandretaintheterminalorder,
or we canrearrangeheterminalordersothatthe branches
don't cross. After move subtree is appliedto sourcew;
andtargetw,, we would attainthefollowing tree

A moreabstractersionof the sameideais describedy Ide
andRomary(2000).

Tree2

W; W3

But some systemsmay use an underlying grammar
which mixes pure dependeng structureand a constituent
basedapproachasis foundin the PDT. Suchanapproach
allows theinsertionof constitueninodes.equivalentto the
move down operationdescribedor basictreesin §2.2.

Tree3 Root
W1 Wo C Wy
|
W3

Sucha constituentmaytheninteractwith the othersjust
like the pure dependeng nodesassociatedvith a single
word. For example, after two move subtree operations,
we may endup with thefollowing.

Treed Root

N

Wo C

/\
W3 Wy

Wi

A userinterfacemayfacilitateadelete commandvhich
takes all the children of a proper constituentnode and
movesthemto the parentof the deletednode,deletingthe
resultingemptyconstituent.

Treeb Root

W W3 Wy

Wi

3.3. AG Implementation

To implementeditabledependeng treeswith annota-
tion graphs,we begin by defining a root nodeas an arc
which spanghelengthof thesentenceAs with basictrees,
eachnodein this treehasa parentpointerwhich by default
pointsto the root. The primary editing operationis move
subtree, which takes a tree and two distinguishednodes
(wy andws), settingthe parentof w; to ws. Thisoperation
is sufficiently expressveto defineary structurakeditingop-
erationon apuredependengtree.

Below we shov a simple AG implementationof the
editing operationmove subtree with sourcew; andtarget
Wy.

° —W]'_;> ° —W2—> ° —W3—> o—év4—> °
Treel
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. —Wl—> . —W2—> . —W3—> o—&\v\/4—> .
Tree2

For hybrid systemsawhich allow constituentswe want
to constrainthe length of the constituentarcsas much as
possible.In spiteof the factthatsettingthe lengthof these
arcsto a constantwvould reduceoverheadwe take this ap-
proachin anticipationthatthe quasi-orderingver annota-
tionswill provide a more substantiabasisfor layeredan-
notationthanfollowing pointers.

We proceedby superimposinghe implementationof
move up and move down directly on top of this and ex-
tend the definition of move subtree so that it works on
arbitrary constituentsand maintainsa well formed hybrid
structure. We have developedan algorithmfor this which
requiregheability to distinguishbetweerwordsandproper
constituentaswell asbetweerproperconstituentandthe
rootnode.We accomplistthis simply by checkingthetype
of thearcsinvolved. We illustratetheseaxtensionshaving
annotatiorgraphrepresentationsf trees3 and4 below.

N

° —W]_—> ° —W2—> e —\W3—>e —W4—> °
Tree3

° —W1—> . —W2—> . —%3—> . —..'\'N4—> °
Tree4d

4. Treebanksand Semantic Trees
4.1. Survey

While mary semanticrelationsare describedin tree-
banks predicateargumentstructureremainghe mostcom-
monly andsystematicallyexplored. Eachtreebankformu-
latessomeschemato representhe argumentstructureof
clausalverbs,and indeedthis informationis to someex-
tent explicit in the parseitself. To completethe picture,
the nodesof the parsetree are often decoratedwith labels
denotingmore abstractrelations. In somecasesan entire
extra level of annotationis suppliedseparatelyin a paral-
lel corpus,asin the PragueDependeng Treebank(PDT).
In this sectionwe cataloga variety of predicateargument
schemaspbservingcommonalitiesand exploring require-
mentsinherentin capturingpredicateargumentstructures
with treebanks.

The SusanneCorpus,developedas a by-productof a
parsingschemdor unambiguousyntacticannotationpro-
videsperspicuousoverageof predicateargumentstructure
of clausalverbs. It decoratesodeswith a variety of func-
tion tags,thoughit restrictstheir usageto immediatecon-
stituentsof clauses.

[Nns:s
to admit

John] expected
[Ni:o it]]

[Nns:0999 Mary] [Tiio [s999 GHOST]

The example above is similar to the Penn Treebank
example in that it requires coindexed nodes, but un-
like the English Propbank,it doesnot use referencego
syntacticnodes. The compleity of predicateargument
well-formednessconstraintstogether with a close cou-
pling of syntacticand argumentrelationsare notevorthy
by-productsof embeddingheserelationsin the syntactic
schema.

We examinethetectogrammaticdevel of annotatiorin
thePDT, asit representa moreabstractinguistic structure
closelyrelatedto predicateargumentstructure.Thesetrees
areof the hybrid dependeng variety describedn §3. The
tectogrammaticallependeng treesareroughly parallelto
the analyticonesandtheir structureis derived by deleting
andaddingnodedo theanalytictrees.Spuriouslement®of
the surfacestring areremoved anddroppedargumentsare
added.While theseoperationgroducethe structureof the
tree,edgelabelssuchasactor, patient addresseglocation
denotesemantiaolesandmodifiers.

The PennTreebankusesattributesof phraselabelsin
conjunctionwith grammaticalrelationsto describepred-
icate agumentstructure. In the examplebelow, the last
nominalphraseis decoratedvith a LGStag denotinglog-
ical subject. The syntacticervironmentindicatesthe re-
mainingpartsof theargumentstructure with theheadverb
taking the role of the predicateand the precedingnoun
phraseakingontherole of directobject.

(s
(NP-SBJ (PRP they) )
(VP (VBP attribute)

(NP (-NONE- *T*1) )

(ADVP-MNR (RB directly) )

(PP-CLR (TO to)

(NP
(NP (NNS forces) )
(VP (VBN controlled)
(NP (-NONE- *) )
(PP (IN by)

(NP-LGS (NNP PLO) (NNP Chairman)
(NNP Yasser) (NNP Arafat))))))))

Algorithmsfor extractingpredicateargumentstructure,
even from such rich syntactic data, are faced with nu-
merouscompleities andambiguities. For example,ghost
constituentswithout explicit referentsshouldbe resohed,
disjoint constituentsmay form arguments, prepositional
phrasesmay or may not constitutearguments,and this
information tendsto be lexicalized over the predicates
(PalmerandRosenzweig2001).

As a next step,the EnglishPropbankis underdevelop-
ment,usingthepredicateargumentaggementionedabove
andhand-correctinghe output. The exampleof this data
belonv shavs that the entire algumentrelationis explic-
itly marked. Note that the argumentlabel ARG1implic-
itly refersto specificsyntacticnodesratherthanthesurface
string,in this caseresolvingthe passie trace.

they attribute directly to forces con-

trolled by PLO Chairman Yasser Arafat
rel: controlled

ARGL1: *trace* -> forces

ARGO-by: PLO Chairman Yasser Arafat

Additionally, the constituentof a particularargument
maybedisjointastheutterancexrgumentof asentencdike
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"I'm going home", John said, "so | can get some sleep".
rel: said
ARGO: John
ARG1: [’'m going home] [so | can get some sleep]

Phrasalpredicatessuchas give up, are almostnever
dominateddy a singlenode,andsoaretreatedsimilarly.

Another sourceof variation occurswith conjunctions
over morethanoneargument. For example,the sentence
below yieldstwo propositions.

John drove Mary to the store and Mike home

rel: drove
Arg0: John
Argl: Mary
Arg2-to: the store
rel: drove
Arg0: John
Argl: Mike
Arg2: home

In the English propbank,we witnessargumentstruc-
tureusingrefelencedo syntacticannotationaoneto mary
relationfrom argumentsto constituentgalso vice versa),
andthe marking of sentence-locatquivalencego resohe
grammaticamotion.

In conclusion,capturingpredicateargumentstructure
is of definiteinterestin the developmentof treebanks.In
all the casesexamined,an extra level of indirectionfrom
the syntacticstructureis required. The English Propbank
makesuse of explicit referencego syntacticconstituents,
the SusanneCorpusemploys highly structureddecoration
of nodes,inducing relationsbetweenthe nodes,and the
PDT utilizes differencesagainstthe syntacticstructure re-
placing analytic with semanticfunctions and recovering
droppedargumentsasnecessary

4.2. API

As predicateargumentstructurehasquite variedtreat-
ment,we’ll look at both argumentstructureastreatedwith
the PennTreebankandargumentstructureasin the Prague
Dependeng TreebankHowever, we will restrictoursehes
to working with predicateargumentdataas derived from
syntacticdataratherthanasderived from scratchin order
to bestaddresghe extanttaggingeffortsin this domain.

In the caseof the EnglishPropbankthe operationsare
not editing operationson treesper se but operationson
relationsbetweenconstituentsn a giventree. For eachin-
stanceof a predicatein someparsedtext, we cancharac-
terizea propositionasa 4-tuple consistingof the predicate,
its agumentspredicate its modifiers,and an equivalence
relationover the nodesin the parsetree. Eachof theargu-
mentsor modifiersconsistsof a labelanda non emptyset
of constituentsdenotingits surfacestring content. While
this setof constituentss oftensingletonany non-singleton
setof constituentgepresents surfacestring which is not
dominatedby a singlenode(this occurswith phrasalverbs
andoftenwith the utteranceargumentin verbsof saying).
The equivalencerelationover the nodesof the parsesene
to recover droppedarguments(as occurswith empty con-
stituents)andsentence-locantecedentef pronouns.The
caseof conjunctionsvhoseconjunctsarenotdominatedyy
a single syntacticnodeis handledby associatingnultiple

propositionswith the instanceof the predicate(or lemma)
athand.

The editing operationgor the annotationprocesscon-
sist of associatingargumentlabels (e.g. arg0 ...argN)
with constituentsand identifying equivalent nodesof the
parse. For example,annotatingthe argumentstructureof
the predicateswim on the parsetree belowv (with nodes
identified in termsof their leftmost terminal numberand
height)wouldyield a singlepropositionwhosepredicates
{(3,0)}, whoseargumentsconsistof {(Arg0,{(2,0)})},
whose modifiers are ), and whose equivalences are
{((2,0),(0,0))}.

S(0,1)

T

NP-1(0,0) VP(1,0)

John

wants S(2,1)

NPmS,O)
| any
*1 to swim
In the PDT tectogrammaticabnnotation,the operations
arestructurallysimilar to thoseof the analyticannotation,
exceptthat droppedargumentsare addedto the structure
andwordscanbedeleted We deferaddressinghesdssues
for futurework.

4.3. Semantic Implementation

We describeanimplementatiorof propbankannotation
with annotatiorgraphs.Givenanannotatiorgraphparseof
a basictreeasdescribedn §2.3., we first definethe pred-
icating lemmaover a setof constituentsas an arc whose
startpointis the minimum of the startpointsof the associ-
atedconstituentandwhoseendpoint is the maximumof
the endpointsof the associate@onstituentsFor example,
if thesentencéds
a; John ay belongs a3 to a4 the as club as
anda, is anannotationgraphanchor andour predicating
lemmais belonggo, thenthearcdefiningour predicatewill
startat as andendat ay. Justaspointerswereaddedfor
basictreeconstituentsywe addsetsof pointersto thisarcto
the constituentsontainingbelongandto. This arc getsa
labelindicatingthatit is the predicatingabel,saypred .

Theargumentsandmodifiersof thelemmaaredenoted
similarly, with anappropriatdabelfor theitemin question.
Theend-products diagrammedelow:

e —John—> e —belon}g/s > e

‘txn%c thel/éc — b —> .

Finally, we specifythe constituentequialencedy not-
ing all the non singletonequivalenceclassesvhosemem-
bersareamongthoseassociateavith alabel.

5. Discussion and Further Work

TreebanKormatsandassociatedoftwaretoolsarepro-
liferating rapidly, with little consideratiorfior interoperabil-
ity. We have sureyedawide variety of treebankstructures
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and operationsand shavn how they canbe mappedonto

theannotatiorgraphmodel. This hastwo importantramifi-

cations distinguishingour work from previouswork. First,

thefalsedichotomybetweercornventionaltreesanddepen-
deng treesgoesaway; bothtypesalongwith hybrid struc-
turescanbe representeéh a uniform framework. Second,
asinglecomprehensieframework is usedfor bothtreeand
non-treeannotationsan integrationthat greatly facilitates
multilayerqueries.

Several aspectf the surwey and the analysisare in-
complete,and we list just three areashere. First, there
is anotherclassof treebanksusedfor grammardevelop-
ment,usuallyconsistingof hand-craftedentenceslustrat-
ing a particularlinguistic phenomenon.Eachsentences
associateavith the correctanalysisexpressedn a partic-
ular syntacticformalism suchas HPSG (Pollard and Sag,
1994). An exampleof this kind of corpusis the HPSG
Treebankfor Polish (Marciniak et al., 2000). Represent-
ing suchtreebanksaising annotationgraphswould require
amoreexpressve modelof arclabelsthanis currentlyper
mitted (namelyattribute-valuematrices).

A secondopenquestionis in the areaof bidirection-
ality. Texts may involve a mixture of directionality such
asan Arabic text containingstretchesf English. In such
texts, thereis no longera transparentelationshipbetween
thesequencef orthographiovordsandtheir sequencén a
spolenutterancethelinguistic representationeedso en-
compas$oth orderingssomehav, eventhoughannotation
graphgforceusto chooseoneof the orderingsasprimary.

A third areafor furtherinvestigatioris query Now that
the annotationsare all expressedn the sameframework,
how dowe wantto expresqueriesovertheannotations?A
rangeof treequerylanguagehave beenproposedasdis-
cussedoy ?). It is highly unlikely thata singletree query
languagewill ever meetthe requirementof all research
projects. Instead,we plan to investigatea numberof tree
querylanguagesndtheir mappingto a low-level annota-
tion graph query language such as the one proposedby
Bird etal. (2000).

In this article we have surweyed treebanksgxamining
their dataformatsand editing operations.We have found
thatthe existing treebankmodelsdo not accomodat@ver-
layed annotationvery well. We have developedabstract
APIs for treebankingoperationswhich encompasshe re-
quirementsof corventionaltrees, dependeng trees, and
evenpredicateargumentstructure We have describechow
theseAPIs may be directly implementedisingannotation
graphs.Thisfacilitatesmulti-layeredannotationgndlever
ageghearrayof annotatiortypesthatarealreadysupported
by theannotatiorgraphmodel.
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