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Abstract

In this paper, we describean approachto
annotatethepropositionsin thePennChi-
neseTreebank.We describehow diathe-
sis alternation patternscan be used to
make coarsesensedistinctions for Chi-
neseverbs as a necessarystep in anno-
tating the predicate-structureof Chinese
verbs.We thendiscusstherepresentation
schemeweuseto labelthesemanticargu-
mentsandadjunctsof thepredicates.We
discussseveralcomplicationsfor this type
of annotationanddescribeour solutions.
We then discusshow a lexical database
with predicate-argument structure infor-
mation can be usedto ensureconsistent
annotation. Finally, we discusspossible
applicationsfor this resource.

1 Introduction

Linguistically interpretedcorporaare instrumental
in supervisedmachinelearningparadigmsof natu-
ral languageprocessing.The informationencoded
in thecorporato a largeextentdetermineswhatcan
belearnedby supervisedmachinelearningsystems.
Therefore,it is crucialto encodethedesiredlevel of
informationfor its automaticacquisition. The cre-
ation of the PennEnglishTreebank(Marcuset al.,
1993), a syntacticallyinterpretedcorpus,playeda
crucialrole in theadvancesin naturallanguagepars-
ing technology(Collins, 1997;Collins,2000;Char-
niak, 2000) for English. The creationof the Penn

ChineseTreebank(Xia et al., 2000) is also begin-
ning to help advancetechnologiesin Chinesesyn-
tactic analysis(Chiang, 2000; Bikel and Chiang,
2000). Since the treebanksare generallysyntac-
tically oriented(cf. Sinica Treebank(Chenet al.,
to appear)),the informationencodedthereis ”shal-
low”. Importantinformationusefulfor naturallan-
guageapplicationsis missing.Mostnotably, signifi-
cantregularitiesin thepredicate-argumentstructure
of lexical items arenot captured. Recenteffort in
semanticannotation,thecreationof thePennPropo-
sition Bank (Kingsbury and Palmer, 2002) on top
of the PennEnglish Treebankis beginning to ad-
dressthis issuefor English. In this new layer of
annotation,theregularitiesof thepredicates,mostly
verbs,arecapturedin thepredicate-argumentstruc-
ture. For example,in the sentences“The Congress
passedthe bill” and “The bill passed”,it is intu-
itively clearthat“the bill” playsthesamerole in the
two occurrencesof theverb“pass”.Similar regular-
ities alsoexist in Chinese.For example,in “ /this

/CL /bill /pass /AS” and “ /Congress
/pass /AS /this /CL /bill”, “ /bill”

alsoplaysthesamerolefor theverb“ /pass”even
thoughit occursin differentsyntacticpositions(sub-
jectandobjectrespectively).

Capturing such lexical regularities requires a
”deeper”level of annotationthangenerallyprovided
in a typical syntacticallyorientedtreebank.It also
requiresmakingsensedistinctionsattheappropriate
granularity. For example, the regularitiesdemon-
stratedfor “pass” doesnot exist in othersensesof
this verb. For example, in “He passedthe exam”
and“He passed”,theobject“the exam” of thetran-
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sitive useof “pass” doesnot play the samerole as
thesubject“he” of the intransitive use. In fact, the
subjectplaysthesamerole in bothsentences.

However, how deeptheannotationcango is con-
strainedby two importantfactors:how consistently
humanannotatorscanimplementthis typeof anno-
tation (the consistency issue)and whetherthe an-
notatedinformation is learnableby machine(the
learnability issue).Making fine-grainedsensedis-
tinctions, in particular, hasbeenknown to be dif-
ficult for human annotatorsas well as machine-
learningsystems(Palmeretal., submitted).It seems
generally true that structural information is more
learnablethan non-structuralinformation, as evi-
dencedby thehigherparsingaccuracy andrelatively
poorfine-grainedWSDaccuracy. With this in mind,
we will proposea level of semanticannotationthat
still canbecapturedin structuraltermsandaddthis
level of annotationto the PennChineseTreebank.
Therestof thepaperis organizedasfollows. In Sec-
tion 2, we will discussthe annotationmodelin de-
tail anddescribeourrepresentationscheme.Wewill
discusssomecomplicationsin Section3 andsome
implementationissuesin Section4. Possibleappli-
cationsof this resourcearediscussedin Section5.
Wewill concludein Section6.

2 Annotation Model

In this sectionwe describea model that annotates
the predicate-argument structureof Chinesepred-
icates. This model capturesthe lexical regulari-
ties by assumingthat different instancesof a pred-
icate,usuallya verb,have thesamepredicateargu-
mentstructureif they have the samesense.Defin-
ing sensehasbeenone of the most thorny issues
in naturallanguageresearch(IdeandVronis,1998),
andthe term”sense”hasbeenusedto meandiffer-
ent things,rangingfrom part-of-speechandhomo-
phones,which areeasierto define,to slipperyfine-
grainedsemanticdistinctionsthat arehardto make
consistently. Determiningthe”right” level of sense
distinction for natural languageapplicationsis ul-
timately an empirical issue,with the best level of
sensedistinctionbeingthelevel with theleastgranu-
larity andyet sufficient for anaturallanguageappli-
cationin question.Withoutgearingtowardsonepar-
ticular application,our strategy is to usethe struc-

tural regularitiesdemonstratedin Section1 to define
sense.Finer sensedistinctionswithout clearstruc-
turalindicationsareavoided.All instancesof apred-
icatethat realizethesamesetof semanticrolesare
assumedto have onesense,with theunderstanding
thatnot all of thesemanticrolesfor this verbsense
have to berealizedin agivenverbinstance,andthat
thesamesemanticrole mayberealizedin different
syntacticpositions. All the possiblesyntacticreal-
izationsof thesamesetof semanticrolesfor a verb
senseare then alternations of one another. This
stateof affairs has beencharacterizedas diathe-
sis alternation andusedto establishcross-predicate
generalizationsandclassifications(Levin, 1993). It
hasbeenhypothesizedanddemonstratedthatverbs
sharingthe samedisthesisalternationpatternsalso
havesimilarmeaningpostulates.It is equallyplausi-
ble to assumethenthatverbinstanceshaving differ-
entdiathesisalternationpatternsalsohave different
semanticpropertiesandthusdifferentsenses.

Usingdiathesisalternationpatternsasa diagnos-
tic test, we can identify the different sensesfor a
verb. Alternatingsyntactic frames for a particular
verb senserealizingthe samesetof semanticroles
(wecall thisroleset) form aframeset andsharesim-
ilar semanticproperties.It is easyto seethat each
frameset,a setof syntacticframesfor a verb,corre-
spondswith onerolesetandvice versa. From now
on, we usethe term frameset insteadof sense for
clarity. Eachframesetconsistsof oneor moresyn-
tactic framesandeachsyntacticframerealizesone
or moresemanticroles. Oneframediffers from an-
otherin thenumberandtypeof argumentsits pred-
icate actually takes, and one framesetdiffers from
anotherin the total numberand type of arguments
its predicateCAN take. This is illustratedgraphi-
cally in Figure1.

Annotating the predicate-argument structurein-
volvesmappingtheframesetidentificationinforma-
tion for apredicateto anactualpredicateinstancein
thecorpusandassignthesemanticrolesto its argu-
mentsbasedon thesyntacticframeof thatpredicate
instance.It is hopedthatsinceframesetsaredefined
throughdiathesisalternationof syntacticframes,the
distinctionsmadeare still structuralin natureand
thusaremachine-learnableandcanbe consistently
annotatedby humanannotators.

Sofar our discussionhasfocusedon semanticar-
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Figure1: Annotationmodel

guments,which play a centralrole in determining
thesyntacticframesandframesets.Thereareother
elementsin a proposition:semanticadjuncts.Com-
paredwith semanticarguments,semanticadjuncts
do not play a role in defining the syntacticframes
or framesetsbecausethey occurin awide varietyof
predicatesandasaresultarenotasdiscriminativeas
semanticarguments.On theotherhand,sincethey
canco-occurwith a wide varietyof predicates,they
aremoregeneralizableandclassifiablethanseman-
tic arguments.In thenext section,wewill describea
representationschemethatcapturesthisdichotomy.

2.1 Representing arguments and adjuncts

Sincethe numberand type of semanticarguments
for apredicateareuniqueandthusdefinetheseman-
tic rolesfor a predicate,we label theargumentsfor
a predicatewith a contiguoussequenceof integers,
in theform of argN, where

�
is theintegerbetween

0 and5. Generally, a predicatehasfewer than6 ar-
guments.Sincesemanticadjunctsarenot subcate-
gorizedfor by thepredicate,we useonelabelargM
for all semanticadjuncts.ArgN identifiesthe argu-
mentswhile argM identifiesall adjuncts.An argN
uniquelyidentifiesanargumentof a predicateeven
if it occupiesdifferentsyntacticpositionsin different
predicateinstances.Missing argumentsof a predi-
cateinstancecanbe inferredby noting the missing
argumentlabels.

Additionally, we alsousesecondarytagsto gen-
eralizeandclassifythesemanticargumentsandad-
junctswhenpossible. For example,an adjunctre-
ceiving a ����� tag if it is a temporaladjunct.The

secondarytagsare reserved for semanticadjuncts,
predicatesthatserveasarguments,aswell ascertain
argumentsfor phrasalverbs.The18 secondarytags
andtheirdescriptionsarepresentedin Table1.

11 functional tags for semantic adjuncts
ADV adverbial,default tag
BNF beneficiary
CND condition
DIR direction
DGR degree
FRQ frequency
LOC locative
MNR manner
PRP purposeor reason
TMP temporal
TPC topic

1 functional tag for predicate as argument
PRD predicate
6 functional tags for arguments to phrasal verbs
AS , , ,
AT ,
INTO , ,
ONTO
TO ,
TOWARDS ,

Table1: List of functionaltags

3 Complications

In this sectionwe discussseveral complicationsin
annotatingthe predicate-argumentstructureas de-
scribedin Section2. Specifically, we discussthe
phenomenonof “split arguments”and the annota-
tion of nominalizedverbs(or deverbalnouns).

3.1 Split Arguments

What canbe characterizedas“split arguments”are
caseswherea constituentthat occursas one argu-
ment in one sentencecanalso be realizedas mul-
tiple arguments(generallytwo) for the samepred-
icate in anothersentence,without causingchanges
in themeaningof thesentences.This phenomenon
surfacesin severaldifferentconstructions.Onesuch
constructioninvolves“possessorraising”,wherethe
possessor(in a broadsense)raisesto a higherposi-
tion. Examples1a and1b illustratethis. In 1a, the
possessororiginatesfrom the subjectposition and
raisesto the topic1 position, while in 1b, the pos-
sessororiginatesfrom theobjectpositionandraises

1In Chinese,it is possibleto have a topic in additionto the
subject. The topic is higherthanthe subjectandplaysan im-
portantrole in thesentence(Li andThompson,1976).



to thesubjectposition.Theexactsyntacticanalysis
is not importanthere,andwhat is importantis that
oneargumentin onesentencebecomestwo in an-
other. Thechallengeis thento capturethisregularity
whenannotatingthepredicate-argumentstructureof
theverb.

1. PossessorRaising
a. Subjectto Topic
(IP (NP-PN-TPC /China)

(NP-TMP /lastyear)
(NP-SBJ /import-export

/total volume)
(VP /exceed

(QP-OBJ /325Billion
(CLP /US.Dollar))))

/exceed
arg0-psr: /China
arg0-pse: /import-export /total volume
arg1: /325Billion /US.Dollar

(IP (NP-TMP /lastyear)
(NP-SBJ(DNP (NP-PN /China)

/DE)
(NP /import-export

/volume))
(VP /exceed

(QP-OBJ /325Billion
(CLP /US.Dollar))))

/exceed
arg0: /China /DE /import-export

/volume
arg1: /325Billion /US.Dollar

b. Objectto Subject
(IP (NP-SBJ(NP-PN /China)

(NP /economy
/expansion))

(VP (ADVP /also)
(ADVP /will)
(VP /slow down

(NP-OBJ /speed)))
/slow down

arg1-psr: /China /economy /expansion
arg1-pse: /speed

(IP (NP-SBJ(DNP (NP(NP-PN /China)
(NP /economy

/expansion))
)

(NP /speed))
(VP (ADVP /also)

(ADVP /will)
(VP /slow down))

/slow down
arg1: /China /economy /expansion

/DE /speed

Anothercaseof “split arguments”involvestheco-
ordinatednounphrases.In 2a,for example,theco-
ordinatedstructureasa wholeis anargumentto the
verb“ /sign”. In contrast,in 2b,onepieceof the
argument,“ /China” is realizedasanounphrase
introducedby a preposition. Thereis no apparent
differencein meaningfor thetwo sentences.

2. Coordinationvs. Prepositionalphrase
a. (IP (NP-PN-SBJ /Burma

/and
/China)

(VP (ADVP /already)
(VP /sign

/ASP
(NP-OBJ /border

/trade
/agreement))))

/sign
arg0: /Burma /and /China
arg1: /border /trade /agreement

b. (IP (NP-PN-SBJ /Burma)
(VP (ADVP /already)

(PP /with
(NP-PN /China))

(VP /sign
/ASP

(NP-OBJ /border
/trade
/agreement))))

/sign
arg0-crd: /Burma
arg0-crd: /China
arg1: /border /trade /agreement

Therearetwo waysto capturethis type of regu-
larity. Oneway is to treateachpieceasa separate
argument.Theproblemis thatfor coordinatednoun
phrases,therecan be arbitrarily many coordinated



constituents.So we adoptthe alternative approach
of representingthe entire constituentas one argu-
ment. When the piecesare separateconstituents,
they will receive thesameargumentlabel,with dif-
ferentsecondarytagsindicatingthey arepartsof a
larger constituent. For example, in 1, when pos-
sessorraising occurs,the possessorand possessee
receive thesameargumentlabelwith differentsec-
ondarytagspsr and pse. In 2b, both “ /China”
and“ /Burma”receivethelabelarg0, andthesec-
ondarylabel crd indicateseachoneis a part of the
coordinatedconstituent.

3.2 Nominalizations

Anothercomplicationinvolves nominalizations(or
deverbalnouns)and their co-occurrencewith light
andnot-so-lightverbs. A nominalizedverb, while
servingas an argumentto anotherpredicate(gen-
erally a verb), alsohasits own predicate-argument
structure.For example,in 3, thepredicate-argument
structurefor “ /doubt” shouldbe “ ( ,

)”, whereall the argumentsof “ /doubt”
are embeddedin the NP headedby “ /doubt”.
Thecomplicationariseswhenthenominalizednoun
is a complementto anotherverb, as in 4, where
the subject “ /reader” is an argument to both
the verb “ /produce” and the nominalizedverb
“ /doubt”. Moreinterestingly, theotherargument
“ /this /CL /news” is realizedasanadjunctto
the verb (introducedby a preposition)even though
it bearsnoapparentthematicrelationshipto it.

It might be tempting to treat the verb
“ /develop” as a “light verb” that does not
have its own predicate-argumentstructure,but this
is questionablebecause“ /doubt” canalsotake a
nounthatis notanominalizedverb: “ /I /towards

/she /develop /LE /feeling”. In addition,
there is no apparentdifference in meaning for
“ /develop” betweenthissentenceand4, sothere
is little basisto saythesearetwo differentsensesof
this verb. So we annotatethe predicate-argument
structureof both theverb “ ( , )” andthe
nominalizedverb“ ( , )”.

3. (IP (NP-SBJ(NP /reader)
(DNP (PP /towards

(NP(DP /this
(CLP /CL))

(NP /news)))
)

(NP /doubt))
(VP /deepen

/LE))
/deepen

arg1: /reader /towards /this /CL
/news

4. (IP (NP-SBJ /reader)
(VP (PP-DIR /towards

(NP(DP /this
(CLP /CL))

(NP /news)))
(ADVP /too)
(VP /will

(VP /develop
(NP-OBJ /doubt)))))

/develop
arg0: /reader
arg1: /doubt

4 Implementation

To implement the annotationmodel presentedin
Section2,wecreatealexical database.Eachentryis
a predicatelistedwith its framesets.Thesetof pos-
siblesemanticrolesfor eachframesetarealsolisted
with a mnemonicexplanation. This explanationis
not partof the formal annotation.It is thereto help
humanannotatorsunderstandthedifferentsemantic
rolesof this frameset.An annotatedexampleis also
providedto helpthehumanannotator.

As illustratedin Example5, the verb “ /pass”
hasthreeframesets,andeachframesetcorresponds
with a different meaning. The different meanings
can be diagnosedwith diathesisalternations. For
example, when “ /pass”means“pass through”,
it allows droppedobject. That is, the object does
nothave to besyntacticallyrealized.Whenit means
“passby vote”, it alsohasanintransitive use.How-
ever, in this case,theverbdemonstrates“subjectof
theintransitive / objectof thetransitive” alternation.
That is, the subjectin the intransitive userefersto
the sameentity as the object in the transitive use.
Whenthe verb means“passan exam, test, inspec-
tion”, thereis alsothetransitive/intransitive alterna-
tion. Only in this case,the objectof the transitive



counterpartis now partof thesubjectin the intran-
sitive use. This is the argument-splitproblemdis-
cussedin the lastsection.Thethreeframesets,rep-
resentingthreesenses,areillustratedin 5.

5. Verb: /pass
Frameset.01: , /passthrough
Roles:arg0(“passer”),arg1(“place”)
Example:
(IP (NP-SBJ /train)

(VP (ADVP /now)
(VP /pass

(NP-OBJ /tunnel))))
.01/pass

arg0: /train
arg1: /tunnel
argM-ADV: /now

(IP (NP-SBJ /train)
(VP (ADVP /now)

(VP /pass)))
.01/pass

arg0: /train
argM-ADV: /now

Frameset.02: , ( , )/pass
(anexam,etc.)

(IP (NP-SBJ(DNP (NP /he)
/DE)

(NP /druginspection))
(VP (ADVP /not)

(VP /pass)))
.02/pass

arg1: /he /DE /druginspection

(IP (NP-SBJ(NP /he)
(VP (ADVP /not)

(VP /pass)))
(NP-OBJ /druginspection))

.02/pass
arg1-psr: /he
arg1-pse: /druginspection

Frameset.03: /pass(a bill, a law, etc.)
(IP (NP-PN-SBJ /theU.S.

/Congress)
(VP (NP-TMP /recently)

(VP /pass

/ASP
(NP-OBJ /interstate

/bankinglaw))))
.03/pass

arg0: /theU.S.
arg1: /interstate /bankinglaw

(IP (NP-SBJ(ADJP /interstate)
(NP /bankinglaw))

(VP (NP-TMP /recently)
(VP /pass

/ASP)))
.03/pass

arg1: /interstate /bankinglaw

The human annotatorcan use the information
specifiedin this entry to annotateall instancesof
“ /pass”in acorpus.Whenannotatingapredicate
instance,theannotatorfirst determinesthesyntactic
frameof thepredicateinstance,andthendetermine
which framesetthis frameinstantiates.The frame-
set identification is then attachedto this predicate
instance.This canbe broadlyconstruedas“sense-
tagging”, except that this type of sensetaggingis
coarser, andthe“senses”arebasedonstructuraldis-
tinctionsratherthanjust semanticnuances.A dis-
tinction is madeonly when the semanticdistinc-
tionsalsocoincidewith somestructuraldistinctions.
Theexpectationis that this typeof sensetaggingis
muchamenableto automaticmachine-learningap-
proaches.The annotationdoesnot stophere. The
annotatorwill go on identifying the argumentsand
adjunctsfor this predicateinstance. For the argu-
ments,theannotatorwill determinewhich semantic
roleeachargumentrealizes,basedon thesetof pos-
siblerolesfor this frameset,andattachtheappropri-
atesemanticrole label(argN) to it. For adjuncts,the
annotatorwill determinethe type of adjunctthis is
andattachasecondarytagto argM.

5 Applications

A resourceannotatedwith predicate-argumentstruc-
ture can be usedfor a variety of natural language
applications.For example,this level of abstraction
is usefulfor InformationExtraction. Theargument
role labelscanbe easilymappedto an Information
Extractiontemplate,whereeachrole is mappedto a
pieceof informationthatan IE systemis interested



in. Suchmappingwill not be asstraightforward if
it is betweensurfacesyntacticentitiessuchas the
subjectandIE templates.

This level of abstractioncanalsoprovide a plat-
form wherelexical transfercantake place.It opens
up the possibility of linking a framesetof a predi-
catein onelanguagewith thatof another, ratherthan
usingbilingual (or multilingual) dictionarieswhere
oneword is translatedinto oneor morewordsin a
differentlanguage.This typeof lexical transferhas
severaladvantages.Oneis that thetransferis made
more precise,in the sensethat therewill be more
caseswhereone-to-onemappingis possible.Even
in caseswhereone-to-onemappingis still notpossi-
ble, theidentificationof theframesetsof apredicate
will narrow down the possiblelexical choices.For
example, sign.02 in the English PropositionBank
(Kingsbury andPalmer, 2002)will be linked to “

.01/enterinto anagreement”.This typeof linking
rulesout “ ” asa possibletranslationfor sign.02,
eventhoughit is a translationfor otherframesetsof
theword sign.

The transferwill alsobemoreprecisein another
sense,that is, thepredicate-argumentstructureof a
word instancewill be preserved during the trans-
fer process.Knowing the argumentsof a predicate
instancecan further constrainthe lexical choices
andrule out translationcandidateswhosepredicate-
argumentstructuresareincompatible.For example,
if the realizedargumentsof “sign.01” of the En-
glish PropositionBank in a given sentenceare the
signer, thedocument,andthesignature,amongthe
translationcandidates“ , ” (“ .01/enterinto
an agreement”is ruled out asa possibility for this
frameset),only “ ” is possible,because“ ” can
only take two arguments,namely, thesignerandthe
document.

6. /he /at /this /CL /document /LC /sign
/LE /self /DE /name

“He signedhisnameon thisdocument.”

Onemight arguethatthesyntacticsubcategoriza-
tion frame obtainedfrom the syntacticparsetree
can also constrainthe lexical choices. For exam-
ple, knowing that “sign” has a subject,an object
anda prepositionalphraseshouldbeenoughto rule
out “ ” asa possibletranslation. This argument
breaksdown when there are lexical divergences.

The“document”argumentof “ ” canonly bere-
alized as a prepositionalphrasein Chinesewhile
in English it canonly be realizedthe direct object
of “sign”. If the syntacticsubcategorizationframe
is usedto constrainthe lexical choicesfor “sign”,
“ ” will be incorrectly ruled out as a possible
translation. Therewill be no suchproblemif the
more abstractpredicate-argumentstructureis used
for this purpose. Even when the documentis re-
alizedasa prepositionalphrase,it is still the same
argument. Of course,“ /sign” is also a possi-
ble translation.So comparedwith the surfacesyn-
tactic frames,thepredicate-argumentstructurecon-
strainsthelexical choiceswithout incorrectlyruling
out legitimatetranslationcandidates.This is under-
standablebecausethe predicate-structureabstracts
away from thesyntacticidiosyncraciesof thediffer-
ent languagesandthusaremoretransferableacross
languages.

7. /he /at /this /CL /document /LC /sign
/he /sign /this /CL /document

“He signedthisdocument.”

Annotating the predicate-argument structureas
describedin previous sectionswill not reducethe
lexical choicesto one-to-onemappingsin call cases.
For example,“ ” canbetranslatedinto “standard-
ize” or “unite”, eventhoughthereis only oneframe-
setfor both finer sensesof this verb. It is conceiv-
ablethatonemightwanttoposittwo framesets,each
for onefiner senseof this verb. This is essentially
a trade-off: either one can conductdeepanalysis
of the sourcelanguage,resolve all senseambigui-
tieson thesourcesideandhave a morestraightfor-
ward mapping,or onetakes the one-to-many map-
pings and selectthe correct translationon the tar-
get languageside. Hopefully, theannotationof the
predicate-argumentprovides just the right level of
abstractionand the resourcedescribedhere, with
eachpredicateannotatedwith its argumentsandad-
junctsin context, enablestheautomaticacquisition
of thepredicate-argumentstructure.

6 Summary

In this paper, we describedanapproachto annotate
thepropositionsin thePennChineseTreebank.We
describedhow diathesisalternationpatternscanbe
usedto make coarsesensedistinctionsfor Chinese



verbsasanecessarystepin annotatingthepredicate-
structureof predicates.Wealsodescribedtherepre-
sentationschemewe useto labelthesemanticargu-
mentsandadjunctsof thepredicates.We discussed
severalcomplicationsfor this typeof annotationand
describedour solutions. We thendiscussedhow a
lexical databasewith predicate-argumentstructure
informationcanbeusedto ensureconsistentannota-
tion. Finally, we discussedpossibleapplicationsfor
this resource.
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