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Abstract

We applytheC4.5decisiontreelearnerin interpret-
ing Japaneseelative clauseconstructions,based

aroundshallav syntacticand semanticprocessing.

In parameterisinglatafor usewith C4.5, we pro-

pose and test various meansof reducing intra-

clausalinterpretationabmbiguity andcrossindex-

ing the overall analysisof cosubordinatedelative

clauseconstructions. We additionally investigate
the disambiguatingeffect of the differentparame-
ter typesused,and establishupperboundsfor the
task.

1 Intr oduction

Japaneseelative clauseconstructionhave thegen-
eral structure[ [ S] [ NP] ], and constitutea noun
phrase.We will termthe modifying S the “relative
clause”,the modified NP the “head NP”, and the
overall NP a“relative clauseconstruction”or RCC.
ExampleRCCsarel

(1) kino katta  bosi

yesterday bought hat

“the hatwhich () boughtyesterday”
(2) bosi-o katta riyu

hatAcc bought reason

“the reason( ) boughtahat”

(3) taterareta yokutosi
built nextyear

“the yearafter () wasbuilt”

Differentclaims have beenmadeasto the roles
of syntax,semanticsand pragmaticgor frame se-
mantics)in the construalof Japanes&kCCs (e.qg.
Teramura(1975-78),Sirai and Gunji (1998), Mat-
sumoto(1997)). We considenwo basicsyntactico-
semanticselectionprocesses$o govern RCC con-
strual: selectionof the relative clauseby the head
NP and selectionof the headNP by the relative

1The following abbreviationsare usedin glosses:NOM =
nominative, ACC = accusatie, PRES = non-pasendpPoT = po-
tential. () is usedto indicatezero(anaphoricrrguments.

clause. Theseprocessegsanbe seento be at play
in the examplesaboe: in (1), the headverb of the
relative clauseselectsfor the head NP, and a di-
rect object case-slotgappinginterpretationresults
(i.e. bosi is the direct object of katta); in (2), the
headNP selectsor the relative clause resultingin
an attributive interpretation(i.e. bosi-o katta is an
attributive modifier of riyu); andin (3) an attribu-
tive interpretationsimilarly results,with the quali-
fication that while yokutosiselectsfor the relative
clausetherelative clausemustin turn beableto se-
lect for atemporalmodifier (e.g.stative verbssuch
as soNzai-suru‘exist” are incompatiblewith this
construction).Thereis a closerelationshipbetween
syntaxand semanticshere,in that syntaxprovides
the basicagumentand modifier positionsfor the
headverb of the relative clause,which semantics
fleshesout by way of selectionatestrictions.Prag-
maticsalsohasaroleto play in ratingthe plausibil-
ity of differentinterpretationgMatsumoto,1997),
althoughwe ignoreits effects, and indeedthe im-
pactof context,in thisresearch.

Our objective in this paperis, givenataxonomy
of Japanes®CC semantictypes (Baldwin, 1998)
andagold-standardetof Japanes®CCinstances,
to investigatethe succes®f variousparametecon-
figurationsin interpretingRCCs.Onefeatureof the
proposednethodis thatit is basedn shallov anal-
ysis, centringprincipally arounda basiccaseframe
andverb classdescription. Thatis, we attemptto
makemaximumuseof surfaceinformationin per-
formingadeepsemantidask,in thesamevein, e.g.,
as Joanisand Stevenson(2003) for English verb
classificationand Lapata(2002)in disambiguating
nominalisations.

Relatve clausanterpretatioris acorecomponent
of text understandingas demonstratedn the con-
text of the MUC conferenceseries(Cardie, 1992;
Hobbset al., 1997). It also hasimmediateappli-
cationsin, e.g.,Japanese—Englighachinetransia-
tion: for case-slogappingRCCssuchas(1), we ex-
traposehe headNP from the appropriateargument
positionin the Englishrelative clause(producing,



e.g., “the hat [e; boughtyesterday]”),andfor at-
tributive RCCssuchas(2), we generatehe English
relative clausewithout extrapositionand selectthe
relative pronounaccordingto the headNP (produc-
ing, e.g.,“the reasorthatthe hatwasbought”).

RCC interpretationis doggedby analyticalam-
biguity, in particularfor phraseboundary phrase
head/attachmerand word senseambiguity The
first two of theseconcernscan be dealtwith by a
parsersuchas KNP (Kurohashiand Nagao,1998)
or CaboChgKudo andMatsumoto2002),or alter
natively atagsequence-baseechniquesuchasthat
proposedy Siddharthar(2002)for English. Word
senseambiguityis anissueif we wishto determine
thevalenceof the verbandmakeuseof selectional
restrictions. We sidestefdull-on verb sensedisam-
biguationby associatinga unique caseframe with
eachverbstemtypeandencodingcommonalterna-
tionsin theverbclass.Evenhere however, we must
have somemeansof dealingwith verb homorymy
andintegratinganalysegor cosubordinatedelative
clauses. We investigatevarious techniqueso re-
solve suchambiguity and combinethe analysisof
multiple componentlauses.

In the following, we define the RCC semantic
types(§ 2) andoutline the parametersisedin the
proposedmethod(§ 3). We thendiscusssourceof
ambiguity and disambiguatiormethods(§ 4), be-
fore evaluatingthe proposednethods(§ 5), andfi-
nally comparingthe resultswith thoseof previous
researclh(g 6).

2 Definitions

We definerelative clausemodificationasfalling into
three major semanticcateyories, indistinguishable
orthographically:case-slogapping,attributive and
idiomatic.

Case-slotgapping RCCs(aka “internal”/“inner
relation” (Teramura, 1975-78) or “clause host”
RCCs(Matsumoto,1997)),arecharacterisedly the
headNP having beengapped(or extraposedjrom
a caseslot subcategorisetly the main verb of the
relative clause(see(1)). Forour purposesgase-slot
gappingis consideredo occurin 19 sub-categories,
which can be partitioned into 8 argument case
slot types(e.g. SUBJECT, DIRECT OBJECT, INDI-
RECT OBJECT) and 11 modifier caseslot types
(e.g. INSTRUMENT, TEMPORAL, SOURCE LOCA-
TIVE: Baldwin (1998)). Notethatthe casemarking
on the slot from which gappinghasoccurredis not
preserveditherwithin the relative clauseor on the
headNP.

Attrib utive RCCs (aka “external”/“outer rela-
tion” (Teramura,1975-78)or “noun host” RCCs

(Matsumoto,1997)) occurwhenthe relative clause
modifiesor restrictsthe denotatumof the headNP
(see(2)). Theycomein 7 varietiesaccordingto the
natureof modification(e.g. CONTENT, RESULTA-
TIVE, EXCLUSIVE).

Idiomatic RCCsare producedwhenthe overall
RCCproducesconstructionallyidiomaticreading,

e.g.:

(4) mite minu huri
to see notsee pretend

“looking the otherway”

Onefeatureof idiomatic RCCsis that they canbe
describedy alargelylexicalisedconstructiortem-
plate, and are incompatiblewith conjugationalal-
ternationand modifier caseslots. Due to the non-
compositionahatureof idiomatic RCCs,we make
no attemptto analysethemby way of the case-slot
gapping/attrilntive RCC dichotomy or sub-classify
themfurther.

JapanesBCCinterpretatiorasdefinedn thispa-
peris accordingto the 27 interpretationtypessub-
sumedoy these3 basiccatagoriesof RCCconstrual.
It is importantto realisethat theseinterpretation
typesarelexically indistinguishable The semantic
type of the RCC s thereforenot readily accessible
from asimplestructuralanalysisof theRCCascon-
tainedwithin a standardreebank.

3 Parameterdescription

Featuresisedin theinterpretatiorof RCCsinclude
a generaliseccaseframe description,a verb class
characterisatiorheadnounsemanticsmorphologi-
cal analysisof the headverb,andvariousconstruc-
tional templates. Thesecombineto form the 49-
feature parametersignatureof eachRCC. Unless
otherwisementionedall featuresarebinary.

Caseframes are appliedin determiningwhich
argumentcaseslotsaresubcategorisetly the head
verb of the relative clauseandinstantiated—hence
making them unavailable for case-slotgapping—
andcorverselywhich caseslotsare subcatgorised
by the headverbanduninstantiated—makinghem
availablefor caseslot gapping. The rangeof argu-
mentcaseslotscoincidesexactlywith the setof ar
gumentcase-slotgappingRCC typesfrom § 2 (8
featuredn total).

Argumentcaseslot instantiationfeaturesare set
by comparingagivencaserameto theactualinput,
and aligning caseslots betweenthe two according
to casemarkercorrespondenceln the caseframe
dictionary a singlegeneraliseataseframeis given
for eachverb stem. Caseframeswere generated



from the Goi-Taikei pattern-basedaleng dictio-
nary (Ikeharaetal., 1997)by manuallymergingthe
majorsense$or eachdistinctverbstem.In essence,
caseframesare simply a list of the argumentcase
slotsfor the verbin questionin their canonicalor-
dering(caseframesincludeno modifier caseslots).
Eachcaseslotis markedfor canonicakasemarking
andcaseslottype.

Caseframescan contain lexicalised caseslots,
whichmustbeovertly realisedor thatcaserameto
betriggered.Exampleof fixedexpressionsreki-o
tukeru(mind-Acc fix/attach)“to be careful/keemn
eyeout for (something)’andyume-omiru (dream
AcCC see)‘to dream”. We manuallyannotatedach
fixed argumentfor “gapability”, i.e. the potential
for extrapositionto the headNP position suchas
with the RCCkino mita yume“the dreaml hadlast
night”. If agapabldixed argumentoccurs(unmod-
ified) in headNP position,we usethe“gappedfixed
argumentheadNP” featureto returnthe argument
type of gappedfixed argument(e.g. DIRECT OB-
JECT).

The unique caseframe descriptionis comple-
mentedby verb classes Verb classesare usedto
describesucheffectsas: (1) modifiercaseslotcom-
patibility, e.g. PROXIMAL verbssuchaskaeru“re-
turn” are compatiblewith target locative modifier
caseslots; (2) caseslot interaction, e.g. INTER-
PERSONAL verbssuchasau “meet” have two co-
indexed argumentslots to indicate the interacting
parties;and(3) potentialfor valeng-modifying al-
ternatione.g.INCHOATIVE verbssuchaskaisi-suru
“start” arelisted with the (unaccusatie) intansitve
caseframebut undepgo the causatie-inchoatve al-
ternationto producetransitive caseframes(Jacob-
sen,1992).A totalof 27 verbclassesreusedn this
researchwhich incorporatea subsetof the verbal
semantiattributes(VSAs) of Nakaiwaandlkehara
(1997)aswell asclassesndependentlydeveloped
for thepurpose®f thisresearch.

Head noun semantics are used to morpho-
semanticallyclassify the head noun (of the head
NP) into 14 classeqe.g. AGENTIVE, TEMPORAL,
FIRST-PERSON PRONOUN), basedntheGoi-Taikei
nountaxonomy Ratherthanattemptingto disam-
biguatenounsensetheheadnounsemantideatures
aredeterminedastheunionof all sense®f thehead
noun of the headNP. For coordinatedhead NPs,
we take the intersectionof the headnoun feature
vectors.Oneheadnounsemantideatureparticular
to RCCsis the classof functionalnouns(e.g.riyu
“reason”, kekka“result” and mokuteki‘objective”)
which generallygive riseto attributive RCCs.

In processingeach unit relative clause, we

carry out morphological analysis of the head
verb of the relative clause, returning a listing
of verb morphemesand tense/aspecaffixes: e.g.
the verb okonawaeteita “to have been held” is
analysedas okona-wae-te-ita “to hold-PASSIVE-
PROGRESSIVE-PAST”. Thishasapplicationsn case
frame transformation(e.g. passvisation), as trig-
ger conditionsin constructionatemplates,andin
theresolutionof caseframeambiguity Caseframe
transformatioris carriedout prior to matchingcase
slots betweenthe input and caseframe, producing
a descriptionof the surfacerealisationof the case
framewhich reflectsthe voice, causality etc. of the
main verh Caseframe transformationcan poten-
tially producefan-outin the numberof clauseanal-
yses particularlyin the caseof the(r)are verbmor-
pheme,which has passve, potential/spontaneous
and honorific readings(Jacobsen1992). We pro-
duceall legal caseframesin this case,and leave
the selectionof the correctverb interpretationfor
later processing.Note thatthe only morphological
verbfeatureto makean appearancasanindepen-
dentfeatureis POTENTIALITY, asit combineswith
nominalisedadjectives to produce COMPARATIVE
RCCssuchastob-eruhirosa(jump-pPoT size)“(of)
sizebig enoughto jump (in)”.

In additionto simplefeaturestherearea number
of constructional templates namelytwo features
for theattributive RCCtypesof ExcLUSIVE andIN-
CLUSIVE, andalsoonefeaturefor idiomaticRCCs.
The constructionatemplatefor ExcLusIVE RCCs
operatesover the EXCLUDING verb class(contain-
ing nozoku“to exclude”, for example),and stipu-
latessimple pastor non-pasimain verb conugation
andthe occurrenceof only anaccusatiely-marled
caseslot within therelative clause.The satisfaction
of theseconstraintgesultsin theeExcLusIVE RCC
compatibility featurebeingset,asoccursfor:

(5) nitiyobi-o  nozo-ku mainiti
SundayAcc excludePreS everyday
“every dayexceptSundays”

Idiomatic RCCtemplatesconstrainthe lexical type
and modifiability of the head NP, verbal conju-
gation, casemarker alternationand modifier case
slots/adverbialsA total of 11templatesareutilised
in the currentsystemwhich aremappedntoasin-
gle featurevalue.

4 Analytical ambiguity and
disambiguation

As with any NLP task,ambiguityoccursat various
levelsin thedata.In this sectionwe outlinesources



of ambiguity and proposedisambiguatiormethods
for each.

4.1 Analytical ambiguity

Analytical ambiguity arises when multiple
clause analysesexist, as a result of verb ho-
mophony/homographor fixed expressiorcompat-
ibility .

For the purposesof our system, verb ho-
mophony occurswhenmultiple verb entriesin the
caseframedictionary sharethe samekanacontent
(and hencepronunciation) suchthat a kana-based
orthographywill leadto ambiguitybetweerthe dif-
ferent entries. Verb homography, on the other
hand,occurswhenmultiple verbentriescoincidein
kanji contentjeadingto ambiguityfor akaniji-based
orthography Both verb homophoy andhomogra-
phy canbe eitherfull or partial,i.e. all forms of a

givenverbpair canbe homophonous/homographic,

or therecan be partial overlap for particulartypes
of verb inflection. For example the verbsZ: %
kawaru“change”andf\4 % kawaru‘“replace”are
fully homophonouswhereas& % kiru “wear” and
Y] % kiru “cut” arepartially homophonouge.g.,in
the simple non-pastthey diverge in kanaorthog-
raphy producingkita andkitta, respectiely). For
verb homography1k & % tomeru“stop” and 1F.%
% yameru“quit” are fully homographicwhereas
1T 5 okonau‘carry out” andfT < iku “go” arepar
tially homographigwith overlap producedfor the
simplepasttenseg.g.,in theform of 17— 7z, which
canbereadaseitherokonattaor itta). Suchover
lap in lexical form leadsto the situationof multiple
verbentriesbeingtriggered producingindependent
analysedor theRCCinput.

Fixed expressionslead to analyticalambiguity
as, in mostcasesthe main verb of the expression
will alsobe compatiblewith productive usagesby
way of ageneralise@¢aseframeentry Forexample,
in additionto the fixed expressiorasi-oarau (foot-
Acc wash)“quit”, arau“wash” hasa (unique)non-
lexicalisedcaseframeentry, which will be compat-
ible with any lexical contextsatisfyingthe lexical
constraintson thefixed expression.

4.2 Resolvinganalytical ambiguity

Here, we presenta cascadedsystemof heuristics
which resolvesanalytical ambiguity arising from
multiple verb entries, producinga unique feature
vectorcharacterisation.

We selectbetweemnmultiple analysedor a given
relative clausein the first by preferring analyses
stemmingfrom fixed expressionspver thosecon-
forming to constructionaltemplates,in turn over
thosegeneratedhroughgeneralisedechniquesWe

define each such stratum as comprising a dis-
tinct expressionaltype, similarly to Ikeharaet al.
(1996).

Expressionatype is on the whole a simple but
powerful disambiguatiormechanismbut is notin-
fallible. The mainareain which it comesunstuck
is in giving fixed expressionsbsolutepriority over
otheranalysesMany fixed expressionsanalsobe
interpretedcompositionally: e.g. asi-o arau (foot-
Acc wash)“quit” canmeansimply “wash (ones)
feet”. In the caseof asi-o arau, the caseframe
is identical betweenthe fixed and generalisedex-
pressionbuttheverbclassesresignificanlydiffer-
ent, potentially leadingto unfortunateside-efects
whentrying to interpretan RCCinvolving the non-
idiomaticsenseof theverh

Fixed expressionsand RCCs compatible with
constructionatemplatesendto be relatively rare,
soin mostcasesambiguityis not resolvedthrough
expressionatype preferenceslin this casewe ap-
ply a successiorof heuristicsof decreasingelia-
bility, until we producea uniqueanalysisandfea-
ture vector characterisation.Theseheuristicsare,
in orderof application: minimum verb morpheme
contentbestcaseframematchandrepresentational
preference.

Minimum verb morphemecontentinvolvesde-
terminingthe morphemiccontentof the headverb
of therelative clausefor eachverb stemit is com-
patible with, and selectingthe verb stem(s)which
are morphologicallyleastcomplex. Morphologi-
cal complexity is determinedby simply counting
the numberof morphemesauxiliary verbsand af-
fixesin the verb composite. Given the verb com-
posite 7.2 % mieru e.g., we would generatewo
analysesmie-ru“can seePRES’ andmi-e-ru“see
POT-PRES", of which we would (correctly) select
thefirst. In essencethis methodologypicks up on
more highly stem-licalisedverb entries,and ef-
fectively blocksmorecompositionalverbentries.

With best case frame match, we analysethe
degreeof correspondencbketweenthe caseframe
listed for eachdictionaryentry, andthe actualcase
slot contentof theinput. In following with the shal-
low processingbjective of thisresearchye simply
calculatehenumberof caseslotsin theinputwhich
align with caseslotsin eachcaseframe (basedon
casemarkeroverlap),anddivide this by the sumof
thecaseslotsin the caseframeandin theinput. We
additionallyadd oneto the numeratorto give pref-
erenceto caseframesof lower valeny (i.e. fewer
caseslots)in the casethatthereis no overlapwith



theinput. This canbeformalisedas:

14 |INACF|

CFM(IN, CF) TN T ICF

wherelN is the setof caseslotsin theinput, CF
the setof caseslotsin the currentcaseframe,and
thecaseslotoverlapoperator Notethattheordering
of the caseslotsplaysno partin calculationsjn an
attemptto capturethe relative freedomof caseslot
orderin Japanese.

Thefinal heuristicis of highrecallbut lessempre-
cision, to resolveany remainingambiguity It is
basedon the representational preferencefor the
currentverbto takedifferentlexical forms. Therep-
resentationapreferencg R P) of lexical form a of
verbentry f (i.e.ay) is definedasthelikelihood of
f beingrealisedasa:

1+ freq(ays)

RP = —
(af) 14 Ei#a freq(if)

This is normalisedover the representationgbref-
erencefor all sourceentriesa;, producingthe verb
score(V' S) for eachay:

RP(af)
> RP(ai)

All frequenciesare calculatedbasedon the EDR
corpus (EDR, 1995), a 2m morphemecorpus of
largely technicalJapanesprose.

In thecaseof atie in representationgireference,
we selectoneof thetied analysesandomly

VS(af) =

4.3 Clausecosubordination and
disambiguation

Japaneseosubordinatedlausedi.e. dependenbut
not embeddedlausesasindicatedby the useof a
conjunctionsuchasnagars, te, tutu or si, or through
continuativetype conjugation: Van Valin (1984))
offer anadditionalavenuefor disambiguation:

(6) [[ Kim-ga  koaN-si, ] seisaku-sita]
Kim-NnoM design produced
kikai
machine
“a machinedesignedandproducedby Kim”
(7) [[ kyoneN hatumei-sae ] ryuko-sita ]
lastyear invented got popular
mono
thing
“things which wereinventedandgainedpopularity
lastyear”

As is apparentin (6) and (7), a consistentRCC
interpretationis maintainedacrosscosubordinated
clausese.qg.in (6), kikai “machine”is the DIRECT

OBJECT of bothkoaN-siandseisaku-sité It is pos-
sibleto putthis obsenationto usewheninterpreting
cosubordinatedRCCs, by coordinatingthe feature
vectorsfor theunit clausego producea unique,co-
herentinterpretatiorfor the overall RCC.We apply
thisin two ways:by ORing andAND'ing thefeature
vectorstogether

5 Evaluation

In evaluation, we comparedifferent clausalinter
pretationselectiontechniques We furthergo on to
investicate the efficacy of differentparameteipar
titions on disambiguationand generatea learning
curve.

Evaluationwas carried out by way of stratified
10-fold crossvalidationthroughoutusingthe C4.5
decisiontreelearner(Quinlan,1993)3 As C4.5in-
ducesa uniguedecisiontree from the training data
and then appliesthis to the testdata, we are able
to evaluateboth training andtest classificationac-
curacy i.e. the relative succes®f the decisiontree
in classifyingthetrainingdataandtestdata,respec-
tively.

The data usedin evaluationis a set of 5143
RCCinstancedgrom the EDR corpus(EDR, 1995),
of which 4.7% included cosubordinatedelative
clausedi.e. thetotal numberof unit relative clauses
is 5408). EachRCC instancewas manuallyanno-
tatedfor defaultinterpretationindependenbf sen-
tential context. The 10 most-frequentinterpreta-
tions(outof 27)in thistestsetarepresentedbelow:

I nterpretation RCC supertype Freq
SUBJECT case-slogapping .640
CONTENT attributive 135
DIRECT OBJECT case-slogapping .074
IDIOMATIC idiomatic .024
EXCLUSIVE attributive .023
LOCATIVE case-slogapping .022
TEMPORAL case-slogapping .021
CO-SUBJECT case-slogapping .012
STATIVE TOPIC case-slogapping .010
TIME DURATIONAL case-slogapping .009

Basedon this, we canderive a baselineaccurag
of 64.0%,0btainedby allocatingthe SUBJECT inter-
pretationto every RCCinput.

2Notethatin (7), the SUBJECT interpretationis sharedbe-
tweena passve andactive clause.lt is becausehe interpreta-
tionalparallelismoccursatthegrammaticatelationlevel rather
thancase-roldevel thatwe selectgrammaticatelationsfor our
argumentase-slogappingtypes.

3We also ran TiMBL 5.0, TinySVM and Rob Malouf's
MaxEnt toolkit over the data, but found C4.5to producethe
bestresults.
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5.1 Evaluation of analytical disambiguation

First, we evaluateanalyticaldisambiguatiorby de-
composingecachRCCinto its componentosubordi-
natedRCCsandselectingnostplausibleinterpreta-
tion for eachunit clause(UC). We compare:(a) a
randomselectionbaselinemethod(Randomgc); (b)
amethodwhereall featurevectorsfor the unit rela-
tive clausearelogically AND'ed together(ANDy¢);
(c) a methodwhereall featurevectorsfor the unit
clauseare logically OR'ed together(OR,¢); and
(d) the cascaded-heuristimethodfrom § 4.2 above
(Heuristic,c). The resultsfor the variousmethods
arepresentedn Fig. 1. Notethat28.8%o0f clauses
occurringin the dataareassociateavith analytical
ambiguity andfor the remainderthereis only one
verbentryin the caseframedictionary

Heuristig,c outperformsthe Randomy. baseline
to alevel of statisticalsignificance’ in bothtraining
andtesting.OR¢ lagsbehindHeuristig,c in testing
in particular butis vastlysuperiorto ANDy, which

4All statistical significancejudgementsare basedon the
pairedt test(p < 0.05).
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Figure 3: Evaluationof differentparametecombi-
nations(C = caseslot instantiation N = headnoun
semanticsandV = headverbclass)

is mamginally worsethanRandorgc in bothtraining
andtesting.

Basedon theseresults,we concludethatour sys-
tem of cascadedheuristics(Heuristig,c) is the best
of thetestednethodsaandusethisasourintra-clause
disambiguationmethodin subsequergvaluation.

5.2 Disambiguation via cosubordination

Next, we test the cosubordination-basedisam-
biguationtechniques.The two core paradigmswve
considerare: (1) unit clause(UC) analysis,where
eachcosubordinatedlauseis consideredndepen-
dently, asin § 5.1; and (2) clause-intgrated(Cl)
analysis,wherewe actively usecosubordinationn
disambiguation.

For unit clauseanalysis we replicatethe basic
Heuristig,c methodologyfrom abowe and also ex-
tendit by logically AND'ing togetherthe caseslot
instantiationflags betweenunit clausefeaturevec-
tors to maintaina consistentlyapplicablecase-role
gappinganalysis(Heuristic).

For clause-integrated analysis we apply
Heuristic in intra-clausal analysis, then either
logically OR or AND the componentunit clause
featurevectorstogethey producingmethodsOR,
andAND,, respectiely.

Thetrainingandtestaccuracie$or thedescribed
methodsoverthefull datasetaregivenin Fig. 2.

Heuristic,. (incorporatinginter-clausal coordi-
nationof only caseslotdata)appearso offer aslight
adwantageover Heuristig,c, but the two clause-
integratedanalysismethodsf OR;, andAND, are
significantly superiorin both testingand training.
Overall, the best-performingnethodis AND, ata
testaccurag of 88.9%.

It is difficult to gaugethe significanceof the
resultsgiven that coordinatingRCC's accountfor
only 4.7% of the total data. One referencepoint



is the performanceof the Heuristic,c methodover

only simple(non-cosubordinatedCCs.Thisgives
a training accuracyof 90.6% and test accuracy
of 89.3%, suggestingthat we are actually doing

slightly worseover cosubordinate@®CCsthansim-

ple RCCs, but that we gain considerablyfrom

employinga clause-intgratedapproachrelative to

simpleunit clauseanalysis.

An absolutecapon performanceor the original
systemcan be obtainedthrough non-deterministic
evaluation, wherebythe systemis adjudgedto be
correctin the instancethat the correctanalysisis
producedfor any one unit clauseanalysis(out of
the multiple analysesper clause). This produces
anaccuracyof 90.2%,which is presentedisUpper
Boundin Fig. 2. Giventhatall that the proposed
methodis doing is choosingbetweenthe different
unit clauseanalysesjt cannothopeto betterthis.
Relative to the baselineandupperbound,the error
reductionfor theclause-integratedND., methodis
96.6%,avery strongresult.

5.3 Additional evaluation

We further partitionedup the parametespaceand
ranC4.5overthedifferentcombinationshereof,us-
ing ANDc,. The particularparametepartitionswe
target are caseslot instantiationflags (C: 11 fea-
tures), headnoun semantics(N: 14 features)and
verbclassegV: 27 features).

The systemresultsover the individual parameter
partitions,andthevariouscombination®f caseslot
instantiation headnounsemanticandverbclasses
(e.g.N+V = headnounsemanticandverbclasses),
arepresentedn Fig. 3.2

Thevalueof headnounsemanticss borneoutby
thehightestaccuracyfor N of 76.0%.We canaddi-
tionally seethatcaseslotinstantiatiorandverbclass
featuresprovide approximatelyequialentdiscrim-
inatory power, both well above the absolutebase-
line of 64.0%. This is despitecaseslot instantia-
tion flags being lessthan half the numberof verb
classeslargelydueto thedirectcorrelationbetween
caseslotinstantiatiorjudgementandcase-slogap-
ping analyseswhich accountor around80% of all
RCCs.

Theaffinity betweercaseslotinstantiatiorjudge-
mentsand the semanticsof the headnounis evi-
dencedn thestrongperformancef C+N, although
evenhere,verb classegain usanadditional5% of
performance.Essentiallywhatis occurringhereis
thatselectionapreferencebetweerparticularhead
nounsemanticandcertaincase-slot/analysitypes

>NotethatC+N+V correspondso thefull parametespace,
andis identicalto AND, in Figure2.

are incrementallyenhancedas we add in the ex-

tra dimensionsof caseslot instantiationand verb

classes.The orthogonalityof the threedimensions
is demonstratedby the incrementalperformance
improvementas we add in extra parametettypes.

Thisfinding providesevidencefor ourearlierclaims

aboutselectionin RCCsbeing basedon the com-

bination of headnoun semanticsyerb classesand

informationaboutwhat caseslotsarevacantin the

relative clause.

To determineif the 90.2%upperboundon clas-
sificationaccuracyfor the givenexperimentasetup
is dueto limitations in the particularresourcesve
are usingor an inherentboundon the RCC inter-
pretationtask as definedherein, we performeda
manualannotationtaskinvolving 4 annotatorsand
100randomly-selecte®CCs,takenfrom the 5143
RCCsusedin this research.The meanagreement
betweenthe annotatorsvas 90.0%, coinciding re-
markably well with the 90.2% figure. This pro-
videsextraevidencefor the succes®sf the proposed
method andsuggestshatthereis little roomfor im-
provementgiventhe currenttaskdefinition.

6 Discussion

Perhapsthe most directly comparableresearchto
thatoutlinedin this paperis that of Abekavwa et al.
(2001),who disambiguatdR CCsaccordingto sim-
plex dependencylataandKL divergence.Thatis,
they extractout (noun, case_marker, verd) triples
from corpusdata,anddisambiguateRCCsaccord-
ing to which caseslot the headnounoccursin most
commonlyin simplex data. The accuracyfor their
method over a task where they distinguishedbe-
tweenattributive and 6 typesof case-slotgapping
RCCs(definedaccordingto casemarker)wasarel-
atively modest65.3%. For a binary attributive vs.
case-slogappingtask,the accurag wasa morere-
spectableB8.8%, but still considerablylower than
thatachievedin thisresearch.

An alternatepoint of referenceis found in the
work of Li etal. (1998)on KoreanRCCs,which
displaythe samestructuralambiguitiesasJapanese
RCCs.Li etal. (1998)attainanaccuracyof 90.4%
through statistical analysis of the distribution of
verb-casdiller collocatesexceptthatthey classify
relative clausesaccordingto only 5 categoriesand
consideronly case-slotgappingRCCs. With our
method,restrictinganalysisto only gappingRCCs
(still retaininga total of nineteenRCC types)pro-
ducesan accurayg of 94.1%for the AND, system
with C4.5.

In conclusionwe have proposeda methodfor in-



terpretingJapaneseelative clauseconstructionsc-
cording to surfaceevidenceand a generalisedse-
mantic representation.The methodis designedo
copewith analyticalambiguityin theheadverband
headnoun, and alsointerpretationaparallelismin
cosubordinate®CCs.In evaluationusingC4.5,we
showvedour systento hawe a classificatioraccuracy
of 89.3%, maminally below the 90% upperbound
for thedescribedask.

We have totally ignoredthe effectsof pragmatics
andcontextin thisresearchandin doingso,shovn
thatit is possibleto reliably derive a defaultRCC
interpretationusing only shallov syntacticand se-
mantic features. In future researchwe are inter-
estedin exploring methodsof incorporatingprag-
matic and contextualffeaturesnto our method,and
theimpactof thesefactorson both humanandma-
chineRCCinterpretation.
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