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Abstract
This paperdiscussesssuesn building a54-thousand-ard KoreanTreebankusinga phrasestructureannotationalongwith developing

annotationguidelinesbasedon the morpho-syntactiphenomenaepresentedh the corpus. Variousmethodsthat were employed for
quality controlarepresentedThe evaluationon the quality of the Treebankandsomeof the NLP applicationsunderdevelopmentusing

theTreebanlarealsopresented.

1. Introduction

With growing interestin Koreanlanguageprocessing,
numerousaturallanguageprocessingNLP) toolsfor Ko-
rean,suchaspart-of-speeclt{ros) taggersmorphological
analyzersaandparsershave beendeveloped.This progress
waspossiblethroughthe availability of large-scaleaw text
corporaand Pos taggedcorpora(ETRI, 1999; Yoon and
Choi, 1999a;Yoon and Choi, 1999b). However, no large-
scalebracletedcorporaare currentlyavailableto the pub-
lic, althoughefforts have beenmadeto develop guidelines
for syntacticannotationLeeetal., 1996;Leeetal., 1997).
As a step towards addressinghis issue, we built a 54-
thousand-wrd* KoreanTreebankusinga phrasestructure
annotationat the University of Pennsylania, creatingthe
PennKoreanTreebank.At the sametime, we alsodevel-
opedannotationguidelinesbhasedon the morpho-syntactic
phenomenaepresentedn the corpus,over the period of
Jan.2000andApril 2001. The corpusthatwe usedfor the
KoreanTreebankconsistsof texts from military language
training manuals. Thesetexts containinformation about
variousaspectf the military, suchas troop movement,
intelligencegatheringandequipmensuppliesamongoth-
ers. This corpusis partof a Korean/Englistbilingual cor-
porathat was usedfor a domain specificKorean/English
machinetranslationprojectat the University of Pennsyla-
nia. Oneof themainreasongor annotatinghis corpuswas
to train taggersand parsersthat can be usedfor the MT

This word countis computedn tokenizedtexts andincludes
symbols.

project.

In this paper we first discusssomeissuesin develop-
ing theannotatiorguidelinesfor POs taggingandsyntactic
braclketing. We then detail the annotationprocessin §3.,
including various methodswe usedto detectand correct
annotatiorerrors.§4. presentsomestatisticoon the sizeof
thecorpus.§5. discussetheresultsof theevaluationonthe
Treebankand §6. presentssomeof the NLP applications
we did sofar usingthe Treebank.

2. Guideline development

The guiding principlesemployedin developingthe an-
notationguidelinesveretheory-neutralneqsvheneerpos-
sible), descriptve accurag and consisteng. To this end,
variousexisting knowledgesourcesvereconsultedinclud-
ing theoreticallinguistic literatureon Korean,publications
on Koreandescriptve grammay aswell asresearchworks
on building taggedKoreancoporaby suchinstitutionsas
KAIST andETRI (ETRI, 1999;Leeetal.,1996;Leeetal.,
1997;YoonandChoi, 1999a;YoonandChoi, 1999b).Ide-
ally, completeguidelinesshouldbe available to the anno-
tatorsbeforeannotationbegins. However, linguistic prob-
lems posedby corporaare much more diverseand com-
plicatedthan thosediscussedn theoreticallinguistics or
grammarbooks,andnew problemssurfaceaswe annotate
more data. Hence,our guidelineswere revised, updated
andenrichedincrementallyasthe annotationprocesspro-
gressed. In caseswhereno agreementould be reached
amongseveral alternatives, the one most consistentwith
the overall guidelineswas chosen with the consideration
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that the annotateccorpusmay be corvertedto accommo-
dateotheralternatveswhenneeded.In the next two sub-
sectionswe describen moredetail the main pointsof the
POS taggingguidelinesandsyntacticoraclketingguidelines.

2.1. POStagging and morphological analysis

Koreanis anagglutinatve languagevith avery produc-
tive inflectional system. Inflectionsinclude postpositions,
sufixesandprefixeson nouns,andtensemorphemeshon-
orifics andotherendingson verbsandadjectves. For this
reason,a fully inflectedlexical form in Koreanhasoften
beencalled a wORD-PHRASE (‘oA"). To accuratelyde-
scribethischaracteristiof Koreanmorphologyeachword-
phraseis not only assignedwvith a Pos tag, but alsoanno-
tatedfor morphologicalanalysis. Our Treebankusestwo
major typesof Pos tags: 14 contenttagsand 15 function
tags.For eachword-phrasethebaseform (stem)is givena
contentag,andits inflectionsareeachgivenafunctiontag.
Word phrasesreseparatedby a spaceandwithin aword-
phrasethebaseform andinflectionsareseparatety aplus
sign(+). In additionto Pos tags,thetagsetalsoconsistof
5 punctuationtags. An exampleof a taggedsentences
givenin (1).2

(1) a. Rawtext:

=}z &3t
frequentlycom.net-Accoperate-Decl

[e)
FAYE

‘(We) operatecommunicationsnetwork fre-
quently’

b. Taggedtext:
A}F/ADV E-21%/NNC+2/PCA
L4 /NNC+3}/XSV+L t}/EFN./SFN

The main criterion for taggingand also for resolving
ambiguityis syntacticdistribution: i.e.,aword mayreceve
differenttagsdependingon the syntacticcontext in which
it occurs.For example, o} 7}’ (some time ago) is taggedas
acommonnoun(NNC) if it modifiesanothemoun,andis
taggedasanadwerb(ADV) if it modifiesaverh

(2) a. o}7HADV 7HVV+HEPF+}HEFN
sometime_agogo-Past-Decl

b. o} 7}/ NNC+2]/PCA 2f</NNC
sometime_ago-Gempromise

One importantdecisionwe hadto make was whether
to treat casepostpositionsand verbal endingsas a bound
morphemeor asa separatevord. Thedecisionwe make on
this issuewould have consequencesn syntacticbraclet-
ing aswell. If we wereto annotatehemasseparatevords,
it would be only naturalto braclket them asindependent
syntacticunits,which projecttheir own functionalsyntactic
nodes.Althoughsomemayfavor this approactastheoreti-
cally moresound from adescriptie point of view, they are

2NNC andNNX arenountags,PAD, PCA andPAU arenoun
inflectionaltags,ADV is anadwerbtag, XSV is averbalizingsuf-
fix tag, EFN is a sentencdinal endingtag,andSFNis a punctu-
ationtag. For a detaileddescriptionof the tagset,see(Han and
Han,2001).

more like bound morphemesin that they arerarely sep-
aratedfrom stemsin written form, and native spealers of
Koreansharethe intuition thatthey cannever standalone
meaningfullyin both written and spokenform. To reflect
thisintuition, we have choserto annotateheinflectionsas
boundmorphemesssigninghemeacha functiontag.

2.2. Syntactic bracketing

The PennKoreanTreebankusesphrasestructurean-
notationfor syntacticbraclketing. Similar phrasestructure
annotationschemeswere also usedby the PennEnglish
TreebankMarcusetal., 1993;Biesetal., 1995),the Penn
Middle EnglishTreebankKrochandTaylor, 1995)andthe
PennChineseTreebankXia et al., 2000b). This annota-
tion is preferableto a puredependeng annotatiorbecause
it canencodericher structuralinformation. For instance,
someof the structuralinformationthat a phrasestructure
annotatiorreadily encodeswhich dependengannotations
typically do not, are (i) phrasallevel nodelabelssuchas
VP andNP; (i) explicit representationf emptyarguments;
(iii) distinctionbetweencomplementatiorand adjunction;
and(iv) useof tracedfor displacedconstituents.

Although having tracesand empty argumentsmay be
controversial,it hasbeenshavn in (Collins, 1997;Collins
et al., 1999) that suchrich structuralannotationis cru-
cial in improving the efficiency of stochastigparsersthat
aretrainedon Treebanks.Moreover, it hasbeenshownn in
(Rambav andJoshi,1997)that a completemappingfrom
dependeng structureto phrasestructurecannotbe done,
althoughthe other directionis possible. This meansthat
a phrasestructureTreebankcan always be corvertedto a
dependeng Treebankif necessarybut not the otherway
around.

The bracleting tagsetof our Treebankcan be divided
into four types: (i) pos tagsfor head-leel annotatione.g.,
NNC, VV, ADV); (ii) syntactictagsfor phrase-lgel anno-
tation (e.g., NP, VP, ADVP); (iii) functiontagsfor gram-
matical function annotation(e.g., -SBJ for subject,-OBJ
for object,-ADV for adjunct);and(iv) emptycateyorytags
for droppedargumentg*pro*), traces(*T*), andsoon.

In additionto using function tags, argumentsand ad-
juncts are distinguishedstructurallyaswell. If YP is an
internalargumentof X, thenYP is in sisterrelationwith X,
asrepresentedh (3a). If YP is anadjunctof X, thenYP
adjoinsonto XP, a projectionof X, asin (3b).

3 XP XP
PR N
YP X YP XP
|
X
(a) Argument (b) Adjunct

The syntacticbracketing of example(1) is givenin the
first treeof Figurel. This examplecontainsanemptysub-
ject,whichis annotatecas(NP-SBJ*pro*). TheobjectNP
‘2 17HNNC+&/PCA is assignedhe -OBJfunctiontag,
andsinceit is anargumentof the verb, it is structurallya
sisterof theverh Theadwerb &3’ is an adjunctof the
verb,andsoit is adjoinedto the VP, the phrasalprojection
of theverh
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(S (NP-SBJ*pro*)
(VP (ADVP #}Z/ADV)
(VP (NP-OBJ%- A1 %}/NNC+&/PCA)
(VV $-4&/NNC+&}HXSV+L tH/EFN))))
ISFN)

(S(NP-OBJ-18 §H/NNC+&/PCA)
(S (NP-SBJ*T/NPN+7}/PCA)
(VP (VP (NP-OBJ*T*-1)
7} X IVV+ 1/EAU)
l/VX+ Z|[EFN))
?/SFN)

Figurel: Examplesof syntacticbracketing

An example sentencewith a displacedconstituentis
givenin (4). In this example,the objectNP * 4 g’ ap-
pearsbeforethe subject,while its canonicalpositionis af-
ter the subject. Displacemenof argumentNPsis called
SCRAMBLING.

@ FdE ¥ AT AA?
authority-Accwho-Nomhave be
‘Who hastheauthority?’

In ourannotationin the secondreeof Figurel, the ob-
jectis adjoinedto the main clause(S), andleavesa trace
(*T*) in its original positionwhich is coindexedwith it.

A potential causefor inconsisteng is making argu-
ment/adjunctlistinction. To ensureconsisteng in thistask,
we extractedall the verbsand adjectvesfrom the corpus,
andcreatedwhatwe call a PREDICATE-ARGUMENT LEX-
ICON, basedon Koreandictionaries,usagesn the corpus
andour own intuition. This lexicon lists verbsand adjec-
tiveswith their subcatgorizationframes.For instancethe
verb‘ $--£-3} (operate) is listedasatransitive verbrequir
ing asubjectandobjectobligatoryargumentsWe alsohave
a notationfor optionalargumentsfor someverbs. For in-
stancejn (5), it is notclearwhether & i ¢}’ (to school) is
anargumentor anadjunct,whereas o] A]’ (yesterday) and
‘2]’ (we) seemto offer clearintuition asto their ad-
junctandargumentstatusyespectiely. Thisis resohedby
listing suchcateyoriesasa locative optional argumentfor
‘7}' (to go) in the predicate-agumentiexicon.

(5) el ofal  sael zth
we-Top yesterdayschool-togo-Past-Decl
‘We wentto schoolyesterday

In syntacticbracketing, while obligatoryargumentsare
annotatedvith -SBJor -OBJfunctiontag,if asentenceon-
tainsan optionalargument,it is annotatedvith a -COMP
functiontag. Moreover, a missingobligatory argumentis
annotatedsanemptyargumentbut a missingoptionalar
gumentdoesnot countasanemptyargument.

Another potential causefor inconsistenyg is handling
syntacticallyambiguoussentences.To avoid suchincon-
sistenciesye have classifiedthe typesof ambiguities,and

specifiedhetreatmentf eachtypein the bracletingguide-
lines. For example,a subsetof Koreanadwerbscan oc-
cur eitherbeforeor after the subject. Whenthe subjectis
phonologicallyempty in principle, the empty subjectcan
be marked eitherbeforeor afterthe adverbwithout differ-
encein meaningf thereis no syntactic/contetual evidence
for favoring one analysisover the other In this case,to
avoid ary unnecessarinconsistenciesa ‘default’ position
for thesubjects specifiedandtheemptysubjects required
to be put beforethe adverh An exampleannotationis al-
readygivenin Figure1.2

3. Annotation process

The annotationproceededin three phases: the first
phasewvasdevotedto morphologicalanalysisand Pos tag-
ging, the secondhaseo syntactichracketingandthethird
phaseo quality control.

3.1. Phasel: morphological analysis and POs tagging

We usedan off-the-shelf Koreanmorphologicalana-
lyzer (Yoonet al., 1999)to facilitate the POS taggingand
morphologicalanalysis. We ran the entire corpusthrough
this morphologicalanalyzerand then automaticallycon-
vertedthe output POS tagsto the setof Pos tagswe had
defined. We thenhand-correctedhe errorsin two passes.
Thefirst passtook roughlytwo monthsto completeby two
annotators.During this period, variousmorphologicalis-
suesfrom the corpuswere discussedn weekly meetings
andguidelinedfor annotatinghemweredecidedanddocu-
mented.n thesecondyasswhichwasundertalenin about
amonthfrom the completionof thefirst phasegachanno-
tator double-checkd and correctedthe files annotatedoy
the otherannotator

3.2. Phasell: Syntactic bracketing

The syntacticbracletingalsowentthroughtwo passes.
The first passtook about6 monthsto completeby three
annotators,and the secondpasstook about4 monthsto
completeby two annotators.In the secondpass,the an-
notatorsdouble-checkdandcorrectedhe bracketingdone
duringthefirst pass.Phasdl took muchlongerthanPhase
| becausall the syntacticbracketinghadto be donefrom
scratch. Moreover, therewere far more syntacticissues
to be resohed than morphologicalissues. As in Phasd,
weekly meetingswere held to discussand investigatethe
syntacticissuesrom the corpusandannotationguidelines
were decidedand documentedaccordingly The braclet-
ing wasdoneusingthe alreadyexisting emacs-baseithter-
facedevelopedfor PennEnglishTreebankingdescribedn
(Marcuset al., 1993)), which we customizedfor Korean
Treebanking Using this interfacehelpedto avoid braclet-
ing mismatchesinderrorsin syntactictaglabeling.

3.3. Phaselll: Quality control

In orderto ensureaccurag andconsisteng of the cor-
pus, the entire third phaseof the project was devoted to
quality control. During this period, several full-scale ex-
aminationson the whole corpuswereconductedchecking

3See(Hanetal., 2001)for thedocumentatiomf our syntactic
bracletingguidelines.
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for inconsistentos tagsandillegal syntacticbracletings.
LexTract wasusedto detectformatting errors(Xia et al.,
2000a).

3.3.1. Correcting POStagging errors

Errorsin POStaggingcanbeclassifiednto threetypes:
(a) assignmenbf animpossibletagto a morphemgb) un-
grammaticalsequencef tagsassignedo a word-phrase,
and (c) wrong choiceof a tag (sequencetandidatdan the
presencef multiple tag (sequencegandidates.

Type (a) wastreatedby compiling a tag dictionary for
the entirelist of morphemeccurringin the corpus. For
closedlexical categyoriessuchas verbal endings,postpo-
sition markers and derivational suffixes, all of themwere
examinedto ensurehatthey areassigneavith correcttags.
For open-setataeyoriessuchasnouns,adwerbs,verbsand
soon, only thoseword-tagcombinationsexhibiting a low
frequeng countwereindividually checled.

Treatingtype (b) requiredknowledge of Koreanmor-
phosyntax.First, a tableof all tag sequenceandtheir fre-
gquenciesn the corpuswascompiled,asshovnin Tablel.

Thosetag sequencesound lessthan 3 times were all
manuallychecledfor theirgrammaticalityandcorrectedf
foundillegal. As a next step,a setof hand-crafteanorpho-
tacticruleswerecreatedn theform of regularexpressions.
Startingfrom the mostrigorouspatterns,we checled the
tag sequenceagainstthe patternsalreadyincorporatedn
the setof grammaticalmorphotacticrules, expandingthe
setas neededor invalidating a tag sequenceccordingto
theoutcome.

Type(c), assignmenbf a wrongtagin the caseof am-
biguity, cannotbe handledby looking atthe morphemedy
themseles, but the syntacticcontext mustbe considered:
thereforethis type of problemwastreatedalongwith other
illegal syntacticstructures.

3.3.2. Correctingillegal syntactic structures

To correcterrorsin syntacticbracketing, we targeted
eachlocaltreestructurgparentnode+ daughtenodes).To
do this, all local tree structuresvere extractedin the form
of contt-freerules(Table2). For local treeswith a lexi-
cal daughtemode thelexical informationwasignoredand
only pos informationon the nodewaslistedin therule.

The next steptaken wasto definethe set of context-
freerulesfor Korean.For eachpossibleintermediatenode
label(phrasakategoriesasS, NP, VP andafew lexical cat-
egoriessuchasVV andVJ) onthelefthandsideof therule,
its possibledescendanmodeconfigurationwasdefinedasa
regularexpressionasseenin (6):

(6) a. VP (shavnin part):
(NP-OBJ(-LV)? | NP-COMP(-LV)?
| S-COMP| S-OBJ)+ VV\S*
b. VV:
NNC(\+XSF)A+XSV
|" VW\S* VV\S*$| (VV )*(ADCP )?VV

Example(6a) shavs thatalocal treewith VP asthe parent
nodecan have asits daughtemodesary numbersof NP-
OBJ,NP-COMR S-COMPor S-OBJnodesfollowed by a
VV node,whichis thehead.

As with the caseof word-internaltag sequencesthe
mostfrequentcontet-freeruleswereexaminedandincor-
poratednto thesetof rulesfirst, andthis setgraduallygren
asmoreandmoreruleswere examinedanddecidedto be
includedin the rule set or rejectedto be correctedlater.
As aresult,a large numberof illegal syntacticbracletings
wereidentified and corrected. Particularly frequenttypes
of syntactictaggingerrorswere: (a) redundanphrasalpro-
jections(i.e. VP — VP), (b) missingphrasalprojections,
and(c) misplacedr ill-scopedmodifying elementsuchas
relative clausesandaderbial phrases/clauses.

3.3.3. Corpussearch

We compileda list of errorproneor difficult syntactic
constructionshathadbeenobsenedto betroublesomend
confusingto annotatorsandusedcorpussearchools(Ran-
dall, 2000)to extractsentencetructuresontainingeachof
themfrom the Treebank.Eachsetof extractedstructures
were then examinedand corrected. The list of construc-
tionswe looked at in detailincluderelatve clausescom-
plex nounphraseslight verbconstructionsgcomplec verbs,
andcoordinatestructures By doinga constructiorby con-
structioncheckof the annotationwe wereableto not only
correcterrorsbut alsoenhancehe consisteng of ouranno-
tation.

4. Statisticson the size of the corpus

In this section,we presensomequantitatie aspectof
the PennKoreanTreebankcorpus. The corpusis a rela-
tively small one with 54,528words and 5,083 sentences,
averaging9.158 words per sentence. A total of 10,068
word typesarefoundin the corpus thereforethe measured
type/tolenratio (TTR) is ratherhighat0.185.However, for
languagesvith rich agglutinatve morphologysuchasKo-
rean,evenhighertype/tokenratiosarenot uncommon.For
comparisona comparablysizedportion (54,54 7words)of
the ETRI corpus,an annotatedcorpuswith POs tags,was
selectedand analyzed® This set contained19,889word
types, almostdoublethe size of that of the PennKorean
Treebankasshowvn in Table3.

word

token type | typeltokenratio
Treebank| 54,528 | 10,068 0.185
ETRI 54,547 | 19,889 0.364

morpheme

token type | typeltokenratio
Treebank| 93,148 | 3,555 0.038
ETRI 101,100| 8,734 0.086

Table3: Type/tokenratiosof two corpora

Takingindividualmorphemes;atherthanwordsin their
fully inflectedforms, asthe evaluationunit, the ratio be-
comesmuch smaller: the PennKoreanTreebankyields a

“Total of 12 files: essayOl.txt, expl10.txt, expl34.txt,
news02.txt,nanvsp05.txt,newspl2.txt,newspl5s.txt,nenspl6.ixt,
novel03.txt, novel13.txt, novell5.txt and novell19.txt. For fair
comparisonthe Pos annotatedext was re-tokenizedto suit the
PennKoreanTreebankstandards.
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| Rank| Count| Count% | Total% | Entry

1| 8647 15.85| 15.85| NNC

2| 5606 10.28| 26.14| NNC+PCA

3| 5083 9.32| 35.46| SFN
221 1 0.00 | 99.99| NNC+XSF+CO+EPF+ENM
221 1 0.00 100 | NNC+XSV+EPF+EFN+PCA

Tablel: Frequenyg of tagsequences

| Rank ] Count]| Count%] Total% | Entry

1| 5993 7.72 7.72| S— NP-SBJVP

2| 4079 5.26| 12.98| NP-SBJ— *pro*

3| 2425 3.12| 16.11| ADVP — ADV
1394 1 0.00 | 99.99| ADJP— VJ+EPF+EFN+RU
1394 1 0.00 100 | ADJP— SNP-ADV ADVP ADJP

Table2: Frequenyg of contect-freerules

morphemetype/tolen ratio of 0.038 (93,148tokens and
3,555types). Comparedo the sameportion of the ETRI
corpus,we can seethat the PennKorean Treebankstill
shavs alower ratio: the ETRI corpusshaveda morpheme
type/token ratio of 0.086(101,100morphemetokensand
8,734uniquemorphemeypes).

TheseresultssuggesthatthePennKoreanTreebankas
a domain-specificorpusin the military domain,is highly
homogeneouandlow in compleity atleastin termsof its
lexical content. The ETRI corpus,on the otherhand,con-
sistsof texts from differentgenresincluding novels, news
articlesandacademiawritings, hencethe highercountsof
lexical entriesperword token. In our futurework, we hope
to expandthe Treebankcorpusin orderto achieve abroader
andmoregenerakoverage.

5. Evaluation

For evaluatingtheconsisteng andaccurag of the Tree-
bank, we used Evalb software that producesthree met-
rics, bracleting precision, bracleting recall and numbers
of crossingbraclets,aswell astaggingaccurag.

For the purposeof evaluation,we randomlyselected
10% of the sentence$rom the corpusin the beginning of
the projectandsavedthemto afile. Thesesentencesvere
thenpos taggedandbracletedjustlik e any othersentences
in the corpus. After the first passof syntacticbracleting,
however, they weredoubleannotatedy two differentan-
notators. We alsoconstructech Gold Standardannotation
for theseestsentencesWe thenranEvalbonthetwo anno-
tatedfiles producedy thetwo differentannotatorso mea-
suretheinterannotatorconsisteng. Evalb wasalsorun on
the Gold Standardandthe annotatiorfile of the 1stanno-
tator, and on the Gold Standardand the annotatiorfile of
the2ndannotatoto measureheindividual annotatoaccu-
ragy. Table4 shows the accurag of eachannotatorcom-
paredto the Gold Standardunder 1st/gold and 2nd/gold
column headingsand the inter-annotatorconsisteng un-
der1st/2nd columnheading.lt shovsthatall the measures

arewell over95%,taggingaccurag reachingalmost100%.
Thesemeasurendicatethatthe quality of the Treebanks
morethansatisfactory

Consisteng Accuragy
1st/2nd | 1st/gold| 2nd/gold
Recall 96.60 97.69 98.84
Precision 97.97 98.89 98.84
No Crossing 95.89 97.57 97.53
Tagging 99.72 99.99 99.77

Table 4: Inter-annotatorconsisteng and accurag of the
Treebank

Most of the inter-annotatoiinconsistenciebelongedo
oneof thefollowing types:

¢ In coordinatedsentencewith anemptysubjectandan
emptyobject,whetherthelevel of coordinationis VV,
VPorS;

¢ Whethera sentencédiasan emptyobjectargumentor
not;

e Whethera noun modified by a clauseis a relative
clauseconstructioror acomple< NP;

e Whetheraverbis alight verbor aregularverb;

¢ In acomplex sentencén which the subjectof thema-
trix clauseandthesubordinatelausearecoreferential,
whetheratopic markedNP is the subjectof the matrix
clauseor thesubordinatelause;

¢ In a sentencawith a topic marked objectNP andan
empty subject,whetherthe object NP hasundegone
scramblingover the emptysubjector not;
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e For anNP with anadwerbial postpositiof, whetherit
is anargumentor anadjunct;

e When an adwerb precedesanotheradverb which in
turn precedesa verb, whetherthe first adverb modi-
fiestheadwerbor theverh

After the evaluationwasdone,asafinal cleanupof the
Treebankusingcorpussearchools, we extractedandcor-
rectedstructureghat belongto thosethat may potentially
leadto thetypesof inconsistenciedescribedabove.

6. Applicationsof the Treebank
6.1. Morphological tagger

We traineda morphologicaltaggeron 91% of the 54K
KoreanTreebanlkandtestedt on 9% of the TreebankHan,
2002). The tagger/analyzetakes raw text asinput and
returnsa lemmatizeddisambiguatecdutput in which for
eachword, the lemmais labeledwith a Pos tag andthe
inflectionsare labeledwith inflectionaltags. This system
is basedon a simple statistical model combinedwith a
corpus-drvenrule-basedapproach comprisinga trigram-
basedaggingcomponentinda morphologicalrule appli-
cationcomponent.

The tagsetconsistsof possibletag sequencege.g.,

NNC+PCA,VV+EPF+EFN)extractedfrom the Treebank.

Givenaninputsentencegachwordis first taggedwith atag
sequenceTagsfor unknovn wordsarethenupdatedusing
inflectionaltemplatesextractedfrom the Treebank.A few
exampletemplatesarelistedin Table5.

dasyo VV+EPF+EFN
9% ychat  VV+EPF+ECS
9% 7] VV+EPF+ENM
ST CABp/ VV+EPF+ECS
glom VV+EPF+ECS
Qovg VV+EPF+ECS

Table5: Exampleof InflectionalTemplates

Usinganinflectiondictionaryanda stemdictionaryex-
tractedfrom the Treebank the lemmaandthe inflections
arethenidentified, splitting the inflectedform of the word
into its constituenstemandaffixes. This approactyielded
95.01%/95.30%ecall/precisioronthetestdata.An exam-
ple input andoutputare shovn belon. The morphological
taggerassignsos tagsandalsosplitstheinflectedform of
theword into its constituenstemandinflections.

(7) a. Input:
A7t #35 AbgHe RaYE
b. Output:
A INPN+7}HPCA
H&/NNC
AF8HNNC+E/PCA
B 313HVV+ ¢ /EPF+5 1 tHEFN
JSFN

SAdverbialpostpositionsorrespondo Englishprepositionsn
function,e.g.,- 9| A’ (to), - 22|’ (from), - o)’ (in), etc.

6.2. Parser

The Treebankhasbeenusedto train a statisticalparser
using a probabilistic Tree Adjoining Grammar (TAG)
model (Sarkar 2002). The parseruses,as training data,
TAG derivationsautomaticallyextractedfrom the Treebank
with Xia’s (Xia etal., 2000a)LexTract.

In a probabilisticTAG (Schabes1992; Resnik,1992),
eachword in the input sentences assignedh setof trees,
called elementarytreesthat it has selectedin the train-
ing data. Eachelementantree hassomeword (calledthe
ANCHOR) in the input sentenceas a nodeon the frontier.
A derivation proceedsasfollows: one elementarytree is
pickedto be the startof the derivation. Elementarytrees
are then addedto this derivation using the operationsof
substitutionand adjunction. Eachtree addedin this step
can be recursvely modified via subsequenoperationsof
substitutiorandadjunction.Onceall thewordsin theinput
sentencéave beenrecognizedthe derivationis complete.
The parseroutputsa derivation tree, a record of how el-
ementarytreesare combinedto generatea sentenceand
alsoa derivedtree(readoff from thederivationtree)which
corresondso the bracletedstructureof a sentence.

Theparseiis interfacedto the morphologicataggerde-
scribedin §6.1.to avoid the sparsedataproblemslikely to
be causedby the highly agglutinatve natureof wordsin
Korean.The parseiis ableto useinformationfrom compo-
nentpartsof the wordsthatthe morphologicataggerpro-
vides. With this method,we achiered 75.7%accurag of
TAG derivationdependenciesn thetestsetfrom the Tree-
bank. An exampleparseroutputof a derivation is given
in Figure2. The index numbersin the first column, and
thelastcolumnof thetablerepresenthe dependenciebe-
tweenwords. For instance,’' =& (motun)’ hasindex O
andit is dependenbn the word indexed with 2 ‘'t 3 +=
(tayho+nun)’. ‘v}#+A (pakwi+key)' is the root of the
derivation, marked by TOP. The morphemeboundariesn
thewordsin the 2nd columnaremarked with + sign. The
3rd columncontainsthe tag sequencef theword, andthe
4th columnlists the namesof the elementaryreeanchored
by theword.

7. Conclusion

We have describedn detail the annotationprocessas
well asthe methodswe usedto ensuranter-annotatoicon-
sisteny and annotationaccurag in creatinga 54K word
KoreanTreebank We have alsodiscussedhe major prin-
ciplesemployed in developing Pos taggingand syntactic
bracleting guidelines. Despitethe small size of the Tree-
bank, we were able to successfullytrain a morphologi-
cal tagger(95.78%/95.39%precision/recallland a parser
(73.45% dependeng accurag) using the data from the
Treebank. They wereincorporatednto a Korean/English
machinetranslatiorsystenmwhich wasjointly developedby
the University of PennsylaniaandCoGen®ex (Hanetal.,
2000;Palmeretal., 2002).

8Information on our Penn Korean Treebankcan be found
in www.cis.upenn.edu/"xtag/koreantag/ , including
POS taggingandsyntacticbracletingguidelinesaswell asa sam-
ple bracletedfile.
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Index Word POStag Elem Anchor Node Subst/Adjoin
(morph) Tree Label  Address into (Index)

0 zE DAN BNP*=1 anchor root 2

1 s NNC BNP*=1 anchor root 2

2 g s+= NNC+RAU aNP=0 anchor O 6

3 ] ADV BVP*=25 anchor 1 6

4 24 NNU BNP*=1 anchor 0 5

5 Al+o]| NNX+PAD pVP*=17 anchor 1 6

6 vl#+4] VV+ECS aS-NPs=23 anchor - TOP

7 F+x8 VX+EFN BVP*=13 anchor 1 6

8 . SFN - - - -

Figure2: Exampleof derivationof a sentenceeportedby the statisticalparser

We planto releasahe Treebankn the nearfuturemak-
ing it available to the wider community The corpuswe
usedfor the Korean Treebankis originally from a Ko-
rean/Englistparallelcopora,andwe have recentlyfinished
creatinga Korean/Englishparallel Treebankby treebank-
ing the Englishside and aligning the two Treebanks.We
wouldliketo expandthesizeandcoverageof the corpusby
treebankingnewswire corpora,employing as rigorousan
annotationmethodologyaswe did for the 54K Treebank.
We hopeto speedup the annotatiorprocesdy automating
the annotationprocessasmuchaspossible(Cf., alongthe
lines describedn (Skut et al., 1997) for NEGRA corpus
atthe University of Saarbiiken),incorporatinga parseras
well asataggerto the annotatiorinterface.
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