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Abstract.  This paper describesthe implementation and system details
of Klex, a nite-state transducer lexicon for the Korean language, devel-
oped using XRCE's Xerox Finite State Tool (XFST). Klex is essemially a
transducer network represerting the lexicon of the Korean language with
the lexical string on the upper side and the in ected surfacestring on the
lower side. Two major applications for Klex are morphological analysis
and generation: given a well-formed in ected lower string, a language-
independert algorithm derivesthe upper lexical string from the network
and vice versa.Klex waswritten to conform to the part-of-sp eed tagging
standards of the Korean Treebank Project, and is currently operating as
the morphological analysis engine for the project.

1 Intro duction

Korean is a highly agglutinativ e language,with productive use of post-position
markers following nouns, verbal ending su xes for verbs and adjectives, aswell
as frequert use of derivational morphology. Breaking up Korean words into
smaller morphological componerts is the necessaryrst stepin any natural lan-
guageprocessingsystemof Korean, aswell asan essetial task for computerized
language-learningtools. Klex is a fully operational Korean lexicon systemwhose
underlying mathematical represenation is a form of data structure known asthe
nite-state transducer or FST.! The transducer's upper level consistsof strings
represeriing a sequenceof lexical forms of morphemes,eadt followed by their
part-of-speedt tag; the lower level consists of the fully in ected surface forms
produced by concatenation of the morphemes,with relevant phonological and
morphotactic processespplied:

! The name Klex is used somewhat ambiguously: it refersto the binary FST network
that constitutes the lexicon; it alsoloosely refersto the ertire morphological analysis
and generation system of Korean lexicon built around the binary FST, with a few
auxiliary networks, XML database and other helper scripts and utilities.
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A transducer network asa whole consistsof all such possiblemorpheme-sequence/
word pairs in the language.Giventhe lowerin ected form, alanguage-indegenden
algorithm canproducethe analyzedmorphemesequencedthe processof \lo oking-
up"). Conversely the transducer can be usedin producing the fully in ected sur-
faceform of grammatical sequenceof morphemes(the opposite of \lo oking-up",
hence Xerox's terminology of \lo oking-down"). These two operations, namely
morphological analysis and generation, are the most typical applications of lex-
ical transducers.

In the remainder of the paper, we will presert implementation details of
the system, and then discussthe main characteristics of Korean morphology
and some of the design aspects of Klex which are aimed at providing optimal
solutions for Korean.

2 Implemen tation

The systemisimplemented using XRCE(Xerox Researt Centre Europe)'s XFST
software platform. It consistsof the main binary FST network, someauxiliary
networks, and scripts which perform the morphological analysis and generation
operations. The sourcecodesfor the networks are built from an XML dictionary
and somehelper scripts. 2

2.1 Overall Design

The main FST binary of Klex is built with three moduleswhich are FSTs them-
seles:the lexicon FST, the rule FST, and the encaling-corverter FST. These
transducersare combined together in an operation known ascomposition to form
the singlelexical transducer which erasedntermediate levels of represertation to
directly encade the relation betweenanalysis strings and surface orthographical
strings (Figure 1).

The lexicon FST is the badkbone of the architecture: it is a network of le-
gitimate Korean words, which maps lexical forms with POS in the upper level
to their abstract represeration at the bottom. The rule FST is composed at
the bottom of the lexicon FST to apply morpho-phonological and orthograph-
ical processesto abstract symbols to produce the romanized surface strings.

2 The main binary FST network of Klex, along with its source code, was released
by Linguistic Data Consortium (LDC) catalog number LDC2004L01 and ISBN 1-
58563-283-x.
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Fig. 1. Klex and component FSTs

Composing the lexicon FST and the rule FST results in a FST lexicon of
Korean with roman transliteration of Korean strings on both levels; compos-
ing an encading-converter FST on top and bottom producesthe nal product
which handles Korean-encaled input and output. Currently Klex is con gured
for KSC-5601 (EUC-KR) encdaling; however, it can be recompiled to use other
encaling schemessuch as UTF-8.

While hangul the Korean script, is an alphabetic system with symbols for
consonarts and vowelsin the language,modern computerized encading schemes
of Korean take the syllabic unit asthe encaing block, thereby rendering the
internal structure of syllables,e.g.individual alphabetic characters,opaque.This
makes the task of writing rules, which must addressvowels and consonairts in
the phonological invertory of the language,impossiblewith Korean encadings.
For this reason,roman transliteration was usedfor the core part of the system.
The romanization schemeadoptedin Klex is a variant of the \Y ale romanization
system"”, a popular choice among linguists. A few modi cations were made: (1)
end-of-syllableis marked with \." to ensurea one-to-onemapping betweenthe
romanized and Korean alphabets; (2) the Korean consonan alphabet character
\ " isalways mappedto \ng" evenin the onsetposition whereit actually lacks
phonological value, a measuretaken in order to facilitate the processof writing
rules.

2.2 The Dictionary

Klex relieson a dictionary in XML format, which servesas a databaseof lexical
entries and their lexical properties, including morphotactic information and their
underlying forms. Figure (2) shows examplesof typical ertries.



<entry>
<rom>ngu.lo.</rom>
<POS>PAD</POS>
<form>u.lo.</form>
<lemma>»AYs</lemma>
<morpho>MiddleCosa:MiddleCosg</morpho>
</entry>

<entry>
<rom>top.ta.</rom>
<POS>VVi</POS>
<form>toP.</form>
<irr>  <firr>
<lemmax=f§” </lemma>
<morpho>vv</morpho>

</entry>

Fig. 2. Dictionary entries for &€ /ulo/ “with' and [ /top/ “to help'

Each entry contains the following elds: the romanized form, the part-of-
speed, the underlying form and the verbal conjugation class where relevant,
the lemma form, and the morpho-syntactic information. There is a set of scripts
written in perl which scanthis dictionary and then create a sourcecode for the
lexicon FST basedon the information in the elds.

The vocabulary included in the lexicon was obtained from many sources,
including Minjung Eutteum Korean Dictionary for Elementary Schal Students
(+ & tep S Up BH , :Minjungseorim, 1998),the Korean English Tree-
bank Annotation (Palmer et al., 2002) and other various texts. The lexicon was
expandedand ne-tuned by testing against these various corpora, the process
of which included xing undesirable outputs and adding missing lexical entries.
The XML dictionary contains about 148,000ertries: the vast majority of them
are nouns (about 133,000),and a small fraction of them belongsto the a x
category (total of 622).

2.3 Morphotactics

The morphotactic grammar is formulated as a set of continuation classesin
LEX C grammar which are then compiled into the lexicon FST. Much attention
was paid to the morphotactics of postposition markers, verbal ending su xes,
derivational morphology and nally , noun compounding.

Somenon-local dependenciesare obsened in the morphotactic grammar of
Korean, most of which involve semartic constraints betweensu xes encading as-
pectual sensesand verbal and adjectival stems.For example, nal verbal ending
#+H /nunta/ is incompatible with adjective stems, sinceit encadesthe \habit-
ual" aspect, therefore: 3 H  /meknunta/ \eats (habitual)" vs*€EH  [*cak-
nunta/ \*is small (habitual)". Other su xes such asthe honoric marker &r
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/usi/ canintervene,which makesthe dependencya non-local one.Verb and ad-
jective stemsin Korean sharethe samemorphotactics for the most part, which

makesthe option of writing separatecortin uation classedor the two categories
redundant and impractical. The standard method of Flag Diacritics, available in

the XFST platform, providesan economicalsolution: a bit of Flag Diacritic indi-

cating its POS s setfor adjective roots, which is then chedked againsta matching

bit of Flag Diacritic assaiated with the habitual sux endingat runtime, ruling

out any path that traversesthe two incompatible morphemes.

2.4 Rewrite Rules for Morpho-Phonological  Alternations

Korean is known to display a wide variety of morpho-phonological processes,
which the rule FST was designedto handle. The rule FST itself is a single
transducer which maps the abstract morphophonemicstrings to the surfaceor-
thographical strings, built by applying a composition operation on an ordered
sequenceof 100individual replacerules.

The initial input to the setof rules, e.g.the lower strings of the lexicon FST,
contains rich abstract information which allows the rulesto settheir targets pre-
cisely Morpheme boundaries,whereall alternations occur, are marked with \+".
Morphemesthat go through morpho-phonological processesare given abstract
represerations which deviate from the romanization scheme, such as inclusion
of upper-caseletters and missing onset consonar. The rules are formulated to
target these symbols and environments.

The replacerules, comparableto the rewrite rules usedtraditionally in phono-
logical derivations (Chomsky and Halle, 1968), handle three major groups of al-
ternations: transformations at the right edgeof irregular verbal roots; phonologi-
cal processe®ccurring on morphemeboundaries, mostly involving verbal ending
su xes; and allomorphy in post-position markers. The rst group of alternations
involve six classesof irregular verbs of Korean, whoseroots are subject to dif-
ferent setsof phonological processesvhen followed by transformation-triggering
su xes. The secondgroup of phonological processesnostly involvesverbal end-
ing su xes, sud asvowel harmony, eperthesis, glide formation and u deletion®.

Figure 3 illustrates derivations of three irregular verbal roots g /tut/ \to
hear", @O /calu/ \to cut’, and & /ces/ \to stir"* and a regular verbal root

/kal \to go", followed by any verbal ending with an initial abstract vowel
E The key morpho-phonologicalprocessesnvlioved hereare:\T" irregular stem
operation, \L" irregular stem operation, \S" irregular stem operation, vowel
harmony, vowel mergeand u (which is the epenthetic vowel in Korean) deletion.
Therule[..] -> ng| . + _ VOWaddressesan orthographic issue:Korean
orthography inserts a phonologically empty consonart\ " into an empty onset
position. At the very end, the clearup rule removes remaining traces of the
morpheme boundary.

3 Jul functions asthe epenthetic vowel in Korean phonology.
“called\ ", \@", and\ " irregular verbs respectively in the school grammar of
Korean.
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p+o 20 +@ &+0 +R
) b @ ) T ) #Q ) rewrite rule
\to hear" \to cut" \to stir" \to go"
tuT.+E. ca.Lu.+E. ceS.+E. ka.+E.
vowel harmony
E->al|l
[ola] (CONJ]. CONu) . +
E-> e;
tuT.+e. ca.Lu.+a. ceS.+e. ka.+a.
u deletion
u. +->1] || CON.[ela]
n/a ca.lLa. n/a n/a
vowel merge
a. +->1[1]
e. +->1[.] || nw_VOW
n/a n/a n/a ka.
\T" irregular
T>1] .. +E;
tul.+e. n/a n/a n/a
\L" irregular
L->1.11] -VOW;
n/a cal.la. n/a n/a
\S" irregular
S->[] Il -. +VOow;
n/a n/a ce.te. n/a
insert empty onset consonart
[ ->ng| . +_VOw,
tul.+nge. nl/a ce.+nge. nla
remove morpheme boundary
+ > [.];
tul.nge. n/a ce.nge. n/a

Fig. 3. Cascadeof rules applied to verb forms (CONconsonar; VOWowel)
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The top strings are the abstract represenations that are given as the input
to the rule FST; the sequenceof rules are applied and the bottom strings are
resulting surfacestrings. Note that the preciseordering among the rules is cru-
cial: the vowel merge rule must apply before the \S" irregular rule, otherwise
an illegitimate surfacestring *ce. would be derived instead of the correct string
ce.nge. . This dissectedview of the rule module easily givesthe illusion of a pro-
cedural model of rule application; ultimately, the cascadeof rules are compiled
into a singlerule FST which mapsthe abstract strings on the top directly to the
surfacestrings at the bottom. This \comp osition of sequettial rules" architecture
achievesthe eleganceof the mathematically equivalent model of KIMMO-st yle
two-level morphology (Kok enniemi, 1983,1984;Karttunen, 1983)while granting
the linguist a higher level of exibilit y and easein formulating rules.

3 Language-Sp ecic Issues

3.1 Lexical Represen tation of Axes

The analyzed upper strings of Klex take the following form:

morph/POS +morph/POS+...+morph ,/POS,, where morphemesare separated
by \+" and eadh morphemeis followed by \/" and its part-of-speedt tag. Korean
axes, therefore, are represerted as a lexical item, rather than combinations
of grammatical features such as +plural , +honorific and +past-tense , the
popular approach taken mostly by nite-state lexicons of European languages.
This is a rather inevitable design decision given the sheer number of Korean
axes; currently there are 622 of them listed in the system. Translating eac
one of them into a combination of binary featuresis not only an infeasible task
but also an undesirable one; many a xes in Korean corvey their own semartic
and pragmatic sensesthat are not easily decomposedinto matrices of binary
features.

The feature represenation of a xes canbe more usefuldepending on the na-
ture of applications, especially those that involve generation. The current setup
requires the user to supply all componert morphemesin their correct repre-
serativ e forms along with their correct part-of-speedesin order to obtain the
in ected surface forms, which mandates a sophisticated level of knowledge on
user'spart. For a systemthat generatesKorean words, however, a single verbal
root marked with some grammatical features such as +polite , +past-tense ,
+interrogative  might be considereda more reasonableinput, which suits the
feature represenation scheme well. Although the system is not presenly set
up to handle such an alternativ e represenation, its exibilit y allows it to be
modi ed as such with relative ease.First a subsetof a xes would have to be
selected excluding those that are inessetial from the generation perspective.
Their ertries in the XML dictionary must then be augmenrted with appropri-
ate feature represertations. Finally a set of modi ed scripts canthen producea
LEX C sourcescript with the feature represenations of su xes instead of their
lexical form and the POS in the upper level.
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The set of part-of-Speed tags usedis fully compliant with the speci cation
of the Korean Treebank Project Phase?2. The set, which includes a total of 33
tags, is basedon the one employed by the Korean Treebank Project Phase 1
(Han & Han, 2001) with somenewly intro duced modi cations. °

3.2 Allomorph y in Klex

A large number of in ectional su xes and post-position markersin Korean have
allomorphs, whoseditributions are conditioned by the phonological environment
in which they appear. For example, the \topic" proposition marker takesthree
dierent forms E /un/, H /nun/, and /n/; the past-tensepre-verbal-ending
sux %6 /ess/, €& [ass/, and  /ss/.

The predominant position taken by past and presert systems of Korean
morphological analysis has beennot to posit a single lexical represeration for
such setsof allomorphs, opting instead to output appropriate allomorphic forms
within context.

Klex divergesfrom other systemsby treating allomorphs as having a single
represenativ e form. All allomorphs of a given lexical item therefore show up as
a single form in the upper (analyzed) string. For example, the topic markersin
#ES -H /hakky o-nun/ ‘school-Top', FQ-E /haksayng-un/ “studert-Top' and
- - /ne-n/ ‘you-Top' are equally assigned—-URAUIn the analyzed strings:

(2) E /un/ asthe represerativ e form for the Korean topic postposition:

SERA/NNCHURAU  SEP2BNC+HURAU £, /NPN+URAU

hakkyo un haksayng un ne un
I I I

SERALUA 3EP2EO-04a £ia

hakkyonun haksayngun nen

The criteria usedin determining the represenativ e form among allomorphs
are as follows:

(3) Criteria for determining the represenativ e form

a. The represenativ eform should befully syllabic, i.e. E /un/ ischosen
over /nl.

b. The form for the post-consonaral environment is chosen,i.e. s /i/
instead of  /kal.

c. Eperthetic vowelsare included, i.e. & /ulo/ andnot & /lo/. ©

d. For vowel harmony, £ /e/ is chosenover /a/, i.e. @' /ese/ and
not "f /asel.

5 The POS tagging guideline for the Korean Treebank Phase 1 can be found at:
ftp://ftp.cis.up enn.edu/publ/ircs/tr/01-09/.

5 This clauseis in fact redundant, as epenthetic vowels are used in post-consonartal
environments only which is covered by criterion (b).
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Note that these represerativ e forms are to be distinguished from the \ab-
stract underlying represertation": the represenativ e forms are those that func-
tion as the dictionary entry; the abstract underlying represenations are their
romanized counterparts with abstract symbols that are used system-internally,
and which eventually undergomorpho-phonologicaltransformations through ap-
plications of rewrite rules. For example, %6 /ess/ is the represerativ e form for
the the past-tenseverbal ending su x with its underlying abstract represerta-
tion Ess..

3.3 The Guesser Mo dules

A successfulmorphological analysis requires that the root of the encourtered
word be listed in the lexicon database.Evenwith Klex's extensive dictionary, it
certainly cannot provide full coveragefor the continuously evolving vocabulary
of the language. To handle casesof novel words, two \guesser" modules are
implemerted: one dealing with novel roots belongingto open classesof part-of-
speet and the other dealing with Korean personnames.

Some part-of-speed categories,such as a xes, verbs and adjectives of Ko-
rean are considereda closedclass:they consistof a closedset of vocabulary items,
and addition of new vocabulary items is rare. On the other hand, commonnouns
(NNG proper nouns (NPR adverbs (ADY and interjections (I1J ) are open classes
which allow novel vocabulary items, including newly formed words or borrowed
words, to be addedmore freely. Phonologically possibleroots are de ned for eat
of the four part-of-speedies,and a guesserexicon is compiled with the guessed
roots in place of real roots. The guessedroots are subject to the same mor-
photactic grammar and morpho-phonological alternations as real roots. Figure
4 shows how %38 /haynsemhata/ \is handsome"is handled by the module.
342 Guess/INNCF /XSJ+a” /E FN(haynsem”Guess/NNQw/XSJ+ta /EFN) is the
correct guess,with the borrowed word %8 (/haynsem/) is a guessedcommon
noun root ("Guess/NNG followed by an adjectivization sux ha/XSV.’

xfst{l]:  apply up E&f =’

3E&2H ~Guess/NPR+HCO+" /JEFN

3E&2H "Guess/NNC+EHCO+" /EFN
3E42Guess/NNC¥* /XSV+#a" /[EFN

3E42Guess/NNC¥* /XSJ+a” [EFN ( correct  guess!
3E&2 =" AGuess/ADV

342 n” AGuess/INPR

3E42f e” AGuess/IJ

34 v” AGuess/INNC

Fig. 4. Guessermodule analyzesnovel %38 /haynsemhata/ \is handsome"

" Foreign vocabularies losetheir original part-of-speed and are uniformly treated like
nouns in Korean.



Korean personnamesposeanother challenge.Klex implements an auxiliary
FST module tailored to recognizethem. Korean personnamesin most common
casesconsist of three-syllables, one for the surname and the the other two for
given name$. The list of 137 known Korean surnamesis obtained from census
data. Given namesare usually built by combining two syllables from a pool of
chinesecharacters{ while the Korean syllabic structure permits 11,172possible
syllabic combinations of which 2,350are in wide use,the range of syllablescom-
monly usedin namesis relativ ely small: we hand-picked 262 of them. A model of
Korean person namesis then described as a regular expression:a syllable from
the surname set, followed by two from the pool of syllables for given names.
With the regular expressionin placefor a proper-nounroot, the FST for Korean
namescan recognizelegitimate Korean personnamesfollowed in somecasesby
tittes or postposition markers. This is by no meansa robust model of Korean
names,but provides a good enoughmeasurefor the task of guessing.

4 Conclusions

Klex is a full-scale FST-basedlexicon model for morphological analysisand gen-
eration of Korean words. The nite-state technology, which XRCE's XFST suite
implemerts, provides an elegart yet powerful mathematical framework for de-
signing such a system for morphologically complex languagessuch as Korean.
The XFST suite by XRCE provides particularly powerful and exible tools for
a linguist seekingto develop such a system, sincetheir composition-basedmod-
ular architecture lets the developer model distinct aspects of morphology such
as morphotactics and morpho-phonemic alternations into separate modules of
transducers, which are then combined into a single transducer network that is
both structurally simple and e cien t. Klex wasdevelopedto t the speci cation
of the Korean TreebankProject, and is currently employed asthe morphological
analyzer for the project. It is also available by licensing through the Linguistic
Data Consortium (LDC).
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