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ABSTRACT

The two-level wmorphology model has received «
greal deal of attention and has been tmplemented for
languages like Finuish, English, Jupancse, Russian,
French, and so on.  However, this model has been
cletmed to be inappropriale for Korcan morphological
analysis, because the comples conjugalion (inflection)
and ugglutination in word formation, und the syllable-
based representalion of words may lead Lo ¢ huge num-
ber of two-level morphological rules. In this paper, we
show that the lwo-level model cun be successfully ap-
plied 1o Korean and its rule size is limiled to only 52.
An extension of two-level wmorphology is described for

Korean language.

INTRODUCTION

The two-level morphology model (Koskennicrni, 1983;
Antworth, 1990; Barton, 1986; Ritchie, 1991; Sproat,
1992) is a well-known computational model of rmor-
phology, which has adaptability as well as stmplic-
ity. In practice, this model has been successfully ap-
plicd to several languages including Finnish, Euglish,
Japanese, Russian, and IFrench.  However, the two-
level model has been considered to be inappropriate
for Korcan (Kang, 1992; Kwou, 1991). That is, the
two-level morphological analysis of Korcan is belicved
to be dillicult and infeasible because the complex con-
jugation (inflection) and agglutination in word fornia-
tion, and the syllable-bascd representation of words
may lead to a huge number of two-level morphological
rules. In this paper, we show that the two-level model
can be successfully applicd to Korcan and its rule size
is limited to only 52.

This paper presents a successlul two-level system
for Korcan wnorphological analysis. The system was
based on a shareware PC-KIMMO (Antworth, 1990);

however, we extended the I/Q component of 1°C-
KIMMO to handle Korcan alphabet HANGUL; we
constructed a Korcan dictionary and a Korean mor-
phological gramunar (i.c., worphotactics and spelling
rules) for the PC-KIMMO; we also uscd a shareware
KGEN (Miles, 1991) to translate the linguistic spelling
rules tnto the ecxecutable autornata (i.c., finite state
trausducers (FSTs)). This paper focuses on the dic-

tionary and the morphological grammar for Korcan.

TWO-LEVEL REPRESENTATION OF
KOREAN WORDS

The two level model is concerned with divectly wap-
ping between two representations of a word: (1) the
surfuce forni (SI) us it appears in the text, and (2) the
lexical form (LY) which is represented as a scquence
of basic morphs and diacritics (e.g., “+’ to mark mor-
phenie boundary and ‘4 for word boundary). As are-
sult, an input word in the two-level model is analyzed
by mapping the word itself (SF) to a sequence of lex-
ical formns in dictionary without intermediate stages.
In this section, we present a two-level representation
of Korean words.

To understand the two-level description for Korean
ntorphology, oue should be properly fainiliar with Ko-
rcan alphabet and their transcription system. So we
first describe them. For ordinary writing system, the
Korecan alphabet consists of 40 letters: 10 purc vowels,
11 compound vowels, 14 basic cousonants and § dou-
ble consonants. A Korean word is represented with a
sequence of syllables; a syllable cau be made up of a
consonant, a vowel, and a consonaut; there are scv-
cral forms of syllables (c.g., CV, CVC, VC, V, aud
C forms); and initial consonant letter may not be
distinguishied from final consonant letter. Iowever,
the iuitial consonant and the final consonant must be

distinguished [rom each other for successful two-level
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Table 1:

The transcription of Korean alphabet (HANGUL).

Pure HANGUL of o Q9 § o o & o 4 9]
Vowels 1PA a4 9 o u € ¢ i i i o
MYGODS a c [5) u 8 9 - 1 wu  wi
Compound | nancun o o & HF A oA 4 € H% g 9
Vowels A ya ¥y9 yo yu yE ye wo we wa WE iy
MYCODE ya ye yo yu y8 y9 we w9 wa w8 yi
Basic HANGUL 7T - v 2 w" A o x 2 5 v x 3
Consonants | wa k n t 1 m p s ] ¢ & kb oth o phon
mycoor(y [ g m d 1 m b s J c k ¢t p b
Mycopsr) | G N D L M B § * J ¢ K T P H
Double HANGUL Toowmoowm R o
Comnsonants | wa kK ¢ p 8 &
MYCODE(I) | q [ r v %
mycons(®) | Q

system; if not, it might cause a lot of uscless work
(i.e., invalid mapping) and incorrect results because
i-th consonant in a word is not clear whether it is an
initial consonant or a final consonant. Furthermore, to
write two-level spelling rules for PC-KIMMO, cach of
Korean alphabet must be mapped to ASCII character
on the keyboard. Therefore, we devised a transcrip-
tion gystemn for Korcan alphabet as shown in Table 1,

which has the following features:

o ‘There is no letter corresponding to the initial con-
We did not consider the letter be-

cause 1t is a sort of an orthographic filler for the

sonant ‘©’.

ordinary writing system and is not pronounced.

o The initial consonant letlers arc not the same as
the final consonant letters. (To sce this, compare
the initial consonants MYCODE(I) with the final
consonants MYGCODE(F) in Table 1.)

o Iach of compound vowels is represented by a pair
of two letters: a scmi-vowel letter (i.e., ¥ or w)
and one of pure vowel letters excluding ‘91’ /d/
and ‘8]’ /6/; here ‘91’ and ‘9]’ are treated as the

compound vowels.

e There are two archiphonemc letters: (1) the
archiphoncme A for the proper treatmeut of vowel

harmony', which can be changed into NULL

*Modern Korean has a “diagonal” vowel larmony
(Ahn, 1985) kept in only one arca of word formation, that
is, between the final vowel of a verbal stem and the follow-
ing 9-initial suffix. This system works in the 9-initial suflix
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symbol 0, a vowel letter 4, or a vowel letter 9
by context; and (2) the archiphoneme I for the
proper treatment of predicative postposition ‘°]’
/i/, which can be changed into either 0 or a vowel

lctter ¢ by context.

‘We believe that our transcription system makes it sim-
ple and clear to describe two-level spelling rules of Ko-
rean, and it enables the two-level processor to handle
ciliciently the cornplex spelling changes.

Here, three special symbols are used properly to
treat lexical irregularities of XKorean verbal morphol-
ogy: + for regularity, X for ‘le™-irregularity, and § for
all irregularitics excluding the ‘l¢’-irregularity; X must
be differentiated from § because of the following rea-
sons. In Korcan morphology, most of verbal stems
ending in the syllable ‘2’ /&/ are irregular. The fi-
nal syllable ‘2’ /&/ of the stem, when followed by the
vowel ‘o]’ /o/ and preceded by any vowel other than
the light vowels (‘o}’ /af and ‘2’ /o/), is changed into
‘2]’ /b/ and the consonant ‘=’ /l/ is added to the pre-
ceding syllable. We call it ‘I”-irregularity. For exam-
ple, the verb stem ‘&2’ /hi-#/ (to flow) plus the suffix
‘o]’ fo/ (INFINITIVE) becomes the verbal word ‘&ej’
/hil-by/. However, there is ‘le’-irregularity which oc-

harmony where @ has an alternation aif the final vowel of a
verbal stem is a light vowel a or ¢. For example, the verb
stem ‘X’ Jbo/ (ta sce) plus the suflix ‘o’ fo/ (INFINI-
TIVE) becomes the verbal word ‘Xof fbo-a/. However,
tle verb stem ‘5 fcu/ (to give) plus the suflix ‘o’ o/
(INFINITIVE) becomes the verbal word ‘Gol’ /cu-a/. As
a result, the archiphoneme A is used for the initial vowel
9 of suflixes, which is to distinguish it from 9 elsewhere.



curs in the same context as ‘L-irregularity: it causes
ouly to be changed the following vowel ‘of” /u/ into
‘“’ /b/; for example, the verb stan ‘ez’ [i-i/ (to
arrive) plus the suflix o}’ fo/ (INFINI'U'IVE) becomies
the verbal word ‘el22)’ /i-h-b/. Therelore, a mecha-
nism is needed to treat themn properly.

One of the special symbols is used to represent a
specific lexical form, and is almost placed at the end of
the lexical form. For example, the verbal stem gull has
two meaniugs, i.c., “curved” as an adjective and “grill”
as a verb. In this case, the problem is ou the difference
between the variation forms for adjective and thosc for
verb; when it 18 cotnbined with a suffix A, the surface
form becomnes cither the gulie as adjective, or the guwe
as verb. 'To distinguish between them, the following
lexical foring can be listed in diclionary: gufi+ for

regular adjective, and guli$ for ‘If-irregular verb,

WORD STRUCLTURE AND LEXI-
CONS

The word structure in general denotes knowledge of
the internal morpheme combinations of known words.
As a result, it shows how morphemes can comnbine to
form valid words; it is important to a proper word
recognition. In the two-level model it is represented
with liuked lexicous, i.c., with continualion classes of
morpherncs.

The continuation classes used in our lexicous are
as follows: iuterjection (IJ), prenoun (PR), adverb
(AB), noun (NN), promoun (PN), numeral (NU),
verh (VB), adjective (AJ), verbalizer (VIV), postpo-
sition (PP?), I-postposition (IP), nominal-prefix (NF),
verbal-prefix (VF), prefiual-ending (PI), final-ending
(I*15), nowminal-ending (NK)?, Hegin, and End. Lvery
class indicates a lexicon. IHowever, the Begin and End
arc sonc special lexicous; Begin amounts to the ini-
tial stale in automata, and Fnd has the same role as
the final state; in fact, there is no lexical entry. The

following shows our linked lexicous.

Begin -> interjection | prenoun | adverbd
| noun | pronoun | numeral | verb
| adjective | nominal-prefix

| verbal-prefix

?The nominal-endingbelongs to final-ending; it consists
of nominal endings, sentential endings, and connective end-
ings.

interjection.~> End
prenoun —> End
adverb —> End | postposition
nominal-prefix -> noun
verbal-prefix ~> verb | adjective
noun ~> End | postposition
| I-postposition | verbalizer
pronoun —> End | postposition
| I-postposition
numexal ~> End | postposition
| I-postposition
verb —-> prefinal-ending | final-ending
| nominal-ending
adjective -> prefinal-ending
| final-ending | nominal-ending
verbalizer -> prefinal-ending
| final-ending | nominal-ending
I-postposition -> prefinal-ending
| final-ending | nominal-ending
postposition -> End
prefinal-ending -> final-ending
| nominal-ending
final-ending -> End
nominal-ending -> End | postposition

| I-postposition

The right arrow ‘)’ indicates that a class on its left
side can continue with one of classes on its right side;

a vertical bar ‘|’ indicates OR.

TWO-LEVEL RULES AND FINITE
STATE AUTOMATA

Based on the work of Korean morphology by Lec
(1991), 52 two-level rules has been developed for the
Korean morphological alternations. By way of an ex-
awmple, we explain the following Korean morphological

alternation in the two-level framework.

In Korecan, some verbals ending in the final conso-

nant 4 are irregular. The final consonant B of the
stem, when followed by a vowel, is changed into w.
But it is not changed when followed by a consonant.
For example, when an irregular verb dodf (to help) is
combined with the suflix A, it is changed into dowa.

In the two-level system, it is represented as follows:

Lezical Representation: d o B § + A

Surface Kepresentation: d o w 0 0 a



‘This shows a correspondence between lexical repre-
sentation and surfacc representation. In PC-KIMMO,
such a correspondence is represented with the notation
lezical-character:surface-character like d:d, o:0, Biw,
8:0, +:0, and A:a. Herc the lexical character § is a
signal indicating that a basic word or stem followed
by it is irregular, and it corresponds to a surface ¢
(the NULL symbol) which is not printed in the output
form. The lexical + (a morpheme boundary symbol)
also corresponds to a surface 0.

The above alternation may be described as the fol-

lowing two-level rule:

Biw <y - $:0 +:0 A:@ (I Variation Rule)

This rule states that a lexical I3 is realized as a
surface w if and only if it is followed by the conjuga-
tion information §, the morpheme boundary +, and a
linking suflix A. A surface @ in the above rule stands
for any alphabetic character that coustitutes a fcasible
pair with a lexical A. For example, the surface @ may
be realized as @, ¢, or ¢ when all feasible pairs with
lexical A are like Ara, Aze, and A:0.

The two-level rules can be autoinatically translated
into the state trausition tables by using a rule compiler
such as TWOL (Karttuncn, 1987) and KGEN (Miles,
1991). The tables built by XGEN may be actually
used in PC-KIMMO. The above rule is translated by
KGEN into the state transition table below:

I B § + A @ (lezical churacters)
w @ 0 0 @ @ (surfacc characters)

L2 &5 1 1 1 1

210 0 & 0 0 0

s lo o0 0 4 0 o0

410 ¢ 0 0 1 0

5:12 & 6 1 1 1

6:12 6 1 7T 1 1

7212 5 1 1 0 1

The rows of the table represent the seven states, in
which final states are marked with colons and nonfinal
states are marked with periods. The columns repre-
sent arcs from one state to another, A zero transition
indicates that there is no valid traunsition from that

state for that input symbol.
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CONCLUSION

We have shown that the two-level morphology model,
which has been claimed to be inappropriate for Ko-
rean, can be successfully applied to Korean. That
is, we have implemented a successful two-level mor-
phology system for Korean (see APPENDIX). This
systern was based on PC-KIMMO which is a share-
ware. lowever, we modified the I/O component of
PC-KIMMO to handle Korean alphabet HANGUL;
we have constructed a Korean dictionary for the PC-
KIMMO, which contains about 12,000 entries; we rep-
resented a Korean morphotactics for the PC-KIMMO,
which indicates the morphological structures of known
words; we wrote 52 two-level spelling rules for the
PC-KIMMO, which recover almost all spelling alter-
nations in Korean morphology.

Qur two-level system has been experimented with
2,172 randomly words selected from Korean textbooks
(413,975 words) for elementary education. For this
test set, the system produces the correct outputs al-
though it includes about 5% cxtra incorrect analyses
(i.e., overgeneration). Iere the overgencration is as-
cribed to the fact that it results from the weak ex-

pressive power of morphotactic information in PC-

KIMMO.
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APPENDIX: Running Examples

dbkim/csking> pckimuo

PC-KIMMO TWO-LEVEL PROCESSOR
Version 1.0.5, Copyxright 1992 SIL
Type 7 for hel

PC-KIMMO> load rule kor.rul
Rules being loaded from kor.rul
52 Rules Loaded

PC-KIMMO> load lexicon kox.lex

Lexicons being loaded Irom kor.lex
Lexicon Start 1 entries

Lexicon Nominal 7973 eutries

Lexicon AdverD 20 entries

Lexicon Verbal
Lexicon Ending
Lexicon Poustposition
Lexicon Others

Lexicon End

PC-KIMHMO> recognize

recoguizsersy S.9b

doB$+A F5+A
recognizers»> 4
iILS+A ol g4 A

recognizer® &gl
ha$-+AV++da  81$+A »* -t}
recoguizers> §oh
ha$-+AV-p+da  BH$-+A X410}

recognizer’® SaLolA]

haGgyo+Yse OFad4-ofl A
recognizers» &

JuN &
Jju++N Fotte
jul4-+4N &+t

recoguizery 3 8o}

* pit+ha$+da  v]4344-14

2784 entries

94 entxies

1443 entries

32 entries

1 entries

[VB4FE]

[VB4-FE]

[VB+PE+FE]

[VB+PE+FE]

[NN+PP|

[NN]
[VB + FE]
[VB + FE]

[NN+VRA-FE]
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