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Abstract

One of the major applications of the machine translation
system is translation of sciantific and technological writ-
ings. Compared with other kinds of texis, coordinate
struciuras are fraquently used in these texts, Coordina-
tion has received a great deal of attention in the linguis-
tics literature. This paper describes an attempt to analysa
Koresn sentences into conceptual represantations, espe-
clally focusing on the coordinate noun phrase. To obiain
mare natura! translation results, praper determination of
the scopes of coordinate structures and elimination of
ambiguities are important.

Wa study the various types of coordination in ordar to
determine scope in coordinate noun phrases and pro-
pose a scheme 1o eliminate the ambigulties in syntactic
analysis using heuristic methods applied o surface
forms of sentences and distinctive features of the Koreen
coordinale noun phrase.

1. Introduction

The Korean analysis system which has been developed
in a joint KAIST-NEC machine translation project is
a muliilingeal machine translaiion system belween
English, Japanese and Korean, and is 2 part of the
VENUS machine transliion system (Muraki, 1936)
developed by NEC. From a Korean input sentence, the
anafysis system extracts a langoage-independent con-
ceplual structare as an inlernal meaning representa-
tion, The generation system synthesizes a Korean
sentence [rom a conceptual structure {Kim ¢2 af., 1988;
Lee and Kim, 1988).

Michine translation has focused on ithe scienlific and
technological writings. These 1end 10 use coordinale
struciures frequently for conciseness. Coordinate noun
phrases are the main cause of ambiguities in syntactic
amalysis in a machine translation system because of the
many possibililies concerning scope. In this paper, we
formutale some heuristics from surface expressions and
syntactic information. We also propose a scheme based
on these heuristics 0 eliminie ambiguities in deter-
mining Lthe scope af coardinale structures, cspecially
focusing on coordinate noun phirases.

The optimal gr fosmalism is not defined for
syntactic analysis of Korean. However, dependency
grammar is frequently used for the syptaciic analysis
of relatively free word-order tanguages like Korean,
Japanese (Muraki, 1986), Finnish (Jappinen er al.,
1986} and Czech (Sgall and Panevova, 1987). Depend-
ency grammar represents the symactic relalionship
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belween two grammatical elements as that of madifier
and modified {or head and dependent). To represent
semnantic relationships, case gramar is combined
with dependency grammar in our Korean analysis
system.

1.1 Stages of Analysis

The analysis system, where a Korean input sentence is

anplysed and transformed into its corresponding

language-independent conceptual siructure is organ-
tzed into three phases.

Phase | (Morphological Analysis) analyses an input
sentence. All morphemes are identified as keywords
of a dictionary. The corresponding entries in the
dictionary are loaded. Several morphemes are then
combined into semi-phrases using the connectivity
information, These semi-phrases are the basic units
in the subsequent analyses.

Phase 1 (Syntactic Analysis) constructs a language-
dependent semantic structure from a semi-phrase
list. The syntactic analysis is based on the dependency
grammar framewerk (Muraki er al., 1985; Kodama,
1987).

Phase T {Conceploal Amalysis) transforms 3 semanlic
struciore inlo ils corresponding conceptual struciure
by using the knowledge base and the struciural trans-
formation rules.

1.2 Problems in Analysis of Coordinate Structire

The analysis of coordinate structure has long been a
topic of interest 10 theoretical and computational fin-
guisis because il causes many ambiguities, Efiminating
amiriguilies in coordinate structures is one of the crucinl
problems in machine {ranslation. If the ambiguities are
not cleared up, one cannot expect to produce machine
translations of reasonably good quality. There are
several problems in the syntactic analysis of coordinate
structures.

Since a coordinate siructure consists of several co-
ordinate elements with 1he same syntactic role in &
sentence, coordinate noun phrases connécted by con-
junctions should be carrectly detected to precisely in-
terpret the relationship within the coordinate elements.
In symtactic analysis, incosrect detection of the coordin-
ate elememts may cause many dependency relations
which lead 1o ambiguilies. Different from English,
Korean has various coordinating conjunctions {o con-
struet coordipate structures. Using the patterns of co-
ordinate strugiores from surface expressionsin Japanese,
an attempt to formulate heurisiics has been made
(Shudo &t af., 1986). Korean is very similar to Japanese
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.in linguistic features, but is considerably different from
Japanese in the surface expression of coordinate struc-
tures. Thus, it would be helpful to analyse the palterns
of coordinate noun phrases. The patterns of coordinate
noun phrases in Korean would be surveyed in this paper
and are different from those in Japanese. Based on the
patterns, information for the syntactic analysis of co-
ordinate structures is derived.

Determining the analysis of a coordinate noun phrase
is mainly dependent on the precise meaning of each
noun. In machine translation, a detailed description of
the meaning of each ooun is not wsually available,
Although the semantic information is not available, the
patterns of surface expressions and the available syn-
tactic information are used 1o determine the analysis of
a coordinate noun phrase and eliminate ambiguities,

When twe or more conjunctions reside within one
noun phrase, it is very difficult 10 decide the scope of
each conjunction 10 give the right meaning, To tesolve
this problem, the lexical item, the levef of a coordinating
conjunction which represents the scope of each conjune-
tion, can be assigned and used in syntactic anaiysis.

This paper describes the characteristics of coordinate
structures in Korean, and the heuristic information 10
determine the scope of coordinate noun phrases in syn-
tactic analysis phase of machine translation system. We
propose a scheme for eliminating ambiguities using this
heuristic information. These heuristics are based on the
characteristics of surface sentences and syntactic fea-
tures of conjunctions. Korean sentences are repre-
sented in the Yale Romanization,

2. Caordinate Structure in Korsan

While English is a rigid word-order subject verb object
(SVO) langrage, Korean word.order is relatively free.
Although the normal arder is subject object verk (SOV),
any noun phrase in the same clause can appear any-
where as long as the verb comes at ihe end, According
1o the word-order typology (Comrie, 1981}, Korean is a
flexible SOV language with a variety of post-positional
particles, and a long O(bject) which may contain pre-
nominal modifiers between S{ubject) and Vierb). A
coordination element used for the long object causes
ambiguity to determining the scope of coordintion.

2.1 Coordinate siructures of Korean Compared with
English
2.1.1 Classification of Coordination. Coordination is
divided into phrasal coordination and clausal coordina-
tion, Coordination in English is constructed using the
conjunctions ‘and’, ‘or’, eic. in phrasal and clausal
coordination. 11 is not easy 1o recognize the syniactic
{function of the coordintion clements in a sentence,
(1) Coordination in English:

(a} Young boys and girls (noun phrase)

(b) Young and oid people (adjective phrase)

(c) He climbed up and over the wall (pre-

positional phrase)
(d} Kim sang and Sandy danced (clause)

Phrasal coordinatien types in English are noun phrase,
prepositional phrase and adjective phrase. To determine
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the scope of coordination, the syntactic category of
conjuncts must be understood. In Korean or Japanese,
there are no phrasal coordinations except noun phrase
cootdination, which is constructed by wsing a post-
positional particle or adverb. Clausal coordination is
represented differently from phrasal coordination and
is constructed by conjugation of verb and adjective, i.e.
connective inflections for coordinated predicates. Be-
cause of this, we can easily recognize phrasal and
clausal coordination in Korean and Japanese.

{2} Coordination in Japanese:

{i) Detashori 4o shingoushori

(noun phrase}
Drata p ang junet gl ing
(Data processing and signal processing.)

(b)Y Genshou-wo kaishaku-shs, fissoku-to

Phenomens analyse inflection  meaggremeny
hikakushi-ta {clanse)
vinnIRe

{We analyse the phenomena and compare
wilh the measurement.)
(3) Coordination in Korean:
{@) Calyocheli -wp sinhocheli
(noun phrase)
Craes prowessing  Sonjuicton  sgnal provessng
(Data processing and sipnal processing.}
(#) Kim-i nofayha-ko  Sandy-ka

sing inflection
chwumchu-nia (clause)
dance

(Kim ang and Sandy danced.)

2.1.2 Coordination Schemara, There are twe sorls of
coordinate construction in Enghisk (Sag ez af., 1984). In
one, there can be only two conjuncis. In the other,
there is no Jimit to the number of conjunclions per.
milted. They are exhibited in (40) and (5a}. The first is
for the arbitrary length coordination structures, and the
second for the binary ones. [n (45) and (50} we list the
values thin the CONJ festure has in English for the two
constructions. One further parochial component of
ceordination is needed in order to be able to explore
the claims it makes concerning the structure of Enghish.
We need @ LP (Linear Precedence) stalement %o ex-
press the ordering constraims that held across the
various types of conjunct characterized by dislinet
values for the {eature CONJ. These LP statements can
be collapsed into a single schema as {6).

(4) Terating Coordination Schema:
(a) X — H|CONJ ay), H{CONJ a,]*

(M) ae {<and, NIL>, <NIL, and>, <neither,
norz=, <or, NIL>, <NIL, or=}

IMere, 1 Tead
CONM)  Conjunciion
“y AN conjunctions before the
last conjunction
o) The last conjunction
MIL  No conjunction
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(5) Binary Coordination Schema:
{a) X — H[CONJ ap], HICONJ ]
() wisin {=<both, and>>, <either, or>, <NIL,
bui>}

(6) Linear Precedence Schema:
[CONJ ) < [CONJ @)
where g € {both, NIL, either, neither},
and
«, € {and, but, nor, or}

In Korean, Binary Coordination Schema is a residanl
schema because it is inghrded in fterating Coordination
Schema (Kim, 1987). The selection of pairs of conjunc-
tions in (7) requires careful consideration of the syntactic
constraims and the meaning, {7) and (8) show the
Korean coordinate schemata extended by including
connective adverbs. Noun phrase coordinations are
combined #s in (7) and their order in the combination is
delermined as in (8), This accomplishes Lthe cocrdinatle
Tunction,

{7) Iterating Coordination Schema:

{m) X — HICONJ o), 1|CONJ «,]*

(h) e e {<wa, wa>, <hako, hako>, <ina,
ina>, <ini, ini>, <ey(taka), NIL>, <imye,
imyex>, <ita, ita>, <iken, iken>>, <iko,
ko, <ilang, ilang>, <te(mun), to-
(nun)=>, < mich, mich>, <hokun, hokun>,
<kulike, kuliko>, <wa, NIL>, <hako,
NIL>, <imye, NIL>, <ini, NTL>», <ina,
NIL>>, *<«iken, NIL>, *<iko, NIL>,
*<ilang, NIL>, <tto{pun}, NIL>, <mich,
NIL>, <hokun, NiL>, <kwiko, NiL=}

(8) Linear Precedence Schema:

ICONJ un] < [CONJ I‘!]]

where  ay e {wa, hako, ina, iken, ini, imye, ita,
ey(teka), ike, ilang, to{pun), mich,
hokon, kuliko}
a) e {wa, hako, ina, iken, ini, imye, ita,
ey(aka), iko, ilang, tto{nun), mich,
hokun, kutiko, NIL}

Le! us examine the difference beiween *and’ and
‘wa', In Korean ‘wa’ plays the same role as ‘and' in
English. For example,

Avw Bowa C-wa Di-waltka = A, B, C-wa D-ka

is nolL same meaning (Kim, {970), The latter means &
group of A, B, aund € confromed with . Tt has differ-
ent meaning that every A, B, €, and D are patticipated
in coordination with same compeiency. On the other
hand, "A, 13, C mich D" is used us the same meaning,
As we see in Lthe example, *wa’ in the middie of coordi-
nation cannot be omitted, The omission of them leads
10 o different meaning.

2.2 Types of Coordinate Structire

2.2.1 Coordinating Conjunctions. A coordinating con-
junclion is an expression which connects multiple
noun phrases, verb phrases and sentences. Coordinat-
ing conjunctions for commecling noun phrases are
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connective posipositianal particles, connective adverbs
and punctuaiion marks. Connective pastpositional part-
ickes are “wafkwa' ("kwa' is an allomorph of ‘wa’}, ‘hake’,
‘ina’, “ind’, ‘imye’, 'ita’, ‘iken’, ‘iko', ‘ilang’, ‘cy(taka)’,
and so on, The connective posipositional particles have
the ings of ation, selection, and together-
with as well as the pure function of connecting noun
phrases. ‘wafkwa’ is proper to the pure function, Mean-
while, ‘ini', ‘imye’ and ‘ita’ sugpest enumetation, ‘ina’,
‘iken” and ‘iko’ suggest seleclion and ‘ilang’ suggests
together-with. Connective adverbs are ‘'tto(bun)’,
‘mich’, ‘hokun’, *kuliko’, etc., Puncluation marks are
comma(,) und ecnired period(:}, The coordinating can-
junction for a verk phrase is conneclive inflection. Sen-
tences are connected by the sentential adverbs.

A frequency analysis of coordinating conjunctions in
noun phrases in the abstracis from the Journal of Korea
Information Science Sociery, vols 11{1)-15(3} is shown
in Fig. 1.

Pan of Speech Conjunction Frequency
wafkwa 73
Parecke hako e
ina &
ofnun} 3
mich 62
Adyvech
hokun 1
kuliko 1
) %
Mark
0
Tanal 1
Fig. 1 Frequency af conjunciions in coordi) noun phrase

2.2.2 Coordination Patterns, The patterns of coordin-
ate noun phrases and their frequencies are shown in
Fig. 2. So {ar we have observed sevenieen patterns of
coordinate noun phrase connected by conjunclions in-
cluding punctuation marks. Of the coordinate noun
phrases 85% are connected by *wa’ and ‘mich’.

Using the similarities among coordination elements
in these patterns, we can reduce the ambiguity in co-
ordinate noun phrases. Recognizing the common words
or expressions in coordination elements makes easy to
determine the scope of coordination (Shudo et af.,
t986). From this infarmation, considetabte reduction in
ambiguity is expecied. We can also recognize the ex-
pressions which determine the scope of coordination,
such as “ung” afier the last coordination element. Using
these surface expressions and patterns from Fig, 2, we
develop the heuristics in Section 3.2,
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Humber of

Elements Paltern Frequency
NPwa MP{-wa) 140
N mich NP AR
NE, NP n
NP NP *

2 Eicrmenis NP.iga NP 5
NP(,) uenun NP H
MP hokun NP 2
ME.ina NP-wa 1
NP kuliko NP 1
NP NPy Lwe NP 23
NP{, NP} mich NP 10
NP{, NP)" kulike NP 6

Moce ihan NP.wa NP mich NP 3

3 Elements NP-wa NP(, NP} 2
NP.wa NF(-wa NF) 2
NP.wa NP, kuliko NP 2
NP+NP NP 1

Total i

Fig. 2 Patierns of cogrdinate poun phrases. NP = noun phrasc

Yiteli Ly

2.3 Hierarchy in Coordinating Conji
When there are two or more coordinating conjunctions
within one noun phrase, we must decide which con-
junctions mark the same level of coordination,

(9) taneamseng-uy [[sicem-congcem) kyeleeng mich
{yuseng-mwuseng] pwunlyu]-tul hal swu iss-nun
alkolicum-ul kaypalha-nta.

(A comparatively simple algorithm is developed

for determining startpoints and endpoints and

classifying voiced and voiceless sound in speech.)
In the above example, the coordinate noun phroses
‘sicemrcongeem kyelceng’ and ‘yuseng-mwuseng pwun-
lyw’, constructed by ‘mich’, have nested coordinate
noun phrases ‘sicem-congcem’ and ‘yuseng-mwuseng’
respectively. *-' is at a higher level in the hierarchy than
‘mich” in this case, This hierarchy is simifar 10 the
operator preced for aritl expressions, With-
out careful recognition of coordinating conjunctions,
we may have many interpretations as in anafysing an
arithmetic ¢xpression.

Explained in Sectiop 2.2, there are a diversity of
coordinating conjunctions in Xorean, unlike English.
Combinations of them are nsed in a sentence. There-
fare, the lexicnl item is required to represent the level
of coordinating conjunction in Korean, and is uscd (0
determine the scope of o coordinate structure, The
level of ¢onjunction is represented as 1, 2, and 3 in
Fip. 3, where 1 denoles the widest scope.

3. Hsuristics in Coordinate Noun Phrases

3.1 Ambiguities in Cocrdinate Noun Phrases
Coordinate noun phrases often appear in abslracts of
scientific and technological papers, It is imporeant io
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analyse them correctly, especially to determine the
scope of coordimation because they oflen lead 1o pro-
litezation of analyses. The postposilional particle "waf
kwa' plays atmast the sume role us the English ‘and” in
connecting noun phrases,

(10) kulayphu mohyeng-i [phulokulaym-uy hapseng-
kwa sayang-uy Kkumcungj-cy iyongloy! swu
iss-ta.

{Graph mode! is used 1o [synthesize the pro-
gram and verily the specilication].)

In  example (19, (wo  coordinmion  elements
‘phulokulsym-uy hapseng’ and “sayang-uy kumecung'
are connected by the coordinating conjunction *kwa'.
The possible coordination elements from the first one
are ‘phulokwiaym-uy hapseng’ and 'hapseng’, and the
possible coordination elements from the second one are
‘sayang-uy kumcung’ and ‘sayang’. Thus, there are four
analyses originating from different scopes of the con-
junction. Figure 4 depicts the possible ambiguities from
these analyses.

Since conrdinate structures include many elements
with the same syntactic role in a sentence, lhere is no
grammar formalism which defines the relationship

Level Conjuncrion
1 mich, ticinun). hokun, kobiko
2 wafkwa, hako, tken, iko, ina, tchan
A imye, ini, ita, Hang, ', "' ]

Fig. 3 Lovels of conjunction
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. onr N o
€ o« o« & e 3
hapseng kws nr-ln; sayanguy kencumg

hapaeng hwi

CHE
CE o ce

phubokalaymyy hapseng kwa LT

phulokulyyne. uy hapseng hwa ayug by henKURg

CHP @ Conaderaie Musn Prewse
CE  ; Coonhantion Flemen
€L ¢ Coondinate Conpuncison

Flg. 4 Ambiguity in a coordinate noun phrase

among them. No computationa! model has been known
to resolve the scope delermination preblem in inter-
preling coordinate stragtures so far, Thus, we develap
heuristics based on syntactic information a1 the analysis
phase as well as information from surface patterns. And
we show that the henristics can be apphied 10 determine
the proper anaslysis of coordinate noun phrases.

3.2 Feuristics in Determination of Scope

To determine the propes analysis of the several possible
ones we should, in general, consider not only informa-
tion at the surface andd syotactic level but also that at
the semantic level. However, il is impossible to dis-
ambiguate compleiely because natural Janguage has
ambiguity in itsell, And just surface level information is
sometimes nsed (0 delermine the analysis of coordinate
noun phrases in Japanese (Nagao er of., 1983; Tsujii ef
al., 1984).

For the above reasons, we try to delermine the analysis
of ¢coordinute noun phrases by using heuristics derived
irom surface and syntactic information. Heuristics 1-4
below have been spplicd to Japanese and can also be
applied to Korean, 1n addition, some heuristics specific
to Korean, with examples, are also described below.

(Ieuristic 1) Postpositional particle 'wafkwa’ may also
be used as a case marker. I it appears in the position:

Noun+wa+ Verb+Noun,
Noun +wii + Adjective +Noun,

the posipositional particle ‘wa’ is not a coordinating
conjunction but a case marker, if Lthe verb or adjective
it ane of those which require an argumemt with 1he
surface case marker *wa’, and there are no extra words
between the ‘wa’ and the verb or adjective. There may
be 1w possible interpretations, one in which *wa’ is a
case murker and “Noun+wa+Verb (Adjective)’ forms
a relative clavse thal medifies the second noun, and
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another in which ‘wa' is 2 conjunction in a coordinate
noun phrase.

{11} yeychukehi-wa 1a-lun  kaps
T & 1 value Sill: waht
(The value which is different from the predicied

value,)

This hevristic is not for determining the analysis of

scope in a ¢coordinale noun phrase. (11) ¢an be inter-

preied as ¢oordinate nown phrase, But the heuristic

prevents it from being so interpreted.

(Meurlstic 23 11 two *walkwa® npgrear in the position:
Noun,+wa+ . . . +Noun,+wa-uy+Noun;,,

the boundary of the second etement of the coordination
is always Noun,. The second "wa’ plays 2 role of delimiter
for the second element of the coordination, Coordination
elements are represented by [ |

(12) [ilookaps-kwa simyulleisyen-ulo el-un

h e value ion eull
kyelkwa]-wa-uy chai-lul
diflercnce
(The difference beiween (heoretic value and

sirmulation result.}

The second *wa’ is optional, but it often appears when
the second coordination ¢lement is a [ong noun phrase
and is scope is ambiguous without it.

{Heuristic 1) The scope of the coordinating conjunc-
tion *-' is a single nown.

(13} phesunal khemphyuthe-ey [selkyey + kwuhyen)-
dosign  implementdion
han bankul . , .
{Design and implementation of Hangul sysiem
on personal computer. }

(Heurlstic 4) In X+ Conj+.X; when the first word of
X and X, is the same or the tast word of Xy and Xy i
same, the first and the second coordination element are
Xy and X, respectively. Here the X, are series of words
other than conjunctions, and Conj is a conjunction,

{14} cesi-toyn motel-un kikyey-cy [congsokcek-in
dependent past

pwupwun-kwg tokliprek-in pwupwun]-ulo
independent pant
kwupwunha-nta.
{The moedel is divided into a machine-
dependent part and a machine-independent
part.) :

{Heuristic $) If a special word “wung' which is often
collocated with coordinate noun phrases appears ia the
construction:

X + Cﬂﬂj]+X2+ v o +Conj, 1 +X, +tung,
the boundary of the rightmost coordination efement is
X, Special words in the same category as ‘tung’ are
“swun’, -wa hawkke', ‘-wa-uy kwankyey', '-cwung',
*-e ttada’, -saie’, and -wa pikyoha-ye', etc.

163



(15} hankal teitha-uy [cenguy, cocak, ciluy mich
definition, manipulation, query

pokosecakseng]-lung-uy
reparl generalich
kinuag-ul ceykongha-nta.
(This system provides facilities for data defini-
tion, manipulation, query and report genera-
tion of Hangul data.)

(Heuristic 6} Coordinating conjunction such as ‘mich’,
‘ttenan’, and ‘kuliko’ are always used as the Jast con-
junction.

(16) phothulan sosu phulokulaym-ey tayhan tongeek
theysuthu-lul fayewu-nun thul-un
[khontulol tulaipe,  thesuthu sayngsengki,

comrol driver eyt generalof
simyulleyithe mieh tongeek thesuthul-lo
simulalor dynamic Lester

kwusengtoy-¢ program behavior-ey kwan-han
cengpo-lul ceykonghaycwu-nta.

{Automated tools for testing of Fortran source
code include test drivers, test data generators,
simulators, and dynamic testers. They provide
information on program behaviour.)

(Heuristic 7) In the coordipation pattern:
Moun,+uy+MNoun,+Conj+MNoun ;+uy+Noun,,
the conjunct is ‘Noun,+uy+Noun,’, and the second is
‘Nouns+uy+Moun,’. Examples of success and Tailure
for this heuristic follow. The successful analysis is rep-

resented by *[ ', the other is underkined.

{11 kulayphu mohyeng-i {phulokulaym-uy hapseng

kwasayang-uy kemcung]-ey ivongtoyl swuiss-ta,
*(17} [cencakyeysanki hoylo-uy selkyey-na

desigh of computer gircuit
kocang cinmanl-uy kyengwu-ey
Tault diagnosis
kwangpemwi-hakey iyongtoyko iss-ta.
(This model is widely used for the design of
computer circuits and for fault disgnosis.)

(Heurlstic 8) In Noun;+Nounz+ . . . +Noun,+Conj+
X, Neun;+Nouns+ ... +Noun, is considered a con-
junct. This heuristic may be ambiguous when there are
more than two coordinations in a senlence. {Heuristic
7} is applied te (18} ako.

(18) pon nonmwun-uy Local Area Metwork-nun
[2kay-uy host processor, Tkay-uy IMP, 3kay-uy
disk unit-wg yelekay-uy data fink]-lo kwuseng-
toye iss-ta.

(The svstem configuration of this LAN includes
two host processors, one IMP, three disk units,
and several data links.)

*{19) LNA-uy (hatuweye mich
hardware
sophuthuweye] pbulothokhel [selkyey mich

saftware ddesign

kwuhyen] pangpep-u! kiswulha-yessta,

mplementation

{The design and implementation of HW and
SW protocol for Local Network Adapter is de-
scribed. }

{Heuristic 9) A series of nouns is treated as a single
noun,

(20} phase-nun DCG-4ul jyong-haye
caksenghyessumye [pasing,

parsing
hankul naypwu kwuco sayngseng keliko
Korean imernal siruclure geocration
mwunpep pyenliwanj-uy kinung-ul ha-nta,
ETBFRMAr CONVersion
{A parser, implemented using DCG, parses the
list form, generatzs Hangul internal struclure
and converts the grammar from English into
Korean.)

*(21) pon nonmwun-un [umseng mich hwasang]
i video

teitha ceasong sepisu-tul silsikan-ulo
dary 1ransmissOn service
ceykongha-nun phulothokhol-ey kwanha-n
kes-ita.
(The rescarch reporied in this paper is on the
development of a communication protocol (0
suppon AudiofVideo data Iransmission in read
Llime,)

(Heuristic 10} Tn case of X,+Conj+X,+ullul, the
second conjunct is X;. The same holds for the case
marker ‘kafi’ instead of ‘ulflul’.

{22) phothulan-uy [khemphyuthe-uy hyoyulseng-kwa
clficiency of coinputes

sayongea-uy phyenuysengl-ul
wser fricndliness
nophickoca sacen penyekki-lul selkyeyha-
yessta.
{To improve the efficiency and the user friendli-
ness of Fortran in the computer, the pre-
compiler was designed.)

*(15) hankui teila-uy [cenguy, cocak, ciluy pmich
pokose cakseng]-tung-uy kinung-ul

ceykonpha-nra.

To solve the problem in {15), we give higher priority 10
{Heuristic 93 than {Heuristic 10).

These heuristics are based on different levels of in-
formation (some are based on surface lexical iems,
some are based on syntactic tnformaiion) and may Jead
to different decisions about the analysis of scope.
Heuristics 1-6 almost always succeed, and 7-10 oflen
lead 1o wrong decisions.

Although the surface structure of English is different
from that of Korean, heuristics based on surfice lexiczl
items have been used (Tshikawa er af., 1985) to correctly
determine the analysis of scope in coordinate phrases in
English without deep semantic analysis,
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4. Syntactic Analysis of Coordinate Structure

4.1 Analysing Coordinate Noun Phrase

The syntaclic analysis phase determines coordinalion
elements related to copjunciion, applies heoristics fo
inpud chart, and, if necessary, determines the level of
coordination. Figure 3 shows the overall stages of the
coordinate noun phrase analysis,

Morphnlug,iclll Andlyst
]
| Chan Loading |
1
{ Conuncis Desecrion i
¥

| Cooedination Lever Determinuion

| Coneepiuat Relation Prediciion I

i
f Cenceptunt Relation Yerfication |
R}

[ S G
1

Congapiual Analys'ls

Flg. & Overall stages of syntactic analysis

4.1.1 Loading Chart Information. A chari is the autpant
of morphological analysis which is loaded 10 amalyse the
symtactic dependency in coordinaie structure. Each
edge of this chart represents a semi-phrase or word.
Each edge is linked (o its corresponding partial depend-
ency structure (PDS). A PDS contains the resuly of
morphotogical analysis where word corresponding to
each edge are analysed. The structure of a PDS is a (ree
structure where each node is a set of fealure-value
pairs. The contents of these paits are loaded from the
dictionary.

4.1.2 Detecting Candidate Conjunees. The coordinat-
ing conjunction is marked first at this stage. Since
Korcan has o prenominal modifying structure, de-
tection of candidates proceeds from the coordinating
conjunclion Lo the right,

In ' Aswi B-lul C-ey D-hanun -l the first element
of coordination connected by ‘wia' is determined as A,
B and E are alticrnatives for the second element. To
choose the correct one, we apply the nron-crossing
principle, and 1hen compare meaning classification of
nouns for B and E cespectively with that of A, Thereby,
the noun with the nearest value of classilication to A is
selected as the candidate for the coordination element.

4.1.3 Determining Coordivition Level, To determyine
the coordination level of a conjunction in a senlence
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with two or mote conjunctions, the lexical information
on each conjunction is used. Marks denoting the start
node and the end node of a coordinate siructure are
given at the beginning of this stage in order te construct
the dependency relation.

4.1.4 Determining the Scope. Heuristics with a high
success Tale are applied fiest 1o the chart to determine
the extent of the coordination element. If the extent is
not determined by the heuristics, semantic features are
enforced to doit. Figure 6 shows the applying sequence
of heuristics that is the priority of heuristic.

4.2 Constructing Dependency Relaion

As the syntactic analysis goes on, edges covering more
than one semi-phrase are formed. In other words, these
new edges cover more than one edge which covers a
narsower range. When an edge conmecting the left-
most and right-most nodes of a chart is formed, syntactic
analysis is terminated,

4.2.1 Selecting the Head. A possible pair of a syntactic
head and its dependent is detected on the basis of their
features.

4.2.2 Predicting Conceptual Relations. A set of per-
missible conceptual relutions between head and depen-
dem are predicted, using their postpositional features,
phrase-struciural featvres, case-siructural features, and
50 0N,

4.2.3 Verifving Concepinal Relarions. The knowledge-
base inference mechanism is aclivated using the concep-
1ual primitives in corresponding conceplual information
foreach head and dependent of the predicted permissible
relations. Then the most appropriate conceptual re-
lation is selected and verified.

4.2.4 Constructing Semantic Dependency. Finally, we
can construct a dependency structure between the head
and ils dependent using the features if the knowledge
base retorns that semantic interpretation of the two are
consistent, [n other words, if a consistent conceptual
relation is found between their concepiual primitives.

5. Conclusion

It is important to eliminate ambiguities of scope in
coordinations in a machine franslation system. This
papet has been described as a coordinate noun phrase
disnmbiguation mode! which determines the scope of
coordinating elements. Especially, we suggested that
heuristics from surface-level information worked very
well to eliminate ambiguities without recourse 1o deep
semantic analysis.

Compared with English, Korean has complex con-
junctions such as connective postpositional particles,
connective adverbs, and punctuation marks. Based on
the patterns of the coordinate structures, we derived
heuristics inherent 10 these expressions in Korean. By
integrating surface and syntactic-level heuristic infor-
mation, our analysis system efficiently produced a fairly
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Fig. 6 Seq

ol applying

natural and preferable reading as output, without any
extensive semaolic processing,

Finally, a computational model for coordinate noun
phrase analysis under the interlingual machine trans-
lation approach has been proposed, which makes it
possible 1o determine the scope of coordinating el-
ements correctly. We have considered only surface and

166

Are CE's determined For all OO ?

£aO,

lm

(48} Derermine the JCOPE using semantic fealures.

e

Dependency Relatian L

syntaclic information, which does not completely
climinite the ambiguitics. Thus, further rescarch on
tienristics a1 the semantic ard the pragmatic level may
complement the weak points of this paper.
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