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Abstract

This paper suggests a reverse segmentation algorithm using affix information and some preference pattern information of
Korean compound nouns. The structure of Korean compound nouns is mostly derived from Chinese characters, and it includes
some preference patterns utilized as a segmentation rule in this paper. To evaluate the accuracy of the proposed algorithm, an

experiment was performed with 36,061 compound nouns.

The experiment resulted in getting 99.3% of correct segmentation and showed excellent satisfactory results from the
comparative experimentation with other algorithms. Especially, most of the four-syllable or five-syllable compound nouns were

successfully segmented without fail.
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I. Introduction

A compound noun in Korean is a noun where two or more
unit nouns are connected without leaving space. It is all right
in everyday life but causes serious problems in the
information retrieval system or the machine translation system
dependent on dictionaries. That's why it needs to be properly
processed.

Two ways are possible. Either each compound noun is
individually registered or it can be segmented at the level of
unit nouns. However, the former is realistically impossible due
to its unlimited creation. So, various algorithms have been
suggested as to the segmentation methods{6, 7, 8, 9, 10, 11,
12].

In segmenting compound nouns, polysemy and unregistered
words should be handled. This phenomenon also appears in
Japanese and other languages in the countries of the bloc of
the Chinese-character culture.

Chinese needs the process of making the borders between
words. Correct word separation from the input sentence is
important[1, 2]. Also, in Japanese, compound noun
segmentation is needed and diverse semantic and syntactic
data are used to reveal the structure of compound nouns. But
a great problem is how to efficiently deal with the
unregistered words nonexistent in dictionaries[3, 4].

In this paper, an algorithm to utilize statistical information
is suggested as most Korean compound nouns come from
Chinese characters composed of the unions of favorite
syllables. Here, a reverse segmentation algorithm is utilized to
apply collected statistics.
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II. Related Research

Mostly heuristic, the compound noun segmentation methods
are divided into those based on dictionaries[7, 11] and
statistical processing[5, 8, 12]. The former is segmenting the
nouns into a few unit nouns and using empirical processing to
defeat polysemy. The latter is finding each word's appearance
rate by way of a corpus and obtaining statistical information
to parse compound nouns.

Yi Hyeon-min[6] with a heuristic method and Yun
Bo-hyeon[12] with statistical information and preference rules
show comparatively superior results. But they reveal
comparatively low processing results as to polysemous
segmentation and unregistered nouns. Considerations to solve
polysemy are also somewhat lacking in other papers.

III. Segmentation Algorithm

How to process polysemy and unregistered words matters.
First, in polysemous segmentation, it is important to choose a
right union among some possible noun unions. For example,
‘E7|AA NS can be either ‘E7|+X A+ H (special-skill
& aptitude education) or ‘E7]Z+A 08" (special-skill sex
education). But the first one is selected.

Second, as in ‘Al$HAEE’ (test run speed),
and ‘%2’ (speed) are in the dictionary. But ‘A}2
the correct way of segmentation.

‘

3.1 Suggestions for Compound Noun Segmentation

When all possible unions of unit nouns are put in the
dictionary, the same words can increase multiple meanings. If
‘A=A L2 s divided into ‘A3’ and ‘“H<£E (full speed),
we are at a loss what to choose. To solve this problem of
right segmentation, the following ways are proposed.
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3.1.1 Use of a Noun Dictionary Except Monosyllable
Nouns

Meaningful words in Korean are hardly composed of
monosyllables, but made up of 2 or 3 Chinese characters.
Thus a noun dictionary excluding monosyllables is utilized.

3.1.2 Priority to the Most Agreeable Nouns

For instance, ‘Y1552)" (democracy) as well as ‘HF
(democratic) and ‘F2} (ideology) exist in the dictionary. But
‘WlE320) s chosen as it is the most agreeable noun.

3.1.3 Reverse Segmentation Using Affix Information

When the most agreeable noun is not found, each syllable
is removed from the reverse direction. Suffixes and prefixes
are checked in this order because most unregistered words are
derivatives by affixation.

3.1.4 Segmentation by Preference Patterns

Compound nouns are mostly grounded on Chinese
characters, holding preferred length of syllables. Korean has
such pronunciation rules as an acronym rule, consonant
shuffle, forward assimilation, and backward assimilation. Thus,
statistical preference syllable information based on Korean
grammar is used. For example, ‘F=A1A 7} =% 3} can be
segmented into ‘G=A1+ A 7V 4+ X =+ H 28} (training myself,
controlling my family, governing the country, and ruling the
world).

In this paper, reverse segmentation, segmentation through
affixes and favorite patterns, and segmentation via statistical
information are applied by turns.

3.2 Dictionary Composition & Statistical nformation

3.2.1 Unit Noun Dictionary

Based on the single noun dictionary, the dependent noun
dictionary, the compound noun dictionary, and the affix
dictionary compiled by the National Korean Research Institute,
unit nouns were produced to use here as a dictionary. As
stated earlier, monosyllables were excluded as they increase a
polysemous phenomenon.

3.2.2 Affix Dictionary

On the basis of the affix dictionary made by the Project
Sejong 21 of the National Korean Research Institute, a
dictionary of affixes was created, including prefixes, suffixes,
prefixes/suffixes, and preferred first/last syllables. Table 1
shows those affixes and affix-acting syllables with the
frequency of 5 or more times to appear first or last.

3.2.3 Segmentation-Preference Syllable Patterns
As the statistical data of syllable length, three highest
patterns were drawn from the head words of the compound

dictionary (National Korean Research Institute) and 6
encyclopedias, and summed up in Table 2.

3.3 Segmentation Algorithm Using Statistical Information

Fig. 1 depicts the overall flow of compound noun
segmentation by using the preference rules suggested in this

paper.

Table 1. Category of affixes

Division Affix classes
7y, 3, 3, 2, o @, 4, W, vh R, e, AL A,
S T T TS I - - A T A
S & s

Prefixes & 9, "

The prefix is regarded as a syllable to correspond to
the head sound >= the tail sound * 5

7k Zh 2k AL L S o F A, #L S 7L T
u, g8 dl, 8, 5 8382 5 8 8 & H
oW, B, ool v, w3, B, B R, ), AL A

Suffixes 1> A, A, 4, 4, 4, & 7 e AL A A ol &
A, &, A,z A F 8, 8,8, %, 8

The suffix is regarded as a syllable to correspond to
the head sound *5 <= the tail sound

What matters is that the algorithm is not sure whether the
present method of segmenting compound nouns into unit
nouns is right or not. Sc, in this study, statistical data for
preference rules, consonantal frequency information, and
segmentation-preference sy.lable patterns are used to solve the
matters of polysemy and unregistered words.

Table 2. Preference patteras

Number

of affixes Preference pattern with high frequency

3 142/ 2+1, Null

242/ 1+3/ 3+1

243/ 3+2/ 1+4

343/ 2+4/ 2+2+2

24243/ 34242/ 24342

24343/ 3+3+2/ 3+2+3

O e 2]

2424243/ 3424242/ 243+2+2

10 242+42+2+2/ 3424243/ 2+2+3+3

Odd number: First pattern of 2+2+---+3/ 342+
+2+2/ n-2 number
Even number: First pattern of 2+2+---+2/ 342+ --
+2+3/ n-2 number

11 or
more

The work of the preferred syllable processing routine
implies the existence of unregistered words. The current
algorithm tries segmentation according to the syllable
information patterns in Taole 2. When the segmented words
are all in the unit noun dictionary, segmentation is completed.
If even one unregistered word is seen, the forced segmentation
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routine is practiced to divide it into 2 or 3 syllables.

Compaosition noun

yes

Word dictionary

Affix
affix conversion
Preference
syllable?

yes

Affix processing

The parse of the
2.3 syliable

Word dictionary

no

The parse of the
preference syliable

®

Fig. 1. Proposed algorithm

The success of

Register of the
the parse

unregistered word

IV. Experiments & Analysis

Table 4. Comparison of segmentation rates with affixes

refix
Suffix

3 97.873|98.239|98.948 | 98.750|98.576|98.011|98.113| 97.295

97.899198.246 (99.053 | 99.008 | 98.641 | 98.322 1 98.254 1 97.776

98.12198.451(99.343199.177{98.767 [ 98.579 | 98.423 | 98.285

98.033198.484199.301 | 99.020 | 98.761 | 98.57798.409 | 98.285

98.001(98.413199.301{98.985|98.655]98.437|98.403|98.128

98.001{98.402 99.005 1 98.985 | 98.548 | 98.229 | 98.402 | 98.006

O 0 ]

97.99898.37699.000 | 98.944 | 98.333198.10097.878 | 97.994

10 97.939198.374 | 98.998 | 98.926 | 98.239 | 98.046 | 97.874 | 97.866

Reverse segmentation obtained 98.2% of successful parsing,
while the proposed algorithm earned 99.3%. Table S5 shows
the results of the syllable numbers of the experimented
compound nouns. Fig. 2 reveals the comparison of the
algorithm resuits.

Table 5. Results of segmentation

Number of | Number of Number of parsing
. Rate
4.1 Experimental Data syllables |compound nouns successes
In order to assess the algorithm capacity suggested here, 3 114 109 0.96
36,061 compound nouns were extracted from the entries in 6 3
main encyclopedias at home. Those deriving from historic 4 23,564 23,562 0.999
incidents and proper nouns were excluded if possible. Table 3 5 7,817 7,780 0.995
indicates the syllable rates of the collected d .
indicates the syllable rates of the collected compound nouns P 2833 2724 0.96
Table 3. Length of compound nouns 7 1,137 1,092 0.96
8 371 338 0.91
Number of Number of compound noun Structure rate
syllables P s (%) 9 161 151 0.94
3 114 0.32 10 47 44 0.94
4 23,564 65.29 11 or more 48 42 0.88
5 7,817 21.66 Total 36,092 35,842 99.3
6 2,833 7.85
7 1,137 3.15 4.3 Analysis
3 371 1.03 As Fig. 2 indicates, the proposed algorithm using the
preference rules had higher precision rate than reverse
9 161 0.45 segmentation. In particular, the parsing rate was near 100% in
10 47 0.13 the 4th and Sth syllables.
However, like the established methods, the proposed
11 or more 48 0.13 algorithm here showed a phenomenon of decreasing parsing
Total 36,092 100.00 rates according to the increase of syllables. The data for the

4.2 Experiments

When the prefix- or suffix-related rates were processed
from 2 to 10, the highest segmentation was shown at 5.
Therefore, it was chosen as the rate of affixation.
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nouns with 10 or more syllables were hard to find, and a few
failures greatly affected the results. Most of the compound
nouns had proper nouns and unregistered words before and
after unit nouns. This kind of error took place in the
compound nouns of other length.
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the comparison among algorithms
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1 e
0.98
0.96
0.94
0.92
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the number of swilables
Fig. 2. Comparison of algorithms

VY. Conclusion

Based on statistical information, this paper suggested and
experimented compound noun segmentation algorithm. Along
with dictionary retrieval, a dictionary of unit nouns with 2 or
more syllables was used. To prevent polysemy, monosyllables
were avoided. To deal with prefixes and suffixes, a dictionary
of affixation was utilized.

With the compound nouns drawn from the Korean
dictionary, encyclopedias, and Internet retrieval, about 99.3%
of parsing rate was earned. The unregistered words among the
compound nouns were affix derivatives, and the proposed
segmentation methods produced rather high parsing precision.

Further research is needed for foreign-imported words.
When registered nouns exist in the middle of unregistered
words, this should be ignored. But the parsing rate dropped
when the current algorithm was applied to disregard this. So,
some additional research is necessary for capacity
improvement.
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