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An Automatic Indexing of Compound Words based on Mutual Information for Korean Text Retrieval

I. Introduction

Information retrieval is useful in locating
the relevant texts in a large text database
easily. In addition, a user can build his own
text database. A user-inserted document is not
modified, but indexed and tagged automatical-
ly by the system to make later retrieval effi-
cient. Automatic indexing is the process of
algorithmically examining the documents to
generate lists of index terms. The efficiency
of an information retrieval system de-
pends on how well the indexing scheme
performs!~38.9),

It is customary to use single and compound
words as indexing terms to represent the con-
tents of natural language text!~3 9. 14.19  Ipn.
dexing method of single words is relatively
simple, however, they tend to retrieve unnec-
essary texts. Normally single word cannot
distinguish relevant from irrelevant docu-
ments. On the other hand, compound word
which is consisting of sequences of related
text words carries more specific meaning than
single word included in the compound word.
For example, “information storage” or “infor-
mation retrieval” is more specific than "infor-
mation”. Compound words retrieve relatively
fewer documents, however, most of the re-
trieved documents seem to be helpful to
users? 13,

The Korean language has some grammatical
characteristics different from inflective lan-
guages, specifically the English language.
Firstly, Korean has the SOV (Subject-Object-
Verb) order. It is the same type of language as
Japanese, Turkish, or Mongolian. Secondly,
Korean is a postpositional language that atta-
ches a postpositional word functioning as an
auxiliary to the end of the substantives or
declinable word-root. This is opposed to Eng-
lish that is a prepositional language. We call
this postpositional language an agglutinative
language. In agglutinative language, this post-
positional word is attached to the end of the
substantives and normally plays an important
role in indicating the case of the substantives
in a sentence. For example,

(Kim-un 10-il Seoul-ul tenatta.)
! I y \
{Kim on the 10th Seoul left.)
(Kim left Seoul on the 10th.), in English

Here, “un” and “ul” are postpositions. Other
postpositions in Korean are “eyse”, “lo”, “ka”, “i”,
“nun”, “lul”, etc., and in Japanese: “no”, “ha”,
“ka”, “0”, etc. By using these postpositions we
can determine the category of case in a sen-
tence. That is, in the above example, “un”
enables us to determine the case of “Kim”, and
it is usually used to represent the case of nom-
inative (in Japanese, “ha”). And also, “ul” is for

.the case of accusative (in Japanese, “0”). An-

other characteristics of Korean is that the
postposition representing the case of genitive,
nominative, or accusative can be omitted. Be-
cause of these characteristics, there are some
difficulties in applying indexing techniques al-
ready developed for inflective language, spe-
cifically English to agglutinative languages.
So, we need some technique to extract com-
pound words, different from English but suita-
ble to Korean.

We usually construct compound words by
concatenating successive words (simple-type).
However, if we construct only simple-type
compound words, it is impossible (1) to repre-
sent text content thoroughly, and (2) to match
the query terms with document terms, because
we cannot recognize compound words (com-
plex-type) that is different in form but are
semantically similar enough. Therefore we
need to extract keywords thoroughly to repre-
sent the text content. To do this, the normali-
zation of compound words for English texts
has been already done in Fagan?. In Fagan?,
normalization and decomposition techniques
for generating compound words have been
presented. Different from the methods for in-
flective language, this paper presents con-
struction conditions and decomposition rules
to construct all compound words from Korean
texts, by performing not the full analysis but
partial analysis of syntax as well as morpho-
logical analysis.

In order to select relevant keywords from
candidate keywords, we can use the weighting
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method, self information, based on informa-
tion theoretic notion, which has been used to
derive a measure of term usefulness for index-
ing purposes'®. Because occurrences of com-
pound words are less frequent than those of
single words, it is not proper to estimate the
weight of compound words with self informa-
tion based on frequency of terms. This fact
calls for some other weighting measures. In
this paper, we newly propose another weight-
ing method, mutual information, to measure
the weight of compound words for selecting
relevant compound words. This method is de-
scribed in IV.

II. Automatic Indexing

A. General issues

An automatic indexing normally involves
the process of algorithmically examining the
documents to generate lists of index terms in
many practical areas. Manual document in-
dexing is labor-intensive and time consuming
work, and has the drawbacks of lack of uni-
formity and indexer-user mismatch. In con-
trast, automatic indexing has advantage of
bias-free uniformity and efficiency. Further-
more, studies show that automatic indexing
for English texts has approximately the same
retrieval performance as manual indexing'®.
For the case of Korean text, there are some
studies about the effectiveness of several auto-
matic indexing techniques® .

Our method uses not the full syntactic anal-
ysis but the partial analysis, because it is diffi-
cult to analyze syntax structure correctly in a
sentence by the current technology. So, we
analyze the sentence to the extent that we can
recognize whether the phrases are compound
words or not. A full syntactic approach might
be helpful to select keywords more precisely.
However, syntactic analyses have several
problems. Firstly, it is difficult to analyze
sentence correctly, so the result may include
errors. Next, because existing parsers are usu-
ally very complicated and large program, they
are too bulky to adopt into the automatic in-
dexing system. Another one is that syntactic
parsers require large dictionaries, which are
generally difficult to prepare and maintain'®.

On the contrary, our system which uses much
simpler syntax analysis system can be ex-
ecuted on PC DOS without serious degrading
of the performance.

B. Keyword candidate extraction

Automatic indexing is usually proceeded by
the following steps®: (1) take document, (2) do
morphological analysis for each words, (3) ex-
clude stopwords and function words, (4) ex-
tract single words as candidate keywords, (5)
after checking if conditions for compound
word are satisfied, construct and decompose it,
(6) eliminate domain-specific stopwords from
the candidate keywords, and (7) compute the
self and mutual information values which are
information theoretic notion, and select key-
words based on these values. Our system was
implemented on a SUN UNIX workstation as
well as on PC DOS using the C language. Mor-
phological analysis divides words into the
morpheme and function word. This is based
on Kang and Kim?.

1. Extracting single words

Results after analyzing each words consists
of morpheme, a part of speech such as noun,
verb, etc., and postpositions which functions
as an auxiliary to the end of the substantives
or declinable word-root. Morpheme selected as
a single word is : (1) that a part of speech is a
noun, (2) that a part of speech is a verb and
postposition attached to it is “hata” or “toyta”,
or (3) that is a indeclinable adjectives.

2. Stopword elimination

For the English IR systems, standard stop-
word lists have been presented in Fox”. A stop-
word list contains very frequently (mostly
functional) words such as articles, pronouns,
etc. On the contrary, in Korea, there is no
standard stopword list yet. So we have con-
structed Korean stopword list from document
collections. In our system, there are two stop-
word lists, general stopword list and domain-
specific stopword list®. General stopword list
contains nouns which are useless or worthless
as a keyword. It mainly consists of some less
discriminating one-syllable nouns, numeral
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Table 1. Conditions for constructing compound words
Post- .
. Meaning Construction
Copula
position Case p Meaning| Construction
ui "of" n-uin; Snm: ending
eyui  |'of" for direction ni-eyuin, = MM |accusative ni-ul[luljn hata
) | "hata” | dor
eyseui ['of" for location nj-eyseuin, = nin; ulflul] >min:
uloui  'of" for direction |ny-uloui n2 MM\ nominativel | | nrkana-toyta
"hea® toyta"['become N
uloseui ['of" for qualification |ni-uloseuiny=> nin; a Snan:

(1) When there exist postpositions representing

the genitive case

(2) When there exist omissible postpositions

ggssil(-ion Inﬁz‘;zlclt?::w Meaning Construction
"koanhan" "be related to" nr ey koanhan n;=> nn,
"tayhan" "on, about" n-ey tayhan n, =>nn,;
ey "uihan" "by" ny-ey uihan n, =>nn,
"sokhan" "belong to" n,- ey sokhan n, = nn,
"innun" "existing in" np-eyinnun ny = nn;
"toyn" "be made of" n;-lo toyn n» = nn,
lo "mantun" "be made of" n,- lo mantun n, = nn,
"inhan" "be caused by" n;- lo inhann, =>nn,
wlflul] "uehan" "for" n-ul uehan n, =nm:
"han" "done" n,;-han n, = n,n,
"hal" "will do" n,- haln, =>nn;

(3) In the case of omissible indeclinable adjectives

nouns, incomplete nouns, highly frequently
nouns and very general or less discriminating
nouns. Domain-specific stopword list contains
nouns which are unselectable in specific
domain and can be used in composing com-
pound words. We have built one domain-
specific stopwords for economy and business
in our system.

3. Extracting compound words

In Korean, postpositions tend to clarify the
case of their prepositional word as mentioned
in section I. In our system, the construction
conditions for compound words make use of
this characteristics and try to find the com-
pound words in a sentence quickly. Construc-
tion conditions are mentioned in IIL

III.

When we identify useful compound words
in a document, it is desirable to recognize
groups of phrases that differ in form but simi-
lar enough semantically and represent them
by a single compound word. In other words, if

Normalizing compound words

phrases which have the same meaning are pre-
sented syntactically different, they can be in-
dexed by one compound word. For example,
“information retrieval” can be represented by
different syntactic structure, such as “retrieval
of information” and “retrieving information”
in English. These can be represented by the
same compound word, “information retrieval”.
In Korean, by considering the characteristics
of agglutinative language, we have derived
several conditions to build the compound
word index as Table 1. In Table 1, n; is i'th
noun.

IV. Keyword selection method

In information theory, the predictable terms
in a text —those exhibiting the least occur-
rence probabilities— carry the greatest infor-
mation value. In particular, the information
value of a text word x with occurrence proba-
bility p called SI (Self Information) is given as
follows!?,

SI(x)= —Log> p(x) (1)
The information value of equation (1) has been



Library and Information Science No. 34 1995

used to estimate the term usefulness for index-
ing purposes!®. When p(x) are measured by
counting the number of occurrences of x, there
can be problem in applying SI(x) to measure
the information value of compound words be-
cause they have relatively the less occurrences
than single words do. Therefore we need other
methods to measure the information value for
compound words.

We newly propose an alternative measure,
mutual information, for estimating the degree
of word association of compound words, based
on the information theoretic notion. If two
words, x and y, have probabilities p(x) and p(y),
then their mutual information, Mli(x;y), is
defined to be!% 1!

pix, y) )

MIGE: I =L082 3y

Word probabilities p(x) and p(y) are es-
timated by counting the number of occur-
rences of x and y in document collections. And
probability p(x, y) is estimated by counting the
number of occurrences of compound word xy.
Informally, mutual information compares the
probability of observing compound word xy
together with the probabilities of observing x
and y independently. If there is a genuine
association between x and y, then the probabil-
ity p(x, ¥) will be much larger than px)* p(y),
and consequently MI(x;y)>0. If there is no
interesting relationship between x and y, then
plx,y) is closer to p(x)*p(y), and thus, MI
(x;y)=0. If x and y are in complementary
distribution, then p(x, ¥) will be much less than
px)* p(y), forcing MI(x ; ¥)<0. Mutual informa-
tion is symmetric in the sense that MI(x ;y)=
MI(y; x). However, we do not allow this sym-
metry since p(x, y) denotes the number of times
that word x appears before y in the compound
word, not the number of times the two words
appear in either order.

Now if we are given three words x, vy, z, we
also propose the mutual information MI(x,y ; z)
like follows'?,

. P, y.2)
MlI(x, y;z)=Logs P(x, ¥)*p(z) (3)

=T oo, P Y, 2)
MI(x, z ;y)=Log: plx, 2)*p(y) W

P, ¥, 2) 5)
P, 2)*p(x)

Probability p(x, y, z) is estimated by counting
the number of occurrences of compound word
xyz. Probabilities p(x, y) and p(z) are estimated
by counting the number of occurrences of
compound word xy and a word z in document
collections respectively. Because the equation
(2), (3), (4), and (5) will measure the degree of
word association between words, the informa-
tion value of these equations can be used to
derive a measure of term usefulness of com-
pound words for indexing purposes. We have
used equation (1) to select single words and
equations (2), (3), (4), and (5) for compound
words.

MI(y, z ; x)=Log>

V. Decomposing compound words

Compound word consists of several consecu-
tive nouns. We may have to decompose the
compound word consists of three or more
words to satisfy the exhaustivity of indexing
as mentioned in'?. In English, the phrases
“automatic text analysis” is easily recognized
by syntactic analysis, that “analysis” is head
word and “automatic” and “text” are modifier.
Therefore “automatic analysis” and “text anal-
ysis” can be generated as keywords. In
Korean, it is difficult to analyze compound
word that consists of several nouns as n; n; na...
n, where ni is a noun because it is not easy to
discern if the word is a head word or modifier
morphologically in agglutinative language.
For example, “chutayk / kunsul / keyhoyk”
¢housing construction plan) is one of such
compound words. Considering this compound
word, it is obvious that “housing” is adjective
and modifier. On the contrary, in Korean, we
cannot recognize whether the word “chutayk”
is a modifier or not. We can just understand
that the part of speech of it is a noun. There-
fore, we cannot know how this word should be
decomposed.

If we are given a compound word which has
component words x, y, and z, we can decom-
pose it as xy, xz, and yz. But some of these
could be very implausible. We introduce
mutual information mentioned in section IV to
guide the decomposition of compound words.
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Table 2. Summary of Korean test collections

Test collections 378 documents
Collection size 402 K byte

The number of words 48,891 words
The number of compound words 1,653 words

In above case, information value of each case
can be computed by mutual information equa-
tions as followings. Then, we can combine
each words according to this value. The com-
binations which have higher value than thresh-
old value will be selected as compound index
words.

(1) When the number of component words
is 3 (this is, x, y, and z), there are 3 cases
to evaluate as follows,

Ml(x ;y), MI(x ;z), MI(y ; 2)

(2) When the number of component words
is 4 (this is, w, x, y, and z), there are 10
cases to evaluate as follows,

MI(w ; x), MI(w ; y)MI(w ; 2),
Ml(x ;y), MI(x ;z), MI(y ; z).
MI(w, x; ), MI(w, x; z),
MI(w, y; z), MI(x, y; 2)

(3) When the number of component words
is 5 (this is, v, w, x, ¥, and z), there are
many cases to evaluate as follows,

MIw; w), MI(v; x), MI(v; y),

MI(w, x), MI(w, v), MI(w, z),...

MlIw, w;x), MI(v, w;¥y), MI(v, w; z),
MlIw, x;3), MI(v, x; z), MI(v, ¥ ; 2)

As you can see, there are many combinations
for each compound word. This enforces us to
estimate information value for all cases al-
though most of all belonging to implausible
case practically. Therefore, we try to deduce
several general rules that can be applied when
we decompose the compound words. This rule
for deduction is based on the statistical analy-
sis of our test documents. We extract the
compound words from the documents first and
decompose each compound word manually.
To do this, we extracted the compound words
from the 378 articles of Korean newspaper.
Each compound word is manually decompos-
ed into some words in order to create new
related terms. As a result of above procedure,
we could have the statistics as shown in Table

2 and Table 3. In Table 3, #; is i'th noun and j
is the position of omitted postposition. The
figures on occurrence are the number of rele-
vant and related words decomposed manually.
For example, the word ninznsz in type 1 can be
decomposed into three cases nins, n.ns, nins.
Among the 956 nin, words, 850 words are
relevant, and 920 and 482 words are relevant
for nens; and n;n3 respectively. These decom-
posed words have the relevance rates about
89%, 96% and 50% respectively. We can see
that most of them are relevant when n;n,nj is
only decomposed into nin, and ngns. In the
case of type 2, most of the decomposed words
are relevant when n;jnzns is decomposed into
two words, nine and njns.

To generate many relevant words, it is nec-
essary for ninsns to be decomposed into njn,
and ngns, excluding n;nsz in the case of type 1.
In this case, we can have about 93% relevant
words and in type 2, about 81% relevant
words. Based on these statistics, we have
made the decomposition rules for all types as
follows. That is, we have selected the decom-
posible forms have higher value about 70%
relevance rate. In each rule, the figure in the
parentheses means the average of relevance
rate that is the ratio of the number of com-
pound words decomposed relevantly to the
number of compound words decomposed by
each rules.

[JRule 1

Type 1 is decomposed into n;n; and nzns.
(93%)
[JRule 2
Type 4 is decomposed into nj;ng, ninsny,
and nsny. (81%)
[JRule 3
Type 8 is decomposed into ngns, ningns,
and n4ns. (79%)
[ JRule 4
i) Type 3= >n;ny, nqns. (98%)
ii) Type 6= >nins ninsns; nNpN4 NsNg.
(92%)
iii) Type 7= >ning, nans, NiNeNs, NaNaNy,
nsng. (97%)
iv) Type 10= >njn,, nsns, ninqns, nyns.
(93%)
v) Type 11=>n;ny, ninzns, niNany,
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Table 3. Statistics about modifying patterns

Type number Type /occurrences | The decomposible forms / occurrences(relevance rate:%)
nn, Ny nyn;
1 nynyn; / 956 850(89) 920(96) 482(50)
2 ngnan; / 14 5(36) 14(100) 14(100)
3 nynyjng / 131 131(100) 125(95) 52(40)
(1) When the number of component words is 3
Type | Types/ The decomposible forms / occurrences(relevance rate:%)
# occurrences
nin, ngny nn, nyn;ng nyng nynony nony nsng nyNsny
4 nynyn3ng 219 80 73 210 181 223 93 286 130
/301 (72) 27 (24) (69) (60) (74) [€2))] 95) 43)
5 njnan;ng 0 4 9 7 8 1 3 9 9
/9 0) (44) | (100) (78) (89) (1) (33) | (100) (100)
6 nyn,jnsng 36 0 4 4 6 35 31 38 15
/38 95) 0) (1) (1 (16) 92) (82) | (100) (40)
7 nnznsjng 92 35 2 108 106 2 1 108 108
/108 85 | (32) (2) (100) (98) ) (1) | (100) (100)
?2) When the number of component words is 4
Type # Type The decomposible forms / occurrences(relevance rate:%)
/ Occurrences
8 nynyN3ngns nn, nyny nynang nyns nyn3ny nan3ns
/47
26(55) 37(79) 35(75) 39(83) 29(61) 26(55)
9 nyNyjnzngns nn, n3ny ngns n3ngng nynyng nnyns
/9
9(100) 6(67) 8(89) 9(100) 4(44) 5(56)
10 nynaN3jngns nn, nn; nynn; nyns nyn3ny nyn3ns
/18
16(89) 15(83) 18(100) 18(100) 7(39) 7(39)
11 N NaN3NgiNs nn, nnpn; nyn;ny n,n3ng n;ny ngns
/22
19(86) 18(82) 13(59) 13(59) 16(72) 15(68)

(3) When the number of component words is 5

NoNsNy, N3y, N4Ns. (70%)
[JRule 5
i) Type 2= >nyns nins. (100%)
ii) Type 5= >nin4, ninans, NayNsng, Nons,
Nany. (93%)
Type 9= >nin,, nsngns, nsngn ngns.
(89%)

Rule 1, 2, and 3 are the ones that decompose
the compound words generated without omitt-
ing postpositions, and rules 4 and 5 are the
ones decomposing compound words generated
by omitting postpositions and equivalent post-
positions. This rule has good relevance rate.
Average rate is about 90%. Table 4 shows the
rate of relevance for the decomposition rules
applied in our test documents. These rules de-
compose about 89% of all decomposable com-

iii)

pound words. Using this rules, we can gener-
ate the plausible words easily in relative.
Among these generated words, we select these
have higher value as keywords, by estimating
MIx; y), MI(x, y; z), MI(x, z; ), or MI(y, z; x).

VI

A. Collections

To estimate the indexing performance, it is
necessary to use a standard test collection for
the experiment. However, unfortunately, a
standard test collection in Korean, such as
CACM collection in English, is not established
yet. Therefore, we used a test collection of
about 25 articles, which are selected from the
popular daily newspapers of Korea.

Evaluation
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Table 4. The proportion of decomposition of
compound words

EN | PN | ™ FD | TD/PN(%)
Rule I | 274 | 596 | 510 | 38 90%
Rule 2 41 | 141 | 17 6 83%
Rule 3 3 18 15 3 83%
Ruled | 146 | 498 | 445 35 89%
Rule 5 31 | 107 94 8 89%
Total 458 | 1333 | 1181 90 89%

EN : the number of compound words extracted from documents

PN : the number of compound words generated by manual decomposition
TD : the number of relevant compound words generated by our rules

FD : the number of irrelevant compound words generated by our rules

B. Some experiments

Usually the effectiveness of automatic in-
dexing or information retrieval is measured by
the recall and precision rates'® 19, For evaluat-
ing automatic indexing results in our system,
they are given by Figure 1. We have only
evaluated the precision factor of our system
because the term-recall can be influenced by
the manual indexers and we have not standard
test collection for experiment. To do this, we
first extract terms from each documents as
candidate keywords automatically. In select-
ing keywords, we calculate the SI(x) for single
words and the MI(x;y) for compound words.
For computing MI(x;y), probability p(x) is
firstly estimated by counting the number of
occurrences of term x in a document. Probabil-
ity p(x, v) is estimated by counting the number
of occurrences of compound word xy in a doc-
ument. For example, if the total number of
extracted terms is 100, 20 and 40 for term x
and y respectively, and 15 for the compound

The number of extracted words relevant

Term —recall =
The total number of relevant words

The number of extracted words relevant

Term — precision =
The total number of extracted words

The rates of the term-recall and
term precision

Figure 1.

word xy, MI(x ; y) is computed like this;
o 15/100
Mie; ) =L082 507700 % 40,7100

Therefore, for each document, all words have
their weighting values to be selected as key-
words.

Mutual information MI(x;y) is satisfied as
like;

0<MI(x; y)<Log(N),

Log(N) is the greatest mutual information in
one document, and N is the total number of
terms extracted. In our system, we take the
threshold to select keywords as following;

if(Log(N)—2)<MI(x; y)<Log(N), select them

if not, not select

To evaluate the performance of indexing in
our system, three intelligent persons choose
terms from the set of terms as keywords,
which have only properness and relatedness
for that document in meaning when selecting
single and compound words. And then we in-
tersect the relevant terms selected by three
persons and finally take the set of terms as
keywords for one document.

We have performed the three types of exper-
iments as followings

Experiment 1: no normalization, no decom-

position, and applying the equation (1).

Experiment 2: normalization, decomposi-

tion, and applying the equation (1).

Table 5. The rate of term-precision of indexing terms

Experiment Experiment 1 Experiment 2 Experiment 3
Articles
A B A B A B
Article(5) 83.5 752 80.0 66.8 90.0 85.9
Article(5) 81.8 75.7 80.5 78.4 89.6 88.1
Article(5) 79.8 74.6 79.0 723 89.5 93.8
Article(5) 82.1 63.4 80.4 67.3 89.2 80.9
Article(5) 84.6 70.5 82.7 66.9 91.6 85.6
Average 82.7 71.9 80.5 69.6 88.7 86.8

A : term-precision rate for single and compound words
B : term-precision rate for compound words only
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Experiment 3: normalization, decomposi-
tion, and applying the equations (2), (3), (4),
and (5).

C. Evaluation

The average precision figures for the docu-
ments are shown in Table 5. Comparing with
Experiment 1 and 2, we can observe that, al-
though we have used construction conditions
and decomposition rules, our system has good
precision rate. Also, when we compare Experi-
ment 2 with 3, we have very interesting re-
sults. We can see that mutual information
value is very useful in estimating the weight
of compound words. Our system has raised
the term-precision level from 72% to 87%
using the evaluation method of mutual infor-
mation value. Our system also enhances the
exhaustivity of indexing and the specificity of
terms by applying construction conditions
and decomposition rules.

VIL

This paper presents an automatic indexing
technique for compound words suitable to an
agglutinative language, specifically Korean.
We have presented some of the construction
conditions for compound words. Also we have
presented the decomposing rules for com-
pound words to enhance the exhaustivity of
indexing. We have shown that, using con-
struction conditions and decomposition rules,
our system enhanced the exhaustivity of in-
dexing and the specificity of terms. And by
using a mutual information to select relevant
compound words, we have raised the term-
precision level from 72% to 87%. The con-
struction conditions and decomposition rules
presented in this paper may be used in multi-
lingual information retrieval systems to trans-
form the index terms of the specific-language
into those of needed language.

Conclusion
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