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A Model of Natural Language Information Retrieval
Using Main Keywords and Sub-keywords

Hyun-Kyu Kang' - Se-Young Park !

ABSTRACT

An Information Retrieval (IR) is to retrieve relevant information that satisfies uset’s information needs. How-
ever a major role of IR systems is not just the generation of sets of relevant documents, but to help determine
which documents are most likely to be relevant to the given requirements.

Various attempts have been made in the recent past to use syntactic analysis methods for the generation of
complex construction that arc essential for content identification in various automatic text analysis systems.
Unfortunately, it is known that methods based on syntactic understanding alone are not sufficiently powerful to
produce complete analyses of arbitrary text samples.

In this paper, we present a document ranking method based on two-level ranking. The first level is used to
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retrieve the documents, and the second level to reorder the retrieved documents. The main kcywords used in the

first level can be defined as nouns and/or compound nouns that possess good document discrimination powers.

The sub-keywords used in the second level can be also defined as adjectives, adverbs, and/or verbs that are not

main keywords, and function words.

An empirical study was conducted from a Korean encyclopedia with 23,113 entries and 161 Korcan natural

language queries collected by end users. 85% of the natural language queries contained sub-keywords. The

two-level document ranking methods provides significant improvement in retrieval effectiveness over traditional

ranking methods.

1. Introduction

The basis for IR systems consists of determining
the absence or presence of keywords (index terms or
terms) in conjunction with their counting and distri-
bution information. However a major role of IR systems
is not just to generate a set of relevant documents,
but to help determine which documents are most
likely to be relevant to the given requirements. IR
systems should present to users a sequence of documents
which are ranked in decreasing order of query-document
similarity. Users are able to minimize their time spent
to find useful information by reading the top-ranked
doc;miéqts first. Therefore, the document ranking
method ié‘an important component of IR systems [4].

Index, ta's};ing is obviously crucial for retrieval,
because \fai!ums in the indexing policies immediately
lead to retrieval failures. Indeed, if the indexing is
insufficiently exhaustive - that is, if the chosen index
terms do not properly reflect all the subject areas
covered by a given document-it may not be possible
to retrieve a document when it is needed. Various
attempts have been made in the recent past to use
syntactic analysis methods for the generation of com-
plex construction, such as noun and prepositional
phrases, that are essential for content identification in
various automatic text analysis systems [11-14].
Unfortunately, it is known that methods based on
syntactic understanding alone are not sufficiently
powerful to produce complete analyses of arbitrary
text samples. No matter how the problem is simplified,

the analysis of noun phrase constructions, which is

chiefly needed in information retrieval, is especially
difficult, and all the various attempts to come up with
general rules for noun phrase understanding have
been unsuccessful [15].

We propose a ranking optimization of IR systems
for large data banks of collected and stored infor-
mation. In this paper, we focus on “two-level docu-
ment ranking (two-level ranking),” through which
documents are retrieved using main keywords first,
and then documents (re-ranking) reordered by search
retrieved documents with sub-keywords.

Main keywords are nouns, proper nouns or com-
pound nouns, which offer good document discri-
mination powers. Discrimination power is to compute
the “discrimination value” of a keyword. It measures
the degree to which the use of the keyword will heip
to distinguish the documents from each other [16].
The good discriminators whose introduction for
indexing purpose decreases the space density. The
poor discriminators whose utilization renders the
documents more similar. In particular, when a good
discriminator is assigned to the documents of a collec-
tion, the few items to which the keyword is assigned
will be distinguished from the rest of the collection.
Sub-keywords are adjectives, adverbs, and/or verbs
which are not main keywords, and function words.

So, we are going to improve the retrieval effecti-
veness by reordering of ranking using two-level
ranking method. An empirical study was performed
using a Korean encyclopedia with 23,113 entries [17]
and 161 natural language queries collected by end
users. It has been implemented using Microsoft
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Viaual C** (MS VC*?) language for indexing and
retrieval in PC Windows NT environment.

In this paper, we give a motivation first. In section

meanings. Because there are many inflected forms and
ambiguities, Korean morphological analysis is not

easy. So, most Korean IR systems employ keywords

3, we present the features of main keywords and
sub-keywords, and analyze natural language queries.
The two-level ranking method is explained in section
4. In section 5, we describe our test collection, give an
example that how to operate our system, and some
experiment results are presented therein. Finally, we
conclude with our main findings, and point out future

research directions.
2. Motivation

Boolean search strategies are used in most commer-
cial text retrieval system, but their drawbacks are well
known [1, 18]. For example, formulation of useful
Boolean queries is not easy to learn, and users often
have difficulty in controlling the output size. To
improve retrieval effectiveness, IR system allows a
query to be expressed as a natural language describing
the user’s information need. Thus the description can
be treated as a short document. The main reason the
natural language/ranking approach is more effective
for end-user is that all the terms in the query are used
for retrieval, with the results being ranked based on
co-occurrence of query terms, as modified by stati-
stical term weighting. But the primary difficulty in
natural language processing is due to the flexibility,
and by extension the ambiguity of most languages [9].
Unfortunately, it is impossible to go beyond the gen-
eral realization that the language analysis task is diffi-
cult.

In the Korean language (Hangul), keywords with
good document discrimination powers are nouns, proper
nouns, and compound nouns. Numerals, pronouns,
prepositions, adverbs, adjectives, and verbs do not
distinguish documents alone. Additionally, declinable
word like verbs or adjectives have many irregular and
inflections forms. In the Korean language, especially,
we sometimes find that one word has 20-30 dictionary

which are noun-group, including nouns, proper nouns
and compound nouns. Therefore, these IR systems
may give improper and inaccurate information to the
users. This happens by reason of homonyms or fre-
quency counts of meaningless keywords. The IR
systems ignore the characteristics and constraints of
keywords. From these observances, we have intro-
duced the main keyword and sub-keyword concept;
one that has changed retrieval concept by using
two-level ranking method.

Current information retrieval systems calculate the
frequency of the keywords. Therefore, the systems
may give improper results to users. For example, if a
user poses the query, ({(F=d Al= ZFEL D)
(Nam-Guk-Ye (noun +post-position) Sa-Nun (verb
+post-position) Dong-Mul-Un (noun +post-position)?
:in-the-Antarctic live what-animals ?7:What animals
live in the Antarctic ?7), the IR system extracts the
keywords {{'d=)) (Antarctic), and ({FE)) (animal)
calculates their weights and selects documents according
to the keyword weights. The IR system might have to
give context documents, ({(Z)) (penguin), {({(Z
#)) (whale), ((&3)) (Antarctic), and so on, to
users. The system presents, ((FE&)) (animal), ((2]
€)) (plant), ((oHZA1)) (Amundsen), and ({(g3 =
°k)) (Antarctic treaty) context documents, as of
higher rank to the user. Because there are many {((&
£)) (animal), or ({(’2=)) (Antarctic) words in their
documents, the important information, ((A}+))
(live), is ignored. And, if a user poses another query,
(l7Y A e A71€?) (Bae-Ga (noun +post-
position) Jae-Bae-Dae-Nun (verb +eomi + post-position)
Si-Gi-Nun (noun + post-position)?: pears do-grow when
(time) : When do pears grow?), the IR system extracts
{(¥l>) (pear) and ({A]7])) (time), and calculates
their weights. However, the word ({(¥}])) (pear) has
three major homonyms, ship, pear, and belly in the
Korean language. The user wants to gain an infor-



mation on pear, but the system presents documents
that have large numbers of the words, ship, belly, and
also for ((A]7])) (time) in response to the pear
keyword. If the system had used the verb infor-
mation, ({Al¥) =] +=)) {grow), it might have presented
documents related to pears as the highest rank.

In order to provide more precise information, we
have introduced the main keyword (nouns, proper
nouns, compound nouns) and sub-keyword (verbs,
adjectives, adverbs, etc.) concept one that has changed
the retrieval concept by using two-level ranking
method. It distinguishes keywords according to keyword
importance. The main keyword and sub-keyword
concept can solve some of the ambiguities posed by

nouns and compound nouns.

3. Keywords and Natural Language
Queries

Almost all IR systems use keywords as document
representatives. These keywords can be defined as
sequences of words which have a minimal meaning.
(Fig. 1) illustrates the features of keywords in
documents. “A”, “B”, and “C” are documents. A se-

“ " u

quence of strings, “a”, “b”, and “c”, are the words in
the documents. “a”, “b”, and “c” are keywords which
offer good discrimination powers for each document.
On the other hand, “ab”, “ac”, and “bc” do not dis-
criminate any documents by themselves. But, if “ab”
and “b” words are used simultaneously, then we can

see that the words represent document B.

c

(Fig- 1) Documents and words in documents
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Main keywords are nouns, proper nouns and/or
compound nouns which offer good document discri-
mination powers. Sub-keywords are adjectives, adverbs,
and/or verbs which are not main keywords, and func-
tion words. Sub-keywords are not adequate keywords
alone. But, if sub-keywords are used together with
main keywords then required documents can be
retrieved accurately.

To gain empirical experience, we collected about
260 natural language queries from end-users who
wanted to extract the content from an encyclopedia.
85% of the collected natural language queries contain
sub-keywords.

We observed 218 natural language queries which
exclude queries with duplicate or no answers in an en-
cyclopedia from 260 natural language queries posed.
For example, excluded queries are “How much is the
encyclopedia?”, “What were the score of yesterday’s
professional Baseball games?”, “What was the com-
puter graphic technology used in the movie ‘Jurassic
Park’?”, and so on.

We can classify natural language queries into S
types. Classification is based on the answer chara-
cteristics for the natural language queries. Because the
purpose of IR systems is to retrieve relevant documents,
it is important that classification is based on answer.
Type 1 is based on specific facts. It consists of main
keywords, and function words. Type 2 is based on
facts with attached conditions. Natural language
queries are described by modifiers. Type 3 is based on
descriptive form restrictions. Type 4 is based on
questions and answers. Type 5 is based on yes or no
questions. Classified natural language queries are
classified as follows (m-k:main keyword, s-k:sub-
keyword) ;

(D A type of queries about specific facts.
BEF9 g NEd? (Pa-Chung-Ryu-Ui (noun
+post-position) Saeng-Whal-Ye (noun -+post-position)
Dae-Ha-Yeo (wh-adverb)?: of-the-reptiles life about?
: About life(m-k) of the reptiles(m-k)?)
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@A type of queries about specific objects with

attached condition.
AANA 774 L YIET (Se-Gae-E-Seo(noun
+post-position) Ga-Jang (adverb) Nop-Un (adjec-
tive) Bil-Ding-Un (noun +post-position)?: in-the-
world the-most tall the-building?: The building (m-k)
of the most (s-k) tall (s-k) in the world (m-k).)

@ A type of queries with descriptive form restriction.
37 By olfE F9<¢7P? (Ji-Gu-Ga (noun
+post-position) Do-Nun (adverb) Yi-You-Nun
(noun +post-position) Mu-Yeok-In-Ga (wh-ad-
verb)?:the-earth go-round the-reason what-is?: What
is the reason(m-k) of go round(s-k) the earth(m-k)?)

@ A type of queries for questions and answers.
F8& Agster] duht 0] =71 (Yu-Rub-
Ul (noun +post-position) Yeo-Hang-Ha-Nun-De
(noun +post-position) El-Ma-Na (adverb) Don-Yi
(noun +post-position) Du-Nun-Ga (adverb)? : Europe
travel how-much money spends?: How much(s-k)
money(m-k) spends(s-k) travel(m-k) Europe(m-k)?)

® A type of queries for yes or no questions.

TP -EFF2A7F? (Go-Rae-Nun (noun +post-
position) Po-You-Ryw-In-Ga (noun +wh-position)?
‘mammal is-the-whale?:Is the whale(m-k) mammal
(m-k)?)

Types 4 and 5 require a more intelligent approach,
such as a question and answer system or knowledge-
based system. We have evaluated 161 Type 1, Type 2
and Type 3 natural language queries, excluding Type
4 and Type 5.

4. Two-level Ranking Method

Both query and document terms can be weighted,
to distinguish terms that are more important for re-
trieval purposes from these less important. The simi-
larity between a query and the documents can be
computed, in order to rank the retrieved documents
in decreasing order of the query-document similarity.

Many similarity measures have been studied [5, 7-9].

Firstly, we can rank the document order by retrieving

the documents from the indexed information, using

main keywords (we have called this “First-level
ranking”). Then, we reorder ranking by searching
retrieved document using sub-keywords (we have
called this “Second-level ranking”). At this time, we
consider the lengths (window sizes) between main
keywords and sub-keywords.

An overall block diagram is shown on (Fig. 2). For
indexing, we should exiract the keywords in the text
documents. Then, we assign weights to the main
keywords. For retrieval, we extract the keywords
from natural language query first. Then, we rank the

documents using the two-level ranking method.

(Fig. 2) Overall system block diagram

4.1 Keyword Processing

Identify individual words occurring in the natural
language texts. Use a stop list of common function
words to delete the high-frequency function words
from the texts. Extracting keywords from large-text
data has been an important issue among researchers
in building IR systems.

Keywords can be defined as sequences of words

which have a minimum meaning. Keywords are



assumed to be nouns, proper nouns and/or com-
pound nouns. Keywords can be extracted by referring
to nouns and post-positions from noun dictionary
and post-position dictionary. The process of keyword
extraction produces nouns, proper nouns, compound
nouns and keywords as output reference dictionaries.
After that, keywords are selected among the nouns,
proper nouns, and compound nouns by using
keyword selection algorithms [19). In Hangul (Korean
language), a syllable including a noun consists of a
noun together with noun post-position, or of a noun
alone. Therefore, a routine to find nouns require syl-

lable cutting rules.

4.2 Weighting

One commonly used function (1, 9, 10, 20] for
assigning weight to main keywords in document or
query x is the frequency-modified inverse document
frequency, described by

wx,t=k * fx,t ° IOEZ(N/dft)

Where % is a constant for adjusting the relative
importance, f, ; is the number of occurrences of main
keyword ¢ in document x (the within-document fre-
quency), N is the number of documents in the collec-
tion, and df; is the number of documents containing
main keyword #. This is commonly called by the ¢f-
id f weighting. Note that this function includes both
global information from the main keyword weight
(N/d f}), and local information from £, ,.

4.3 Ranking

The first-level retrieval technique used in this paper
is the cosine measure, one of the most effective
ranking technique (1, 9, 10]. A ranking operation,
based on the cosine correlation used to measure the
cosine of the angle between vectors, can then be used
to compute the similarity between a document and a
query, and documents can be ranked based on that

similarity.
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; Wy ¢ Wy t
\/; w}, - \/; Wi

Where g is a query, d is a document, and w; ; is

similarity (g, d) =

the weight of main keyword ¢ in the document or the

query x. The expression /) 0,2, is a measure of
t

the total weight or length of document or query x in
the main keywords of weight and number of main
keywords in ¥, and is denoted by wy for document d,
and by w, for a query g.

In second-level rankings, we reorder rankings by
searching retrieved documents using sub-keywords.
Of course, we consider the lengths (window sizes) be-
tween main keyword and sub-keyword. At this time,
if the sub-keyword exist in the retrieved document,
the weights of the retrieved documents become doubled.

According to sentence and word unifs, we assign
the weight and reorder rankings of the document.

¢ Sentence Units
How many sentences are there taking into account
main keywords and sub-keywords?

e Word Units
How many words are there taking into account
main keywords and sub-keywords?

5. Performance Evaluation

5.1 Test Collection (Database)

We used as our test collection a Korean encyclo-
pedia published by the Kemong Company [17]. It is
published in 6 volumes, with 500 pages per volume.
The size of the text data is around 10 mega-bytes
(10MB), and contains 23,113 entries. The content of
each entry describes the concept of entry, using other
entries or more fundamental words (or concepts). The
word length (or document length) of the content to
describe an entry varies from 20 words to 1,000
words. The average document length is 56 words.
(Tabie 1) gives the statistics of the test collection (A
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Korean encyclopedia).
The following is a tagging of the test collection.

{doc) .and {/doc) means a document.-The pair,(id) -

and (/id), form the identification of the document.
The pair, {entry) and (/entry), form an entry that is
the entry title. {(content) and {/content) are the content
of the entry. The pair, {entry_ho) and (/entry_ho),
denote a homonym, which means multipleentry
meanings. {see) and (/see) mean a standard entry
used for the entry. The pair, (see_also) and (/ses_also),
form a related entry for the entry.

{Table 1) Test Collection (Database) Statistics

Entries 23,113
Queries 161
Average document length 56 words
Average query length 6 words
Average refevant documents 11

The evaluation of retrieval effectiveness has been
resulted 161 natural language queries and relevance
information. The natural language queries have used
161 natural language queries that are Type 1, Type 2
and Type 3 natural language queries, excluding Type
4 and Type 5 from collected 260 natural language
queries that gathered 10 questions per person from 26
persons who wanted to extract the content from an
encyclopedia. Relevance information selected entries
per query that agree with at least 2 experts of 4
experts.

5.2 Evaluation Method

IR system performance is often measured by using
“recall” and “precision” values, where recall measures
the ability of the system to retrieve useful documents,
while precision conversely measures the ability to re-
ject useless materials [1]. The recall is the ability of
the system to present all relevant items. The precision
is the ability to present only the relevant items. Recall

is defined as the proportion of relevant material
retrieved, while precision is the proportion of retrieved
material that-is-relevant—— ———————

A good system is one which exhibits both a high
recall and a high precision. The standard recall R and
standard precision P may be defined as;

R =number of items retrieved, and relevant / total rel-
evant in collection

P=number of items retrieved, and relevant/ total
retrieved

(Fig. 3) shows the process of the natural language
query, “£5& AT E A7 g&a?” (“Sok-Do-
Gyung-Gi-Ye (noun +post-position) Dae-Ha-Yeo (wh-
adverb)?” : the-speed compete-for a-sports about?: About
a sport the compete for the speed?), an example of
our system. Firstly, we remove the stop word, for
example, “Dae-Ha-Yeo (wh-adverb):about”. And then
we extract the keywords, using noun and post-
position dictionaries. We have a dictionary of around

®SE ARE 3010 G0 7
{ Sok-Do-Rul (noun + post-position) Gyo-Ru-Nun (inflected verb) Gyung-Gi-Ye (noun + postposition)
Doe-Ha-Yoo (wh-adverb} ? . the-3peed compate-for the-sports about
About the spoits compete for the speed 7 )

A,

<

Sok-Do-Rul {noun + past-pusition) Gyo-Ru-Nun (inflacted
Gyung-Gi-Ye (nown + postposition)
t

) ———

indexed

= ESEs
g

] [ Ranking Table?
velocitied
83 sports A Bicycle racing Datsbase

rpmgy || Lem P ||

pVater sports l/\i
| S —————
——

(Fig. 3) An example of natural language retrieval




100,000 nouns and a dictionary of around 3,000
post-positions. Using the main keywords, speed (m-k),
sports (m-k), we firstly retrieve tllze documents. After
that, using firstly retrieved documents and the sub-
keyword, compete (s-k), reorder the retrieved documents.

We have shown that the 4th ranked “A7) 7 7]”
(“Ski sports”) entry of the Ranking (Table 1) is
top-ranked in the Ranking (Table 2). Additionally,
the first-ranked entry, “Atvj £E" (“Relative velo-
cities™), of the Ranking (Table 1) disappears in the
top 4 ranked table in the Ranking (Table 2).

5.3 Evaluation Results

(Fig. 4) shows the results of retrieval effectiveness
by sentence units. The first-rank refers to retrieval ef-
fectiveness results of first-level rank. The 1-sentence
line is the result of retrieval effectiveness in the inner
sentences. The 2-sentences line is the result of retrieval
effectiveness within 2 sentences. The 3-sentences line
is the result of retrieval effectiveness within 3 sentences,
and so on. The l-sentence case represents good re-

trieval effectiveness.

:v‘oc-km - frstrank

- o tomimnce
IR N S o
0 I~ Sy ~ 4
NS

04

03

02

[-A)

02 025 03 038 04 a4s 0.5 055 [ X] 088 07
Recad

(Fig- 4) The results of retrieval effectiveness by sentence
units

(Fig. 5) shows the results of retrieval effectiveness
by word units. The 2-words line is 2, which is the
length (window size) of between main keyword and
sub-keyword. The 3-words line is 3, and so on. We
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can see that the 3-words case offers good retrieval ef-
fectiveness. The 3-words case has improved the re-
trieval effectiveness by 8.4%, rather than the retrieval

effectiveness of general IR method (first-level

ranking).
Precision —@—first-rank
08 —h— 2-words
074 —il—3-words
p —— 4-words
o6 —0—5-words
0.5
0.4
03
0.2
0.1
0

02 025 03 035 04 045 05 055 06 065 07
Recall

(Fig. 5) The results of retrieval effectiveness by word
units

(Table 2) shows the improvement of overall re-
trieval effectiveness by sentence units. The values are
average improvement percentages, which are the sums
of the different (improvement) precision values for
each recall point divided by the recall point numbers.

(Table 2> Improvement of retrieval effectiveness by sen -
tence units( first-rank = 0.094)

Sentence units Improvement in retrieval
effectiveness
1-sentence +8.4%
2-sentence +6.5%
3-sentence +4.5%
4-sentence +4.7%

(Table 3) shows the improvement of overall re-
trieval effectiveness by word units.

Furthermore, we show retrieval effectiveness impro-
vement from 11% to 16% from the 0.3 to the 0.4 re-

call points. We have shown experimental results of
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context sensitive rankings with two-level ranking

method. We have shown through two-level ranking

method- thatthe proposed-method-achieves-higher re-

trieval effectiveness than general IR ranking method.

(Table 3) Improvement of retrieval effectiveness by word
units(first-rank = 0.0%)

. Improvement in retrieval
Word unils .
effectiveness
2-word +6.6%
3-word +8.4%
4-word +6.5%
S-word +4.4%

First-level rankings (rankings based on main
keywords) provide fast retrieval with inverted index
files while second-level rankings (searches based on
sub-keywords) provide time overheads for reorder of
retrieved document with searching words in sentences.
But the first-level ranking is provided index size over-
head with inverted index file while second-level
ranking is provides not increasing the index size for
reordering of retrieved documents with search words
in sentences.

For our empirical experience, the average number
of relevant documents was 11. Because reordering
only retrieved documents, we reordered only 30
retrieved documents. We could reorder in real-time,
more or less. So we provided retrieval efficiency with-
out hurting response times and increasing the

index sizes.
6. Conclusions

An Information Retrieval (IR) is to retrieve rel-
evant information that satisfies user’s information
needs. However a major role of IR systems is not just
the generation of sets of relevant documents, but to
help determine which documents are most likely to be

relevant to the given requirements.

In this paper, we have defined “Main keywords”,
“Sub-keywords”, and “Two-level rankings” and have

ranking method in vector space model. In natural
language queries, main keywords and sub-keywords
have important features. We collected 260 natural
language queries from end users. 85% of the natural
language queries contained sub-keywords.

In our experiments, we measured retrieval effe-
ctiveness by sentence units and word units. An 8.4%
improvement in retrieval effectiveness measured in
inner sentence and 3-word window sizes, was gained
over that offered by general IR method.

In IR systems for large data banks of collected
information and stored documents, indexing using
main keywords is very simple and clearer. Further-
more, we can reduce the number of keywords and in-
dex sizes. The two-level ranking method can lead to
retrieval of relative documents using main keywords
and sub-keywords more precisely than retrieval using
keywords in traditional IR method.

In the future, we will concentrate on more precise
relationships between main keywords and sub-keywords.
Additionally, we will observe additional weighting
methodologies according to the presence or absence
of sub-keywords in initially retrieved documents.
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