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Abstract

In this paper, we focus on the building domain ontology from corpus by extracting concepts and properties
relationships based on linguistic patterns. The pharmacy field is selected as an experiment domain and we present an
algorithm to extract hierarchical structure for terminology based on the noun/suffix patterns of terminology in domain
texts. In order to show usefulness of our domain ontology, we compare a typical keyword based retrieval method with
an ontology based retrieval method which uses related information in an ontology for a related feedback. As a result,
our method shows the improvement of precision by 4.97% without losing recall.
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1. Introduction

The success of the semantic Web depends on the pro-
liferation of ontology which requires that the con-
struction and update of ontology be completed quickly
and easily. Ontology learning technique greatly helps on-
tology engineers to build and update ontology. Another
critical thing is text mining technology that extracts
concepts of the concerned domain and semantic relation-
ship among the concepts(10]. Ontology learning con-
structs ontology semi-automatically from unstructured,
semi-structured or fully structured data. Even if an au-
tomatized method is used, however, the core part of on-
tology, which is conceptual system, should be made
manually in order to construct high quality semantic
knowledge base. As semiautomatic methods of con-
structing ontology, there are largely those using existing
resources such as thesauruses and dictionaries[7] and
those constructing base ontology and expanding it using
the distribution of words obtained from analyzing texts
without using existing resources[13]. While the former
can build knowledge base that can be utilized immedi~
ately without additional dictionary process as they use
dictionaries containing a large volume of concepts, while
the latter can expand concepts easily. Both methods are
quite important for extracting high quality patterns of
semantic relationships. In order to extract a larger num-
ber of patterns of semantic relationships, it is necessary
to process terminology obtained from analyzing the form
of terms appearing in texts within a domain corpus.

We focus on the building a domain ontology by ex-
fracting a sernantic group and hierarchical structure after
classifying and analyzing the linguistic patterns of ter-
minology that appeared in a Korean document as a type
of compound noun[12]. Our method classifies terminology
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words related to a specific subject by using a hier-
archical structure to improve the performance of retriev-
ing a document. A retrieval engine can be used as a
base of inference to use the retrieval function using the
concept and rule defined in the ontology. In order to ex—
periment this retrieval engine, the texts that exists in a
set of documents related to the pharmacy field are used.

The existing methods for extracting terminology can
be largely classified by a rule based method and sta-
tistics based method. A rule-based method[3,4,6,8,10]
builds a configuration pattern of terminology by hand or
learning corpus and recognizes terrninology by building a
recognition pattern automatically. A rule-based method
shows a relatively exact result because people directly
describe the heuristic rules using a noun or suffix
dictionary. A statistics based method[5,13] uses some
kind of knowledge, such as the hidden Markov model,
maximum entropy model, word type, and vocabulary in-
formation in order to learn the knowledge base for the
recognition from a learning corpus. Our method extracts
terminology by using a rule-based method and con-—
figures a rule to extract terminology by analyzing the
linguistic patterns of the terminology.

2. Building a domain ontology

A development of an ontology indicates a config-
uration area of an ontology by considering the charac-
teristics of domain and usage of ontology, and then de-
fines the detailed items of the ontology based on a list of
competency questions that a knowledge base based on
the ontology should be able to answer . In order to per-
form this process, it is a definition of the concepts and
structure through a conference with the specialists of
domain is required and builds by using these results. In
an actual application system, it is necessary to build an
ontology that includes a specific knowledge for each



domain.

We selected the pharmacy field as an experiment do-
main and limited document. That is, a more detailed
building of an ontology will be performed in the domain
of a pharmacy. In addition, it is aimed to build a phar—
macy ontology to retrieve a related name of drugs or
documents.

2.1 Ontology building process

The building process of the proposed ontology consists
of four steps in Figure 1. First, the web documents that
exist in the related web are collected and structurized
through a document transformation process. Second, the
verbs that express the relation between concepts and the
concepts are extracted after passing a simple natural
language processing step. Third, the terminology will be
extracted from the extracted concepts and produce a hi-
erarchical structure from the results of the structure
analysis. Finally, the extracted relations will be added to
the existing ontology. The relation that will append the
concepts of the pharmacy ontology, which will be built
using the results of the documents that exist in the
pharmacy database (http//www.druginfo.cokr) and the
results will be configured. The collected documents will
form concepts according to the tag that is attached after
the transformation process to fit the configured structure
using a semi-structurized(tagging) document. The con—
cepts that existed in the built ontology and its relation is
represented as OWL(Web Ontology Language).
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Fig. 1 Ontology building process

2.1.1

TFor building an ontology, an ontology engineer decides
the most general concepts in the domain, that are located
in the upper level, and the subsequent specialization of
the concepts. These concepts are called by the base
ontology. Our method configures a base ontology using
48 words as shown in Figure 2.

In order to configure this scheme, the 4 concepts such
as the name of diseases, symptoms, drugs are defined as
the hypernym node and its 45 subsequent hyponym
nodes. The hyponym nodes consist of each node group;
20 nodes, which are defined by following the classi-

Base ontology
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fication of a specific noun or suffices that form the name
of a disease or symptom that exist in the pharmacy do-
main, and 15 nodes for the configured structures, and 10
nodes, which express general nouns that have a high
frequency of appearance.
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Fig. 2 Configuration of a base ontology

2.1.2

The stop words included in a document will be re-
moved after the processes of morpheme analysis and
part of speech tagging. Then, all nouns and verbs are
extracted from the sentences of a document. In order to
perform this process, the stop words list was made by
using 181 words by considering the morphological char—
acteristics of Korean language in which a part of suffi-
ces was excluded in the process of stemming because
these suffices will be nicely used to extract terminology.
The extracted nouns from an ontology that is a kind of
network with a lot of words mean the concept of
ontology. The tags and verbs present the relation bhe—
tween the concepts and act as a network, which plays a
role in the connection of the concepts to each other.

There are some proper nouns and compound nouns in
the documents what we have an interest in, such as the
name of a disease, symptoms, ingredients, and other
things. The proper nouns that present a major concept
are processed the same way as a general noun. In addi-
tion, the terminology that appeared as a compound noun
in the domain is extracted and hierarchicalized, and then
is added into the ontology.

Concepts extraction

213

This paper introduces two methods for extracting re-
lations between concepts. The one is using the value of
tag attached at the front of text, and the other is using
the verb by extracting it from the text. The left part of
Table 1 shows 15 types of semantic relations according
to the value of the attached tag.

Moreover, the verbs, which connect the nouns, that
appears in the surrounding context are also extracted.
As a result, the frequency of 35 verbs that have a fre—
quency of over 200 was 11,250. It covers 47.97% of the
frequency of the entire verbs. This paper classifies these

Adding relations
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results as a semantic pattern and defines it 18 semantic
relations as presented in the second column of Table 1.
The relationship between the extracted verbs and nouns
can be verified by the co—occurrence information. If there
is a relationship that exists between the nouns and
verbs, 1t will compare a relationship between other nouns
and verbs.

Tab. 1 Types of the semantic relations

Semantic Relations based on | Semantic Relations based
Tag Value on Extracting Verb
productedBy  hasContra appear use
hasInsCode hasSideEffect | beWorse cause
hasComCode  byMean inject accompany
hasClsCode byAmount noTake prevent
hasColor by Unit reduce control
hasKind byAge return infect
hasForm rise cure
hasEffect take improve
hasMethod relax maintain

2.1.4 Terminology extraction

Terminology is a set of lexical unit that has a specific
meaning in a given domain and characterizes a subject
by expressing the concept used in a domain. A language
resource for terminology is important to perform effec-
tively and precisely, such as a machine translation or in-
formation retrieving for a specific domain because this
terminology is a necessary element to understanding a
domain.

This paper analyzes an appearance type of terminol-
ogy in order to extract the information automatically.
The shape combining of terminology shows very varied
ways. Almost all of the terminology appeared in an ap-—
propriate domain presented as a type of compound noun
and can be classified as two types as follows. The one
is a singleton term, that is, it has a simple shape of
combining with one word that has no spacing words.
The other is a multi-word term that has spacing words
and is a kind of compound noun with two more words in
which it has a semantic relation with the front elerrent
of a word.

The nouns and suffices that are configured by a sin-
gleton terminology are classified by 20 kinds, such as
yeom, jeung, tong, gyun, seong, jilwhan, sok, yeomjeung,
jin, gam, jong, byeong, yeol, gweyang, seon, baekseon,
jeunghugun, hyeong, hwan, gun in which it is appended
by "hyponymQf” because it is almost a lower level word
of a specific noun term.

A multi-word term terminology has almost a relation
of modifier and keyword like "acute bronchitis” in which
there are many cases that a keyword consists of termi-
nology, which has a singleton term. This paper con-
figures 5 semantic patterns and defines the semantic re-
lation of an ontology according to these patterns[12].
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2.2 Ontology extension

A built ontology can be extended by other resources,
such as other ontologies, thesaurus, and dictionaries. It i3
possible to reduce the time and cost to extend an ontol-
ogy by applying the predefined concepts and rules by
using the existing resources.

The process consists of 3 steps, such as the import,
extract, and append. The step of import means the
bringing and using of external resources. This paper
uses two external resources(http://www.nurscapenet
/nurscape/dic/frames.html, http://www. encyhber.com/} In
this step, the extraction was applied to terminology and
its hyponym concepts for the results of the appropriate
concept retrieving because the range of text was so
wide. Then, the extracted concepts will be appended at a
proper location by considering the hypermnym and hypo-—
nym relations in the ontology.
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Fig. 3 Ontology extending process

3. Ontology application for document
retrieval

This study applies ontology as a means to improve
the accuracy of document retrieval in order to process
users’ queries effectively. Through the major set of
documents in a specific field, concepts and relations are
extracted by analyzing these documents. The objective
of concept extraction is to extract the nouns that repre-
sent the documents as well as possible. Especially, in the
case of a retrieval or question-answering system using
an ontology given by weights, it is helpful to the judg-
ment of a user by presenting selected minor information
according to the weights.

Our method extracts the concepts using the extraction
method proposed in this study and configures it as a
node in the ontology. At this moment, the objective of
this process is retrieving not only the concepts that are
an inputted query in the ontology but also its hyponym
concepts. A relevance feedback is well known as an ef-
fective way to process a reformation of a query that is
an important part to access information. In the case of



applying the relevance feedback to improve the tradi-
tional method of tf+idf , it is well recognized that it can
improve a precision rate if it is applied to a set of sam-
ple document of small scale.

This paper uses a hierarchical relation for the process
of user relevance feedback in the ontology. The query
will be extended by using the terminologies, which ap-
peared as a hyponym information in the ontology that
related to the inputted queries, and calculates the
weights for the rewritten query.

In this process, the hyponym retrieval level to retrieve
the nodes in the ontology was set by 2. For instance, let
us assume that the hyponym nodes of 'exudative otitis
media’ and 'acute exudative otifis media’ for the node of
‘otitis media’ exist in the ontology. If a query [otitis
media] is inputted as an input, the set of gueries will be
extended as [otitis media, secretory otitis media, acute
secretory otitis medial after retrieving the ontology.
Then, it will recalculate the similarity based on its
weights. The most widely known method of
(term—weights allocation strategy) will be used to grant
the weights. The calculated weights will increase the re-
trieving speed and precision by storing it in order of the
arrangement with a document number to the appeared
document. Figure 4 presents the configuration of a docu-
ment retrieval system mentioned above in which it
largely consists of a preprocessing module and retrieval
module,

First of all, a morphological analysis process will be
done in order to configure a set of index terms for the
object documents in the preprocessing. From the results,
the nouns are only extracted as a set of index terms in
which the nouns will be mainly applied to get statistical
information that represents a document for retrieving in-
formation and its classification.

In this system, the ontology will be used as a set of
index terms. In order to compare the retrieval perform-
ance, a set of the upper 30 correct answered documents
for the 10 queries by introducing the 5 specialists’ advi-
ces about 430 documents was configured. Then, the rates
of recall and precision for each query were produced
based on this configuration.
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4. Experiments and evaluation

From the results of the morphological analysis of text
in the formed corpus, the terminologies that were applied
by specific expressions or patterns will be selected from
the extracted nouns. In the case of the failure of analyz-
ing a morpheme due to the errors of word spacing or
typing, the errors of the analyzing was modified.

In order to verify the effectiveness of the built ontol-
ogy, a keyword based document retrieval system that
gives weights by using the traditional method of tf+idf
will be compared and analyzed with an ontology based
document retrieval system that uses a hyponym in-
formation that exists in the ontology to a relevant feed-
back and recalculates the weights.

In order to present the effectiveness for retrieving a
document using the proposed method, this study com-
pares the two methods. The one is a keyword based re-
trieval method by using the traditional method of, and
the other is an ontology based retrieval method by using
the hierarchical information that exists in the ontology to
a relevance feedback.

An experiment reference collection and evaluation
scale is used to evaluate an information retrieval system.
An experiment reference collection consists of a set of
literatures, information query examples, and set of rele-
vant literatures for each information query. This paper
collects 430 health/disease information documents from
the home page of Korean Medical Association
(http://www.kma.org) in order to configure a reference
collection and configures an information query using 10
queries as follows. The experiment was carried for the
430 documents extraction. The objective of the experi-
ment was to produce the recall and precision for the 10
queries in which a set of correct answers for each in-
putted query was defined in order of the documents set
by the specialists.

Query 1: {otitis media, symptom, kinds}
Query 2: {otitis media, cure}

Query 3: {otitis media, cure, drug}

Query 4 {otitis media, property}

Query 5: {otitis media}

Query 6: {chronic otitis media diagnosis, cure}
Query 7: {acute otitis media}

Query 8&: {otitis media, infection route}

Query 9 {fever, disease}

Query 10: {ear, disease}

An index for the texts was produced to increase the
retrieval speed. It consists of two elements, such as the
vocabulary and frequency. The vocabulary is a set of all
words that exist in the text in which it has an appeared
document vector for each word. An appeared document
vector stores the location of the appeared document in-
cluding the weights considered by the frequency.

Figures 5 and 6 present the comparison of the dis-
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tributions of the precision and recall for the inputted
queries using the two methods mentioned above. The
average recall and precision for the two retrieval me:h-
ods were respectively produced. The results are shown
in Table 2. From the results, the ontology based docu-—
ment retrieval system that uses a hyponym information
existed in the ontology to extend a query and grants the
weights presented a high recall and precision by 0.78%
and 4.79% respectively compared with the traditicnal
method of tf#idf . This means that a hierarchical rela—
tion in the ontology that is used as a relevant feedback
in a retrieval system will not largely affect to the recall
but will affect the increase of the precision.
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Tab. 2 Average recall and precision
Keyword-based Ontology—based
retrieval retrieval
recall 46.34% 47.12%
precision 47.28% 52.25%

5. Conclusions

We propose a semiautomatic method to build a domain
ontology using the results of text analysis and applies it
to a document retrieval system. The experiment domain
defined by the field of pharmacy. In addition, a corpus
was formed by collecting a relevant document for drugs
from the web. The structure of ontology can be con-
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figured by analyzing the structure of the text in the cor-
pus and sets the types of relation to extract the concepts
and relations. This paper especially proposes a method to
process the ontologies that were combined with a specif-
ic nouns or suffices in order to extract the concepts and
relations for building the pharmacy ontology after ana-
lyzing the types of ontologies appeared in the relevant
documents. The proposed method is a kind of semi-
automatic method using a text mining and can reduce
the time and cost for building an ontology.

In addition, a keyword based document retrieval sys-
tem that gives weights by using the frequency in-
formation compared with an ontology based document
retrieval system that uses relevant information existed in
the ontology to a relevant feedback in order to verify the
effectiveness of the hierarchical relation in the ontology.
From the evaluation of the retrieval performance, it can
be seen that the precision increased by 4.97% while the
recall was maintained as similar to other one. This
means that if the hierarchical relation in the ontology is
used as relevant feedback information, the precision will
be improved.

It is necessary to modify and extend the ontology in
order to process a more precise processing of an query.
On the other hand, 33 semantic relations defined in the
present pharmacy ontology may be short. In this case, it
1s necessary to redefine other semantic relations required
in a specific domain and extend the pharmacy ontology.
Moreover, it is required to study for using the pharmacy
ontology in general purposes because it designed for a
specific domain. That is, it is necessary for building an
ontology for vartous domains and to study for a method
that applies the proposed method of building ontology to
the average domain.
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