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ABSTRACT

In recent years, ontology application has become one of the most popular research
topics on the Internet. Many researchers use domain ontology to facilitate knowledge
sharing and reusing. However, the specification of the ontology is till incompletely
now, due to have not a standard expression and creating method for the ontology. The
information is changed fast on the Internet, so the knowledge on the ontology often
can not really meet the user's requirement. Therefore, how to create a renewable
ontology is necessary. In this paper, we will propose an ontology renewable method
which can insert new keywords into a corresponding constructed ontology. The novel
method uses LSA, Latent Semantic Analysis, to strengthen the semantic characteristic
of keywords and transforms the LSA matrix to a high dimensional space based on
collected web pages. The similar values between keywords and concepts are gotten by
comparing the high dimension keyword to the corresponding constructed ontology
concepts. If a keyword has highest similarity value between it and one of concepts on
the domain and similarity value less than a threshold, the keyword will be inserted
into the offspring of the concept on the domain ontology. The primary experiment
results indicated the method is useful.
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1. INTRODUCTION

Many users use the Internet technology and its application causing the information explosive
growth. Consequently, users must spend a large amount of time to browse and search
information. However, information is difficult to integration. In view of this, Berners-Lee et
al., (1999, 2001) proposes a new network framework “Semantic web” that making the
information on the network all has ability of “describe by myself”. The software agent can
filter and extract useful information automatically to help users to deal with and to finish
every job. Hypertext links are used to organize distributed files, web contents and interface
display that are designed for the humanity to browse. Due to the computer does not
understand the semantic among web contents, so it is unable to deal with and filter the
information for users. “Semantic web” emphasizes the structure of document on the Internet
and sets up an information sharing and knowledge reusable cyberspace. That is, turn the data
into the semantic network. So, the computer can understand the user’s real meaning and help
the user to obtain the information. The information is no longer “Machine-readable” that is
turned into “Machine-understandable”. Tim Berners-Lee believed the “Semantic web” can
help the computer fast to find the need of user in the huge information of network. The
“Semantic web” can expand human knowledge limitlessly. The computer can understand all
things that linked on the network. Therefore all the things on the network become meaningful
and increased the worth of the network. The Miller(2004) proposes that the final goal of the
“Semantic web” is:

(1) Web of data - Offer a common data representation framework to promote integrating

resources of all kinds to draw new conclusions.
(2) Increase the utility of information through linking it to its definitions and content.
(3) More efficient information access and analysis.

An important factor whether “Semantic web” can succeed is to set up attributes to the
establishment of ontology. The word “ontology” was widespread quote in the Artificial
Intelligence domain in recent years. A lot of definitions about ontology are being proposed
constantly. Most often quoted the definition is Gruber proposed in 1993. “An ontology is a
formal, explicit specification of a shared conceptualization.” In definition the
“conceptualization” is the abstract model of the phenomenon in existence, the word “shared”
points out the ontology is shared and belonged to the collective not individual. The meaning
of formal is machine can to read and understood the ontology. The meaning of explicit is used
to express the concepts and limits of ontology(Gruber, 1993).

Typical ontology includes taxonomy and a set reasoning rule. Taxonomy defines the types of
objects and relations between them. The clear definition of logic rules will let ontology has
stronger functions. The computer will understand the meaning of web pages through linking
concepts to concepts under the ontology. The computer can process humanity need
information more effectively (Abasolo & Gémez, 2000). The ontology is regarded as one kind
of metadata. The common ontology describing languages include: RDF, RDFS, DAML+OIL,
OWL, etc. The Resource Description Framework (RDF) is a foundation of describing
language. According to the definition of RDF primer of W3C, RDF is for representing
information about resources on the World Wide Web. In particular to represent the metadata
about Web resources, such as the title, author, and modification date of a Web page, copyright
and licensing information about a Web document, or the availability schedule for some shared
resource(Manola & Miller, 2004). The RDF utilizes a set of terminology to express each part
of the web page statement, called triples. In the triples notation, each statement is written as a
simple triple of subject, predicate, and object. Used for discerning that the parts of the things



are called the subject, that can distinguish the part of different property (for instance, the
author, establishing date, languages, etc.) of subject is called predicate and the object is assign
to value of property. Use the example in RDF primer of W3C to illustrate, there has a
statement of web page: “http://www.example.org/index.html has a creator whose value is
John Smith.” The triples notation is expressed as follows(Manola & Miller, 2004):

(1) The subject is the URL http://www.example.org/index.html

(2) The predicate is the word *“creator”

(3) The object is the phrase “John Smith”

Ontology not only provides the knowledge sharing and reusable, but also communicates to
different agents. In addition, ontology can improve the precision of search engine too. Search
engines only look for the web pages with accurate concept(Abasolo & Gdémez, 2000). Users
can obtain necessary information effectively based on constructed ontology. Ontology plays
an important role in the semantic web. So, there have proposed a lot of construct method of
ontology. Generally speaking, the ontology construction can be divided into the manual and
semi-automatic. The manual construction usually carries on by the domain expert. Though
this method is comparatively accurate, but it consumes too much time and manpower. The full
manual construction ontology method will be relatively partial to the constructor's subjective
consciousness. The major method of semi-automatically construction ontology has the
following three types:

(1) Based on dictionary
The dictionary has defined the synonym, stem and root to each vocabulary. So, that can utilize
the dictionary to define the relation between the vocabulary and vocabulary and decide the
layer relation of concepts. But this method will be limited to the size and quality of the
dictionary(Khan & Luo, 2002; Tan et al., 2000).

(2) Base on cluster of context
This method will get the similar vocabularies to group together by a clustering algorithm and
select the vocabularies of higher frequency to represent this group. That can obtain the
vocabulary layer after the repetition training(Williams & Tsatsoulis, 2000). Chen et al.,(2005)
proposes utilizing the ART network of neural network as a cluster tool. Then this method uses
conditional probability to find the related between vocabularies and to combine “Is_a” notion
to judge the proper position of the concept.

(3) Base on association rule
This method utilizes association rules to select the relation between the concepts. When two
concepts both have high support and confidence values, get back to the original context to
look for the verb between two concepts to represent their relations(\Wei et al., 2000).

However, while the ontology constructed, it is hard to add new keyword into the ontology
automatically but the changing fast of information at any time, so update the ontology is
needed. On the other side, with the development of information technology and new
knowledge is proposed constantly. Original ontology will not suit to users’ requirement.
Therefore, the problem about ontology upgrade is important. This paper will propose a novel
method to do the ontology upgrade that enable ontology to accord with the description of the
field and help the goal of the semantic web to reach further. First, the system uses CKIP
system, Chinese Knowledge Information Processing, to do on-line Chinese words segmented
service. After stop words are filtered, we set up a keyword-document matrix. Next, the LSA
method, Latent Semantic Analysis, is used to strengthen the semantic characteristic of
keywords to get a LSA matrix. Furthermore, the LSA matrix is transformed to a high
dimensional space. Based on the high dimensional space, the similar value is gotten by



comparing the high dimension keyword to the corresponding constructed ontology concepts.
Finally, the keyword with highest similarity value is inserted into the ontology to modify the
number of concepts on the domain ontology. The new ontology has more completely
information for users’ requirement than old ones.

The remainders of the paper are organized as follows. Section 2 introduces the related
technologies in this research. In Section 3, we describe an algorithm to insert a keyword into
an existed ontology. Section 4 specifies primary experiment results. The paper makes
conclusions and future works in Section 5.

2. RELATED TECHNOLOGIES
Two major technologies, TF-IDF and LSA, are used to implement the system. TF-IDF is used
to calculate the importance of the keyword in the related documents and LSA is used to
find the latent information from the documents. In this section, we will introduce the two
technologies respectively.

2.1 TF-IDF

Two major factors are worthily considered to determine the importance of a vocabulary in the
document. The first one is the relative frequencies of occurrence with vocabulary in the
document, called the Term Frequency(TF); the second is the frequencies of occurrence with
document in all of document set is called the Document Frequency(DF). Term frequency
measures the relative importance of a keyword in a document. If the value of the term
frequency in the document (document in here pass by already remove that stop word) is very
high, this term is very important that can represent this document. Document frequency
measures how many documents have this term. The more the vocabulary appears in the
document but in other documents few, the more this vocabulary is suitable for and used for
distinguishing with other documents.

Synthesize the above two factors, we can calculate the importance of a vocabulary in a certain
document by the product of term frequency and inverse of document frequency. This
approach is called TFIDF in information retrieval; its formula lists as follows:

tfi,j N
Wi j =TFi jx |D|:| =—><Iog(—)
! ! MAX (tfi,j) N;

Wi;: Denote a certain term i importance in document j.

TFi;: Denote relative frequency of term i appearing in document j . That is, the absolute
frequency(tf;;) of term i in the document j divided by the maximum term frequency(max(tfi;))
of all document j.

IDF;: Denote the inverse frequency of term i in all document set appearing.

N: Amount of the total document.

n;: Denote the frequency of term i appearing in total documents.

2.2 Latent Semantic Analysis, LSA

Traditional information retrieval methods often use the documents and keywords match to
find the keyword information. LSA is based on SVD (Singular Value Decomposition) and
dimension reduction in the linear algebra with the statistics method. SVD is a decompose
technology of the matrix in mathematics, that can extract knowledge with implicit of the
document and transfer it into the semantic space. Dimension reduction can remove noise in



the semantic space and enable the LSA accurately to find out the knowledge with implicit of
the content from the document set.
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Figure 1. The workflow of LSA.

Generally the value analysis is often with matrix in mathematics. Only has a unique solution,
when the matrix is a nonsingular matrix. But if the matrix is a singular matrix, the value of
determinant is 0. If determinant value is O when being the singular matrix, it is unable to solve
with general matrix. In order to solve the linear least squares and singular matrix problems,
that SVD use the eigenvalue and eigenvector to reduce the dimensions of the original data and
to filter irrelevant information.

The LSA flow is shown in Figure 1. Assume a terms-documents matrix X with t x d
matrix(such as Figure 2), where t is the number of keywords and d is the number of
documents. Each element x in the matrix is the number of occurrences of keyword in
document. The matrix X decompose by SVD can obtain the three matrices:
X=WSP', S = diag(c,....c, ), where the elements of S are all singular values of X. Let n=min
{t, d}, and the singular value is represented by o1 >0y >..>0,20.WandP aretxt,d x

d matrices, respectively.
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Figure 2. Terms-documents matrix.



Figure 3 shows the matrix X after SVD and dimension reduction, original matrix X simplifies
to Wy, S¢ and PkT . The dimensions of Wy, Sy and PkT are reduced to t x k, k x k and k x
d. The common element k is less than the original vector space. W, is a term vector. S,

retains k large singular value in terms-documents matrices. F1(T IS a document vector.

Afterwards rebuild matrix to get the LSA matrix, obtain the knowledge with implicit of the
document content.
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Figure 3. Matrix X was decomposed by the SVD and dimension reduction.

This research will apply the above two technologies to find out the suitable keywords to insert
into the domain ontology.

3. METHOD
The workflow of new concept sets into the ontology framework shown on Figure 4. That may
divide into three phases: web pages preprocessing, keywords similar comparing as well as
increase the concept. We will focus on the keywords similar compare. Hope through the
method of keyword similar to obtain the keyword insert to ontology.

3.1 Web pages preprocessing

In this phase, we utilize CKIP system, on-line remote Chinese words segmented service, as
words segmented tool. The webpage related to ontology is collected at first. Next, the CKIP
will do words segmented. The CKIP will add the vocabulary after words segmented the
Part-of-speech (POS) tagger. We utilize this Part-of-speech (POS) tagged to draw out the noun.
Then, remove stop words. The detail steps of web pages preprocessing include Chinese words
segmented and remove stop words. Chinese sentence is continuous words. So computer is
difficult to judge which words can make up a keyword. The common Chinese words
segmentation has two kinds of methods roughly: dictionary word segment, statistics word
segment. Dictionary word segment is the fastest and most convenient method. The Chinese
Knowledge Information Processing Group offers the CKIP which is a on-line serve of words
segmentation tool based on dictionary word segment. In English vocabulary like “is”, “to”,
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“the” and Chinese words like “i=”, “7 ” and so on, that all call the stop words. These stop

words are not meaningful in web pages analyze but has high frequency in documents so we
remove the stop words from the documents to do further analysis.



Web pages preprocessing
[

QO

Domain

Collect

web pages word-segmented stop word

I
|
|
|
Chinese Filter !
|
I
|
I

Ontology

Collect Obtain Ontology

web pages new terms concepts

Calculate TF-IDF of terms

LSA i Comparative

Construct term-document similarity of terms

matrix

Extract semantic features .
. Select the minimum
using SVD .
value of distance

Add

new terms

Figure 4. Insert the new concept in the ontology framework.

3.2 Finding similar values between keywords and concepts

After filtering the stop words, the system takes out the keywords to represent the related field.
TF-IDF is used to calculate the importance of each keyword on the documents to receive the
weight highest and fully show the keywords of this specific field. Though undergoing the
stage of remove stop word, but that still has too much unallied keywords. After calculating the
weight of each keyword, we will leave out the keywords with lowest weight and only keep the
keywords with highest weight. The operation of TF-IDF includes extracting keywords with
documents and concepts with documents. So the documents are an interface to find the
relationship between keywords and concepts. Figure 5 shows the relationship of keywords
and concepts. Then the highest weight keywords and document to build the
keywords-documents matrix. The SVD operation decomposes the keywords- documents
matrix into the three matrices and via the step of dimension reduction and rebuild matrix get a
LSA matrix. LSA operation obtains the similar values between new keyword and ontology
concepts. Finally, the LSA matrix will be transformed to the high dimensional space and
Euclidean distance is used to calculate the distance between keyword and concepts.



dist(xj,yj)= Z(xi —yj)2
where x; represents a keyword i , y; represents concept j of the ontology. The distance between
the keywords more short they are more similarly.

3.3 Insert the new concept

It is similar between new concept and ontology concept in order. When finds the new concept
most similar with the ontology concept, then this ontology concept will produces a branch
node. Figure 5 indicates (a) If the semantic similarity value between the new concept “A “ and
the root is lowest and less than a threshold, the system adds a new branch node from the
concept root. (b) If the semantic similarity value between the new concept “A “ and the
ontology concept “B” is lowest and less than a threshold, the system adds a new branch node
from the concept “B”. The new keyword can be added into the domain ontology automatically
by above-mentioned methods. Finally, the ontology is upgraded.

(a) (b)
Figure 5. Adds a new keyword into ontology: (a) add a new keyword into ontology
framework from root. (b) add a new keyword into ontology framework from concept B.

4. EXPERIMENT

The experiment was implemented on a Windows XP operating system using JAVA (JDK 1.4.2)
with a Pentium-4 2.4G MHz CPU and 512 MB RAM. This paper uses a domain ontology
covering the basketball domain using an OWL. The domain ontology includes 25 concepts
and the relation of concepts is “has” or “sub-class” as defined by the taxonomy. The depth of
the domain ontology is four. Its structure shows in Figure 6. The system collected news from
WWW and CKIP is used to on-line Chinese words segmented service. We will detail describe
the experiment steps and discusses the experimental result as follows.

4.1 Web pages preprocessing

In collection web pages stage, we collect the news web pages related sport of basketball
domain. The news web pages extracted from the Yam sports (http://sports.yam.com/) under
the basketball catalogue. We collect altogether 580 news web pages are date issued between
06/21/2005 and 10/11/2005. We utilize CKIP on-line Chinese words segmented service(CKIP)
as words segmented tool. CKIP provides an API for users and the data exchange using XML
format. Users can write the program via TCP Socket line to convey the proof information and
text to the server. After server processing uses the original line to pass on the result. This
on-line service is based on dictionary and exports simple POS tagger. Figure 7(a) and Figure
7(b) is an example of CKIP segmented service.
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Figure 6. One of basketball ontology.
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Figure 7(a). The source document.
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Figure 7. The operation of CKIP system.




4.2 Comparative similar between keywords

We can utilize CKIP on-line Chinese words segmented service offered POS tagger to take out
the noun from the document. There are 4242 words. After removing stop words, it still has
2738 keywords. These keywords may be unallied or unimportant. Therefore, the system
utilizes TF-IDF to calculate the weight of each keyword then leave out the keywords with
weight less than a threshold. So the remainders 48 keywords are used to represent basketball
domain. In order to obtain the keywords that semantic similar the ontology concept, these
keywords with higher weight, ontology concept and documents build the terms-documents
matrix shown in Figure 8.

X matrix can get three matrices X=WSP" after SVD operation. W is the term vector of X, S is
the singular value matrix of X, P" is the document vector of X. Like many papers (Deerwester
et al., 1990; Landauer et al., 1998), for the singular value matrix, the top 2 singular value is
selected. Then reestablishes the three matrixes can obtain new matrix X =W'S P, that is LSA
matrix. The LSA can strengthen the latent semantic characteristic of keywords. While
comparing matrix of Figure 8 and LSA matrix of Figure 9, we can find TF-IDF value of every
vocabulary is nearly 0 in original X matrix but the value of LSA matrix obviously increases
after dimension reduction and rebuild matrix. That expresses the LSA has found the semantic
dependence of each keyword and basketball.
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Figure 8. Terms-documents matrix: X.

Finally, the system transform LSA matrix of X to the high dimensional space. Utilize
Euclidean distance function to calculate the distance between the new keyword and concepts
of the ontology. The new keyword and the ontology concept distance is near expressed both
semantic are close. Table 1 expresses the shortest distance between new keywords and the
concepts of the ontology. The value of distance is smaller, the semantic is more similar. While
the distances between new keyword and concepts have many various values, the system will
choose the one with minimum value of distance. Consequently, we select the égzL;t “ &

#RLT, R and “ @ 7 five new keywords to insert the ontology. The Figure 10 is
show the new basketball ontology.
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Figure 9. LSA matrix of X.

Table 1. The distance between new keyword and ontology concept.

. New _ | Ontology concept | Distance
LA NBA 0.138432
B NBA 0.334543
Fag/ -7z 0.280933
Vi i 74 0.155808
B P34 0.41454
Eér gt 0.010934
= i % .5 0.041226
A (-5 0.044276
A -5 0.044276
BRE. .5 0.044276
ERER &3k 0.044276
S [-5d 0.044276
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Figure 10. The new basketball ontology.

5. CONCLUSION

At present, Most of research is about the ontology construction but along with time changing
with each new day, the already constructed the ontology possibly does not match the user
requirement. Therefore, we try to propose a method of adding new concepts on the domain
ontology. The system utilizes TF-IDF to find out the relevant and important keywords from
the web pages. Through LSA semantic analyses to find the keywords that have highest
similarity between the concepts of ontology. Then the new keyword insert to the domain
ontology. This method can be fast renewal ontology, but does not spend a large amount of
manpower and time to constructs and maintenance ontology. According to experimental result,
that shows the method of us proposes can really be effective renewal ontology but still need
some methods to evaluate the effect even add some semi-automatic methods to modify the
results. In the future, we plane to make an ontology generating system accord with the user's
need and accelerate the forming of the semantic web.
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