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Abstract—As the traditional way of information retrieval is 
based on keywords that the computer cannot understand 
users’ potential semantic and personalized query 

requirements, an ontology-based method of the enterprise 
content retrieval is studied in this paper. The architecture of 
the ontology-based enterprise content retrieval model is 
proposed and the retrieval process is discussed. Take the 
electronic products distributing company as an example, the 
enterprise ontology is set up and an ontology-based 
semantic retrieval algorithm is designed, which provides a 
reference for content retrieval in the enterprises.  
 

Index Terms—ontology, enterprise content, retrieve 
 

I.  INTRODUCTION 

With the rapid development of information technology, 
we have entered into the information era. Anyone can 
browse conveniently in Internet to obtain or provide 
information online. However, the informationization of 
enterprise has also created lots of information, for 
instance, the customer information, product information, 
stock and sales data. Besides, there are also a lot of 
unstructured data such as scanning files, images, faxes, 
reports, program codes, presentations, multimedia 
documents and so on that have to be maintained and 
managed. So the content in the enterprise today is diverse, 
abundant and volatile which also brings the difficulties of 
content retrieval.  

Along with the growth of enterprise content there is 
also a simultaneous increase in the complexity of user 
groups, as well as the complexity and diversity of users’ 

needs. Usually, the query intent of users is ambiguous, 
uncertain and multi-conditions and they often have to use 
natural language to describe their demands. However, the 
information retrieval in the traditional content 
management system is still based on keywords matching 
or the information catalog. It is difficult to identify the 
users’ implicit requirements and the real query intend so 

that the retrieving results will contain a lot of unrelated 
information, which can not satisfy the user in both recall 
rate and precision. Ontology which used to give a clear 
and formal description to the concepts and terminology in 
the specific areas not only provides a basis for 
standardized resources description and users’ queries, but 

also assures the accuracy for information retrieval. It 
becomes a new solution to the semantic retrieval of the 
content in the enterprises. 

This paper aims at an ontology-based method of the 
enterprise content retrieval. At first in section II the 
Ontology and Web Ontology Language are briefly 
introduced and the state of art is summarized.  After that 
in section III The architecture of the ontology-based 
enterprise content retrieval model is proposed and the 
functions and the mechanism of the components are 
described.  Take an electronic products distributing 
company as an example, in section IV, a sample of the 
enterprise ontology is shown and an ontology-based 
semantic retrieval algorithm is designed. Finally section 
V displays our conclusion and outlook. 

II.  ONTOLOGY AND WEB ONTOLOGY LANGUAGE 

A. ontology 

Ontology originated from the philosophy, the most 
widely application definition given by Gruber who is in 
Stanford University is that, ontology is a common 
knowledge-sharing provided by the communication 
between people and application systems of some field 
and a clear specification of concept [1] (Gruber, 1995). 
Ontology is constituted of concept, property, instance, as 
well as the relation. Concepts and relation can be 
regarded as basic constituent elements of ontology.  
Domain knowledge can be out clearly through the 
structure composed by concepts and the relationship of 
them. The content of information in each concept can be 
expressed by its attribute values.   

B.  Web Ontology Language 

Ontology description language is mainly used to 
compile clearly and formalized concept description for 
domain model.  At present, there have been a lot of 
ontology description languages, especially those based on 
the standard Web ontology language. The development of 
semantic web ontology language is shown in Fig.1 [2, 3]. 
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 Generally, the development of the coding language 

contains two stages. In the first stage it is used to describe 
the contents, to deal with the realization of other 
functions without any reasoning mechanism. The second 
stages of the coding language such as RDFS has added 
more logic functions on ontology construction, and in the 
increase of, and according with the rules established the 
inference mechanism so that make ontology more 
expressive.  

 Web Ontology Language (OWL) is ontology 
description language standard recommended by W3C, 
which is a semantic language provided for publishing in 
the WWW and sharing ontology. OWL developed on the 
base of DAML + OIL, as the expansion of RDF(S) it is 
designed to provide additional meta-language to support a 
richer semantic expression and better support reasoning. 
It is structured first-order logic, mainly used for modeling 
the object and hierarchy with abundant classes, which can 
achieve a comprehensive description of Ontology [4].  

C.  Related research 

As a conceptual model used to describe information 
system in both semantic and knowledge, Ontology is a 
hot issue in the research of current information field, 
many scholars have done a great deal of research.  

LIAO Minghong proposed an intelligent search engine 
model, which can guide the users query requirement by 
using the technology of ontology and information 
filtering so that the query intention can be more specific 
and clear [5]. By introducing the ontology into the Web 
information retrieval systems,   Xu Zhenning improved 
the precision of user queries by provide a wide range of 
knowledge sharing and reuse in the Internet with 
ontology and related technology [6].  

  Mihalcea described the various relationships of 
Semantic Web in detail and gave a word semantics model 
to improve the retrieve result with the semantic expansion 
of the document content and user queries [7]. LIU 
Weihong makes full use the semantic description 
information of concept to calculate the semantic distance 
between concepts accurately according to the attribute 
restraint of concepts, as well as considering the 
relationship of concepts [8]. 

  It can be seen that there are a wide range of research 
works in ontology based information retrieval, which 

focus on two points: one is to excavate the unknown 
information using the intrinsic relationship between 
ontology concepts, the other is to use ontology to classify 
the searching documents and to classify the users in 
accordance with the user's personal preferences to 
enhance the query efficiency. This research work aims at 
giving an intelligent solution of the later. When the users 
retrieve information in an enterprise information system, 
the more specific problems they want to solve in actual 
rather than aimlessly query in general. Therefore, 
semantic content retrieval model should have been more 
targeted and it should have determined the query scope 
based on the query demand of the user. So that it can 
return more accurate information through query 
expansion and semantic analysis.  

III. ONTOLOGY-BASED ENTERPRISE CONTENT 
RETRIEVE MODEL 

An ontology based enterprise content retrieval model is 
discussed in this part. The basic framework of the system 
is illustrated in Fig.2, which includes four major 
processing modules: Ontology Management Module, the 
user query processing module, semantic annotating 
module and semantic matching module. All these 
different modules work together to complete the work of 
content retrieving according to the user’s query. The 
functions of each part are described as follows. 

A．Ontology management module  

Ontology management module is responsible for 
ontology creation, use, adjustment and maintenance, 
which is the basis of the other functional modules. All of 
the collections of original information, text information, 
as well as information retrieval semantic tagging are need 
to be supported by ontology. Therefore, we have to 
establish enterprise ontology with the help of experts, by 
the manual, automatic or semi-automatic way. 

B． User query processing module 

The main function of user query processing module is 
segmenting, analyzing the query that users input, and 
then extends the different extracted words. The words in 
user queries can directly map to the concepts, attributes 
or the instances of ontology. We can use the 
corresponding concept, attribute or the concept with 
instance to replace the user’s query words.   At the mean 
while, we can expand the words from the view of 
semantic meaning with the corresponding attributes and 
instances.  

C． Semantic annotating  module 

The function of semantic annotating module is to 
annotate the structured and unstructured content in 
enterprise by using ontology technology such as the 
concept or the relationships between the concepts. The 
core features can be extracted to annotate the existing 
content in the enterprise and the content can be 
represented by the semantic vector, which will be used to 
be matched with the user’s query vector. The semantic 
annotation of the content can be saved in metadata base. 

The first stage 

 

The second stage 

Figure 1. the development of semantic web 
ontology language 
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 Figure 2. ontology-based enterprise content retrieve model 

D.Semantic matching module 

The function of semantic matching module is to 
achieve the semantic matching between the user’s query 
and the annotated content.  Based on the results of the 
pre-processing of the user’s query, we use the Jena 
inference engine for the semantic expansion and semantic 
reasoning to generate query vector for the semantic 
matching with the semantic metadata stored in the 
metadata base. After computing the similarity between 
the query vector and the semantic vector, the results will 
be returned in order. 

IV. ONTOLOGY-BASED ENTERPRISE CONTENT RETRIEVAL 
METHOD 

A. Set up Enterprise ontology 

The building of enterprise ontology is the base of the 
whole ontology-based enterprise content retrieving 
system. This determines the performance as well as the 
quality of system operation. So how to establish 
enterprise ontology correctly, effectively and in good 
logic is the key to the system. In this paper, combined 
with the actual requirement of the retrieving model and 
the relative theory mentioned above, we adopt the 
“framework method” given by Uschold & Gruninger to 

build the enterprise ontology. Taking an electrical 
appliances sales company as an example, using the 
ontology modeling tools protégé 3.3.1, the enterprise 
ontology is constructed. This company sells hundreds of 
commodities including digital cell phones, computer 
accessories, networking products and so on.  Based on the 
analysis of the concept, combined with the characteristics 
of the commodity in actual, we can extract the core 
concepts from the enterprise. The definition is the 
element type of product, type of computer, digital and 
household products are examples of products. Then we 
build their respective sub-categories and the product 
attributes are summed up as the name, variety, type, size, 
and price used to describe all of the sub-categories. Fig. 3 
and Fig. 4 illustrate part of the ontology of this company 
which is created by using the ontology modeling tools 
protégé. The attributes of each sub-category and the 
constraints of the attribute are also given. 

The following is a small section of the source code for 
the sample which can be generated automatically by the 
ontology modeling tools protégé 3.3.1 after the ontology 
is set up. 

 
<?xml version="1.0"?> 
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Figure 3.  sample of the ontology in high level 

 
Figure 4. sample of ontology with sub categories   

<rdf:RDF     
xmlns="http://www.owl-
ontologies.com/Ontology1244265496.owl#"  
xmlns:rdf=http://www.w3.org/1999/02/22-rdf-syntax-ns#  
xmlns:xsd="http://www.w3.org/2001/XMLSchema#"    
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"    
xmlns:owl="http://www.w3.org/2002/07/owl#"  
xml:base="http://www.owl-
ontologies.com/Ontology1244265496.owl"> 

  <owl:Ontology rdf:about=""/> 
  <owl:Class rdf:ID="warming_product"> 
    <rdfs:subClassOf> 
      <owl:Class rdf:ID="living_electrical"/> 
    </rdfs:subClassOf> 
    <rdfs:label rdf:datatype="http://www.w3.org/2001/ 
 

When the OWL is generated it can be understand by 
the computer and it is prepared to be used in the stage of 
query processing and semantic annotation. 

B. Semantic Annotation 

In order to calculate the semantic similarity in the 
semantic matching, the content must be converted into 
standard vector format at first. Therefore, how to pre-
process the content to extract the semantic terms and set 
up the semantic vector space is very important.  

There are two methods to convert the content into 
terms. One is manual method and the other is automatic 
method. Manual method means to convert the content 
into term vectors manually through making use of human 
knowledge. The automatic method are based on some 
Natural language processing technology and some tools 
such as WordNet and UMLS [9] . 
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The purpose of semantic annotation is using ontology 
to represent the enterprise content, that is to say, using 
ontology to extract, identify the properties from the 
information resource, which plays a vital role in the 
realization of enterprise intelligence. Mark Erdmann 
given a definition to semantic annotation [10]: the 
process of linking the metadata of resource in HTML or 
XML with the appropriate resource by tagging means 
semantic Annotation. 

The processing of ontology-based semantic annotation 
includes content conceptualization, concept instantiation 
and establishes semantic vector. Content 
conceptualization means extracted the concept from the 
information resource on behalf of the enterprise ontology, 
which is the process of mapping the enterprise content 
into the ontology. Concept instantiation is the process of 
extracting the core vocabulary from the content to fill the 
corresponding concept with the instances. In general, we 
can use the concepts as the content’s semantic vector 
directly, but it is not concrete and substantial enough. So 
not only we have a concept in a semantic vector, but also 
we should have the attributes of the corresponding 
concepts.  

Take unstructured content document as examples, we 
can use the concepts and the related attributes extracted 
from the document as the semantic vector and save them 
in the metadata base. The link with the original document 
should also be stored in the database.  

A document may have one or more related concepts, 
so we can extract one or more concepts and attributes 
from one document. All these can be the candidate 
concept set of one document.  

Suppose D is the document set will be indexed, d D, 
which is one document of the set; suppose C as a 
candidate concept set, and ic  C is one candidate 
concept of the candidate concept set. And suppose that 
the attributes of concept ic  contained in enterprise 

ontology are 0iP ， 1iP …， )1( niP , n  represents the 

total number of the attributes in 
ic . Then, the attribute 

value of 
ic  in document d  can be expressed as 

0ip ，

1ip ，…， )1( nip . One of the semantic vectors of 

document d can be described by   concept ic  and the 

corresponding attributes. Therefore, the thd  documents 
can be represented as one or more semantic vectors, that 
is dmS , and m represents the number of the concepts, in 

another word, the number of semantic vectors of the thd  
document. D is the total number of the documents. In a 

word, one semantic vector can be expressed as ( ic ，

0ip ， 1ip …， )1( nip ). The concept plays an important 
role in the semantic vector and attribute value is to 
describe the concept or instances in further way, which 

can enhance the semantic, and also can highlight the 
differences of the document in the same concept.  

 In concrete applications, if the importance of every 
attribute is different to the concept, we must consider the 
weight of the attribute. Let 

0iq ，
2iq ，…， )1( niq  

represent the weight of the concept
0ip ，

1ip …，

)1( nip , and 1
1

0






nj

j

ijq .  

C. User Query Processing 

User query semantic processing try to use the semantic 
relationship and reasoning mechanism in enterprise 
ontology to expand the user’s query in semantic level in 
order to understand the user's query intention better and 
help the users determine the target of specific inquiries. 
The users query processing includes three steps: 

The first Step: Participle processing. After receiving 
the users query requirement expressed in natural language, 
we can use the existed ICTCLAS (Institute of Computing 
Technology Chinese Lexical Analysis System) [11] to 
deal with the user queries. 

The second step: the Extraction of keywords and 
feature words. In accordance with analysis of the 
requirement, we should get the keywords and feature 
words containing semantic information. Here the feature 
words can be described by a number of terms. In order to 
allow the system to understand the user's query request, 
we need a large-scale features of the ontology base. We 
can obtain the vocabulary included in the nature language 
used to express the query goals, and then in accordance 
with these terms to achieve enterprise content retrieval.  

The third step: the semantic analysis and query 
expansion. Keyword synonyms and near-synonym, the 
ambiguity of the concepts, as well as the generalization 
relationship between the concepts are processed. And 
then based on the query terms we identify the query 
manner and analyze the query emphasis. The users 
implied query demands are concluded, and ultimately we 
can get the query vector including semantic information. 

The flow chart of user query processing is shown in 
Fig.5. 

D.  Semantic Matching Algorithm 

Semantic similarity plays an important role in the 
ontology-based semantic retrieval. Through the 
calculation of Semantic similarity to expand the scope of 
the query, we can discover the hidden information related 
with the retrieval, so that the results will be more 
comprehensive and accurate. The semantic similarity is 
described from the concept similarity and attributes 
similarity.  

(1) semantic similarity  

When the query vector and semantic vector have some 
common features, we define that they are similar and 
calculate the similarity between them. So the semantic 
similarity between Query vector and semantic vector can  
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Figure 5.Flow chart of user query processing 
 

be defined as the combination of the following 
equation (1). 

),( jq SSsim = ),(1 jq ccsim + 

)),......,(),,......,(( )1(10)1(102  njjjmqqq ppppppsim  (1) 

And ),( jq SSsim  [0,1]. While computing the 

similarity of query vector qS  and semantic vector 
0S ，

1S ，… remember to represent the biggest similarity 

as ),(max jq SSsim . If ),(max jq SSsim is bigger than or 

equal to the given threshold  , the document will be 
added into the search results. Finally, the search results 
sorted according to the similarity that is returned to the 
user. 

   In the formula,  and   represent the weight of the 
concept similarity and the attribute similarity respectively, 
and  + =1. ),(1 jq ccsim means the concept similarity  
and 

)),......,(),,......,(( )1(10)1(102  njjjmqqq ppppppsim means 
the attribute similarity.  

(2) Concept similarity 
Many studies indicated that the terms distance and 

term similarity have closely relationship. the greater the 
distance between the two terms, the lower the similarity; 
on the other hand, the smaller the distance between the 
two terms, the greater the similarity. For example, we use 

1w and 2w  represent two terms; we can use the formula 
(2) to express the relationship between 

them.                                  
)),(/(),( 2121 awwdiswwsimw    (2) 

),( 21 wwdis means the word distance and  means the 
adjustable factor, in order to be more comprehensive, 
function )( jcdep  [13] is introduced to express the depth 
of the concept in the hierarchical structure , 

),( jq ccpar means the most closed public concepts 

from the concept  qc and jc .and 

),( jq ccdis
=

)),(()( jqq ccpardepcdep 
+  

)),(()( jqj ccpardepcdep 
                         (3) 

So consider the impact of the concepts distance and the 
least public concept depth  on concept similarity,  the 
calculate formula of concept similarity can be defined as 
follows(4): 















1

1)),((),(

1)),((

),( jqjq

jq

jq
ccpardepccdis

ccpardep

ccsim
 

jq

jq

cc

cc





  (4)     
(3) Attribute similarity 

While considering the value of attributes, although 
there are many methods to measure the similarity, they 
can be divided into two kinds on the whole, measuring 
the distance and compute the similarity directly. In our 
research work, we adopt the cosine measure to directly 
compute the similarity between the query’s vector and the 

document’s vector. For the documents have been 
converted into term vectors in the stage of semantic 
annotation in advance. Moreover, when it comes to a 

 

User query languages  
 

Participle 

ICTCLAS2009 
 

Semantic analyze, query expanding 

Create query vector 

Ontology base  

Key words, character distilling 

Part of speech 
label 

Syntax analyze Concept 
identify 

JOURNAL OF COMPUTERS, VOL. 5, NO. 2, FEBRUARY 2010 319

© 2010 ACADEMY PUBLISHER



  

complex problem it is more flexible to compute the 
similarity directly and the result between 0 and 1 can 
better reflect the similarity.  

In order to compute the attribute similarity the 
semantic vector space must be set up at first and the 
query vector and the content’s semantic vector must be 
generated in this vector space. The process is described as 
follows. 

The first step: set up the semantic vector space. Take 
all the attributes of each concept in the processed query 
as the terms to set the semantic vector space. In this 
vector space the query can be represented as  query’s 

vector  n2,1 ,, qqqq xxxX   in a n dimension vector 

space, ),,2,11(i nixq  . 
The second step: Compute the frequency of each term 

in the vector space in every document. Let 
p

iq ( ni ,,2,1  ) denote the frequency of ith term in dth 
document and n is the total number of the terms. So in the 
same n dimension vector space a document can be 
represented by: 

 
d

n

ddd qqqq ,21 ,  
The third step: Massage the term vector of the 

document to [0,1]. As 1d

iq , it must be massaged to be 
in a particular range, usually between 0 and 1. So the 

term vector   d

n

ddd qqqq ,21 ,  must be massaged to 
[0,1]. Let  

 
   

)D,,2,1(
minmax

min

11

1 







 p
qq

qq
x

d

i
ni

d

i
ni

d

i
ni

d

i

di
(5) 

Obviously, 10  p

ix  come into existence. So each 
document can be represented by a term vector, such that: 

  )D,,2,1(,,, 21d  


pxxxX dndd  

Because d

iq ( ni ,,2,1  ) denote the frequency of 
i
th term in dth document, in a sense, it can represent the 

importance of term i in document p. That means the more 
is the frequency of the term in the document, the more 
important is the term in the document. Values of d

ix  
from 0 to 1 denote that the importance increased.  

The fourth step: compute the attribute similarity. 
Suppose in a n dimension vector space, we have query’s 

vector  qnqqq xxxX ,,2,1   and document’s 

vector   dnddd xxxX ,,2,1  . The similarity between 
two vectors is generally measured as the cosine of the 
angle between them, computing using the following 
equation: 



















n

k

dk

n

k

qk

n

k

dkqk

dq

cq

dq

xx

xx

XX

XX
XXSIM

1

2

1

2

1),( (6) 

qkx  represents the weight of term k for query qX  and 

dkx  represents the weight of term k for document 
dX . 

Observe that 0),( dq XXSIM  means that 
dX  does 

not have any term that is in qX . 1),( dq XXSIM , on 

the other hand means that 
dX  is most similar to 

qX .Thus the value of the similarity from 0 to 1 indicates 
that the bigger the value is the more relevant the 
corresponding document is to the query demand. 

Thus the relevancy-ranking algorithm can be 
implemented by measuring the similarity between the 
query and each candidate document using equation (6). 
Then the document can be ranked according to their 
similarity to the query. At last a good suggestion is 
provided for the user to choose the relevant content he 
wants. 

V. CONCLUSION 

The traditional way of information retrieval is based on 
keywords that the computer cannot understand users’ 

potential semantic and personalized query demand. So 
how to provide the information that users really need in 
the semantic level is the problem that a current enterprise 
content management systems face today. An ontology-
based method of the enterprise content retrieval is studied 
in this paper. The architecture of the ontology-based 
enterprise content retrieval model is proposed and the 
retrieval process is discussed. Take the electronic 
products distributing company as an example, the 
enterprise ontology is set up and an ontology-based 
semantic retrieval algorithm is designed. The concept 
similarity and the attribute similarity are computed and 
combined to achieve the semantic similarity and the 
relevancy is ranked during the process of the content 
retrieval. The policy of ontology based content retrieval 
can suggest the different users how relevant the content is 
to their query demands so that the users can select the 
content they concerns precisely. The research work can 
provide a reference for content retrieval in the enterprises.  

Further research work should be done to improve the 
intelligence of the algorithm and to increase the 
efficiency of the ontology based content retrieval. 
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