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Abstract 
World Wide Web has made a revolution on information sharing. People are 
able to search any kinds of information from Internet and create their own web 
sites. However, as information increases over the Internet, people face some 
problems such as redundant data, error data and incomplete data, which leads 
to the challenge of information retrieval accuracy. Users need help for 
searching and filtering irrelevant information based on their preferences. 
Recently, personalization systems are widely used to support users’ searching, 
classifying and filtering information. Most of the systems focus on some 
domains such as digital library, e-commerce, and e-learning. However, most 
current personalization systems have to collect enough personal preference data 
before providing customized information to user. These personalization 
systems fail to provide recommendation to user whose preference data are 
inadequate. This is a common problem named cold-start problem existing in 
traditional personalization systems. 
In this thesis, we plan to use a group-based semantic-expansion approach to 
design a new personalised system framework. Semantic web and group 
preference offer solution to the above problem. In this thesis, ontologies and 
semantic techniques are applied in different components of the framework. 
Information has been gathered from different resources and each of the 
resource might be using various types of identifiers for the same concept, 
therefore semantic web technologies are used to find out if the concept is the 
same or not. On the other hand, we create group preference in our 
personalization system. If the system fails to obtain personal preference from 
new user, group preference supports the system providing recommendation to 
the new user according to group classification. 
The thesis also uses Jena to implement this framework. Besides, test cases from 
Swedish Board of Agriculture are used to evaluate this personalization system. 
From evaluation result, this personalization system could refine the cold-start 
problem and enlarge font size for elderly person based on group classifications.



Sammanfattning 

iii 

Sammanfattning 



Acknowledgements 

iv 

Acknowledgements 

It has been a great experience working on this topic as it made us get a taste of 
the real world case. We would like to express our deep gratitude to our 
supervisors (Vladimir Tarasov and Feiyu Lin) for their infinite patience and 
cogent reviews of thesis and their generous helping attitude accompanied with 
their expertise and thoughtful advices. And also we would like to thank 
Swedish Board of Agriculture for giving us real case information to support the 
implementation of the framework. 

 
 
 
 
 



Key words 

v 

Key words 
Personalization System, Ontology, Semantic web, Cold-start problem 

 
 



Contents 

vi 

Contents 

1	   Introduction ................................................................................ 1	  
1.1	   BACKGROUND ............................................................................................................................. 1	  

1.1.1	   Semantic Web ...................................................................................................................... 1	  
1.1.2	   Personalization System ....................................................................................................... 2	  
1.1.3	   Practical needs from Swedish Board of Agriculture .......................................................... 4	  

1.2	   RESEARCH QUESTIONS ................................................................................................................ 4	  
1.3	   PURPOSE/OBJECTIVES ................................................................................................................. 4	  
1.4	   LIMITATIONS ............................................................................................................................... 5	  
1.5	   THESIS OUTLINE .......................................................................................................................... 5	  

2	   Theoretical Background ............................................................ 6	  
2.1	   SEMANTIC WEB TECHNOLOGIES ................................................................................................. 6	  

2.1.1	   Web Ontology Language .................................................................................................... 7	  
2.1.2	   Query languages ................................................................................................................. 7	  

2.2	   SEMANTIC WEB APPLICATIONS ................................................................................................... 8	  
2.2.1	   Semantic Web Application Framework .............................................................................. 9	  

2.3	   SEMANTIC WEB TOOLS ............................................................................................................. 12	  
2.3.1	   Jena ................................................................................................................................... 12	  
2.3.2	   Protégé-OWL .................................................................................................................... 13	  

2.4	   ONTOLOGY MATCHING ............................................................................................................. 13	  
2.4.1	   Ontology Matching Techniques ........................................................................................ 13	  

2.5	   PERSONALIZATION .................................................................................................................... 15	  
2.5.1	   Methodologies ................................................................................................................... 16	  
2.5.2	   Personalization System ..................................................................................................... 18	  
2.5.3	   User Profiling and Group-Based Personalization ........................................................... 19	  

3	   Methodology ............................................................................. 21	  
3.1	   THE RESEARCH PROCESS ........................................................................................................... 21	  
3.2	   SPECIFIC RESEARCH METHODS ................................................................................................. 22	  

3.2.1	   Concept Building .............................................................................................................. 23	  
3.2.2	   System Building ................................................................................................................. 23	  
3.2.3	   System Evaluation ............................................................................................................. 24	  

4	   Development ............................................................................ 25	  
4.1	   FRAMEWORK ............................................................................................................................. 25	  

4.1.1	   Architecture of the Framework ......................................................................................... 25	  
4.1.2	   Features of the Framework ............................................................................................... 26	  

4.2	   COMPONENTS OF THE FRAMEWORK .......................................................................................... 27	  
4.2.1	   User Profiling ................................................................................................................... 27	  
4.2.2	   Content Modeling ............................................................................................................. 30	  
4.2.3	   Ontology Query Operation ............................................................................................... 35	  

4.3	   IMPLEMENTATION FOR THE CASE OF THE SWEDISH BOARD OF AGRICULTURE ......................... 36	  
4.3.1	   Scenario ............................................................................................................................ 39	  
4.3.2	   User Profiling Implementation ......................................................................................... 42	  
4.3.3	   Content Modeling Implementation ................................................................................... 46	  
4.3.4	   Ontology Query Operation Implementation ..................................................................... 51	  

5	   System Evaluation ................................................................... 54	  
5.1	   APPLICATION EVALUATION ....................................................................................................... 54	  

5.1.1	   Evaluation Purpose ........................................................................................................... 54	  
5.1.2	   Precondition Setup ............................................................................................................ 54	  
5.1.3	   Evaluation methodology ................................................................................................... 56	  
5.1.4	   Evaluation procedure ....................................................................................................... 57	  



Contents 

vii 

5.1.5	   Evaluation result ............................................................................................................... 58	  
5.2	   WORKSHOP ............................................................................................................................... 59	  

6	   Conclusion and Future Work ................................................. 60	  
6.1	   CONCLUSION ............................................................................................................................. 60	  
6.2	   FUTURE WORK .......................................................................................................................... 61	  

7	   References ................................................................................ 62	  



List of Figure 

viii 

List of Figures 
FIGURE	  2.1	  SEMANTIC	  WEB	  LAYERED	  ARCHITECTURE	  (MATTHEWS,	  2005)	  .............................................................	  6	  
FIGURE	  2.2	  METADATA	  HANDLING	  PROCESS	  (MAGELA	  CUNHA,	  2007)	  ................................................................	  10	  
FIGURE	  2.3	  SEMANTIC	  WEB	  APPLICATION	  GENERAL	  SCENARIO	  (MAGELA	  CUNHA,	  2007)	  ........................................	  10	  
FIGURE	  2.4	  SWC	  REQUIREMENTS	  (MAGELA	  CUNHA,	  2007)	  ..............................................................................	  10	  
FIGURE	  2.5	  SWC	  REQUIREMENTS	  AND	  METADATA	  HANDLING	  PROCESS	  (MAGELA	  CUNHA,	  2007)	  ...........................	  11	  
FIGURE	  2.6	  CLIENT-‐SERVER	  WEB	  APPLICATION(MAGELA	  CUNHA,	  2007)	  .............................................................	  11	  
FIGURE	  2.7	  CLASSIFICATION	  OF	  ONTOLOGY	  MATCHING	  APPROACHES	  (EUZENAT	  AND	  SHVAIKO,	  2007)	  ......................	  14	  
FIGURE	  2.8	  PERSONALIZATION	  PYRAMID	  (SACKMANN,	  ET	  AL.,	  2006)	  ...................................................................	  15	  
FIGURE	  2.9	  BLU-‐IS	  ARCHITECTURAL	  OVERVIEW	  (AROYO,	  ET	  AL.,	  2006)	  ...............................................................	  18	  
FIGURE	  2.10	  GROUP	  PROFILING	  BY	  AGGREGATION	  OF	  INDIVIDUAL	  (VALLET,	  ET	  AL.,	  2006)	  .......................................	  20	  
FIGURE	  3.1	  THE	  WHEEL	  OF	  RESEARCH	  (GHAURI	  2005,	  P.19)	  ..............................................................................	  22	  
FIGURE	  3.2	  THE	  SYSTEM	  DEVELOPMENT	  METHOD	  (NUNAMAKER	  1990,	  P.631)	  ....................................................	  23	  
FIGURE	  4.1	  FRAMEWORK	  ARCHITECTURE	  ........................................................................................................	  26	  
FIGURE	  4.2	  USER	  PROFILING	  MODULE	  ...........................................................................................................	  27	  
FIGURE	  4.3	  PREFERENCE	  ONTOLOGY	  SCHEMA	  ..................................................................................................	  29	  
FIGURE	  4.4	  CONTENT	  MODELING	  MODULE	  .....................................................................................................	  30	  
FIGURE	  4.5	  THREE	  PRODEDURES	  OF	  EXPOSING	  XML	  USING	  JAXB	  AND	  VELOCITY	  (HEBELER	  ET	  AL.	  2009)	  ..................	  31	  
FIGURE	  4.6	  THE	  APPROACH	  OF	  ONTOLOGY	  ALIGNMENT	  ....................................................................................	  34	  
FIGURE	  4.7	  CLASSIFICATION	  ONTOLOGY	  EDITING	  WITH	  PROTÉGÉ	  .........................................................................	  35	  
FIGURE	  4.8	  ONTOLOGY	  QUERY	  OPERATION	  MODULE	  ........................................................................................	  36	  
FIGURE	  4.9	  DATA	  FLOWCHART	  OF	  THE	  FRAMEWORK	  .........................................................................................	  37	  
FIGURE	  4.10	  PERSONALIZATION	  PROTOTYPE	  ARCHITECTURE	  ...............................................................................	  38	  
FIGURE	  4.11	  UML	  CLASS	  DIAGRAM	  OF	  THE	  SYSTEM	  .........................................................................................	  38	  
FIGURE	  4.12	  CODE	  OF	  ADDING	  USER	  INSTANCE	  ...............................................................................................	  43	  
FIGURE	  4.13	  PREFERENCE	  ONTOLOGY	  WITH	  INDIVIDUALS	  ..................................................................................	  44	  
FIGURE	  4.14	  PREFERENCE	  ONTOLOGY	  SCHEMA	  FOR	  CUSTOMIZED	  GROUP	  CLASSIFICATION	  ......................................	  44	  
FIGURE	  4.15	  JENA	  RULES	  FOR	  GROUP	  CLASSIFICATION	  ......................................................................................	  45	  
FIGURE	  4.16	  CODE	  OF	  RUNNING	  RULES	  AT	  JENA	  ..............................................................................................	  45	  
FIGURE	  4.17	  INFERRED	  ONTOLOGY	  ................................................................................................................	  46	  
FIGURE	  4.18	  WEATHER	  NEWS	  RSS	  FEED	  ........................................................................................................	  46	  
FIGURE	  4.19	  WEATHER	  NEWS	  XSLT	  FILE	  ........................................................................................................	  47	  
FIGURE	  4.20	  WEATHER	  NEWS	  XSLT	  FILE	  ........................................................................................................	  47	  
FIGURE	  4.21	  WEATHER	  NEWS	  XSLT	  FILE	  ........................................................................................................	  48	  
FIGURE	  4.22	  WEATHER	  NEWS	  RDF	  OUTPUT	  FILE	  ............................................................................................	  48	  
FIGURE	  4.23	  CODE	  OF	  TRANSFORMATION	  .......................................................................................................	  49	  
FIGURE	  4.24	  CODE	  OF	  READING	  NEWS	  ...........................................................................................................	  50	  
FIGURE	  4.25	  CODE	  OF	  INDIVIDUAL	  POPULATION	  ..............................................................................................	  51	  
FIGURE	  4.26	  QUERY	  PREFERENCE	  ONTOLOGY	  ..................................................................................................	  52	  
FIGURE	  4.27	  QUERY	  CLASSIFICATION	  ONTOLOGY	  .............................................................................................	  53	  
FIGURE	  4.28	  SPARQL	  QUERY	  ......................................................................................................................	  53	  
FIGURE	  5.1	  INPUT	  USER	  NAME	  DIALOG	  ..........................................................................................................	  58	  
FIGURE	  5.2	  OUTPUT	  OF	  USE	  CASE	  JOHN	  .........................................................................................................	  59	  
FIGURE	  5.3	  OUTPUT	  OF	  USE	  CASE	  JEFF	  ...........................................................................................................	  59	  





List of Figure 

x 

List of Tables 
TABLE	  4.1	  PREFERENCE	  ONTOLOGY	  STRUCTURE	  ...............................................................................................	  28	  
TABLE	  4.2	  INFORMATION	  DEMAND	  OF	  PET	  OWNER	  ..........................................................................................	  39	  
TABLE	  4.3	  INFORMATION	  DEMAND	  OF	  BUSINESS	  FARMER	  ..................................................................................	  40	  
TABLE	  4.4	  INFORMATION	  DEMAND	  OF	  LIFESTYLE	  FARMER	  ..................................................................................	  41	  
TABLE	  4.5	  GROUP	  PREFERENCE	  SETTING	  .........................................................................................................	  42	  
TABLE	  4.6	  USER	  PROFILE	  SETTING	  .................................................................................................................	  42	  
TABLE	  5.1	  INSTANCES	  OF	  USER	  .....................................................................................................................	  55	  
TABLE	  5.2	  INSTANCES	  OF	  NEWS	  ....................................................................................................................	  55	  
TABLE	  5.3	  INSTANCES	  OF	  INFORMATION	  DEMAND	  ............................................................................................	  55	  
TABLE	  5.4	  BLACK-‐BOX	  TEST	  CASE	  FOR	  FUNCTION	  1	  ...........................................................................................	  56	  
TABLE	  5.5	  BLACK-‐BOX	  TEST	  CASE	  FOR	  FUNCTION	  2	  ...........................................................................................	  57	  
TABLE	  5.6	  TEST	  RESULTS	  ..............................................................................................................................	  58	  



List of Abbreviations 

xi 

List of Abbreviations 
API: Application Program Interface 
CLI: command line interface 
DL: description logics 
GUI: graphical user interface 
JAXB: Java XML Bindings 
OWL: Web Ontology Language 
RDF: Resource Description Framework 
RSS: RDF Site Summary 
SPARQL: SPARQL Protocol and RDF Query Language 
SPSM: Structure Preserving Semantic Matching 
XML: Extensible Markup Language 
XSLT: Extensible Stylesheet Language Transformations 
 

 

 
 



Introduction 

1 

1 Introduction 
The goal of this chapter is to introduce the research background, research 
question, and the purpose of research. The rest of chapters will be extended 
based on this section. In this chapter, background presents an overview of 
current personalisation systems and semantic web techniques that will be 
applied in our project.  

1.1 Background 
World Wide Web makes a revolution on information sharing. People could 
search any kinds of information from Internet and create their own web sites. 
However, with the increasing of information published on the Internet, the 
problems of redundant data, error data and incomplete data come up, which 
leads to the challenge of information retrieval accuracy. Users need help to 
search and to filter out irrelevant information based on their demand (Montaner 
et al. 2003). 

1.1.1 Semantic Web 

Tim Berners-Lee, the inventor of WWW raised new concept of semantic web 
as follow: 

The Semantic Web is an extension of the current Web in which 
information is given well-defined meaning, better enabling computers and 
people to work in cooperation. 
. . . a web of data that can be processed directly and indirectly by 
machines. 

— Tim Berners-Lee, James Hendler, Ora Lassila  
Semantic web is expected as vision and next step in web evolution. It focuses 
on that data and documents stored on the web could be processed, transformed, 
assembled by computers in a useful way and build machine-readable web. 
People need not spent much time on looking for useful information manually. 
Besides, World Wide Web Consortium (W3C) who works to improve, to 
extend, and to standardize the system give the definition of semantic web as: 

The Semantic Web is the idea of having data on the Web defined and 
linked in a way that it can be used by machines not just for display 
purposes, but for automation, integration, and reuse of data across 
various application. 

                         ---- W3C Semantic Web Activity  
Compared with the current web, semantic web could realize automation, 
integration and reuse activities on the web. On the other hand, machine 
readability makes us invent all kinds of smart tools easily to add great value to 
our daily life. 
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1.1.2 Personalization System 

Personalization supports catching relevant information for directing users based 
on tailored needs and interests (Chedrawy and Abidi 2006). Personalization is 
defined as automatic presentation of specific information content to individuals 
with some adjustment and re-structuring by system (Perugini and 
Ramakrishnan 2003). The main process of personalization involves gathering 
and analyzing user information, then delivering the right information at the 
right time (Chiu 2001).  
Personalization research mainly focuses on several domains including digital 
libraries, e-commerce, e-learning, news recommendation system and search 
engines (Gao et al. 2009). A personalization system is an application, which 
creates user profiles to provide relevant recommendations. Several typical 
personalization applications in above domains are MyLibrary in the digital 
library domain, Amazon in the E-commerce domain, Intelligent Tutoring 
System in the E-learning domain, and Google News in the news 
recommendation domain. Each personalization system brings innovation to the 
target domains. At meanwhile, the amount of publications with respect to 
personalization almost has been raised 6 times from 2000 to 2007 (Gao et al. 
2009). Since the personalization systems are keeping increasing recent years, 
more and more researchers have concentrated on this area, and this topic has 
been regard as the biggest issue in the next ten years in these domains (Weller 
2007). From research contents perspective, some researchers focus on 
recommendation filtering approaches as content-based, collaborative, and 
hybrid (Adomavicius 2005). Others focus on personalization procedures as user 
profiling, content modeling, and information filtering (Pazzani 2006). On the 
other hand, with the development of semantic web technology, some 
personalization researches apply semantic web technology to enhance 
collaborative filtering with domain knowledge (Gao et al. 2009), because 
domain knowledge is important for applying personalization in different 
domains. For example, Liang et al. (2007) proposed an ontology-based 
semantic-expansion approach to building user profiles. For further research 
directions, personalization systems could be developed in various ways. It 
includes using context analysis for personalization, facilitating user group with 
user profiling and enhance collaborative filtering with domain knowledge (Gao 
et al. 2009).  
However, current personalization systems still have the problem such as 
matching accuracy, scalability of implementation, the cost of maintenance. 
Cold-start is a typical problem in personalization system. According to 
Cremonesi and Turrin, (2009) cold-start problem or start-up problem is related 
to a situation in a personalization system when there is not enough information 
about a specific object and system wants to give recommendation based on it. 
This problem happens in three circumstances:  

• New user: when a new user registers in a recommender system and there is 
not enough ratings to explain user profile 
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• New item: when a new item is registered in the system, therefore there is no 
rating for that specific item.   

• New system: when bootstrapping a new system, and there is not enough 
rating for each user and item.  

While recommender systems are becoming widely in use and are extending 
into data-spare, algorithm-learning rate turned out to be a key factor of 
evaluation throughout the cold-start period (Cremonesi and Turrin, 2009).  
While there have been lots of studies on solving these problems. For example, 
Denaux et al. (2005) proposed an ontology-based approach which uses 
interaction between a software agent and a user so that elicit a user’s 
conceptual model aligned with a domain ontology. They created an integrated 
environment for personalized learning content management named OntoAIMS 
and OWL-OLM (Dimitrova 2003) for open user modeling to deal with the 
cold-start problem. OWL-OLM is used to invoke a user model via dialog agent 
utilizing and existing domain ontology and to explore user’s conceptualization 
of the topic at hand. Although the evaluation showed strong potential of OWL-
OLM to refine the cold-start problem in e-learning systems domain, it still 
existed some problem that the integrating between OWL-OLM and the 
resource browser is not good. Because this approach only use ontology on user 
model and not on content model which causes that system could not offer users 
a flexible choice to go to the resource browser (Ronald 2005).   
Based on the problem existing in current personalization system as previous 
mentioned and further research direction, we suppose a new framework which 
use two ontologies to support user model and context model separately. 
Besides, we add group-based profile to support user profiling in order to deal 
with the cold-start problem, because most of the current personalization 
systems still use user profiling only with personal preference data. These data 
of personal preference is always inadequate for a new user and this would lead 
to cold-start problem. If users could be classified into different groups that have 
typical preferences pre-defined, it will help fix the cold-start problem. The 
system could refer to the group preference when the personal preferences are 
insufficient.  
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1.1.3 Practical needs from Swedish Board of Agriculture 

With the wide spread of personalization system, it is not only used in the 
domain of e-learning, e-commerce and digital library. Swedish Board of 
Agriculture also expects using new IT technology to offer customers good 
services. They have many resources such as different services and information 
about agriculture provided to different groups of users like farmers, farm 
specialists. However, various sorts of information mixed in a website cause 
hard to search useful information for users. Hence, they expect to develop a 
method that provides tailored content and services to specific groups of users 
based on knowledge about their preferences. Personalization system is one of 
suitable solution to meet their requirements. 

1.2 Research Questions 
Since the Semantic Web has various advantages, is it possible to apply 
semantic web technologies in personalization systems to solve aforementioned 
problems of the current personalization systems and to refine them. Based on 
this assumption, the following research questions have been formulated: 

• How to design a group-based personalization system using semantic web 
technologies? 

• How to solve the cold-start problem (definition refer to chapter 2) by using 
group-based personalization with semantic web technologies?  

1.3 Purpose/Objectives 
The main purpose of this thesis is to design a semantic-based personalization 
system framework to provide users with tailored access to resources. Although 
several similar systems have been already used in the area of news 
recommendation such as Internet Search Advisor (Lai et al., 2003), Intelligent 
News Filtering Organisation System (Mock and Vemuri 1997), most of these 
systems are on the level of syntax and individual-based personalization. For 
instance, the Internet Search Advisor system uses keyword ratio ranking for 
news to analyze the structure of the news, and records each user’s reading time 
on different news to estimate user’s personal reading preference. After that, 
recommendation will be provided in a way of matching between the user’s 
personal preference and the keyword ratio. So this system only provides 
recommendation regarding individual preference. On the other hand, on syntax 
level, system would only store user information into repository without 
inference. For example, if a user inputs age 65, a syntax-based system only 
stores the integer 65 in the database in the age column. However, semantic-
based system not only stores this information but also could reason that this 
user is also an elderly person and may enlarge the font for this person. 
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In contrast to these systems, we will apply ontology in personalization systems 
and add group preference in user profiles in order to solve the cold-start 
problem. On the other hand, ontology will be reasoned to generate group 
classification for different users. Then system can offer customized services to 
different group types.  

1.4 Limitations 
The boundary of our project is to design a framework for personalization 
system within the domain of news recommendation. In addition, this 
framework will be implemented in the real case to verify the feasibility of the 
framework. However, the implementation only focuses on functions and 
interoperation between modules. The layout of user interface and crawler are 
out of our consideration.   

1.5 Thesis Outline 
In this report, we will propose a framework for personalize information 
resources for each target group and assess the framework later. In Chapter 2, 
overviews of semantic web technique and personalization system are given. In 
Chapter 3, the methodology of framework design is depicted. In Chapter 4, the 
introduction of framework design, implementation via use case. In Chapter 5, 
Test cases from Swedish Board of Agriculture will be used to evaluate the 
system. At last, conclusion and future works are mentioned in Chapter 6.  
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2 Theoretical Background 
This part of the report explains the theoretical background, which is divided 
into five parts. First part is about semantic web technology. This section 
explains the definition of semantic web technology, RDFS, taxonomy, 
ontology and OWL. Second part is about semantic web applications, which 
explains the semantic web applications, semantic web frameworks, and its 
architecture. Third part is about semantic web tools, and explains two of the 
well-known semantic web tools that are Jena and Protégé-OWL. Fourth part 
gives information about ontology matching, which explains the definition of 
ontology matching then explains ontology matching techniques and ontology 
matching systems. And finally the last part gives information about 
personalization, personalization techniques and personalization systems. 

2.1 Semantic Web Technologies 
The semantic web is not only used by human but also could be processed by 
machine. The user does not have to process the information on the web, instead 
he/she uses a personal agent on computer and that agent does the processing 
and manipulating the information on the web and provides results to the user 
then user would have access to the results. In order to do this the information 
has to be offered in a semantically enhanced format via several technology 
layers that these layers are represented in various versions of the semantic web 
layered architecture (Gerber, et al., 2006). 

 
Figure 2.1 Semantic Web Layered Architecture (Matthews, 2005) 

As shown in Figure 2.1, semantic web architecture has seven layers, which top 
layer is trust. In semantic web it is required that various collaborators interact 
with each other, there for they have to trust each other and also they have to be 
able to create the trust levels for obtained information that trust level is 
dependant to the resource of the information. The term context in semantic web 
allows users to understand if obtained information is trustworthy, and also 
enables them to control information [Gerber, et al., 2006]. Next layer of the 
semantic web architecture is logic and proof. Top level of the ontology 
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structure has a reasoning system, which makes new inferences. This system 
involves a software agent that checks whether a specific source of information 
is appropriate for a specific task [Matthews, 2005]. 
Fifth layer is ontology: different databases may be using various types of 
identifiers for the same concept, therefore there should be a program to find out 
if the concept is the same or not. Semantic web offers solution to this issue, 
which named ontology. Taxonomy and a group of inference rules are the most 
common kind of ontology for the web. Classes of objects and their relations are 
defined by taxonomy [Berners-Lee, et al., 2001]. For instance, an address can 
be classified as building number, road name, city and country. 
Third and fourth levels are RDF (Resource Description Framework) and RDF 
Schema. Top level of the semantic web proper is RDF that aims to represent 
the metadata about web-based sources and employ XML as syntax. RDF makes 
use of URIs to classify web-based sources, and explains relationship between 
sources by using graph model [Gerber, et al., 2006]. RDF Schema gives 
extensions to RDF, which is a modelling language to explain classes and 
properties in RDF. And also offers a reasoning framework to understand the 
nature of sources. Second layer is XML that includes some standards like: 
namespaces and schemas that create a common means to structure data over the 
web. And finally the first layer is Unicode and URI. Unicode is a standard for 
presenting the characters in computer, and URI is a standard for classifying and 
finding the sources [Matthews, 2005]. 

2.1.1 Web Ontology Language 

The web ontology-working group developed OWL, which stands for Web 
Ontology Language and it is used for such applications that their content of 
information needs to be processed. It has three sublanguages, which are as 
follows: OWL Lite, OWL DL, and OWL Full. OWL can present the meaning 
of terms in vocabularies and their relationships unambiguously (McGuiness, et 
al., 2004). OWL inherits a lot of characters from established formalisms, 
existing ontology languages and existing Semantic Web language. The main 
character of OWL came from its predecessor DAML+OIL (Horrocks, 2003), 
which was, consist of two ontology languages, OIL and DAML. Thus, OWL 
integrates features from frame-based systems and description logics (DLs), and 
has an RDF-based syntax (Li, 2004). 

2.1.2 Query languages  

According to E. Sirin, et al.(2007) there are two types of QLs (query 
languages) for semantic web ontologies, which are as follows:  
1. RDF-based query languages (ex: RDQL, SPARQL)  
2. DL-based query languages (ex: DIG ask queries, nRQL).   



Theoretical Background 

8 

RDF-based QLs are based on the notion of RDF triple pattern. And they are 
difficult to give semantics under OWL-DL semantics since RDF representation 
combines the syntaxes with its assertion. But their results are more efficient 
than OWL-DL reasoners. DL-based query languages can give clear semantics 
according to the DL model theory, but they cannot provide efficient results as 
that they are restricted to atomic queries (Sirin, et al., 2007).  

2.1.2.1 SPARQL  

SPARQL (Simple Protocol and RDF Query Language) is a query language for 
RDF (Resource Description Framework) that its first version was released in 
2004 by RDF data access working group (Pérez, et al., 2006). It has been 
regarded as a major semantic web technology. And in 2008 it became W3C 
(World Wide Web Consortium) recommendation. SPARQL gives facilities to 
the users to write explicit queries (Wikipedia, 2011).  
SPARQL Syntax and Semantics:  
Basically SPARQL has been developed to query RDF graphs. RDF graphs 
query consists of three disjoint sets as follows: 1- set of URI, 2- set of bnode 
identifiers, 3-set of well-organized literals. Combination of these three sets 
called set of RDF terms. Each RDF graph consists of a set of RDF triples. 
SPARQL queries have a building block, which is called BGP (Basic Graph 
Patterns). And it involves a set of triple patterns. Complicated SPARQL queries 
are created from BGPs by making use of four operators, which those operators 
are as follows: 1-SELECT, 2-OPTIONAL, 3-UNION, 4-FILTER. Semantics of 
these four operations are identified like algebraic operations over the BGPs 
solutions (Sirin, et al., 2007). 
 

2.2 Semantic Web Applications 
This section contains knowledge of SW programming framework, combining 
info, aligning info and sharing info. 
Aim of semantic web languages was to solve the problems that software agents 
faced as using the information over the web. Characteristic of semantic web is 
to offer machine-readable descriptions of sources and also gives secure 
accessibility. SW split content from presentational information, which lessen 
some problems (this can be possible by using CSS) (Horrocks & Bechhofer, 
2008). 
End user applications:  
Some applications present semantic web browsers, such as: Magpie and 
COHSE. They offer better navigation opportunities to the users, which are 
using client side processing, like dynamic HTML or AJAX (Horrocks & 
Bechhofer, 2008). 
Support tools: 
There are tools to sustain semantic information productions. OWL (XML/RDF) 
syntax is machine-readable. There are tools for editing and handling the 
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ontology. Tools like, Protégé and SWOOP that are mainly graphical in nature 
make it possible for the users to create, edit and manage ontology. The majority 
of recent ontology tools are using Java (Horrocks & Bechhofer, 2008). 

2.2.1 Semantic Web Application Framework 

This section describes semantic web application framework and explains its 
requirements and architecture. And also explains the conversion from 
architecture to designing the framework.  

• Requirements 
Some of the applications have the same process for dealing with metadata, 
which assists in understanding the major phases that can be tracked by the 
application. This process can be regarded as resource of requirements. These 
requirements are divided into two parts as follows: functional requirements and 
non-functional requirements. Functional requirements explain the services that 
the system offers and also explain the functions. Some of the functional 
requirements are as follows: resource of information in the applications has to 
be taken into consideration. The application must accept that information is not 
complete and it has to be considered as open/close world option. In the 
applications a number of formal descriptions have to be used (Magela Cunha, 
2007). 
Non-functional requirements are restrictions on presenting the services in the 
system that are as follows: resource of information in the application must 
include real world data. Data resources have to be considered. The application 
has to be scalable (Magela Cunha, 2007). 

• The metadata handling process 
The majority of applications have the same architecture. They all have 
elements or layers that are responsible for handling the metadata. All 
information systems collect data, save them and do some processes on them 
then present them to the end users as outputs. But semantic web applications 
are different because they have to manage metadata that are semantically 
identified. In different stages of gathering, storing or using of those metadata 
there is a risk of losing the semantic. It is important to protect the semantics 
throughout the all stages. Figure 2.2 shows the different stages of the handling 
metadata. As it is illustrated in figure2, there are three phases: 1-metadata 
gathering, 2- metadata storage and 3- metadata usage. Between each phase 
there is minimum one metadata flow, which is the output of a phase and 
considered as input for the next phase (Magela Cunha, 2007). 
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Figure 2.2 Metadata Handling Process (Magela Cunha, 2007) 

Semantic Web Application Architecture 
This part explains the views of software application framework, which those 
views are UML diagrams and show the architecture of SW application 
framework. 

•  The scenarios  
Figure 2.3, shows the general scenario of the SW application framework’s 
components, which is divided into four parts: SWC (Semantic Web Challenge) 
requirements, SWC applications domain analysis, metadata handling process, 
semantic web stack.  
 

 
Figure 2.3 Semantic Web Application General Scenario (Magela Cunha, 2007) 

The following usecase diagram (Figure 4)shows the SWC requirement.  

 
Figure 2.4 SWC Requirements (Magela Cunha, 2007) 
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According to the Figure 2.4, there are two kinds of actors that one of them is 
user and the other one is data resource. And there are two kinds of users that 
one of them is a software agent and the other one is an individual. There should 
be minimum two data sources that must be heterogeneous and geographically 
distributed. This scenario illustrates that the user can take advantages of 
integration of data from two different resources. Figure 2.5 shows that one 
more component has been added to the general scenario, which is the metadata 
handling process. Therefore three other use cases have been added, which are: 
1-metadata gathering, 2-metadata storage access and 3- metadata usage. 
Include relation between metadata usage and metadata storage access means 
that metadata usage has to integrate with the actions of metadata storage access. 
And extend relation between metadata gathering, metadata storage access and 
integrate information means that metadata gathering and metadata storage 
access might integrate with the actions of integrates information (Magela 
Cunha, 2007). 

 
Figure 2.5 SWC Requirements and Metadata Handling Process (Magela Cunha, 2007)  

• The physical view 
Figure 2.6, shows a client server web application for end users. In this 
application individuals have access to the web server. The web server gives the 
right of entry to an application server. Application server exchange information 
with those two knowledge bases and incorporate them (Magela Cunha, 2007).  

 
Figure 2.6 Client-Server Web Application(Magela Cunha, 2007) 



Theoretical Background 

12 

2.3 Semantic Web Tools 
There are various tools that help to develop semantic web applications. Jena 
and protégé-OWL are two of those toolkits.  

2.3.1 Jena 

Jena is a well-known toolkit for Java programmers to develop semantic web 
applications. The first version is called Jena1 that came out in 2000. It was 
improved and after three years its second version was released. The most 
important role of Jena1 was Model APIs to use in RDF graphs. The other 
significant role of Jena1 was offering I/O modules for RDF/XML, N3, N-triple, 
and RDQL. Jena1 gives opportunities to save RDF graphs in memory or 
constant storage by using API. And also it offers an extra API to control 
DAML+ OIL (Carrol, et al., 2004). 
Jena2’s architecture is more disjoint than Jena1. Jena2 has two important 
architectural aims. 1- It offers flexible RDF graphs, so graph data can be 
accessed and controlled via up-level interfaces. 2-it provides plain and 
uncomplicated vision of the RDF graph for the system programmer that wants 
to control data as triples. These simplified graphs are helpful in RDFS and 
OWL reasoning. Jena2 can maintain inference for the RDF and OWL 
semantics. RDF graph has key role in Jena2 architecture. Its architecture has 
three layers, which are as follows: Graph layer, EnhGraph layer, and Model 
layer (Carrol, et al., 2004).  
The top layer is the Graph layer that follows the RDF syntax. It is used for 
triple storing in memory and constant storage. It gives opportunity to see non-
triple data like triples but in read-only form. And also it offers opportunity to 
implement virtual triples for outcomes of inference processes through a number 
of triples. The second layer is EnhGraph layer. Model and the ontology layer 
are positioned above the graph layer through this layer. It offers extension point 
for constructing APIs. This layer allows you to view graphs and nodes several 
times that can be used concurrently. And the third layer is Model layer that I/O 
is done in this layer. Jena2 offers fast path query (Carrol, et al., 2004).   
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2.3.2 Protégé-OWL 

Protégé is an open source platform for creating ontologies and knowledge-
based applications. It is adjustable and established in Java, and offers plug-and-
play environment. Protégé offers two major methods to design ontologies, 
which are: Protégé-Frames and Protégé-OWL. Ontologies that are created by 
Protégé can be transferred into various formats such as: RDF, OWL, and XML 
Schema. Protégé-OWL supports OWL and offers opportunities to implement 
ontologies for semantic web. Its architecture is adjustable and it enables the 
tool to be expanded and configured easily. Protégé-OWL is combined with 
Java and includes open source Java API to implement customized user 
interface modules or optional semantic web services (Stanford University, 
2009).   
Protégé-OWL presents the following opportunities: 1- enabling the users for 
downloading and saving RDF and OWL ontologies, 2- enabling the users for 
controlling and visualizing classes and properties, 3- offers facilities for 
controlling OWL individuals of semantic web markup, 4- gives facilities for 
executing reasoners like description logic classifiers, 5- offers facilities to 
characterize the logical classes like OWL expressions (Stanford University, 
2009).  

2.4 Ontology Matching 
Ontology is the major element in semantic web development because it helps 
agents in process of knowledge mining. However same concepts might be 
presented by means of different vocabularies. For mapping different concepts 
between ontologies, ontology matching technique has been using. There are 
various ontologies matching techniques (Alberta University, 2008). And 
usually combining several techniques produces more efficient results (Fenza, et 
al., 2009). Finding the relations among various entities from various ontologies 
is the aim of ontology matching (Euzenat and Shvaiko, 2007). 

2.4.1 Ontology Matching Techniques 

Figure 2.7, illustrates the classification of ontology matching techniques. As it 
shows there are two classifications that first one is granularity or input 
interpretation, which is based on matcher granularity (ex. element), and also is 
based on the way these techniques infer input information.	  And the next one is 
kind of input, which is based on the type of input that techniques on elementary 
level are using (Euzenat and Shvaiko, 2007). 
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Figure 2.7 Classification of Ontology Matching Approaches (Euzenat and Shvaiko, 

2007) 

Kind of input is divided into two layers that lower layer is classified based on 
the type of date, which algorithms work on. Followings are the classifications: 
terminological, structural, semantics and extensional. Terminological (strings) 
and structural (structure) exist in the ontology description. The semantic 
(model) needs semantic translation of the ontology and generally makes use of 
semantically manageable reasoner for concluding the correspondences. And 
finally the extensional (data instances) build the real population of the 
ontologies. The upper layer decomposes the terminological and structural 
methods. Terminological methods can analyse the terms like sequence of 
characters or can analyse the terms like linguistic entities. The structural 
methods are divided into two categories that are internal and relational. Internal 
methods analyse internal structures, like attributes and their type. Relational 
methods analyse the relations between entities (Euzenat and Shvaiko, 2007). 
Granularity/input interpretation is divided into two sections, which are as 
follows: element-level and structure-level. In element-level techniques entities 
and instances are evaluated in separation from their relations beside other 
entities. The followings are examples of the element-level techniques: string-
based techniques, language-based techniques, constraint-based techniques, 
linguistic resources, and alignment reuse. In structure-level techniques entities 
and instances are considered to do the comparison between their relations and 
other entities. The followings are examples of the structure-level techniques: 
graph-based techniques, taxonomy based techniques, repository of structures, 
model based techniques, data analysis and statistics techniques (Euzenat and 
Shvaiko, 2007). 
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2.4.1.1 Linguistic Similarity 

In order to do concept matching it is required to measure the similarity between 
concepts. Therefore linguistic similarities should be determined between 
entities. In this technique the similarity between entities from various 
ontologies will be estimated via exploring the semantics of the entities and the 
local context. This technique brings the idea of scope of a concept that 
corresponds to the context. In this method WordNet has been used, which is a 
lexical database. WordNet is one of the well-known lexical databases that many 
researchers use it for computational linguistics, analysing texts, and etc… 
WordNet includes many similarity functions (Fenza, et al., 2009). 

2.5 Personalization 
Internet has caused considerable changes in personalization process. According 
to Figure 2.8, there are three ways of providing online services to the 
customers:  (Sackmann, et al., 2006). 
1-Personalized services: They are based on one-to-one communication and 
need personal data as a key factor. Services will be offered based on the 
customer’s prior shopping. 
2-Individualized services: These services do not need personal data, but they 
need context data. Services will be offered based on the requested pages, or the 
goods that are in the shopping cart. For such kinds of services there is no need 
to have customer’s personal data. 
3-Universal services: These services do not need context or personal data. 
Services will be offered based on a search function for a specific item. 
In fact the above services can be considered as a form of personalization, 
because a particular person wants a specific service according to her/his 
requirements. 

 
Figure 2.8 Personalization Pyramid (Sackmann, et al., 2006) 
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2.5.1 Methodologies 

One of the methodologies for personalization is content modelling. This 
method needs indications for a specific document that those indications are 
generally structured through keywords. These keywords are accessible via 
making use of metadata that has them for content-free tokens, or by using a 
technique called document-modelling technique (ex: TF-IDF). There are two 
recent and significant methods for document analysing that one of them is 
LSA/LSI (Latent Semantic Analysis/Indexing). This method searches the term-
document matrix to find relationships of term-concept and concept-document. 
And the other method is PLSA/PLSI (Probabilistic Latent Semantic 
Analysis/Indexing) that is used to calculate approximately the probability from 
a set of documents (Gao, et al., 2009). Information filtering recommendation 
method is another method for personalization. Since there is a large number of 
information through the Internet therefore this method is vital. For example a 
customer wants to buy a specific item and offering lots of options might cause 
difficulties for him/her to choose among them. There are four ways for 
information filtering that are as follows: 1- rule-based, 2- content-based, 3- 
collaborative, 4-hybrid. First one enables information systems to state rules 
according to the users’ fixed profiles or demographics, and then applies “if-this 
then that” rule for selecting applicable information. Second one filters the 
information via contrasting the user profile with items’ description. Third one 
(collaborative) makes recommendations according to the likes and dislikes of 
similar users in the system. And finally, hybrid method is the combination of 
content-based and collaborative method. (Gao, et al., 2009).  
Another method for personalization is user profiling. User profile is an 
essential factor in a personalization system as it stores important information 
like introductory information about the user (ex: age, gender), user’s behaviour 
pattern and orientations that all of them are presented through keywords, 
patterns, and characteristics (Gao, et al., 2009). 
User profiling has four design decisions: 1- profile representing 2- creating 
primary profiles, 3- taking feedback, 4- profile learning. First step in user 
profiling is profile representation and other steps are dependent on this step. 
The profile has to be presented in the general universal form, like XML file. In 
order to produce a precise initial profile, appropriate methods are required, for 
example: questionnaires. Capturing user profile information needs involvement 
of the user at various degrees. Several methods could be applied e.g., asking 
user, watching user and analysing the data (Schubert and Koch, 2002).  
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The system collects applicable feedback for learning the user. Profile learning 
is a kind of pattern discovery. The system could learn users’ interests, 
preference or tastes via collecting data from watching the user. However, these 
kinds of data would not be applied in information filtering algorithms. It is 
required to use learning techniques to get applicable information. The best 
technique for this process is machine-learning techniques; they take patterns 
and represent the results in a structural form. The profile will be content-based 
which is calculated via mining a collection of attributes from content. There are 
complex methods of profiling techniques that are based on data mining. They 
are used for determining user behaviour, favourites, and target analysis. 
Personalisation is already used in some applications like content 
personalisation, interface and interaction personalisation. The aim of content 
personalisation is to build up systems that can automatically offer personalised 
systems based on user behaviour, goals, and their likes and dislikes. Interface 
personalisation applications modify the user interface based on the user’s 
features. The aim of interaction-personalised applications is to build up 
navigation and service flow according to their users (Gao, et al., 2009). 
According to the Gao, et al. (2009) user profiling has three methods: 1- 
behaviour modelling, 2- interest modelling, 3-intention modelling. 
Behaviour modelling: user’s activities on a web site will be saved via 
historical data. This model does the pattern discovery from one or more web 
servers. Behavioural modelling includes some methods. One of the methods 
uses association rules for modelling the historic behaviour and calculating the 
next demand. Markov models offer another way for catching users’ history in a 
website and permit to implement a link forecast service. One of the popular 
techniques is decision tree induction technique. Mostly systems can calculate 
only next step not more therefore the results are just locally optimal. 
Interest modelling: there are three well-known methods to extract user likes or 
dislikes that are: direct, semi-direct, and indirect method. Direct method offers 
opportunity to users and wants them to tell exactly what they want. Semi-direct 
method wants users to rate the documents. Indirect technique processes users’ 
browsing data, for example: their hyperlink clicks, reading time of a document. 
Indirect technique is divided into three categories: 1-vector similarity, 2-
probability, 3-association rules. 
Intention modelling: this model classifies users’ goal of using the system. For 
instance: there are two types of customers. One type has intention to purchase 
and the other type does not have intention of purchasing. In this model 
intention is divided into two types: 1-action intention, 2-semantic intention.  
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Clicks and keyboard typing is analysed to figure out if the user has intention to 
purchase. Ruvini introduced a method for modelling user intention by using 
SVMs. Bayesian networks is another approach that produces good results. 
There are other approaches such as: decision trees, neural networks, and 
semantic expansion. To get better results, a hybrid technique was introduced 
that models users’ action intention and discover the suitable concepts by using 
Naïve Bayes and association rule. This model calculates future actions. 
Another algorithm was introduced, which that was using wordNet to simplify 
learned rules for similar words. Analysing the intention is done according to the 
behaviours, interests, queries, organisational structure, and context (Gao, et al., 
2009). 

2.5.2 Personalization System 

Blu-IS (Blue-ray Interactive System) acts like a connector between home 
devices (ex: shared screens, personal handhelds, and biosensor-based 
interfaces) and personalized services. Such project has been done in European 
ITEA (Information Technology for European Advancement) funded 
Passepartout project. Companies like Philips, Thomson, INRIA and ETRI were 
involved in this project. Personalization, fulfilling various users, and intelligent 
information filtering were key factors in this research. Ontological knowledge 
is built in the users’ access to the content collection (Aroyo, et al., 2006).  
Figure 2.9, illustrates Blu-IS Architectural Overview. Left side of the figure 
shows user-environment. And right side of the figure shows existing content 
sources, which are: broadcast, Blu-ray disks, and IPTV. They present TV-
Anytime packages. Blu-IS system is in the middle of the figure that its 
responsibility is personalization of the user-content interaction, and provides 
personalization loop (Aroyo, et al., 2006). 

 
Figure 2.9 Blu-IS Architectural Overview (Aroyo, et al., 2006) 
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Once a user sends a query, the application makes use of ontological knowledge, 
and creates a filtered query accordingly to the content repository. As it is 
shown in the bottom of the figure, Blu-IS filters the query results to present the 
relevant results according to the users’ requirements (Aroyo, et al., 2006).  

2.5.3 User Profiling and Group-Based Personalization 

Aim of data mining is to find out the semantics from data, but the aim of 
behaviour mining is to find out the semantics from the users’ action on data. 
Obviously users’ search according to their interests, but users’ queries are short 
and vague; therefore it is difficult for the system to realize what the users really 
want. The system considers the clicks, and each click shows users’ interest. The 
system analyses the information from different aspects, like the type of 
information that can be images or text, the relation between various interests, 
locations, and so on. There is a huge amount of information over the Internet 
and it is not enough to focus only on the user’s previous actions to provide 
personalized information. For example, when a specific user has a new interest, 
the system cannot present personalized information for that particular interest, 
since there is no information available. The solution for this problem is group-
based personalization. In other word, it solves a problem called cold-start (Lee, 
2009). 
Classifying the users: 
According to D. Lee, (2009) it is not efficient to make use of the clicks from 
different types of users, without, considering the users’ type. For example, a 
school student, an engineer, and an economist want to search for the term 
“clean energy” but each of them clicks on different pages. Since, what they are 
looking for is totally different in nature. Therefore users should be classified 
into different classes, and then users can benefit from other users at the same 
group with the same level of interest.  
For instance, if a user aims at writing a survey article about “clean energy” he/ 
she will take advantage of those who already surveyed about “clean energy”. 
After classifying the users, classes can be created, and then group-based 
collaborative filtering can be performed to provide more efficient results for the 
users than when the system treats users as homogeneous (Lee, 2009). 

2.5.3.1 Semantic Group Profiling 

It involves discovering the implicit links among the users to help users for 
contacting with each other and to take advantages of their knowledge. It 
requires collaborative applications for adjusting the groups of users that use the 
system. Figure 2.10, illustrates an example of group profiling. Ontologies act as 
a key factor in personalization system. And in this example user profiles are 
ontology-based. In this method user profiles combined to create a group profile, 
which is shared and recommendations are done according to this shared group 
profile (Vallet, et al., 2006). 
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Figure 2.10 Group profiling by aggregation of individual (Vallet, et al., 2006) 

2.5.3.2 Individual vs. Group-Based Personalization  

In individual personalization users will get information exactly according to 
their own interests, preferences, and their detailed information, while in group 
personalization, users will get information according to the basic information of 
the group they have been assigned to, and their personalized information might 
not be accurate or they might be assigning to the wrong group. In individual 
personalization it is easier to adapt changes in short-term user models, and 
users can easily change their individual characteristics. But it cannot be done 
the same way in group-based personalization. Implementing the group 
adaptation is not difficult in group-based personalization, whereas in individual 
personalization it is difficult to implement and to support dynamic adaptation 
according to the changes. In group-based personalization users have higher 
chance of getting the information they need, but in individual personalization 
there might be no information available (cold-start problem) to provide for the 
users (Vasilyeva, et al., 2007).      
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3 Methodology 
This chapter describes the types of research methods and the system 
development procedures applied in this project. Research methodologies could 
make project run in a systematic, scientific way. Research applied in different 
disciplinary area has a number of different definitions. The goal of information 
systems research is to ‘study the effective design, delivery, use and impact of 
information technology in organizations and society’ (Keen 1987, p. 3). 
Actually, the study of information system is collaboration between different 
disciplines (Land 1993; Avision and Fitzgerald 1991). To finish this project 
should equip knowledge of semantic web and personalization. This report 
mainly focuses on technique issue such as personalization system and system 
development. During the implementation stage, a use case and specific group 
requirements are offered by the Swedish board of agriculture to support this 
project.  

3.1 The research Process 
From the research method perspective, the general research method contains 
typical steps from problem definition, research design, measurement, data 
processing, sample, and analyses to conclusion (Ghauri 2005, p.30). Actually, 
research is circular as shown in Figure 3.1. First, observation will be made to 
get better research clarification in a certain field. The knowledge of the filed 
and these observations help us understand problems better and get a clear 
problem clarification in a rather systematic manner. With the help of this 
clarification, hypothesis or assumptions could be built. These hypotheses and 
assumptions help us to generate the concepts that we need to study and get the 
answers of our questions. While we have a good understanding of problems, 
assumptions and concepts, research design has to be defined to find answer to 
the research questions. The research design contains how to collect needed 
information and analyze the data. Finally, interpretation will be generated 
based on the analysis, which contains what we understand from the collected 
and analyzed information. Conclusion could be drawn through this 
interpretation, thus improving existing theory or solving practical problems. 
This means that researchers could come after us to work on the same topic 
where we left off as well. In other words, they need review earlier knowledge 
again to classify their problem. So above is a never-ending research activity 
(Ghauri 2005, p.19). 
In our project, we have reviewed various literatures about personalization. 
From these reviews, we find current problem existing in personalization 
systems. Based on this information, we proposed an assumption to refine 
current problem existing in personalization systems. This assumption is 
extended from current personalization framework and combined with new 
semantic web technology. Then we design a new personalization framework 
based on the assumption. Finally, we use a real case from Swedish Board of 
Agriculture to implement this framework so that test its feasibility.  
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In a word, our project is developed based on these processes in a systematic 
manner. We start from literature review to scope the problem and define 
research questions. Since our research questions are relative about system 
development, we also apply a research method of information system 
development in our project. Next section will introduce this method in detail. 

 
Figure 3.1 The wheel of research (Ghauri 2005, p.19) 

3.2 Specific Research Methods 
From the point of view of system development, research method implies using 
exploration and combination of available technologies to build an artifact, 
system or prototype (Williamson 2002, p.151).  System development 
concentrates on theory testing rather than theory building in terms of research 
and mainly focuses on progress from development to evaluation. It could be 
thought of as proof-by-demonstration (Nunamaker 1990, p.631). From another 
point of view, it also could represent partly exploratory stage of information 
system study, while the goal is to apply new IT technology into an organization 
and evaluate the implications or effects brought by the new IT technology from 
the aspect of finance or non-finance. System development research process is 
of an interactive nature, as illustrated in figure 3.2. 
Five steps could be divided into three fragment as Concept building, System 
building, System Evaluation. Therein, the first step and last step separately 
belong to concept building and system evaluation part. The systems building 
part contains develop system architecture, analyze and design the system and 
build the (prototype) system. Next three sections depict how this project applies 
this model in details.  
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Figure 3.2 The System Development Method (Nunamaker 1990, p.631) 

3.2.1 Concept Building 

This stage contains the construction of a meaningful research question, 
investigation the functionality and requirements of the system and studying 
other disciplines for other ideas and approaches (Williamson 2002, p.152). 
Compared with traditional systems development, this approach places emphasis 
on how the system illustrates the concept instead of the quality of the system 
implementation.  
As mentioned before, this project is based on the real case. After meeting with 
the organization, a meaningful research problem is defined as how to make 
system filter a mess of information automatically according to different target 
group’s preferences. Based on this problem, personalization systems are 
considered as primary approaches to resolve the problem. We research a lot of 
current personalization systems and find that most of them are based on 
personal preferences recommendation and have the cols-start problem. Hence, 
existing personalization systems cannot solve this problem. On the other hand, 
semantic web acts as a new technology that can process a large number of 
information resources as machine-readable. It can support information 
processing and filtering more automatically. According to both concepts, we 
have proposed the two research questions and design the framework based on 
these research questions.  

3.2.2 System Building 

Three sub-stages are included in this stage as develop system architecture, 
analyse and design the system and build the (prototype) system. The stage of 
develop a system architecture aims to provide a road map for the systems 
building process. This stage specifies the system from a functionalities 
perspective. Structural relationships and interactions between system 
components should be defined. In our project, we design a new framework of 
personalization system. The functionalities of each framework component are 
also specified in section 4.1.1. Furthermore, interactions between each 
component are presented from data flowchart perspective. 
At stage of analyse and design the system, it involves the understanding the 
application of relevant scientific and technical knowledge, creation of various 
alternatives. A blueprint for the implementation of the system should be 
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generated at this stage. After each component defined in the framework, a 
specific method for each component is illustrated as flow chart. This step 
decides the implementation orientation. 
The third stage of build the system focuses on building a prototype system and 
system implementation. This stage aims to demonstrate the feasibility of the 
design and the usability of the functionalities of a system development research 
project. Base on system design, specific IT technologies are defined to develop 
this system. We decide using Java as programming language to implement this 
system. At meanwhile, this system is also supported by Jena and Ontology. We 
illustrate UML class diagram of this system as well. 
In our report, chapter 4 specifies the whole process of system building. In a 
word, the main tasks of this fragment are system framework development and 
framework implementation. The framework development involves defining 
components of the framework and deciding approaches for each component. 
The specific methods for each component will be presented in next chapter. 
After the framework created, relative demonstrate system will be built based on 
the framework.  

3.2.3 System Evaluation 

The last stage involves evaluation system by laboratory or field experiment 
(Nunamaker 1990, p.631). The system will be tested its performance and 
usability as stated in the requirement of definition phase. In this project, 
evaluation focuses on whether this system solves the research questions and 
meets basic functions. Test method of Black-box test will be used in this 
evaluation. And test case data are collected from Swedish Board of Agriculture. 
On the other hand, this evaluation ensures that each component of the 
framework is interoperable and target groups could get relative information 
based on their information demand based on the real case. 
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4 Development 
This chapter depicts our personalization system framework from general level 
to details. First, the architecture of the framework will be illustrated. In this 
architecture, the functions of each module will be introduced. Based on the 
architecture, approaches for each module will be given as well. Finally, a use 
case will be used to implement this framework.  

4.1 Framework 
This section aims to provide an ontology-based personalized system framework 
in news recommendation and search engine domains. User profiling is an 
important method in personalization system because it records users’ basic 
information (e.g. name, age) and preferences. We refine this method in our 
personalization framework compared with the current basic process of user 
profiling.  

4.1.1 Architecture of the Framework 

Since personalization aims to filter information or product items for 
individuals, it acts as mediators between items and users. Consequently, most 
personalization systems have three procedures (Kim et al. 2002): user profiling, 
content modeling, and information filtering. We adopt these three essential 
parts in our framework as well.  
Our personalization framework describes necessary functional components in 
personalization system and interoperation between the components. Compared 
with traditional methods applied in personalization systems, we propose to 
combine semantic web technologies with personalization system. Two 
ontologies are added in components of user profiling and content modeling to 
support making user profiles for users and data processing. Meanwhile, we use 
ontology query operation instead of information filtering component to find out 
which items match with which users. 
The framework consists of five main modules outlined in Figure 4.1. In this 
framework, the two ontologies support three modules as user profiling, 
ontology query operation and content modeling. Five modules describe the 
fundamental phases and are distinct according to personalization process. Five 
modules are defined as following: 
GUI: The graphical user interfaces modules allow the users to setup personal 
basic information and preference. On the other hand, system presents 
recommend news via GUI to user directly.  
User Profiling: the functions of this module are generating individual user 
profile and defining various target groups. Particularly, features of different 
groups will be specified to help divide users into different groups. Preference 
ontology is developed to present both preferences of individual and group. 
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Ontology Query Operation: This module aims to select information about user 
preference or corresponding group preference from Preference ontology and 
then run a query at Classification ontology to get result of recommendation for 
user. 
Content Modeling: This modules focus on translating different formats of web 
sources (i.e. html, asp, RSS) into RDF. Classification ontology is developed to 
share common vocabularies in the system. Each RDF resource will be aligned 
to classification ontology in order that distinguish the resources category and 
understand contents of resources.  
Crawler: This module aims to gather specific information of web pages form 
Internet for later processing by content modeling module. 

 
Figure 4.1 Framework Architecture 

4.1.2 Features of the Framework 

Compared with personalization system framework mentioned in section 2.5.3, 
both systems have user module and content module. However, the preference 
ontology is added to user profiling module to provide group-based preference 
in our system.  
On the other hand, the ontology used in previous system framework is used to 
make filtering query according to content module. In our system, the 
classification ontology is used to divide news types instead of generating query. 
So the both ontologies are applied in our system to support different module 
separately.  
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4.2 Components of the Framework 
Based on the personalization system framework, three modules such as user 
profiling, content modeling and ontology matching operation will be specified 
from aspect of methodology in this section. Each module is specified as several 
procedures to realize the functions of the module. Two ontologies will be 
defined during system building, which acts as repository to manipulate data 
from users and resources.  

4.2.1 User Profiling 

Compared with traditional user profiling, this module applies preference 
ontology instead of database. The main purpose of using preference ontology is 
that this ontology is a good representation format of user profile. User profile 
information is not only stored at syntax level such as database, but also the 
ontology will provide semantic inference. For instance, ontology could divide 
users into children group, young group or elder group automatically based on 
their age. However, traditional database requires recording user group type 
manually. On the other hand, the utility of these group types is to store group-
based preference. For example, people from elder group are retired workers. 
They may be interested information about pension. Hence, while new user log 
in system without personal preference, system could provide information base 
on his/her group type. This approach could solve cold-start problem mentioned 
before. Figure 4.2 illustrates the process of user profiling module. The 
parallelogram indicates input/output file. The oval indicates operation and the 
cloud shape indicates ontology. From this diagram, two inputs of user profile 
and group profile serve as instances to record in the preference ontology. Rules 
file is a set of expressions that depict the group classification rules. After that, 
reasoner operation will read both ontology and rules into its Jena model and 
finally generate inferred ontology. The inferred ontology already links user 
profile to group profile together automatically. Next sub-sections will explain 
preference ontology, rules and reasoner operation in detail. 

 
Figure 4.2 User Profiling Module 
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4.2.1.1 Preference Ontology  

Preference ontology uses OWL language. This ontology divides into two parts 
as user and group. User will be described from two perspectives as user profile 
and user preference. First, user profile depicts personal basic information 
including age, language, gender and profession. Developer could analyze the 
users’ profile to adapt the site to arrive at a better usability. For instance, if the 
system detects user whose age is older than 60, the system could enlarge the 
font size. On the other hand, this information could support company to do 
some statistics so that they can refine their services. Second, user preference is 
used to record specific individual requirements and preference according to 
different user. The final recommendation strategy will consider both user 
preference and group preference. The structure of user taxonomy lists in the 
Table 4.1. 

 
Table 4.1 Preference Ontology Structure 

In above ontology, group is a class mainly used to record group information 
such as criteria of group classification, group name, and group preference. The 
group class will use group classification rules to divide group types. These 
rules will be explained in the next section. 
Based on the structure from above table, we use protégé application to edit 
preference ontology as shown in Figure 4.3. The class Group has sub-classes of 
AgeGroup, GenderGroup and RoleGroup. Each group type will be divided 
according to a certain user profile. For instance, Class of RoleGroup will be 
divided according to user’s role. If a use’s role is student, then this user will be 
classified into student group. 
The class Preference is divided into GroupPreference and UserPreference, 
which define preference belonging to User or Group. Classes of Gender and 
Role link to the User class by properties of hasGender and hasRole. The 
property of hasUser presents the member of different Group. Classes of User 
and UserPreference are linked by property of hasPreference. Group and 
GroupPreference are also linked by hasPreference property. 
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Figure 4.3 Preference Ontology Schema 

4.2.1.2 Rules 

Ontology provides rules to enrich expression ways. In the module of user 
profiling, rules are used to divide group classification. For example, class 
AgeGroup is classified according to user age. Then groups will be defined as 
children that age is under 18 and adult that age is over 18. Rules could express 
these criteria. After that, all users could be divided into adult or children group 
based on this rule automatically. Since rules defined various groups, different 
group type will have its own group topic. Maybe, children group will have 
preference of fairy tales.  
In a word, developers could classify group according to their needs via rules. 
The strategy of group classification could be based on gender, age, location and 
so on. After group name defined, same group maybe has similar interests or 
preference, which could help system offer recommendation to new user or 
users without detail personal preference.  

4.2.1.3 Reasoner 

Several reasoners could be selected to obtain inference ontology. Each reasoner 
uses particular algorithm running inference. The process of reasoner is out of 
our discussion. We choose Jena reasoner as component of this module because 
it is developed along with Jena API. Another kinds of reasoner are also 
available such as Pellet.   
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4.2.2 Content Modeling 

Figure 4.4 illustrates the process of content modeling module. The 
transformation operation needs two input files to generate RDF output file. 
Web page resource is the input file from crawler module. This file contains 
news information from Internet and its format is various as html, asp or RSS. 
Transformation file formulates how to transform resource file of different 
format to RDF format. Transformation operation could create corresponding 
RDF output file based on the two input files. The purpose of this operation is to 
make the content of news machine-readable. 

 
Figure 4.4 Content Modeling Module 

While RDF file generated, individual population operation align the 
information from RDF file as instance to classification ontology schema. This 
ontology schema specifies all available news attributes (i.e. topic, URL, author) 
and types then organizes in taxonomy. Finally, classification ontology present 
integrated news content classification. Above is the basic procedure of content 
modeling. Available methods applied to transformation and alignment 
operation will be introduced as follow. 

4.2.2.1 Transformation Operation 

This operation aims to transform resources with various formats from Internet 
to RDF model that is a compatible format used by semantic web. Since a large 
number of websites use XML for exchanging information and the structure of 
XML is close with RDF. Here we choose XML as our example to illustrate the 
transformation operation. There are two methods of transferring XML data to 
RDF format. One is JAXB (Java XML Bindings), and the other is XSLT 
(Extensible Stylesheet Language Transformations). First, we introduce the 
method of JAXB and Velocity to generate RDF from XML data.  

• JAXB 
There are three procedures in this method, illustrated in Figure 4.5. The first 
step aims to generate the Java bindings for the XML data according to its XML 
schema. This involves analyzing the XML schema and generating 
corresponding Java classes to make sure that data could be unmarshalled. 
Finally, a framework will be built in this step, which specifies how to transfer 
XML data into different Java objects.  
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Figure 4.5 Three Prodedures of Exposing XML Using JAXB and Velocity (Hebeler et 

al. 2009) 

The second step involves unmarshalling the data into Java objects from XML 
input using the classes generated in the first phase. As soon as the objects are 
created and loaded, they can be processed further as desired. The last step 
focuses on invoking the Velocity template engine to generate the output RDF 
document from the Java objects via Velocity template file that specify rules of 
transfer (Hebeler et al. 2009). 
In summary, the benefits and drawbacks of JAXB are listed as follow: 
Benefits: 
1. This method is quite powerful and flexible to Java. 
2. Using Java as intermediate representation makes this method more modular. 
3. Velocity makes possible to generate any arbitrary text output or RDF 

serialization. 
Drawbacks: 
1. Scalability is a problem because this process is not inherently streaming. 
2. It requires recompilation and redeployment while the source XML schema 

changes. 
3. This approach needs maintenance of Java binding and Velocity template 

files. 
• XSLT 

XSL Transformations (XSLT) is a second method, which is an XML language 
used to transform XML documents into other XML documents. The typical 
procedures involve generating XSLT document, combining XML source 
document with XSLT document and create an output RDF/XML document. 
This method could not only transform XML document, but also could translate 
other types of document to RDF/XML format. So XSLT document specify 
transforming rules to tell system how to translate source document to target 
documents. This report only focuses on the XSLT document that transforms 
XML resource to RDF/XML. 
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Several elements contained in XSLT document. They are stylesheet definition 
(xsl:stylesheet), output definition (xsl:output), and rule templates 
(xsl:template). The stylesheet definition node defines namespaces of xsl, rdf 
and identifies the version of XSLT. The namespaces should be defined at both 
input and output documents so that XSLT processor could generate the output 
document correctly. The node of xsl:output specifies the format and encoding 
of output documents. The use of xsl:template elements is to define the rules 
that transform source XML document to output RDF document. Each template 
elements contain the attribute of match, which is use to define the specific node 
applying this template. In another words, the XSLT documents could contain 
several template elements to transfer different key XML nodes to target 
document. XML Path pattern is used in match attribute to specify the location 
of each node. 
When the XSLT document finished, the XSLT processor will parse the source 
XML document and apply the XSLT document to each node of XML tree. In 
this process, the order is from root node to end leaf node in a depth-first 
manner. If the node matches the match attribute of the template, this template 
will be applied to this node, which means that output text or XML contained in 
this template will be generated in the output file (Hebeler et al. 2009). 
Compared these two methods, the benefits of using XSLT approach to 
transform XML as RDF is as follow: 
1. The transformation configuration is external to the application. 
2. It is a powerful language for transforming and processing XML. 
3. RDF has a character of XML concrete syntax, which makes XSLT a natural 

fit. 
4. The code of processing XML and XSLT is short, simple and could be reuse 

regardless of different sources. 
However, there are some drawbacks to XSLT as well, which include: 
1. XSLT is complex and has a steep learning curve. 
2. The process of XSLT file configuration is manual. 
3. XSLT configuration has to maintain while the XML feed changes  
4. XSLT is only for creating RDF in the RDF/XML syntax. 
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4.2.2.2 Combination Operation 

Although all of the resources are transferred into RDF, it is still not integrated 
in a common vocabulary model because the information from different 
resources is expressed by their own vocabulary. Even the information has been 
combined; the relationships between the concepts are still not defined. In order 
to transform information from one ontological representation to the other, 
mappings should be defined between two ontologies. Combination operation 
aims to determine these mappings and align content from different RDF files 
into classification ontology. There are two main approaches to combine these 
ontologies and RDFs. One is that individual population, and the other is 
alignment ontology. Individual population aims to read instances from each 
RDF file separately and finally add these instances into classification ontology 
as individual via Jena. 
For alignment operation, first one involves developing a third shared ontology 
and then two target ontologies are separately mapped to the third one. A 
foundational ontology will be used in this approach typically. If the foundation 
ontology already exist, it will be helpful to map source ontologies to align to 
this ontology. Otherwise, foundational ontology could be design as a bridge 
between source ontologies so that make further mapping tasks easier. 
Although, it involves extra work of building foundational ontology in the shout 
term, this procedure could simplify the alignment process later. On the other 
hand, ontology reuse could apply to this step, which also make it possible to 
reuse mappings between ontologies. 
Second is manual ontology alignment dispenses with the intermediary and 
simply aligns the two ontologies directly with each other (Hebeler et al. 2009). 
This way makes alignment more straightforward and precise. After two 
ontologies aligned and a proper mapping determined, the system could make to 
perform that translation at runtime. Based on the size of ontology and different 
expression of the concepts, several methods could be used to achieve the 
translation. The goal of this component in our system is to aggregate 
information from different websites. So the system is designed extensible in 
terms of information access. Figure 4.6 illustrates the approach of ontology 
alignment. 
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Figure 4.6 The Approach of Ontology Alignment 

Data source A is a RDF format processed in the previous section and encode in 
“data source A” ontology as input to JenaSource class. JeanSource is a helper 
class supported by a Jena model, which use to a bridge between the ontology 
and the rest of the software. JenaSource class could process useful resources 
data object based on specification ontology. And help system align target 
resources ontology to specification ontology. The classification ontology acts 
as intermediate, which links to preference ontology during matching operation 
and mirrors the java classes used by program. 

4.2.2.3 Classification ontology 

As classification ontology is an important component, it acts as data center in 
this module. However, compared with database, it focuses on presenting 
relations between data. In order to learn about ontology alignment better in this 
system, we illustrate the structure of the classification ontology as shown in 
Figure 4.7. This ontology expresses news taxonomy and the basic content of 
news that can provide to users. Resources from different website could be 
specified as title, description, URL. Meanwhile, each resource is classified into 
different categories, which helps system recommend relative resource to target 
user based on preference ontology. This ontology presents simple news 
taxonomy, as that class News is father node of class AnimalNews, class 
BankNews, class OrganicNews and class WeatherNews. Each type of news 
class uses data property (i.e. hasTitle, hasURL) to link it, which expresses the 
attributes of news.  
While RDF file aligns to this ontology, some classes and data properties such 
as hasClassified, hasTitle and hasURL must be filled. Title and URL act as 
identifier of the news. In addition, since most of websites have RSS feed with 
XML format, the schema of this ontology refers to the XML of RSS feed.   
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Figure 4.7 Classification Ontology Editing with Protégé 

4.2.3 Ontology Query Operation 

While user information aligns to preference ontology and web resources are 
classified to classification ontology, ontology query operation modular aims to 
use SPARQL on two ontologies to query recommended news to the user. The 
basic procedure of ontology query operation illustrates in Figure 4.8. While a 
user login the system, the corresponding user profile will be passed to inferred 
preference ontology as parameter. A specific query with the parameter will be 
run in the inferred preference ontology in order to search the target classes and 
properties with this user’s individual preference and relative group profile. 
These classes and properties are organized like sub-ontology. This sub-
ontology name group profile ontology in Figure 4.8. Then, this ontology and 
classification ontology will be read into News Filtering operation. Two 
alternative methods could be used in the operation. First one is SPARQL 
Query. Similar classes in Group profile ontology will map to classification 
ontology in this process. Then, user tailored news will be recommended based 
on the inferred ontology via SPARQL language. An alternative method is 
ontology matching. A certain algorithm will be used to calculate class 
similarity between two ontologies. Then source ontology will be mapped to 
target ontology based on the similarity calculation. Finally, alignment ontology 
will provide matching news to user. 
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Figure 4.8 Ontology Query Operation Module 

4.2.3.1 News Filtering 

As mentioned above, given two ontologies, one of methods is using SPARQL 
language to run query on target ontology. This approach is suitable for two pre-
defined ontologies, which contain corresponding general concepts in both 
ontologies. While two ontologies are aligned into one, SPARQL language 
could be used to query demanded information on the target ontology.  
On the other hand, the other method is to find semantic mappings between both 
ontologies. One to one mapping between two ontologies’ elements is simplest 
type of mapping, which means “reading preference” maps to “reading 
interests” and “person” maps to “individual”. In addition, it is possible to map 
different types of elements such as class mapping to property. Some ontology 
matching API could be applied in this method. 

4.3 Implementation for the Case of the Swedish Board 
of Agriculture 
We choose a case from Swedish Board of Agriculture to implement the 
framework. The scenario of this case is concluded as follow: 
The Swedish Board of Agriculture investigates several customers to get some 
feedback of their websites. From this investigation, the main problem is that 
there are growing amount of information in their traditional website, which 
makes clients hard to find out useful information from a large number of 
existing resources. Meanwhile, the company also classifies their clients into 
several groups such as farmer, pet owner, and inspector. Each group has similar 
interesting and requirements. The company desire to design a system, which 
could provide tailored information and services to different target group. Based 
on the problem, elaborate requirements to the system are concluded below: 

• System should identify users’ profile and reading preference. 

• System should analyze the preference and provide corresponding 
information. 
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• System should mark up and classify available e-resources based on their 
content.  

Based on this case, proper method for each component will be selected to 
realize the systems implementation. Figure 4.9 illustrate data flowchart 
combined three modules introduced in previous section. Squares indicate the 
modules. Two sets of input are separately come into user profiling module and 
content modeling module. Finally, the output of user tailored news flows from 
ontology matching operation module. 

 
Figure 4.9 Data Flowchart of the Framework 

Figure 4.10 illustrates the architecture of personalization prototype. The 
Application and Services layer contains components providing interface to our 
system. Jena Rules and Reasoner serve for group classification. SPARQL 
query is used to retrieve recommend news. XSL Transformation aims to 
transfer XML file into RDF file.  
The Middleware layer is focused around Jena API, providing primitives for 
ontology access and manipulation. This layer also includes J2SE-based 
implementation of Jena API. 
The Data layer is the back-end part of this system. For local, in-memory 
operation storage based on Jena API will be used. XML, XSL and RDF file are 
used to store information during transformation. Ontology is used to store user 
and news information.  
From the perspective of framework architecture mentioned at Figure 4.1, J2SE, 
Jena API and ontology support modules of user profiling, ontology query 
operation and content modeling. Jena Rules and Reasoner are used in user 
profiling module. SPARQL query is used by ontology query operation module.  
XML, RDF and XSL files and XSL transformation are used by content 
modeling module. 
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Figure 4.10 Personalization Prototype Architecture 

Figure 4.11 presents class diagram of this system. Each module at least has one 
class to realize its function. Broken line arrows indicate methods invoked 
procedure between classes. ReadGrpOnt class realize User Profiling module. 
This class is used to read preference ontology and get user’s basic information 
and reading preference. Contend modeling module contains three classes as 
XML Reader, Read News and Align Model. XML Reader class is to read xml 
file and transform it into RDF file. After that, Read News class will read 
information from RDF file into Jena. Finally, Align model class is used to 
populate instances from RDF to classification ontology. Ontology Query 
operation class will run queries between preference ontology and classification 
ontology so that obtains recommended news according to user information.     

 
Figure 4.11 UML Class Diagram of the System 
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4.3.1 Scenario 

According to the above section, there group types are selected as example in 
our implementation. They are lifestyle farmer, pet owner and contractor 
(business farmer). Tables 4.2 to 4.4 illustrate reading preferences of each 
group. 

Target group: Pet Owner 

Information- 
demand 

• To get latest rules about pets: Pet owners want to know 
the latest rules and laws about the pets. 

• To know about Importing and exporting pets: Pet owners 
want to know the rules about importing and exporting the 
pets.  

• To know about travelling with pets: Pet owners want to 
know the rules about travelling with pets and what 
facilities have been offering for the pets. 

• To know about pets’ health: Pet’s health is really 
important for pet owners they also feel responsible for 
others’ pet in order to prevent potential infections. 

• To know about insurance: They want to know what is 
required to insure their pets.  

• To facilitate the travel: They get some tips from their 
veterinarians to facilitate their travel. 

• To get advice on breeders abroad: They want some 
advice from breeders abroad when buying pet from 
another country, because it is so risky. 

Table 4.2 Information Demand of Pet Owner 

This target group is always interested in issue about pet such as dogs, cats, 
golden fish and so on. They want to know about the health state of their pets, 
and are willing to learn some basic pets medicine. In addition, knowledge about 
how to adopt their pets is also need by them. Sometime, they need to learn 
about relevant policy and application procedure of travel with pets. 
 
 
 
 
 
 
 
 



Development 

40 

Target Group Contractor (Business Farmer) 

Information- 
demand 

• To expand business:  These kinds of farmers want to 
expand their business. This can be in different ways, like: 
renting the horses, renting the building, selling the goods, 
and etc. 

• To find employees: It is difficult for them to find the 
right person to hire since it is risk full and expensive. 

• To know how to get capital from bank loans: They need 
to get loans from bank to start their business. 

• To know about business plan writing technique: They 
want to get help in writing the business plan. 

• To know about the bank loans process: They need 
guidelines for gaining the loans. 

• To know about Organic farming: They believe organic 
farming is more beneficial and also think the demand 
will increase by the time. 

• To know about new agriculture rules and aids: In order 
to know how to expand their business, they need to know 
the latest agricultural rules.   

• To know weather forecast: It is important for them to 
know about the weather forecast. For instance they will 
know when it is the best time for harvest or when for 
possible spraying. 

• To know EU supports: They need EU supports to 
accelerate their business. 

• To get simplified rules: They think some of the rules are 
complicated and difficult to understand. 

Table 4.3 Information Demand of Business Farmer 

The contract group use Internet most frequently compared to the other two 
groups. They are willing to look for new way to develop their businesses. They 
like to try different types of business at same time. The business they interested 
is such as rent horses, rent out old building in the courtyard, agriculture goods 
sale, machinery rental. In a word, each chance that could let him gain profit is 
interesting for them. On the other hand, in order to develop new branches of 
business, he wants to expand his business scale, which requires more land, 
capital and employees.  
So based on these characters, in order to attract them use more website of 
Swedish Board of Agriculture, the website should be included more 
information they interested. Actually, some kinds of information could be 
found on other website, but semantic web services could integrate them 
together and make users retrieve this information conveniently. List above 
describe the scope of information they interested. 
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Target Group • Farmer- Lifestyle 

Information- 
demand 

• To protect nature: Lifestyle farmers believe it is 
important to take care of the nature 

• To have sustainable and organic agriculture: In order not 
to damage the environment they use natural resources. 
And also they believe the products will be better and 
healthier 

• To know about animal health: They work with animals 
and it is important for them to make sure that animals are 
well and healthy 

• To have Lifestyle farmer community: They want to have 
a community so they can share their ideas and they can 
do some comparisons 

• To get detailed information about product: They think it 
is better to stick label on products so that customers can 
find organic products and also they can see detailed 
information about products such as: how it was 
transported, how it was produced and etc…   

• To know weather forecast: They want to know weather 
forecast 

Table 4.4 Information Demand of Lifestyle Farmer 

Farmer of this group is not keen to get profit from farm products. In fact, they 
enjoy the country life and they are concern about nature protection. They are 
willing to develop a sustainable and organic agriculture because this is good for 
nature. Because of this character, they do not use Internet often. But they are 
likely to know more about organic farming and share their experience to people 
with the sad ideals. Their requirements are mostly about organic agriculture 
including organic agriculture technique, EU support to organic agriculture and 
some organic agriculture community. In addition, they are also interested in 
those e-services to make some application procedure easier. 
According to information demand analysis, we found that most of website 
began to use RSS feed to publish their update information. This technology 
unified the standard of information publication so that user only needs to 
subscribe the feeds they interested, then update news will be delivered to 
clients automatically instead that users had to log on the website before. 
However, this approach also need user to log on the website and subscribe 
manually. Since there is millions of information published on Internet, it is 
impossible for user to find out all resources they like. RSS is not an active way 
to help user detect useful resources, because RSS does not design for machine-
readable. However, RSS is regarded as specific XML format, which could 
transform to RDF easily so that system could understand content and process 
information automatically. 
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We pick up four kinds of RSS News feeds to implement in the system based on 
group reading preference. These RSS News feeds include animal news 
(http://www.inspection.gc.ca), weather news (http://www.smhi.se), bank news 
(http://www.seb.com) and organic news (http://www.jordbruksverket.se).  

Group Type Group Preference Preference Example 

Pet Owner Animal news 
Weather news 

http://www.inspection.gc.ca 
http://www.smhi.se 

Lifestyle Farmer Organic farming news 
Weather news 

http://www.jordbruksverket.se 
http://www.smhi.se 

Business Farmer Finance news 
Weather news 

http://www.seb.com 
http://www.smhi.se 

Table 4.5 Group Preference Setting 

Above table lists group-based preference. At meanwhile, we set three users as 
individual in preference ontology for evaluating the framework later. 

User Name Gender Age Role Reading Preference 

Emma Female 25 Lifestyle 
Farmer 

Pet News 

Jeff Male 38 Contractor  

John Male 15 Pet Owner  

Table 4.6 User Profile Setting 

4.3.2 User Profiling Implementation 

As mentioned at section 2.5.1, traditional user profiling includes four steps as 
profile representing, creating primary profiles, taking feedback and profile 
learning. In this prototype, we implement first two steps in user profiling 
module. We choose preference ontology as profile representing and we use 
Jena to create primary profiles. Step of taking feedback is not considered in this 
implementation. 
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From preference ontology schema (Figure 4.3), we added group class 
information to profile representing. Besides, preference class is classified as 
user preference and group preference. However, in the step of creating primary 
profiles, the implementations of adding user information and group information 
are in different manner. Group information will use Jena rules to support group 
classification. Users will be assigned to a certain group based on these rules 
while they log in the system first time. And each group will be pre-defined 
group preference. Hence, system could provide recommend information based 
on group preference while system has not personal preference of new user. In 
some degree, group-based information helps solving cold-start problem. Next 
two sections will introduce in detail. 

4.3.2.1 Adding users’ information  

We use protégé to create user ontology schema without instance. After that, 
java class of ReadGrpOnt works on loading this ontology into Jean model and 
add individual with its property. Figure 4.12 illustrates the code of adding user 
instance. We use get methods from Jena API to obtain user class, data 
properties (e.g. hasName, hasID) and object property of hasGroup from 
preference ontology. Then, an individual named John is created in the 
preference ontology. At meanwhile, the corresponding properties for the 
individual are created as well. 
At our program, we only add three individuals standing for three groups’ 
classification into preference ontology in a string manner directly. If in the real 
case, method of passing user inputs as parameters via GUI could be used.  

 
Figure 4.12 Code of Adding User Instance 

Figure 4.13 shows group-based user ontology after running the class of 
ReadGrpOnt. Group and User are reserved as class as previous but group 
preference, user preference and their attributes are replaced by data type 
properties as hasPhone, hasName, hasRole and hasID. And property of 
hasGroup links the relation between group and user. 
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Figure 4.13 Preference Ontology with Individuals 

4.3.2.2 Customize Group Classification 

In order to make group classification flexible, we revised the preference 
ontology schema as show in Figure 4.14. We add different group types such as 
AgeGroup, GenderGroup and RoleGroup as a subclass of Group. At 
meanwhile, we set two kinds of preference for personal and group, which will 
make recommendation more accurate. Some personal attributes in Figure 4.13 
change to class in this ontology (i.e. Role) so that ontology rules could be 
applied to realize customized group classification function. 

 
Figure 4.14 Preference Ontology Schema for Customized Group Classification 

From programming perspective, Jena rules are used in this class. A specific 
rules file is created to store different rules. Figure 4.15 illustrates the group 
classification rules in our system. 
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Figure 4.15 Jena Rules for Group Classification 

Five rules are defined for group classification; first three rules define the 
member of RoleGroup class based on user role. The rest two rules divide 
groups as male and female. Different rules could be set for different group 
types based on system needs. Finally, this rules file will be read into Jena 
model and reasoner will process these rules. 
Figure4.16 illustrates the code of running rule at Jena. First, the rules file will 
be read into Jena model via rules URL. Then, Jena will initiate reasoner for this 
model. Inference model will be created after Jena run reasoner with rules. 
Finally, the inference model will be saved as RDF file. 

 
Figure 4.16 Code of Running Rules at Jena 

The outcome of the inferred ontology is illustrated in Figure 4.17. According to 
rules, each individual is classified to different groups using property of 
hasGroup.  
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Figure 4.17 Inferred Ontology 

4.3.3 Content Modeling Implementation 

The system could transform these news feeds into RDF/XML format, which 
allows system could understand this information so that align to our 
classification ontology. Finally, this step could realize the function of news 
classifying. 

4.3.3.1 Resource Annotation 

The method of XSLT is used in the implementation. Before processing XML 
and XSLT programmatically, the XML resources and XSLT documents should 
be prepared first. It should be noticed that each XML feed needs specific XSLT 
document. Figure 4.18 illustrate weather news RSS feed from SMHI. This feed 
uses RSS 2.0 as its format. Element RSS describe namespace imports and RSS 
version, which is also a root node for the feed. Channel elements include some 
sub-nodes such as title, description, language, and copyright to specify the 
content of news feed. Above elements is basic tag for RSS 2.0 format. 

 
 
 

 

Figure 4.18 Weather News RSS Feed 
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Since RSS feed has uniform elements tree, it is easier for us to create XSLT 
document. Even, we just need to write one XSLT template to transform 
different RSS feeds in some degree. 
After RSS feed is determined, From figures 4.19 to 4.21 show the XSLT 
document. From figure 4.19, Stylesheet element defines the namespace of rdf, 
w, dc, and base. In these definitions, rdf is default namespace form RDF and dc 
is default namespace of Dublin Code that come from the XML file. On the 
other hand, w and base are custom namespace definition being used in RDF 
file. At last, this document is user XSLT 1.0 and output method will be XML.  

 
Figure 4.19 Weather News XSLT File 

Above declares basic information of the XSLT file. Figures 4.20 and 4.21 
define templates. XSLT processor will begin the process from XML 
document’s root node. Template from Figure 4.20 will be processed first 
because this match path expression is the root identifier. This template will 
create the rdf:RDF elements to output file along with these namespaces. Each 
RDF file needs these declarations so it is called apply-templates. The rest of 
templates will be processed as the children of this node. 

 
Figure 4.20 Weather News XSLT File 

After process previous template, the processor will move onto the rss node. 
However, our XSLT document is not defined the template of this node. So 
processor will move to the next node of channel, which matches the template 
from Figure 4.21. This template first create the <w:WeatherNews> node in the 
output document. Then some attributes of this node are defined as topic, URL, 
summary and copyright. There is also different news topic presented in News 
feed, which are used item element presented in XML file. So, for-each element 
will transform these nodes iteratively until all item elements are processed. 
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Figure 4.21 Weather News XSLT File 

Above two templates translate all nodes from XML we needed. Combination 
from Figure 4.19 to 4.21 is a completed XSLT file corresponding to weather 
news RSS feed. When XSLT processor process each node and create nodes in 
the output document until there are no more nodes unvisited. Finally, the 
process terminates and the output document is complete as shown in Figure 
4.22. This result is an RDF/XML document and reflects the information from 
the XML source document. 
Actually, the complication of processing depends on the complication of XML 
document. If the structure of XML is quite complicated, and you have to 
present all nodes into output file, the corresponding XSLT file will become 
more complicated. 

 
Figure 4.22 Weather News RDF Output File 

So far, the two necessary documents are prepared before. The next step is to 
build a program that combines an XML source document with an XSLT to 
transform an output RDF document. This example list here is a simple client 
program, which uses Java’s XSLT libraries to create RDF. The program will 
build an RDF file first and then reads this file into a Jena model so that RDF 
file will be validated and output it in RDF/XML format. Of course, Jean also 
could output file as other format like Tutle. 
Figure 4.23 list an abridged source code without imports, input and output. 
Besides, the exception handling also has been removed in example.  
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Figure 4.23 Code of Transformation 

After set upping the streams for the input and output files, the XSLT transform 
begins at the step that gets a reference to a new TransofrmFactory object. 
Meanwhile, objects of StreamSource and StreamResult for input and output 
stream are also created. Then creates a new Transformer object to perform the 
XSL transformation. Notice that the instance of Transformer should be created 
with a reference to the XSLT document. After that, calls the transform method 
and passes in the source XML file and output file. After output stream 
generated, Jena model will be created to load this output stream and validate 
the generated RDF. Basic procedures will be followed as creating model, 
reading stream into model and writing out target file.  

4.3.3.2 Individual Population 

There are two classes to realize the function of resource alignment. Reading 
news class aims to get relative news attributes from RDF file. And model 
alignment class focuses on transferring these attributes to classification 
ontology as individual. Finally, the classification ontology schema will act as 
repository containing different news resource according to certain 
classification. 

• Reading News 
So far as all XML news resource transformed to RDF. We could use Jena to 
process this information semantically. Figure 4.24 only illustrate getting 
content attributes from weather news. The rest of news resource processor 
classes are quite similar as this. 



Development 

50 

 
Figure 4.24 Code of Reading News 

First, we still need to create an empty model to store upcoming RDF file. Next, 
FileManager is responsible to get the store path of RDF file. And then, Jena 
read method would read target RDF stream into model. After that Jena has the 
method of getProperty, which allows program to get target property from RDF 
file. Several parameters could be used in this method. When you want to get a 
specific property, the property name with namespace should be listed as 
parameter. It is possible that one property may have various instances, so 
resource.listProperties (Property p) method could be used to return an iterator 
that will list all instances of target property. Then, the resource iterator will 
produce each resource with target property in RDF file, so looping over it 
allows us to get each resource by using nextResource(), getting the property 
field, converting it to a string and finally return to pre-defined variable. Here, 
we only list get property of topic for weather news. The rest of getting URL, 
copyright could be found at Appendix. 

• Individual Population 
After system gets all useful resource from each news RDF file, Model 
Alignment class begins to align these resources to classification ontology. 
Previously, we only create basic taxonomy of the news without individual. 
Figure 4.25 shows how to load the ontology and add all resources as individual 
or property into the classification ontology. 
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Figure 4.25 Code of Individual Population 

The first two steps are same as reading news class. After model loaded 
classification ontology, some data type properties have to be obtained in order 
to add attributes value for each resource. Then, each news resource would be 
created as individual of news class in classification ontology and the 
corresponding attributes of this resource will be save as property for this 
individual. At last, this individual will be classified into a certain news types. 
Finally, the whole classification ontology schema will contain content of each 
news resource as individual and print out classification ontology. Above 
example only lists weather news alignment.  
Up to now, the component of content modeling is realized. Compared with 
processing preference ontology, we only use Jena to edit classification ontology 
without any reasoner. In addition, only RSS files are processed in this 
implementation. The rest of condition such as transforming html file or using 
different reasoned will be discussed at further work.  

4.3.4 Ontology Query Operation Implementation 

In this module, two approaches are implemented. Since developer designs two 
ontologies, so the matching operation could be simplified to use model 
querying without ontology mapping to get users’ reading preference. Besides, 
SPARQL and mapping are used to implement matching operation. 
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4.3.4.1 Querying a Model 

This is the final step of the system. After two ontology finished, ontology query 
operation aims to link both ontologies in order to provide reading preference 
recommendation to different group user. In approach section, two approaches 
are introduced to realize this function. Here, we selected approach of model 
navigation and query to achieve the personalization. 
Figure 4.26 and 4.27 are java class of ontology query operation code. In this 
class, Figure 4.26 presents the method of query target user information from 
preference ontology. First, we need to create three Jena models, two for loading 
preference ontology and classification ontology and the rest one act as 
temporary repository to store query result and prepare for ontology query 
operation. After read preference ontology into model, we use Jena method of 
getIndividual to get target user and relative properties. The parameter of user 
identifier will be obtained from user input. Based on this parameter, system 
will get user’s group classification and user preference. The selector method 
will select all statement with a subject that matches subject member, a predicate 
that matches predicate member and any objects. M.listStatement() method will 
return an iterator over all the statements, which match the selector. Then, the 
results will be store at temporary repository for next process. 
 

 
Figure 4.26 Query Preference Ontology 

The code from Figure 4.27 aims to use result get from Figure 4.26 to match to 
the classification ontology and get the relevant news. At previous result, we get 
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the user’s preference and group preference. Now, we use the value of group 
preference to match the news types in classification ontology. Here, we insert 
another statement iterator in previous iterator to select the statement that match 
the news with a property of hasClassified and a specific news type. Finally, we 
only choose to print out the subject of the statement instead of the whole 
statement with namespace.  

 
Figure 4.27 Query Classification Ontology 

4.3.4.2 SPARQL Query 

The first step of this method is to map two ontologies together. Both of 
ontologies are loaded in Jena model first, then system will set mapping relation 
for some classes between two ontologies. First three lines from figure 4.28 
show the class mapping relations in the system. While mapping relations are 
defined, Jena reasoner will be loaded to process these mapping and inferred 
model will be generated, which align two ontologies together. Since we have a 
inferred ontology, SPARQL query language could be use to search users’ 
preference freely as shown in Figure 4.28. 

 
Figure 4.28 SPARQL Query 
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5 System Evaluation 
As mentioned at methodology chapter, system evaluation will be divided into 
ontology aspect and application aspect. This chapter, we mainly focus on 
application evaluation. For ontology test, competency question and SPARQL 
language could be used to test the ontology. But this chapter doesn’t include 
ontology evaluation. 

5.1 Application Evaluation 
Two functions will be tested according to the research question. Before testing, 
precondition setup will be defined. Then we will choose one kind of test 
method in the evaluation. Test case and output result will be presented at last 
two sections. 

5.1.1 Evaluation Purpose 

Based on our research question, the evaluation mainly focuses on whether this 
system solved the cold-start problem of personalization system. Since we have 
given the definition of the cold-start problem in the section 2.5.2 and we 
decided using group-based preference to solving problem. We decided not 
define any personal reading preference for user test case. We will evaluate that 
the system has capable of providing the user recommendation based on group 
preference, if this user’s personal preference data is insufficient.  
On the other hand, while a user’s age is more than 65, system will enlarge the 
font size that make it easier reading for elderly people. This function also will 
be tested in our evaluation. 

5.1.2 Precondition Setup 

In order to finish this evaluation, we have to set some data in the system in 
advance for test. These data are based on use case of the Swedish Board of 
Agriculture. In the scenario section, we analysed requirements from Swedish 
Board of Agriculture. They expect to provide customized information to 
different user group. According to their customer analysis report, users are 
classified into seven groups based on user’s identity such as pet owner, 
business farmer, lifestyle farmer, inspector, and consultant. In this report, they 
also list interested information for each identity group.  
Based on their analysis report, we defined three kinds of data to evaluate our 
personalization system. First, we defined three users who have different 
profiles. These users will be assigned three identities as pet owner, business 
farmer and lifestyle farmer. Table 5.1 lists test case of user with detail profiles. 
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User Name Gender Age Identity 

Emma Female 38 Life-style Farmer 

John Male 20 Pet Owner 

Jeff Male 70 Business Farmer 

Table 5.1 Instances of User 

Then, we defined three groups as lifestyle farmer group, pet owner group, and 
business farmer group according to test case identities. In addition, we also 
defined two groups as elder group and adult group based on text case age. Elder 
group requires that age of group member should more than 65. And people 
over 18 years old could be a member of adult group.  
Finally, we defined some instances about web news listed in Table 5.2. News is 
defined as title, URL and type. The criteria of choosing news are based on 
Swedish Board of Agriculture. They list various types of news that their 
customer interested in. We select four types news as our instances. 

News Title News URL News Type 

CFIA Animal 
Updates 

http://www.inspection.gc.ca Animal News 

SEB http://www.seb.com Finance News 

Tema Klimat i 
förändring 

http://www.smhi.se Weather News 

Nyhetsbrev om 
ekologisk 

fruktodling 

http://www.jordbruksverket.se Organic farming 
News 

Table 5.2 Instances of News 

In section 4.3.1, information demands for different groups are defined. 
According to that demands analysis, we set data of information demand for 
three groups as Table 5.3. 

Group Information Demand 
Pet Owner Weather News, Animal News 

Business Farmer Weather News, Finance News 
Lifestyle Farmer Weather News, Organic Farming News 

Table 5.3 Instances of Information Demand 
Above all instances have been populated in the system already for evaluation. 
Instances of user and information demand are populated in Preference 
Ontology. And instances of news are populated in Classification Ontology. 
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5.1.3 Evaluation methodology 

In the Section 5.1.1, we finish setting all test cases needed in the evaluation. 
The purpose of evaluation is about two functions of the system. We choose 
black-box test as our method to evaluate this system. (Thomas 2002) 
Black-box test is a kind of software testing that tests an application’s 
functionality instead of its internal structures. According to program’s specific 
requirement, the sets of possible inputs and expected outputs should be defined.  
Based on evaluation purpose, two functions of the system should be tested. 
First function is that while input user’s name, system should provide 
information recommendation. This information recommendation should base 
on group information demand. For example, when we input user name Emma, 
system should provide recommendation about weather news and organic 
farming news. Because, according to precondition setup, Emma’s identity is 
lifestyle farmer. She belongs to lifestyle group. And lifestyle group have 
information demand about weather news and organic farming new. So system 
should offer news topics about weather news and organic farming news. Table 
5.4 illustrates test data of input and expected output for this function.  

Function 
Test 

Input 
Data 

Output Date (expected result) 

News Topic News Link 

Group-based 
recommendation 

Emma Tema Klimat i 
förändring 

http://www.smhi.se 

Nyhetsbrev om 
ekologisk 

fruktodling 

http://www.jordbruksverket.se 

Jeff Tema Klimat i 
förändring 

http://www.smhi.se 

SEB http://www.seb.com 

John Tema Klimat i 
förändring 

http://www.smhi.se 

CFIA Animal 
Updates 

http://www.inspection.gc.ca 

Table 5.4 Black-box Test Case for Function 1 
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Second function is that while input user’s name, if user age is over 65, then the 
font size of recommendation should enlarge to 18. The default font of the 
system is 12. In our precondition setup, only Jeff age is 79 that more than 65. 
So compared with other two users, the font for this user’s recommendation 
should be 18. Table 5.5 illustrates test data of input and expected output for this 
function.  

Function 
Test 

Input 
Data 

Output Date (expected result) 

Font Size News Topic News Link 

Font size 
adjustment 

Emma 12 Tema 
Klimat i 

förändring 

http://www.smhi.se 

12 Nyhetsbrev 
om 

ekologisk 
fruktodling 

http://www.jordbruksverket.se 

Jeff 18 Tema 
Klimat i 

förändring 

http://www.smhi.se 

18 SEB http://www.seb.com 

John 12 Tema 
Klimat i 

förändring 

http://www.smhi.se 

12 CFIA 
Animal 
Updates 

http://www.inspection.gc.ca 

Table 5.5 Black-box Test Case for Function 2 

5.1.4 Evaluation procedure 

This system designed a GUI for user to input user name as shown in Figure 5.1. 
The user name will be passed as parameter to matching class. Then system will 
provide this user tailored news according the user name. We test this prototype 
under Eclipse Platform. 
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Figure 5.1 Input User Name Dialog 

Since we designed the test case for both function. The procedure of system testing 
includes input user name in logon dialog (Figure 5.1) and click ok. Then, the 
system would list news recommendation based on the group that the user 
belongs to. From recommend news aspect, this system will list the title and 
URL of news. And font size of the recommend news will be changed according 
to user’s age. Test results are partly shown at next section. 

5.1.5 Evaluation result 

Based on test cases and test procedure, the following table illustrates 
comparison between test case and test result. 

Executive 
Procedure 
 

  

Input 
Date 

Output Date  Font Size 

News Topic News 
URL 

Input user 
name 

Emma Tema Klimat i 
förändring 

http://www.smhi.se 12 

Nyhetsbrev om 
ekologisk 

fruktodling 

http://www.jordbruks
verket.se 

Jeff Tema Klimat i 
förändring 

http://www.smhi.se 18 

SEB http://www.seb.com 

John Tema Klimat i 
förändring 

http://www.smhi.se 12 

CFIA Animal 
Updates 

http://www.inspectio
n.gc.ca 

Table 5.6 Test Results 
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Since the number that represents font size could not show on the 
recommendation dialog directly. Figure 5.2 and 5.3 illustrate two sets of test 
cases’ output in our system to distinguish different font size. Figure 5.2 is 
output of John test case of which font size is 12. Figure 5.3 is output of Jeff test 
case of which font size is 18. In a word, this system could provide recommend 
news for users based on group classification. And this system could adjust font 
size for different age levels. However, this system sets content modelling and 
user ontology reading at running time now, which cause that it needs some time 
to run out the result. So it is better to run content modelling and user ontology 
reading at background process especially while the ontology is large and 
complicated.  

 
Figure 5.2 Output of Use Case John 

 
Figure 5.3 Output of Use Case Jeff 

5.2 Workshop 
Since this project is bases on the case from Swedish Board of Agriculture, we 
had a workshop with them as well. The purposes of this workshop are that 
introduce semantic web technology to them and present the feasibility of 
applying semantic web technology into practice to solve their problem. During 
the workshop, we introduced our personalization framework and the 
implementation of the framework based on their case. Finally, we presented the 
demonstration of the system. 
After the presentation, the company showed the interests of this system. The 
system meets their requirements on general and they are satisfied about the 
solution. However, they hope that user profile should allow clients customize 
personal preference as well. The further development of this project is relative 
about business and regulation issue such as personal information privacy. So it 
is out of our consideration. 



Conclusion and   

60 

6 Conclusion and Future Work 
This chapter concludes this research from the purpose to result. At meanwhile, 
the difference between traditional personalization system and semantic-based 
personalization system is also listed from the aspect of benefits and drawbacks. 
Finally, future work depicts the potential methods that could be applied in the 
system in order to make the system more flexible in various domains and the 
way of improvement. 

6.1 Conclusion 
This research thesis proposed a new framework of personalization system. Our 
personalization system framework extends on traditional one, which consists of 
user profiling, content modeling and filtering. Compared with other 
personalization systems, there are two improvements in our system. First, we 
use two ontologies to support user profiling and content modeling parts. 
Preference ontology is used to present users’ profile. Classification ontology 
supports to classify resources from Internet into each catalog. Second, 
preference ontology not only presents user personal information but also 
records group preference.  
In classification ontology, different resource formats are transformed into RDF 
and align to classification ontology. While system detects user’s reading 
preference, system could search relevant resources from classification ontology 
according news types. The purpose of using two ontologies in user and content 
models is to improve the performance of filtering. Because while user and 
content models both use ontology to present information, it is easier for 
filtering module to matching information from both of models. The system 
need not transfer one side of data format matching to the other. Hence, we just 
need to use SPARQL query or ontology matching on filtering module to realize 
the recommendation.  
On the other hand, we add group preference in to preference ontology to deal 
with the cold-start problem. Preference ontology could classify user into 
different group according to age, role or gender automatically. And based on 
different groups, group preferences will be defined. While new user could not 
offer enough personal reading preference or other relevant preference data, 
system could offer recommendation based on group-based reading preference 
so that refine the cold-start problem. Compared with traditional database, we 
need not record group type for each user manually. In addition, preference 
ontology could recognize user’s age. If user’s age is over 65 years old, system 
could enlarge font size of recommendation. In this system, ontology acts a key 
role in our framework. 
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Finally, we test this system using test case from the Swedish Board of 
Agriculture. They are one of organizations facing the problem that could not 
process a large number of information efficiently to offer right information to 
right user. They expect to find a method for creation of resource channels 
customized for specific groups of users. This method can help users to explore 
and to filter out irrelevant information based on their preferences. We set our 
test data based on their scenario. The test result shows that group-based 
preference could meet their requirements and refine the start-cold problem.  
From perspective of framework, this framework is flexible, because each 
module could be realized in different manners. For example, we implement 
XSLT method in content modeling module. However, alternative method such 
as JAXB also can be used to transform resources instead of XSLT. According 
to various purposes, different method of each module can be integrated 
together to achieve the recommendation function. And this system can be used 
in different domains. In a word, we raised a way to apply semantic web 
technology into personalization system framework and this way refines the 
cold-start problem. We believe that semantic web technology is a new tendency 
for traditional web and semantic-based personalization is an innovation 
approach in the future with no doubt. 
However, the way of content modeling module implementation still needs 
improvement. XSLT method is not so intelligent to transform various formats 
of news into RDF format automatically. XSL file is specific for each piece of 
news and has to generate manually. Hence, alternative method could be created 
to fix this problem.  

6.2 Future Work 
While this thesis work released semantic-based personalization framework, 
there are still some works need to be continued. From the perceptive of 
interoperation, different combination of method used in each component should 
be tested. For ontology, different reasoned also will affect the result of 
inference. From the point view of content modeling, how to transform various 
information formats into RDF also should be considered carefully. Group-
based user ontology helps solve the cold-start problem, however, how to 
improve this function such as rely on social web site like Facebook or Twitter 
is a hopeful approach. Based on the workshop, if this project needs to apply for 
commercial purpose, how to get access and integrate information from other 
company should be considered as well. 
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