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Abstract 

 

Matching and integrating ontologies has been a desirable technique in areas such 

as data fusion, knowledge integration, the Semantic Web and the development of 

advanced services in distributed system. Unfortunately, the heterogeneities of 

ontologies cause big obstacles in the development of this technique.  

This licentiate thesis describes an approach to tackle the problem of ontology 

integration using description logics and production rules, both on a syntactic level 

and on a semantic level. Concepts in ontologies are matched and integrated to 

generate ontology intersections. Context is extracted and rules for handling 

heterogeneous ontology reasoning with contexts are developed. 

Ontologies are integrated by two processes. The first integration is to generate an 

ontology intersection from two OWL ontologies. The result is an ontology 

intersection, which is an independent ontology containing non-contradictory 

assertions based on the original ontologies. The second integration is carried out 

by rules that extract context, such as ontology content and ontology description 

data, e.g. time and ontology creator. The integration is designed for conceptual 

ontology integration. The information of instances isn't considered, neither in the 

integrating process nor in the integrating results. 

An ontology reasoner is used in the integration process for non-violation check of 

two OWL ontologies and a rule engine for handling conflicts according to 

production rules. The ontology reasoner checks the satisfiability of concepts with 

the help of anchors, i.e. synonyms and string-identical entities; production rules 

are applied to integrate ontologies, with the constraint that the original ontologies 

should not be violated.  

The second integration process is carried out with production rules with context 

data of the ontologies. Ontology reasoning, in a repository, is conducted within 

the boundary of each ontology. Nonetheless, with context rules, reasoning is 

carried out across ontologies. The contents of an ontology provide context for its 

defined entities and are extracted to provide context with the help of an ontology 

reasoner. Metadata of ontologies are criteria that are useful for describing 

ontologies. Rules using context, also called context rules, are developed and in-

built in the repository. New rules can also be added. 

The scientific contribution of the thesis is the suggested approach applying 

semantic based techniques to provide a complementary method for ontology 

matching and integrating semantically. With the illustration of the ontology 

integration process and the context rules and a few manually integrated ontology 

results, the approach shows the potential to help to develop advanced knowledge-

based services. 
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Chapter 1 Introduction 

 

Ontology is a knowledge representation form used in computer science, not only, 

for knowledge engineering and the Semantic Web but also for database design 

and integration and information systems (Guarino 1998; Hartmann et al. 2009). 

Originated from philosophy, ontology is introduced into information and 

computer technology for modelling knowledge (Gruber 2009). 

Ontology is used for knowledge sharing (Gruber 1995), but it is difficult to share 

ontologies in practice. Often, the ontologies are built with specific application 

scenario in mind without using a knowledge representation artefact in a traditional 

sense (Hartmann et al 2009). Ontologies are also designed for specific purposes in 

a domain (Gruber 2009). Such factors, combining with the terminology and 

language that ontologies use, create obstacles of ontology integration. The 

creators of ontologies have different knowledge, interests and habits, which also 

cause the ontology heterogeneities (Euzenat and Shvaiko 2007; Bouquet el al. 

2005). 

 

1.1 Background 

The ontology matching and integration techniques have been developed to 

overcome the heterogeneities to improve techniques for advanced services on 

distributed systems and the Semantic Web etc. (Euzenat and Shvaiko 2007). 

Ontology matching is to find semantic correspondences of entities in multiple 

ontologies (Euzenat and Shvaiko 2007; Ehrig 2007). Ontology integration is 

interpreting the results of the ontology matching to glue two ontologies into one 

for various purposes (Euzenat and Shvaiko 2007; Pinto et al. 1999). Ontology 

matching is similar to ontology mapping (Noy 2009; Bouquet el al. 2005) and 

alignment (Ehrig 2007). Ontology integration is closely related to ontology 

merging (Bouquet el al. 2005; Euzenat and Shvaiko 2007). 

Most of the ontology matching approaches use combined matching techniques of 

string and language related, ontology structural based and constraint- or model- 

based (Hu et al. 2008; Mao et al. 2009; Do and Rahm 2002; Aumueller et al. 

2005; Tang et al. 2006; Fürst and Trichet, 2009; Hu et al. 2005). Upper-

ontologies (Mascardi et al. 2012) and external resources such as WordNet 

(Princeton university, 2012) are also commonly used. The degree of system 

automation varies from manually to fully automatically. Some approaches are 

semi-automatic where experts are involved either by handling unsolved matches 

and refining the automatically generated results or by supplying rules or mappings 

for matches. Many automatic approaches are developed from the information 

retrieval techniques and/or from the similarity analysis of labelled graphs, in 

which ontologies are transformed (Doshi et al. 2009; Hu et al. 2005; Mao et al. 

2009).  

It is difficult to compare various ontology matching systems and approaches. 

Ontology Alignment Evaluation Initiative (OAEI)
1
 is a coordinated international 

                                                 
1 http://oaei.ontologymatching.org 
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initiative to bring consensus in the ontology matching area to improve the 

comparison of matching systems and techniques. In the area of ontology 

integration, systems and approaches generate different end results for various 

purposes, as well as, the interoperability of the result. For example, some 

approaches assemble ontologies to create a new integrated ontology; while others 

unify multiple ontologies from the same domain to build a merged one (Dou and 

McDemott 2005); whereas some approaches integrate ontologies into 

applications, e.g., knowledge based system (KBS) (Pinto et al. 1999). Therefore, 

very few works discuss the comparison of these integrating approaches. 

Approaches for ontology merging and integration are categorized according to 

agent-based and non-agent-based, and automatic and semi-automatic (Orgun et al. 

2008). The automated integration process is preferred because of its efficient 

processing of data and information. The semi-automatic integration process is, 

however, seen as a quality guarantee. Ontology integration is an interesting 

approach to build integrated ontologies based on the existing ontologies that 

describe different domains (Ehrig 2007). The resulting ontology can, in the end, 

cover a bigger domain than the existing ontologies (ibid.). 

Although the existing systems and approaches of ontology matching and 

integration, the problems of semantic matching of ontologies remain and need to 

be explored further, such as more specific and efficient applications, basic 

techniques for comparing entities and automatic discovery of context, and 

strategies for combing the basic techniques (Euzenat and Shaviko 2007). 

A semantic technology that combines an ontology reasoner and production rule 

engine is explored in this work. An Ontology reasoner implements OWL 

description logics (DLs), which employ logic based formalism that apply the open 

world assumption. Production rule engine uses non-logic based formalism and 

apply the close world assumption (Baader el al. 2003). Ontologies and production 

rules complement each other. Some researches combine the close world and the 

open world reasoning in a well founded semantics (Grosof el al. 2003; Knorr et 

al. 2011). Others researchers translate reasoning between rules and ontologies 

(Riboni and Bettini 2011; Nalepa and Furmanska, 2010; Meditskos and 

Bassiliades, 2008). To combine an ontology reasoner and a rule engine for 

ontology matching and integration is uncommon and is an alternative approach 

that deserves more research. 

Context extracting for ontology matching and integration is as well an interesting 

subject that is studied to improve the ontology integration. Context is defined in 

Merriam-Webster as the interrelated conditions in which something exists or 

occurs. Context has been researched in many areas, such as, semantic matching 

(Giunchiglia el al. 2011), information integration (Visser et al. 2002; Wache and 

Stuckenschmidt 2001), artificial intelligence (Ghidini and Giunchiglia 2001; 

McCarthy 1993), and mobile and ubiquitous systems (Hong el al. 2009). Context 

have also been studied and used for building a very large common sense 

knowledge base in Cyc (Lenat and Guha 1990). Using context in various areas is 

necessary to improve the techniques. Extracting context for ontology matching 

and integration at semantic and pragmatic level is, therefore, explored in the 

research of this thesis. 
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1.2 Research problem and research objectives 

Heterogeneities in ontologies cause many difficulties in semantic ontology 

matching and integration. The heterogeneity on the syntax level is well 

understood in computer science. The heterogeneity on the semantic level cause 

more complex problems. Since ontologies contain definitions of concepts, 

explaining the heterogeneities' problems of ontologies on the semantic level, 

including the terminological, the conceptual and the pragmatic level, can be 

simplified by looking at concept heterogeneities on these levels.  

For example a term "student" defined in different systems may represent different 

objects and perceive different meanings. When information of "student" from 

various systems needs to be integrated, for example to exchange information 

about "student" or to build up another application based on "student" information 

from multiple systems, their meanings need to be examined. If the systems adopt 

different terms to represent the concept of "student", this causes the 

terminological heterogeneity. If the meanings of "student" cover different ranges 

or are described in different details, these may cause heterogeneities on the 

conceptual level. If systems have implied meanings in the use of "student", these 

implied meanings may cause pragmatic heterogeneities. 

Although many ontology matching approaches tackle the mismatch problems on 

terminology level and conceptual level, many challenges remain in the area 

(Euzenat and Shvaiko 2007). Few researches touch the problems of ontology 

heterogeneities on pragmatic level (ibid.). To combine reasoning with ontology 

and rules for ontology matching and integration is explored further in this work. 

Also context is studied and used for ontology integration in this thesis. 

 

1.2.1 Research questions 

The focus of the research in this licentiate is on the semantic techniques and 

context extracting for ontology match and integration, and hence, the research 

questions are stated as: 

How to match and integrate OWL ontologies with extended semantics combining 

OWL description logics (ontology reasoning) and rules to generate ontology 

intersections? How to extract context from ontologies and use context for 

reasoning across ontologies? 

 

1.2.2 Research objectives 

The ambition of this research is to develop an approach for ontology integration 

with non-violation check and context extraction for ontology reasoning across 

multiple ontologies at a conceptual level. The approach includes processes for 

matching and integrating two OWL ontologies combining ontology reasoning and 

rules to generate an ontology intersection. It also includes a description of how to 

extract context from ontologies and reason across ontologies with rules. 

The approach will be described at a theoretical level. An important part is to 

explore and describe the meanings of each step of the integration process and the 

rules for integration, so that the approach can be examined and evaluated. 
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The research objective is to provide an alternative approach to integrate 

ontologies based on semantic techniques. The integrated ontologies and context 

rules shall support development of more advanced and automated services. For 

example, the proposed approach can benefit the process of information and data 

integration, services on the semantic web and interoperability of heterogeneous 

systems. 

 

1.3 Research methodology 

With a positivist view of the world, objectivity in scientific knowledge and 

scientific method means differently (Curd and Cover 1998). The objectivity of 

scientific knowledge means that science describes the world truthfully. The 

objectivity of scientific method means the methods, especially criteria for 

assessing theories, are not subjective or arbitrary (ibid.). Logical positivists think 

science should be free of subjective preference regarding the scientific method 

(ibid.). Therefore, according to a positivist view, an individual is able to perform 

research, objectively. 

The positivist view is discredited since it is difficult to truly describe the 

development of science (Crud and Cover 1998). The post-positivist critical realist 

believes that the goal of science is to steadfastly hold on to the goal of getting it 

right about reality, although the truth may never be found (Trochim 2006).  

The post-positivist emphasizes the importance of multiple measures and 

observations, but with triangulation across the multiple results, which might bring 

us closer to reality (Trochim 2006). Each scientist is biased with his/her 

background, knowledge and experiences (ibid.). The objectivity does not exist in 

individuals but can exist when multiple individuals criticize each other's work 

(ibid). The acceptance of a theory comes in degree, like strong or weak or 

somewhere in between (Curd and Cover 1998, p.1233).  

In the research in this thesis, the view of a post-positivist critical realist is taken. 

Holding a post-positivist view, we believe that reality is searched with multiple 

measures and observation and with triangulation across the multiple results by 

multiple individuals (Trochim 2006). With the post-positivism assumptions, our 

research contributes an alternative approach for ontology integration. Together 

with other researches, it will come closer to better solutions for the problem of 

semantic ontology matching and integration. 

For positivists, the deductive approach is used to postulate theories that can be 

tested and the inductive approach is questioned for the use of theory justification 

(Curd and Cover, 1998). In the deductive approach, hypothesises are raised 

according to theories, and tested in experiments, where the results help to confirm, 

falsify, or revise theories. Experiments, with direct manipulation and observations 

on natural laws, are the most important approach of scientific method for 

positivists (Trochim, 2006). In the inductive research approach, there is no prior 

information about the area or too little information to provide a hypothesis. 

Instead data about the subject is observed, collected and investigated to finally 

form a tentative hypothesis and theory (Bryman, 2006). Since the research in this 

thesis begins from scratch, the inductive approach is applied. Data is observed by 

using a qualitative research method and the tentative hypothesis is that it is 
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possible to develop a high-performance technique for integrating and matching 

ontologies. 

Qualitative research method (Ryan 2006; Ospina 2004; Prasad 2005) and 

quantitative method (Creswell 2009) can be used for post-positivists in the 

research design. In a quantitative research method, numeric data analysis is 

carried out to answer a close-ended question (Creswell 2003). Experiments and 

surveys are designed to collect numeric data (ibid.). A qualitative approach uses 

inquiry strategies, such as, narratives, phenomenologies, grounded theory, 

ethnographies or case studies to answer an open ended question (ibid.). Realizing 

that biases inherent in any single method could neutralize or cancel the biases of 

other methods, a mixed method of qualitative and quantitative has been developed 

and applied in research (ibid.).  

Quantitative research describes numeric trends or variable relations of samples 

(Creswell 2003). Quantitative data collection methods are useful for simulations, 

mathematical modelling and statistical analysis (Myers 2009). Hypotheses are 

often used and theories are tested in quantitative research. On the contrary, 

qualitative research is useful for areas that lack of mature theories, and there are 

needs for exploring and describing the phenomena to develop theories 

(Edmondson and Mcmanus 2007). The theory in qualitative research provides in-

depth and interpreted understanding of the participants. Qualitative research 

addresses research questions with explanations or understanding of complex 

processes containing time and context (Snape and Spencer 2003).  

A mixed method of quantitative and qualitative research can provide the strength 

of both methods. The mixed method is especially useful to contribute better 

understanding of the mechanisms underlying quantitative results in a partially new 

territory (Edmondon and Mcmanus 2007). There are three strategies to combine 

qualitative and quantitative research, sequential, concurrent and transformative 

procedures (Creswell 2003). 

With sequential procedures, researcher may start with a qualitative method for 

exploratory purposes and follow up with a quantitative method to analyse 

samples; or researcher may begin with a quantitative method to test theories and 

concepts and follow up by a qualitative method involving detailed exploration 

with a few cases (ibid.). In concurrent procedures, researcher collects both 

quantitative and qualitative data to provide a comprehensive analysis. In 

transformative procedures, researcher applies a theoretical lens to build up a 

framework for topics, methods for data collecting and outcomes anticipated from 

the study. In the framework, both qualitative and quantitative data are collected 

and the data collecting can involve either sequential or a concurrent procedure 

(ibid.).  

A qualitative research method, grounded theory method, is applied for this 

research. The research questions of this thesis are very complex concerning 

metaphysics and epistemology. Metaphysics concerns what should be included in 

an ontology. Epistemology is about how an ontology should be described or 

interpreted.  There are a lot of work carried out in the areas with proposed systems 

and approaches. However, the semantic matching and integrating of ontologies is 

still an open field of research. In such an area, it is not enough to, only, contribute 
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with quantitative measures. It is necessary to provide deeper understandings than 

just quantitative measures.  

Grounded theory (GT) is applied in our research. In GT research, the theory is 

derived from a process of systematic analysis of data (Corbin and Strauss 2008; 

Shannak and Aldmour 2009). The data is analysed and coded step by step to 

finally ground a theory that gives relevant and understandable explanations of all 

the data within a context (ibid.). GT with inductive approach allows theory 

discovery from empirical observations or data (Myers 1997). Abduction plays an 

important role in GT research (Shannak and Aldhmour 2009). Inductive GT is 

applied perfectly in the researches that start without any theories; while abductive 

GT starts when empirical research does not match the prior theories and a new 

theory is developed through an iterative process of the analysis of data and the 

prior theories. Abductive inference is also understood as the best explanation 

theory, which does not exclude other theory explanations (Curd and Cover 1998). 

Different from deductive approach, the premises do not guarantee the conclusion. 

Design science (DS) has become a popular method for information systems 

research. DS addresses research through the building and evaluation of artifacts, 

which are developed to meet the identified business needs (Hevner, el al. 2004). 

Utility is the goal of design science (ibid.). Design science, as a problem solving 

process (ibid.), can be applied in our research as well. However, grounded theory 

is chosen because GT suited better the objectives of this research, i.e. to develop 

an approach for the semantically integration of ontologies. During the approach 

development process, the meanings and the understanding of the semantics of 

ontology integration are explored. The building of a utility artefact is not stressed 

in this research. Unlike pre-designed research, data collection and data analysis 

are interrelated in grounded theory method (Gasson 2004). This flexibility has 

been utilized in our research. New data are collected and used in the iterative 

development process for the proposed approach. GT reflects perfectly well with 

the inductive approach adopted in this research, since it is used to generate an 

approach for integration form studying a number of heterogeneous ontologies.   

Ground theory method suits very well to help to develop a context-based, process-

oriented explanation theory of the proposed ontology integration approach. 

Grounded theory method provides a systematically approach of processing and 

analysing data to produce accurate results. The goal of the thesis is to provide an 

alternative way to integrate ontologies with semantic techniques. To integrate 

ontologies, at terminological, conceptual and pragmatic levels, is a very complex 

work, which cannot be solved by one general method. Different integration 

strategies and integration techniques show various strengths for tackling different 

kinds of heterogeneity problems. Therefore, to explore an alternative approach, 

where the interpretations of ontology integration and the context of integrations 

are playing an important role, is valued.  

Figure 1-1 shows the research approach and the activities, i.e., literature review, 

survey and interviews, collections of ontologies and analysis, and ontology 

integration process and context reasoning approach. Through the literature review, 

many related theories and approaches are found in several areas. However, to find 

specific questions and to explore the reality in organizations, a study of 

information integration of the Swedish municipalities was conducted. Survey 
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questionnaire was sent to 73 persons that are responsible either for information 

integration or IT. Six valid answers were received. Thereafter, two extra 

interviews were arranged, one with the information integration responsible and 

one with IT responsible. The interviews are semi-structured. The questions were 

sent to the interviewees before the appointed time of the interviews. However, the 

interviews did not follow strictly the questions, related questions about the need, 

the measures and the expectations of information integration were discussed. The 

result was used for the formulation of the research question in the thesis. 

 
Figure 1-1 Research approach and activities 

The second round of literature review was conducted after the narrow down of the 

research area. Ontologies are chosen as the knowledge representation form. 

Researches on ontologies and ontology integration have been carried on for a long 

time, e.g., by the artificial intelligence and knowledge integration group and 

recently by the Semantic Web and the Description logics groups. OWL ontologies 

are studied and used as examples in the licentiate work. The ontologies are 

collected from the internet, which are analysed and reasoned using the Description 

logics and rules.  

With grounded theory method, the development process is carried on in an 

iterative process by working closely with the data of integrated ontologies, 

interpretations of rules and ontologies, and the explanation of the integration 

results, see "ontologies  collection and analysis" and "ontology integration process 

and context reasoning model" in Figure 1. Part of the development results can be 

found in two publications (Wu and Håkanson 2012, a, b). The result from the last 

iteration is presented in this thesis. Of each iteration, the concepts and the process 

are developed in a further detailed form, and more examples are used to test the 

process and the rules. During the iterative refinement of the process development, 

Protégé ontology editor is used for manually ontology integration and the 

examining of the result. 

To complement the weakness of grounded theory method, i.e., large dependence 

on the data for theory development (Shannak and Aldhmour 2009), literature 

studies and existed theories are used to support our development of the proposed 

approach. Theories, such as, the ontology reasoning, rule engine and the ontology 

match and integration techniques have been used in the data analysis and the 

process synthesis. 
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Validity for a qualitative research is the researcher checks the accuracy of the 

results by exploring a procedure (Creswell 2009). The check procedure of this 

licentiate work is presented in Figure 1-2. To the left side, the original ontologies  

 
Figure 1-2 Research Validity check procedure 

are data collected from the Internet. By using the open data sources, it is 

convenient for others to evaluate the work. Ontologies chosen for integration are 

downloaded from the ontology alignment evaluation initiative home page
2
. 

Through the integration process, the result is an ontology intersection. The 

presentation of the integration process is described in graphs and texts and the 

result discuss is presented in chapter 4. Chapter 4 shows one example of ontology 

integration and its result.  

In chapter 5, ontology integration context was discussed and presented. The 

context criteria was chosen and tested on ontology integration. The result of the 

integration was presented and discussed. The context rules were presented in 

pseudo code and explained in text.  

In chapter 6, the proposed ontology integrating process is applied for data 

integration service in data warehouses (DWs), which is an example work of 

complex services that utilize the proposed approach (presented as the most right 

text-box in Figure 1-2). Ontologies are created from a metadata integration 

standard, Common Warehouse Metamodel (CWM) and instances of CWM. A 

scenario describes the ontology integration process in the data warehouse 

environment, and how to apply the ontology intersections to support metadata 

integration for DWs. 

 

 

1.4 Contributions 

The research in this licentiate contributes with an approach of integrating 

heterogeneous ontologies by combining techniques from description logics (i.e., 

ontology reasoning) and production rules.  

                                                 
2 Oaei.ontologymatching.org/2012, under Problems/conference 
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Synonyms and string-identical entities of ontology entities are identified and 

utilized to find matching candidates. To produce valid ontology intersections from 

the original ontologies, OWL ontology reasoner is applied and integration rules 

are developed.  

In contrary to many other approaches, i.e., measuring the similarity of entities, the 

non-violation check is developed. The non-violation check means that, the content 

of two ontologies that are not in explicit conflicts under the open world 

assumptions are united by rules. The result is an integrated independent ontology, 

so called, ontology intersection. With the help of rules handling conflicts, the 

ontology intersections cover all the constituents of the matching candidates, and 

also new relations of constituent entities that have been generated as an 

integration result under certain situations. 

The production rules handle the integration and the conflicts of ontology 

definitions in the process. Considering the heterogeneity of ontologies, the non-

violation principle and the open world assumption are used so that the ontologies 

are integrated to become a more complete ontology in the sense of covering of 

domains and the perspectives of ontology definitions.  

An ontology repository to provide and manage context of ontologies is also 

described. With context rules, reasoning across heterogeneous ontologies is also 

presented. The integrated ontologies, in the repository, extend knowledge that is 

represented in the original ontologies. Metadata of ontology are used to describe 

context and build context rules for reusing the ontologies and for reasoning with 

the heterogeneous ontologies. 

Rules express the interpretation of ontologies so intended results can be achieved. 

The integration rules, for generating ontology intersections, and the context rules, 

for reasoning across heterogeneous ontologies, are production rules. With this 

approach, proposed in this thesis, the ontologies are integrated on semantic level 

and pragmatic level. On the semantic level, it means the consideration of the 

terminological and the concepts definitions in ontologies. On the pragmatic level, 

it means the consideration of different interpretation of the ontology definitions. 

The ontology intersection is integration on semantic level and the context rules are 

integration on pragmatic level. 

The approach is tested for on ontologies fetched from the Internet and the 

metadata integration for data warehouse system. An application test shows that 

the integration process is able to produce ontologies that extend the knowledge 

contained in the original ontologies.  

With the matching and integration of ontologies with non-violation check and 

with context rules, it is possible to extend knowledge and reasoning across 

heterogeneous ontologies to provide advanced reasoning services. The technique 

can be applied in various areas, such as, data warehouse systems and the Semantic 

Web. 
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1.5 Structure of the thesis 

The following chapters include the related theories and definitions, the illustration 

of the proposed approach and the implementation of the approach for the data 

warehouse systems. 

Chapter 2 is the theory of ontologies and context. Ontologies have many 

definitions, and the adopted definition and presentation are presented. The 

definitions of context are different in different areas of computer science. An 

introduction of the theory of context and context reasoning is presented. 

Chapter 3 is about the theory of ontology matching and integration. Existing 

methods and strategies are briefly explained. 

Chapter 4 illustrates the non-violation check process for ontology matching and 

integration. The process is first explained with graphs. Then, examples are 

provided to show the test and discuss the result. 

Chapter 5 illustrates the repository structure for context building and integrating 

ontology with context rules. With the context rules, reasoning across 

heterogeneous ontologies is conducted. 

Chapter 6 illustrates a test of the integration approach for the metadata integration 

for data warehouse systems. 

Chapter 7 discusses the significance, consistency and reproducibility of the 

ontology integration process and the context building model. 

Chapter 8 describes the related work of ontology matching and integration with 

the semantic based techniques. 

Chapter 9 concludes the research and points out the future work. 
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Chapter 2 Ontology, Ontology Representations and Context 

 

Ontology is a representation form handling knowledge in computer systems. 

Ontology in different application areas such as data fusion, the semantic web and 

the knowledge integration has different definitions and representations. However, 

the techniques and the strategies for ontology matching and integration can be 

applied in each application area. This chapter adopts a general view to present 

ontology and ontology representations, although one definition and description 

logic is chosen for the work in the thesis. The discussion of ontology leads to the 

ontology heterogeneity, which provides a problem background of the ontology 

match and integration at semantic level. Semantics is core in knowledge 

management applications (Giunchiglia et al 2011), which consists the core 

problem of ontology match and integration. Ontology integration at semantic and 

pragmatic levels is solved with the introduction context in our research. The 

definition and use of context in computer science is presented in this chapter. 

 

2.1 Ontology and definitions 

In artificial intelligence, ontology is defined as “an explicit specification of a 

conceptualization” (Gruber 1992). This definition is general that it is able to cover 

folksonomies, database schemas, catalogue, UML models and ontologies that are 

expressed with formal axioms (Euzenat and Shvaiko 2007). From the perspective 

of "engineering artefact" (Guarino 1995), ontologies take any form that suits the 

applications. Indeed, the technologies, used in the areas of data schema matching, 

data fusion and knowledge integration, have been used in ontology integration. 

A formal ontology is “a logical theory accounting for the intended meaning of a 

formal vocabulary, i.e., its ontological commitment to a particular 

conceptualization of the world."(Guarino 1995). On the Semantic Web, ontologies 

are logic theories including concepts, relations and individuals. All ontology 

definitions contain a conceptualization, which is an approximate of a reality with 

intentions. The differences in the approximation, i.e., the conceptualizations and 

the intentions, explain the heterogeneity of ontologies. Sowa (Sowa, 2012) 

pinpoints the differences as he defines ontology as “a catalog of the types of 

things that assumed to exist in a domain of interest D from the perspective of a 

person who uses a language L for the purpose of talking about D.”, which disclose 

directly the causes of heterogeneities. 

Sowa (2012) explains the problem of ontology interpretation with the notion of 

meaning triangle, taken from Ogden and Richards (1923). This meaning triangle 

is augmented with agent interpreters and ontologies, see Figure 2. A concept 

represents real object in reality, e.g., concept “cat” in the figure represents real 

object. A symbol associating with a concept and with an object, called “Yojo” in 

Figure 2. To give the correct interpretation of symbol "Yojo", three parts need to 

be considered: the symbol, the entities that the symbol relates to (i.e., other 

concepts), and the person who made the interpretation and presented it (Sowa, 

2000). Figure 2 presents not only the original triangle but extended with the 

involvement of human beings and the concept of ontology. The involvement of 
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human interpretation and representation is a main cause of heterogeneity of 

ontologies. Ontologies are made by human, who describe objects with concepts 

and interpret concepts. Ontologies are presented with symbols chosen by human. 

This definition of ontology disclose the ontology heterogeneity concerning 

symbols interpretation, ontology (conceptual) representation that includes human 

purpose and interest differences, which contribute to the core problem of semantic 

ontology matching and integration. 

 

Figure 3 The meaning triangle with human interpretation 

 

2.2 Heterogeneity of ontologies 

The data heterogeneities in information integration, which are divided into syntax, 

structure and semantic categories, are well known for the community (Visser et al 

2002). These categories are borrowed to describe the ontology heterogeneities by 

some ontology researchers. Another method of categories is discussed by Bouquet 

et al., (2005), i.e., the heterogeneity on syntactical, terminological, conceptual and 

semiotic/pragmatic levels.  

Heterogeneities of various ontology languages (Visser et al. 1997, Visser et al. 

1998), the syntactical heterogeneity (Bouquet et al. 2005) and the syntax data 

heterogeneities are relatively well understood in computer science. The 

heterogeneities caused by semantic differences, which come from the natural 

language and human interpretations, are more difficult to tackle.  

Visser et al., (1997, 1998) classified the semantic heterogeneity into ontology 

heterogeneity and content heterogeneity. A comparison of Visser's (ibid.) and 

Bouquet's (2005) categories is shown in Table 1. The comparison is made in order 

to sort the categories of heterogeneity and to discuss all the categories so that 

ontology matching and integration is better understood. Terminological 

heterogeneity defined by Bouquet et al. (2005) is the same as entity naming 

mismatches defined by Visser et al. (1997, 1998). The existence of synonymy is a 

reason for typical mismatch on this level. Visser’s (1997, 1998) mismatches come 

from the construction of ontologies. For example, categorization mismatch occurs 

“when two conceptualizations distinguish the same class but divide this class into 

different subclasses”. Visser’s (1997, 1998) categorization mismatch can be 

interpreted as Bouquet’s (2005) granularity conceptual difference. Visser et al.  
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(1997, 1998) focuses on the surface of the differences, but Bouquet et al. (2005) 

categorizes from the cause of heterogeneities. 

Bouquet and others' (2005) category is believed to cover more different 

heterogeneities whereas Visser et al. (1997, 1998) categorizes from differences in 

building and representing ontologies. For example, terminological heterogeneity 

of Bouquet's category is described from the features of languages and the usage of 

languages. Explication mismatch of Visser and others' (1997, 1998) category is 

caused by the similar reason as of the terminological heterogeneity, i.e. languages; 

but explication mismatch is distinguished by the ontology representation, i.e., "on 

the way the conceptualisation is specified" (Visser et al. 1998). Hence, Visser and 

others' (1998) category is useful when a function is designed for a specific 

heterogeneity is tackled. Bouguet and others' (2005) category is useful for 

understanding the heterogeneity problem and, thereby, to choose proper 

techniques and strategies to tackle a specific kind of heterogeneities. The 

combination of these two views gives a deeper description of the ontology 

heterogeneities. 

Table 1 Comparison of two categories of ontology heterogeneities 

Bouquet (2005) Visser (1997, 1998) Comments 

Terminological examples: 

 -Synonymy; 

 -Polysemy (homonymy); 

 -Different language; 

 -Syntactic variations; 

Etc. 

Explication mismatch: 

8 sorts of explication 

mismatches except the 

concept mismatch involved. 

Visser (1997, 1998) 

excludes the concept 

mismatch. The concept 

mismatch is a semiotic 

mismatch that concerns 

how the domain (D) is 

interpreted. 

Conceptual level: 

Metaphysical – coverage, 

granularity and perspective 

differences. 

Epistemic (not enough to 

deal with just mapping 

techniques.) 

Conceptualisation 
mismatch: 

 -Class mismatch: 

 -Categorization mismatch 

 -Aggregation-level 

 -Relation mismatch 

Visser (1997, 1998) 

categorizes from 

definitions differences in 

building and representing 

ontologies; Bouguet (2005) 

categorizes reasons of 

causing the heterogeneity. 

Semiotic/pragmatic level:¨ 

Different interpretations by 

interpreters and contexts  

Few solutions are 

discussed for pragmatic 

heterogeneities of 

heterogeneities. 

Syntactic level 

heterogeneities cover all 

forms of heterogeneity 

depending on the choice of 

the representation format. 

Paradigm heterogeneity 

refers to different modelling 

paradigms, e.g. an object-

oriented and a relational 

database). 

Language heterogeneity 

refers to different 

Such heterogeneities in 

this row have good 

understanding in computer 

science. 
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knowledge representation 

languages, e.g. horn-clause 

logic and production rules. 

 

The heterogeneity of synonym and homonym (or polysemy) is defined as a kind 

of terminological heterogeneity (Bouquet et al. 2005). It is relatively easy to 

identify synonyms and homonyms in ontologies with help of lexicons. The 

solution of synonym and homonym heterogeneities is not restricted only on 

terminological level, but need to consider both the conceptual and pragmatic 

levels. If two terminologies used in two ontologies are identified as synonyms for 

example, they cannot be considered as similar concepts directly. Analysis of the 

synonyms needs to be conducted on conceptual and semiotic levels to draw 

ontological similarity of these synonyms. 

 

2.3 Ontology representations 

Ontologies are represented in various forms, e.g. frame logic and description 

logics.  

 

2.3.1 Frame logic ontologies 

Ontologies, represented with frame logic (F-logic) (Angele et al. 2009) are based 

on first-order logic with a frame-based and object-oriented declarative means. An 

ontology in F-logic contains class hierarchies, signatures, rules and objects. 

Classes and class hierarchies are defined in a similar way like in an object-

oriented language. Type specification and attributes of classes are able to be 

defined in F-logic. Objects are then populated and rules are used among classes 

and objects. This representation is very complicate and less nature to human 

readable reasoning. For example, a rule, which states if ?X is the father of ?Y 

and ?X is a man then ?Y is son of ?X, can be written as 

                                     

 

2.3.2. Description logics 

Description logics, (DL) (Baader et al. 2009) provide both well-defined semantics 

and powerful reasoning tools (ibid.). They are "a family of knowledge 

representation languages" that are "structured and formally well-understood" 

(ibid.). Not only employed in the Semantic Web, DLs are used in various 

applications domains, like natural language process, configuration, databases and 

bio-medical ontologies. DLs have been developed quickly after they became the 

logic underpinning of Web Ontology Language (OWL). 

Atomic concepts (also called unary predicates) and atomic roles (i.e., binary 

predicates), and individuals are basic building blocks in DL. They can build 

complex concepts, which can be used to specify properties of objects and 
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individuals in the interested domain. The basic constructors are conjunction (∩) , 

negation (¬), existential restriction constructor (∃), the value restriction 

constructor (∀), and the number restriction constructor (≤, ≥).  

Following example illustrates concepts, roles and conjunction. If atomic concepts 

are defined with "Human", "Male", "Doctor" and "PhdCandidate", and atomic 

roles are "married" and "hasChild", a complex concept of "a woman that is 

married to a doctor and has at least one child, all of whom are phd candidate" is 

represented as: 

                                             
                          

A typical DL knowledge base comprises two components: a TBox and an ABox. 

The TBox contains terminological axioms, which describe concepts, roles and 

their relationships (Baader et al. 2003). The basic declaration in a TBox is a 

concept definition, i.e., the definition of a new concept in terms of other, 

previously, defined concepts. The basic TBox service is the classification of terms, 

which is to place a new concept expression in a proper place in a taxonomic 

hierarchy. Four properties are defined in a TBox, satisfiability, subsumptions, 

equivalence and disjointness (ibid.) Satisfiability says that if a concept C is not 

empty for a TBox model, then C is satisfiable (ibid.). Subsumption expresses the 

subsumed relationship of two concepts C and D with respect to a model of TBox 

(ibid.). Equivalence is the equivalent relationship of two concepts C and D in a 

model of TBox (ibid.) Disjointness shows the disjoint relationship of concepts C 

and D in a model of TBox (ibid.). Reasoning for both equivalence and 

disjointness can be reduced to reasoning of subsumption. 

ABox contains assertions about individuals, also called membership assertions. 

For example, an assertion tells that an individual a is a member of concept class C. 

A role assertion tells that two individuals a and b has a relationship R, i.e. R(a, b). 

The basic reasoning task of an ABox is instance checking, which verifies if an 

individual is an instance of a concept. 

A consistence check is that a model can be found for the interpretation of both 

TBox and ABox. 

The tradeoffs between the expressivity of Description logics and the complexity 

of their reasoning bring about many language families of DLs. A basic family in 

DLs is attributive language (AL), other languages, like SHIQ (Baader et al. 2009), 

are extensions of AL.  

A traditional knowledge base is different from ontologies. However, the terms of 

knowledge base and ontology are used interchangeable in the area of ontology 

based systems. The use of knowledge base and ontologies are not distinguished in 

this thesis unless it states so. 

 

2.3.3 Web Ontology Language (OWL) 

OWL is the standard ontology language for the Semantic Web (Horrocks et al., 

2003, W3C, 2009). Since 2009, with the W3C adoption of OWL 2, more and 

more ontologies are developed and presented. Ontology applications have been 
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developed in OWL 2 (Riboni and Bettini 2011; García-Peñalvo et al. 2012; Su 

and Peng, 2012). Several ontology editors support OWL (W3C, 2012); so do 

ontology reasoners, such as Pellet (Clark and Parsa, 2012), FaCT++ (Tsarkov and 

Horrocks, 2012) and Racer (Haarslev et al., 2012).  

The OWL 2 web ontology language (OWL 2) is an ontology language for the 

Semantic Web with a formally defined meaning (W3C, 2009). An OWL 2 

ontology is “a formal description of a domain of interest” (W3C, 2009), which is 

composed of specific terms, e.g. entities, expressions and axioms. Entities are the 

basic building blocks of an OWL 2 ontology (ibid.). There are seven types of 

entities, e.g., class, object property and named individual. Entities define the 

vocabulary, "the named terms", which constitute the signature of an OWL 2 

ontology (ibid.). 

"Expressions represent complex notions in the domain being described." (ibid.) 

Class expressions describe complex classes based on simple classes, e.g. union, 

complement and intersection of simple classes. For example, a class expression 

ObjectIntersectionOf (Sheep, Talk) describes a set of individuals that are sheep 

and can talk (ibid.).Class expression can also restrict object properties, such as 

ObjectAllValuesFrom puts universal quantification over an object property.  

Axioms are used for describing the facts over a domain for an interest. There are 

class expression axioms, object property axioms and data property axioms. For 

example, class relationships of subsuming, equivalent and disjoint can be defined 

with class expression axioms. For instance, sing a subclass axiom, one can state 

that the class Student is a subclass of the class Person (ibid.). 

The semantic of OWL 2 is based on description logics (Baader et al., 2009; W3C, 

2009). OWL lite (W3C, 2004), OWL DL (ibid.) and OWL full (ibid.) are three 

sublanguages (Antoniou and Harmelen, 2009). The semantic expressiveness of 

OWL lite is the most restricted of the three that it can be not practical for certain 

applications; an OWL full is too expressive that it is undecidable (ibid.). OWL DL 

has a good combination of expressivity and reasoning complexity and is, therefore, 

practical for many applications.  

Constructors, such as, union (∪), intersection (∩), complement(¬) , existential 

(∃), universal(∀), cardinality restrictions (≥ or ≤) are used to build  classes, 

properties and individuals in OWL.  

OWL inherits the open-world assumption and non-unique name assumption of DL 

(Antoniou and Harmelen, 2009). An Open world assumption (OWA) states that 

not knowing that a statement is explicitly true does not imply that it is false (ibid.; 

Baader et al., 2003; Knorr et al., 2011). An ontology knowledge base is not 

considered complete therefore the absence of information does not infer to false 

from the knowledge base. OWA is opposite to the closed-world assumption 

(CWA), which is applied in many database reasoning. The information in a 

database is often seen as complete, therefore if the information is proved in the 

database; it is true; otherwise it is false. The non-unique name assumption is about 

the two individuals with different names can be the same individual (Antoniou 

and Harmelen, 2009; W3C, 2009). 
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The differences of different ontology representations cause heterogeneities at 

syntactic level (Bouquet et al. 2005). However, syntactic heterogeneity is well 

understood and is not the focus of this thesis. Description logics and OWL DL 

have been chosen in our work for testing of ontology matching and integration. 

The discussion of various forms of ontology and ontology heterogeneities 

provides a background for later chapters. 

 

2.4 Context 

Context extracting is studied in our work for ontology integration. A context is to 

introduce some special rules for a purpose, which is a central issue in any context 

theory (Sowa, 2000). This view of context is general enough to cover all the 

definitions of contexts in computer science. Context definitions in different 

applications are limited on a lower level (Segev, 2007; Ehrig, 2007, Firat, 2003). 

One definition of context in the area of context-aware systems is “any information 

that characterizes a situation related to the interaction between humans, 

applications and the surrounding environment.” (Dey, 2001).  

With context, many automatically services are developed for information 

integration (Segev, 2007, Segev, 2007), ontology mapping (Ehrig, 2007) and 

many context-aware systems (Dey, 2001 ).  

One important application in knowledge representation is to reason with context. 

McCarthy et al., (McCarthy, 1993; Lenat and Guha, 1990), showed that a 

predicate called TrueIn, can be a powerful tool for building knowledge bases 

(Sowa, 2000). The basic formulas for TrueIn is ist(c, p), which says the 

proposition p is true in the context c. The whole assertion about the context c and 

the proposition p describes an outer context c' (McCarthy, 1993). One goal of 

introducing context in reasoning is to release permanently defined definitions 

concepts in AI systems, so that concepts with different meanings mean differently 

by transcending contexts (McCarthy, 1993). 

Another view of seeing context is as locality plus compatibility (Ghidini and 

Giunchiglia, 2001). The principle of locality (ibid.) reflects the formal definitions 

and statements are local and relate closely to a context, i.e., assertions are true (or 

false) depending on contexts and contexts are necessary for reasoning. The 

principle of compatibility expresses the relations of contexts and the truth value in 

a context can used to infer in another related context. MultiContext systems (ibid.) 

formalize rules to infer among multiple contexts.  

Cyc (Cycorp, 2012) is an ambitious project that applies context on two levels, 

micro-theories and reasoning in multi-contexts (Lenat, 1998). Cyc started in 1984 

in order to build up a human common sense knowledge base. Today, the 

ResearchCyc, a free version for research purposes, contains more than 500, 000 

concepts, nearly 5,000,000 facts and rules, and more than 26,000 relations 

(Cycorp, 2012).  

Cyc (Cycorp, 2012) developed finer structured dimensions with which contexts 

are defined and varied. A 12-dimension-context catalyzes efficient reasoning in 

the huge knowledge base. Each region of the 12-dimensional space implicitly 

defines a context. Dimensions are defined to approximate a context (Lenat, 1998). 
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Instead of using a name or a term to define a context, several properties are used 

to separate contexts.  

Lenat (1998) discussed criteria for choosing dimensions of context. The suggested 

measure utilities of a dimension are e.g. how effective the measure utility can 

separate a context from another one (ibid.); and if the combination of the measure 

utilities are semantically reasonable representing concepts described (ibid.) 

Bad measures of dimension of contexts are e.g., arbitrary dimension that cannot 

give reasonable explanation of distinct contexts; and any ambiguous notions of 

dimensions (Lenat, 1998) 

Other examples of applying context in systems are Firat (2003) and Ehrig (2007). 

Firat (2003) apply modifiers, defining the context of different data sources, and 

find equations of each context. The equation is a union of modifiers collected to 

identify a context from other contexts. Ehrig (2007) uses defined context and 

measures the similarity of two objects by comparing the usage of two entities in 

two ontologies.  

 

2.5 Summary 

This chapter discusses the definition of ontology in computer science, the 

ontology representations and context to provide background for further 

description of the thesis. The purpose of discussing the definitions of ontology is 

not to identify one definition for all ontologies, but to see the inner relationships 

of those definitions. In computer science, ontology is seen as an engineering 

artefact (Guarino 1995). The definition of OWL 2 ontology is given and used in 

our work for practical reasons. Ontology heterogeneities exist in every ontology 

and are the main obstacles for semantic matching and integration of ontologies. 

A similarity of context reasoning with ontology reasoning and of multi-contexts 

inference with across ontology inference is identified. Each ontology itself can be 

seen as a context and reasoning within an ontology resembles reasoning with 

context. Inference among multiple ontologies can resemble inference in multi-

context systems. Extra context of ontologies can be built for inference across 

multiple ontologies. 
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Chapter 3 Ontology Matching and Integration Techniques 

 

Approaches of ontology matching are often a combination of simple matching 

algorithms and the results of ontology matching can used for ontology integration. 

The techniques of ontology matching stretch over techniques in various areas like 

information retrieval, natural language processing, database schema matching, 

data fusion and knowledge representation and integration. 

 

3.1. The ontology matching problem 

The process of finding relations or correspondences between entities of different 

ontologies is ontology matching (Euzenat and Shvaiko, 2007). Ontology matching 

is, commonly, stated as a problem of calculating an alignment A´,    
               Function f takes two input ontologies O and O´, with the help of 

an input alignment A, a set of parameters p, and external resources r, the result A´ 

is generated. The choices of external resources r and parameters p are dependent 

on different approaches. Not every solution choose to use external resources. 

The alignment result A´ is a set of mappings that is often written in the form (id, e, 

e´, n, R), which asserts that the relation R holds between entity e in ontology O 

and e´ in ontology O´ with the confidence n; where id is an unique identifier, e 

and e´ are entities of two ontologies O and O´, n is a real number between 0 and 1, 

R is the possible relation between e and e´.  

How many relations of R can be identified differs in various approaches. Most 

common identification is the equivalence relation between entities. The 

equivalence relation is also a description of similarity of elements, presented with 

n between 0 and 1. While some solutions provide in an alignment result relations 

of subsuming etc, which an ontology language can describe. 

 

3.2 Ontology matching techniques 

Ontology matching techniques are divided into an element-level technique and a 

structure-level technique (Euzenat and Shvaiko, 2007). Element-level matching 

techniques analyse entities, or instances, without considering the relations among 

them; Structure-level techniques analyse the structure built by entities, instances 

and relations. Dependent on how data is interpreted in the matching process, the 

techniques are divided into syntactic, external and semantic (ibid.). Syntactic 

techniques interpret data solely with algorithms. External techniques will apply 

knowledge, such as, dictionary, common knowledge base or domain knowledge 

base. Semantic techniques use formal semantics, such as, description logics to 

interpret and justify results. Combing element-level and structure-level matching 

techniques with syntactic data-interpreting technique, external data-interpreting 

technique and semantic-data-interpreting technique, 11 ontology matching 

techniques are defined and described (ibid). Some related techniques to the thesis 

are presented here, for detailed techniques description; we refer to the literature of 

ontology matching (ibid.). 
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3.2.1. Techniques on element-level and syntactic data-interpreting 

Ontology matching techniques combining element-level and syntactic data-

interpreting are string-based techniques, language-based techniques and 

constraint-based techniques. These are techniques analysing ontology on element-

level and interpreting the input data, directly, with algorithms. Data on element-

level are names (labels) of classes, properties and individuals.  

String-based techniques consider names of elements e.g., classes and properties 

of ontologies, as a sequence of letters. Algorithms are applied to calculate the 

distances (or similarity) between two elements, such as, hamming distance, 

substring test, and edit distance. Information retrieval techniques can be applied 

here. Normalization is commonly used before the strings are put into the 

algorithms. The different normalizations are (ibid.): 

Case normalisation: For example, “customer name” can be represented in 

various forms, such as, “CustomerName” or customerName”. Each 

alphabetic letter is converted into lower case. 

Diacritics suppression: Each diacritic signs are replaced, e.g., Montréal is 

replaced with Montreal. 

Blank normalization: all blank characters, which, beside blank, tabulation, 

carriage return are deleted or ignored. 

Link stripping: Links between words, e.g., apostrophes and blank 

underlines, are switched into blanks. 

Digit suppression: Digits are suppressed. 

Punctuation elimination: Punctuations are suppressed.  

String-based techniques are effective finding similar strings for similar concepts 

but these techniques give bad results for synonyms.  

Language-based techniques treat names of elements in ontology as words in 

natural language, often in English, and apply natural language processing 

techniques on these words. Linguistic normalization is one of language-based 

techniques. Linguistic normalization tries to recognize various forms of terms 

based on the same root, such as, “theory papers” and “theoretical paper”. 

Functions of tokenisation, lemmatisation, term extraction and stop-word 

elimination are often applied for normalization.  

Constraint-based techniques check constraints of ontology elements, such as, 

their properties, cardinality or multiplicity, and transitivity or symmetry, and 

calculate the similarity of elements. Sometime, the constraint-based techniques 

are categorized under the structure-level techniques. The structure-level 

techniques (see section 3.2.3) are often used in combination with other ontology 

matching techniques. 

 

3.2.2 Techniques on element-level together with external-resource-interpreting 

Linguistic resources, alignment reuse, and upper level and domain ontologies are 

categorized as element-level and external-resource-interpreting techniques, which 

adopt external resources helping with the interpretation of ontology elements. The 

external resources can be lexicons, WordNet and developed domain ontology. 
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Linguistic resources are lexicons and thesauri, which are used to identify 

linguistic relations, such as, synonyms and hyponyms. Techniques that use 

linguistic resources are sometimes categorized under the language-based 

techniques, since the elements’ names are treated as words in a language. 

Alignment reuse techniques reuse the earlier ontology alignment results either to 

suggest alignment candidates or to calculate entity similarity.  

Upper and domain ontologies can either be used as context or anchors to match 

ontologies. The upper and domain ontologies have been used in ontology 

matching approaches, such as, Cyc ontology (Lenat and Guha, 1990), the 

Suggested Upper Merged Ontology (SUMO) (Niles and Pease, 2001) and 

Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE) 

(Gangemi et al., 2003).  

 

3.2.3 Techniques on structure-level with syntactic interpreting 

The structure-level with syntactic interpreting techniques analyse relations among 

entities to reach ontology matching result. Techniques that belong to this category 

are data analysis and statistical techniques, graph-based techniques and taxonomy-

based techniques. 

Data analysis and statistical techniques use a large amount of data to learn how 

to match elements of ontologies. These techniques are often used in the machine 

learning methods. Statistics of instances are especially useful to identify ontology 

matching (Gangemi et al., 2003). 

Both graph-based and taxonomy-based techniques consider the input 

ontologies as labelled graphs. In graph-based techniques, the problem of 

identifying ontology correspondences is transformed into a problem of solving 

graph homomorphism problem, i.e., to find a maximum common directed sub-

graph. In the taxonomy-based techniques, only the specialization relation is 

considered, i.e., is-a relation and part-of relation (Gangemi et al., 2003). 

 

3.2.4 Techniques on structure-level with external interpreting 

Repository of structures is the only technique type under this category. 

Structures refer to ontologies and ontology fragments. When new matching is 

needed, it will first check if the matching has done before. If the matching is 

available in the repository, the matching will be reused. Metadata for describing 

these structures, such as structure name, root name, number of nodes, maximal 

path length, etc., have been proposed to calculate the similarity of these stored 

structures (Gangemi et al., 2003) 

 

3.2.5 Techniques on structure-level with semantic interpreting 

The category “techniques on structure-level with semantic interpreting” is called 

model-based techniques. Ontologies are handled with model-theoretic semantics, 

for example, description logics. The semantic techniques are efficient for 
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checking the correspondences between ontologies, i.e., if these correspondences 

hold or if they lead to inconsistency in ontology matching (Gangemi et al., 2003). 

 

3.3 Approaches of ontology matching and ontology integration 

Techniques, presented in the previous part, are often combined in order to build a 

complete approach for ontology matching and integration. The good combination 

of proper techniques improves the results of ontology matching and integration. 

For example, first language-based techniques can be applied in the process of 

ontology matching, then, string-based techniques and, finally, check consistency 

of matching results with a semantics technique.  

The combinations of these techniques are basically two kinds, heterogeneous 

parallel composition and homogeneous parallel composition (Gangemi et al., 

2003). Heterogeneous parallel composition combines heterogeneous data, such as 

graphs comparing results, strings and model-based comparing results are 

examined. The final matching results in the heterogeneous parallel approaches are 

generated, either, by aggregating all the intermediate results data, or by taking the 

most promising intermediate result. Homogeneous parallel composition does not 

aggregate the intermediate result of each matching technique, but choose the best 

result of several parallel competing techniques of the same kind or choose some 

consensus intermediate results among the data generated by homogeneous 

matching techniques (ibid.). 

Ontology integration is a close related area of ontology matching, since the result 

of ontology matching is used in ontology integration. The definition and the result 

of ontology integration are different depending on the purpose of the applications. 

Nonetheless, all the ontology matching techniques can be used for ontology 

integration and the results of ontology matching produce the first step for 

ontology integration. 

Literature of ontology integration uses interchangeably integration and merges 

(Pinto et al., 1999; Bouquet el al., 2005). The word merging is even used for 

describing ontology integration purposes. The purposes are: 1) building a new 

ontology, e.g., by assembling and extending ontologies; 2) merging several 

ontologies into one unified ontology; 3) using several ontologies for building 

applications (Pinto et al., 1999).  

Others distinguish between the directions and results of ontology integration and 

ontology merge. In ontology merging, the first original ontology is modified and 

merged into the second one; and the result is a new ontology that contains 

knowledge of the two initial ontologies (Euzenat and Shvaiko, 2007). Ontology 

integration works in the opposite direction, i.e., the first ontology is unchanged 

while the second is modified. The result of ontology integration contains the 

connections between the ontologies, also called bridge axioms, of two original 

ontologies (ibid.).  

When merging ontologies, the new ontology would replace the original 

ontologies; while in the case of integrating, the source ontologies are remained 

(Ehrig, 2007). Generally, merge is considered to have a higher interoperability of 

the two input ontologies, two ontologies are merged into one consistent ontology. 
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Integration has lower interoperability that mean the ontologies are put together 

with glues such as bridge axioms. 

There are, mainly, two approaches of integrate ontologies, a tight coupling 

approach and a loose coupling approach. The tight coupling approach means that 

a new ontology is created by assembling and extending multiple ontologies and 

the original ontologies are not saved for using. The loose coupling approach 

means that matches are generated among ontologies, with the original ontology 

saved without building a new ontology. The tight coupling integration approaches 

resembles ontology merge while the loose coupling approach resembles ontology 

integration. 

OntoMerge (Dou et al., 2005) is an ontology merging and automated reasoning 

system. Bridge axioms are provided, manually, to merge concepts of one ontology 

into the target ontology. Integration rules (Biletskiy et al., 2010) are introduced to 

eliminate name and entity identifier conflicts as well as schema isomorphism 

conflicts caused by homonymy and synonymy. In general, ontology merging and 

integrating systems are divided into semi-automatic and automatic approaches 

(Orgun et al., 2008). Experts are responsible for creating alignment or bridge 

axioms in semi-automatic approaches. Meta-ontology, top ontology and upper 

ontology are used in automatic approaches (ibid.). 

 

3.4 Summary 

This chapter summarized the techniques and approaches of ontology matching 

and integration. It provides a background for the discussion of the approach 

proposed in the thesis of chapter 4, 5 and 6.  
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Chapter 4 Ontology Integration by Ontology Violation Check 

 

A complementary view of a domain can be achieved by integrating correctly 

relevant ontologies on a semantic level. The integration approach, proposed in this 

licentiate, takes help from external resources, the so-called WordNet. The 

approach combines a syntactic check and a model-based semantic check. The 

model-based semantic check combines ontology reasoning and the rule reasoning. 

 

4.1 Design goals and limitations 

To integrating two ontologies, O and O', is to build a new ontology from O and O' 

with the restriction that the new intersected ontology does not contain any 

semantic conflicts with the original ontologies. The semantic conflicts are handled 

by production rules.  

Ontologies, in this chapter, are ontologies written in Web Ontology Language 2 

(OWL 2), since OWL 2 is now a standard ontology language recommended by the 

World Wide Web Consortium (W3C). OWL is not only used by the Semantic 

Web research groups, it is becoming an ontology language in general (Gardiner et 

al., 2006). OWL can be found in more and more applications (Riboni and Bettini, 

2011; García-Peñalvo et al., 2012; Su and Peng, 2012). Both the original 

ontologies, to be integrated and from here on called input ontologies, and the 

resulting ontologies are OWL 2 ontologies. 

The new ontology, resulting from integration of ontologies, is called the ontology 

intersection of O and O'. This ontology intersection may contain properties that 

generated from rules. The signature of the ontology intersection is not bigger than 

the entity-union of O and O'. The integration is conducted only on the classes and 

object properties of ontologies. The original ontologies, O and O', and the 

generated ontology intersection are three independent ontologies. Hence, all three 

ontologies can be used to further integrate them with other ontologies, either 

individually or together. 

The match of entities is of type “many to many” (“n:m”), i.e., one entity can find 

multiple matching candidates in the other ontology and many entities can find one 

matching candidate in the other ontology. It is not a guarantee that each entity in 

one ontology will find an entity match in the other ontology. All matching 

candidates need to go through the ontology violation check process. 

Ontology violation check on semantic level is the main control for ontology 

integration. Opposite to many other approaches, the similarity of entities is not 

defined and measured. No confidence level is considered at any stage of result. 

During the non-violation check of ontologies, similarities of entities are 

considered and choices are made by rules to guarantee the result producing. 

The main idea of non-violation check is the open world assumption, i.e. the lack 

of information in one ontology will not falsify the definition of the other ontology. 

With rules, ontologies are merged, extended and deleted. The intersection is not 

equal to the union of two ontologies.  
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The integration checks from both directions of the input ontologies, i.e., from one 

ontology to the other and vice versa; since the integrating direction shall not give 

any differences in the result. Because of the asymmetric of the input ontologies 

and the integration result will be different if the integration is only done from one 

direction (recall the difference of ontology integration and merge in chapter 3, 

section 3.4). 

The integration is carried out on the conceptual level, i.e., ontology integration of 

class entities and property entities. Information of individual (i.e. instances of 

classes) is not considered in the process. For example, the signature of an 

ontology is the vocabulary that includes the classes, properties and individuals. 

The individuals in the signature are ignored, and the information of all individuals 

of classes is not used in the inference. In another word, with DL reasoner, only 

TBox inference is studied, ABox is not in the range of this licentiate. 

A limitation of the ontology integration is that the integrating process is conducted 

for a domain or related domains. The other limitation is the handle of homonyms. 

Homonyms and have the same spelling and pronunciation but different meanings. 

Homonyms of string-identical entities are picked up during the violation check 

process; however further handling is not taken.  

 

4.2. Process for ontology match and integration 

The ontology matching and integration process is described in Figure 4-1. Two 

ontologies, i.e., O and O', are input to the process. The Signature Extraction 

process extracts signatures of the two ontologies and generates two sets of 

signatures. The Syntax Comparison and Synonym Comparison take the two sets of 

signatures to generate string-identical entity, synonyms and homonyms
3
 as entity 

candidates. The entity candidates are, then, compared through Ontology Concept 

Comparison, i.e., violation check using an ontology reasoner and rules. After that, 

as the result an independent ontology intersection is generated. 

                                                 
3 As we claimed in the previous section, homonyms are identified as string-identical entity. 

Homonyms and string-identical entities are not further separated and homonyms are not separately 

handled in the described process. With another word, homonyms are handled as string-identical 

entities. Therefore, the process can be only applied in ontologies from the same or related 

domain(s). We assume that chance is litter for string-identical entities are homonyms in the same 

and related domain(s) ontologies. 
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Figure 4-1 Ontology match and integration process 

 

Ontology intersection is produced basing on the corresponding entities, i.e., entity 

candidates. The corresponding entities are found after the syntax- and synonym 

comparison, that is, a comparison based on comparing entity-strings or labels of 

two input ontologies. The results of the syntax- and synonym comparison are 

entities candidates. The entities candidates are used to union join the input 

ontologies, which will be examined by the concept comparison process. This 

comparison checks the ontology concept violation under the open world 

assumption. Rules are applied in the process of violation check. Contradicted 

ontology definitions are handled by rules in order to produce an ontology 

intersection that is consent with the input ontologies.  

 

4.2.1 The signature extraction 

The vocabulary of an OWL ontology is the set of names (or literals) of entities 

used, which is called the signature of the ontology (W3C 2009; Vrandeĉić 2009). 

The signature extraction, here, extracts only the names of classes and the name of 

properties. The entity types are kept, ie., class and object property. With two 

ontologies as input, the output is four sets of entity names of them, i.e., the set of 

class entities of ontology O, the set of properties of ontology O, the set of class 

entities of ontology O´, and the set of property entities of ontology O´. 

We denote the set of classes of O as C; and the set of classes of O' as C'; object 

properties of O is represented as OP and the object properties of O' is represented 

as OP'. Four sets of entities, C, C', OP and OP', are the results of Signature 

Extraction, presented below: 

C = {c1, c2, c3, …, cn}; c1, c2, c3, …, cn are class entities of O                  (1) 

C'= {c1', c2', c3', …, cn' }; c1', c2', c3', …, cn' are class entities of O'                  (2) 

OP = {op1, op2, …, opn}; op1, op2, …, opn are object properties of O                 (3) 

OP' = {op1', op2', …, opn' }; op1', op2', …, opn' are object properties of O'          (4) 
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4.2.2 Syntax comparison and synonym comparison 

String comparison of four sets of entities, produced in Signature Extraction 

process, is conducted in Syntax comparison and synonym comparison. Same type 

of entities are compared, i.e., comparing the members of class sets C and C', and 

the members of property sets of OP and OP'.  

During this syntax comparison and synonym comparison process, the entity 

strings are normalized with string-based techniques (described in section 3.2.1) 

before comparison. For each entity in the set, identical strings and the synonyms 

are looked up in the “type corresponding entity set", which means class set C has 

corresponding set C' and vice versa and object property set OP has corresponding 

set OP' and vice versa. For each entity in the set C, identical strings and synonyms 

are searched in C' and for each property in the set OP the identical strings and the 

synonyms are searched in OP'. The corresponding relationship is either an 

identical string or a synonym relationship of two entities. The cardinality of 

relationship is "n, m": which means that no identical string and synonym or 

multiple identical strings and synonyms can be found in the corresponding set. 

The search is carried out from two directions, i.e., from set C to set C´ and vice 

versa; and from set OP to set OP´ and vice versa. The results of the identical 

strings are always same, but  not in the case for synonyms. It depends on the word 

used for finding synonyms.  

Synonyms are found with the help of WordNet. WordNet is a lexical database for 

English words (Princeton, 2012). If comparison is among classes, nouns are 

locked up on the WordNet, since nouns are often used for class definition. For 

example to find synonyms for a class labelled "Document", the synonyms of 

"Document" as noun are checked. Synonyms for "Document" as verb are ignored. 

Since property is often represented with verbs and adjectives, only verbs and 

adjectives are looked up for object properties to find synonyms.  

With four sets of typed signature as input, syntax comparison and synonym 

comparison generates four sets of entity candidates shown below: 

C = {c1→(ci', cj'), c2→( ), c3→(cm'), …, cn→( ck',…, cn' )}; (ci', cj', cm', ck',…, cn' 

are class entities in C', the process did not find corresponding string-identical 

entity and synonym entity for entity c2 in C')  (5) 

C' = {c1'→(ci), c2'→( ), c3'→(cm, cj ), …, cn'→( ck,…, cn )}; (ci, cj, cm, ck,…, cn are 

class entities in C, c2' has no corresponding string-identical entity and synonyms 

in C)                                                                   (6) 

Op = {op1→(opi'), op2→( ), …, opn→( opk',…, opn' )}; (opi', opk',…, opn' are 

properties in C', op2 has no corresponding entities in C') (7) 

Op' = {op1'→(), op2'→( opi), …, opn'→( opk,…, opn )}; (opi, opk,…, opn are 

properties in C, op1' has no corresponding entities in C) (8) 

The term c1→(ci', cj') represents entity c1 in ontology O has corresponding entities 

ci', cj' in class set C' of ontology O´. Symbol → means the corresponding 

relationship of entities is either string identical or synonym. If no corresponding 

entities are found in the process, the set of result will be empty, e.g., op1'→() 

means no identical strings and synonyms are found for object properties op'. This 
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entity will be deleted from the entity candidates, for example op' will be deleted 

from the candidate list. Entity c2, c2´, op2 op1´and those entities without 

corresponding identical strings and synonym are deleted from the sets. Entity 

candidates are only those entities that have identical strings and synonyms in the 

corresponding set. 

 

4.2.3 Ontology concept comparison 

In the ontology concept comparison phase, the entity candidates produced in the 

previous step are used to compare two input ontologies. Ontology reasoner and 

rules are applied in the comparison. Two steps are included: assumption 

generation and ontology violation check.  

The assumptions are generated from entity candidates. The intuition of these 

assumptions is: if the entities of the same type are string-identical or synonymous 

in the same or related domain, the semantic meaning of these entities are similar.  

Synonyms are two or more words or expressions that have the same, or nearly the 

same, meaning in some or all senses (Merriam-Webster 2012). Therefore, 

synonyms used in different ontologies of the same and close related domains are 

assumed to express the same concept, or concepts that overlap. The concepts that 

have overlapped relation may have an intersection relationship or a subsuming 

relationship.  

With the above assumption, an ontology reasoner is applied to test if the ontology 

definitions of two involved entities contradict each other. For testing, the names of 

the entities are swopped and the related ontology definitions are together tested 

with the other ontology. For example, c1→(ci', cj') raises two assumptions, which 

are "class c1 can swop class ci' in ontology O´, presented as c1 ⇒ci', where the 

symbol "⇒" is used for swopping. Class c1 can swop class cj' in ontology O´, 

presented as c1⇒cj'.  

By swopping entity names of ontology O into entity names of ontology O´ and 

vice versa, the contradiction of the entities candidates can be checked with an 

ontology reasoner. For example, ontology O defines a class "Source" with axiom 

A, which can be represented as A("Source")
4
. In the entity candidate set, a 

synonym of "Source" is identified, i.e., class "Root". Class "Root" is defined in 

ontology O´ with axiom A´("Root"). In order to compare A("Source") with 

A2´("Root"),"Source" needs to swop to "Root", the comparison will be A("Root") 

and A´("Root"). In another word, by swopping "Source" and "Root", axiom A can 

be tested in ontology O´. . 

When entities are swopped according to the entity candidate sets, the ontology 

statements of the swopped entities are tested together into the other ontology.  

Some entities have more than one corresponding entity. Then, each assumption 

combined with other corresponding entities will form different groups of 

assumptions. Each group of assumptions will be tested in the ontology violation 

                                                 
4 To represent axioms of en entity "Source" with A ("Source") is not correct strictly. But here it is 
given to emphasize the syntax effect with entity swopping of two ontologies to help to understand the 
necessity of this step. A includes other entity names and logical operators. 
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check, separately. For example, generated from the previous result C (see formula 

5 above), two groups of assumptions are generated: one group is "c1⇒ci'", "c3⇒

cm'", and "cn,⇒ck'"; another group of assumptions is "c1,⇒cj'", "c3⇒cm'", and "cn,

⇒ck'". Each group assumption will, then, be tested in ontology violation check. 

The ontology violation check uses both an ontology reasoner and a rule engine to 

carry out the test. After swopping entities, ontology reasoner is applied to check 

ontology consistency. During the ontology violation check process, non-violating 

axioms from both ontologies are kept. Contradictions are handled with rules. Each 

rule has an identification number, a name, fire conditions and an action that 

generates result. The corresponding relationships of entity candidates are either 

synonyms or string identical entities; they are treated differently in rules.  

Rule 1 is string-identical-class-rule: If a class c is defined in ontology O, c' is 

defined in ontology O', classes c and c' are string-identical, and the ancestor 

classes of c and c' are synonyms, then a union of the class c and c' are created in 

the new ontology intersection with the identical string entity, see figure 4-2.  

This rule is applied in a consistency check. The semantic interpretation of this rule 

is to create a union class of the original classes c and c´ in ontology intersection. 

Although these three classes are string identical, they may have different 

semantics. 

 

Figure 4-2 Rule 1: string-identical classes handling 

 

String-identical-class-rule: if string-identical(O.c, O'.c') and (synonyms (O.m, 

O'.n') or string-identical(O.m, O'.n')) and InO, c ⊆ m and In O', c' ⊆ n'  

then InontologyIntersection ( c∪c') ⊆m and ( c∪c') ⊆ n' 

Rule 2 is synonym-hierarchy-rule, which helps to restructure synonym classes. 

The rule states that a class, c, that is synonym to two classes m' and n' in another 

ontology, may combine relationships represented by the two synonym classes. For 

example, in O', class m' subsumes class d'; and d' is related to n' with relationship 

p'. And if d and d' are string identical classes, and p and p' are string identical 

properties, the action is to restructure the classes c, m' and n' in the ontology 

intersection. The result is (d'∪d) ⊆ m'⊆ c and n'⊆ c and ∃.p'.(d'∪d)∩∀.p'.n' 

and p ≡ p'. This result means that class c becomes a super-class for the two 

synonym classes m' and n'; and the relationship p of class c, in the original 

ontology O, is omitted, since n' is a subclass to c and is interpreted to contain the 

original relationship p in O. Class (d'∪d) is a union class of d and d' with the 

same entity name (rule 1). Rule 2 is presented below: 
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Synonym-hierarch-rule: if synonyms(O.c, O'.m') and synonyms (O.c, O'.n') and  

   In O, d ⊆ c and ∃.p.d∩∀.p.c and  

   In O', d' ⊆ m' and ∃.p'.d'∩∀.p'.n' and 

   String-identical(O.d, O'.d') and string-identical(O.p, O.p') 

then InontologyIntersction (d'∪d) ⊆  m'⊆ c and n'⊆ c and 

∃.p'.(d'∪d)∩∀.p'.n' and p ≡ p' 

Rule 2 introduces a new axiom m'⊆ c in the ontology intersection. Since the 

axiom is valid inside the range of the ontology, it is safe to use the new generated 

axiom in the context of ontology intersection. Class m´ is defined in ontology O´, 

which has no definition of class c; hence, the new axiom is not contradicted to the 

ontology O´ under the open world assumption. Applying the open world 

assumption, the new axiom does not contradict to ontology O, since ontology O 

defines only class c but not class m´. 

Rule 3 is synonym-class-rule, which helps to integrate two classes with entity 

names as synonyms. Two synonyms are used and are defined as two classes in 

two ontologies, the classes can either represent the same concept or represent two 

intersected concepts. If the synonym classes are subsumed under two string 

identical super-classes, the input ontology definition is inherited, directly, into the 

ontology intersection. Rule 3 is presented below: 

Synonym-class-rule: if synonyms (m, n') and in O, m ⊆ c and in O', n' ⊆ c' and 

string-identical(c, c')             then m ⊆ (c ∪ c') and n' ⊆ (c ∪ c') 

These rules are applied in the ontology violation check process, illustrated in 

Figure 4-3. This process summarizes the alignment assumption of entity candidate 

sets, swopping process, ontology contradiction and consistency check, and join of 

results, to generate the final ontology intersection.  

 

 

Figure 4-3 Ontology violation check process 
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An ontology reasoner conducts the contradiction test. Contradicted assertions are 

handled by rules or will be deleted. The difference between the contradiction test 

and the consistency test is the boundary of semantics. The contradiction test is 

tested within one of the original ontology. The contradiction test for ontologies, 

from O to O´, tests definitions of ontology O in the semantics of ontology O´. 

This contradiction test also tests from O´ to O, which tests definitions of ontology 

O´ in the semantics of ontology O. The consistency test, on the other hand, is 

conducted in a new semantics that is the ontology intersection with just ontology 

reasoner.  

For each alignment assumption, the process runs once and generates an 

intermediate result, shown as multiple results in Figure 4-3. Each combination of 

assumptions is tested on both directions, i.e., from O to O´ and from O´ to O. 

When all the assumptions have been tested for both directions, the results are 

joined to run the consistency test. From the consistency test, a result, i.e., ontology 

intersection, is generated, which is an independent ontology with independent 

semantics from original ontologies O and O´. 

The goal of the ontology concept comparison is to find the “broadest intersection” 

that is consistent with two input ontologies. The broadest intersection means that 

as many entities and axioms from the original ontologies as possible should be 

included in the result. This broadest intersection principle is used for comparing 

the intermediate results during the ontology violation check.  

Following the principle of broadest intersection, entities with bigger usages are 

kept in the result. The usage is of an entity can be calculated by its usages in a 

class definition or a property definition. Protégé generates the number of usage of 

class and property. This usage number is used in ontology violation check 

process. 

 

4.3 Example 

An Example is used to illustrate the matching and integration process.  

4.3.1. Ontology integration of two ontologies 

Two ontologies, O and O' shown below are input ontologies. 

Ontology (O): Document  Root; Book  Document; Journal  Document; 

Presentation  Document; Publication  Document; Report  Document; ∃.has-

topic.Document∩∀.has-topic.Topic; ∃.has-author.Document∩∀.has-

author.Author. 

Ontology (O'): Document  Source; Website  Document; Publication  

Document; Ontology  Document; Paper  

Document;∃.hasAuthor.Document∩∀.hasAuthor.Source 

When ontology O and O´ are passing through Signature Extraction, signatures of 

two ontologies are extracted and four sets of classes and properties are generated, 

as shown below: 

ClassesOfO = {Root, Document, Book, Journal, Presentation, Publication, 

Report, Author, Topic} 



38 
 

ClassesOfO' = {Source, Document, Website, Publication, Ontology, Paper} 

PropertiesOfO = {has-topic, has-author} 

PropertiesOfO' = {hasAuthor} 

During Syntax Comparison, the entities are normalized to be able to compare 

them with each other; "has-topic" and "has-author" are normalized into "hastopic" 

and "hasauthor"; "hasAuthor" into "hasauthor". The classes of identical string are 

"document", "publication"; the identical string properties are "has-author" and 

"hasAuthor". 

With the help of WordNet, synonyms for each entity, class and property, are 

looked up during Synonym Comparison. For each entity in the set ClassesOfO, 

synonym entities are returned. The synonym results of ClassesOfO are {root 

→(source), document→( paper), report(paper)}; of ClassesOfO' are {source→ 

(root, author), paper→(report)}. Term root →(source) says that "Source" is 

synonym of "Root", source→ (root, author) says that "Root" and "Author" are 

synonyms to "Source". Entities that do not have synonyms are omitted from the 

result. For the example presented here, no synonyms are found for property sets.  

The results of the Syntax Comparison and the Synonym Comparison are joined to 

generate the entity candidates. For example, by using Syntax Comparison, class 

"Document" of ontology O has a string-identical class "Document" in ontology 

O´. By using Synonym Comparison, class "Document" of ontology O has a 

synonym class "Paper" in ontology O´. String-identical "Document" and synonym 

"Paper" are joined to give the entity candidate set. The entity candidates for this 

example are four sets: 

C-ClassesOfO = {Root→ (Source), Document→ (Document, Paper), Report→ 

(Paper), Publication→ (Publication), Author→ (Source)};  

C-ClassesOfO' = {Source→ (Root, Author), Document→ (Document), 

Publication→ (Publication), Paper→ (Report)}. 

C-PropertiesOfO = {has-author→ (hasAuthor)} 

C-PropertiesOfO' = {hasAuthor→ (has-author)} 

The entity candidates are going through the process of Ontology Concept 

Comparison, these entity candidates are used for assumption generation. As 

explained in the previous section, the assumption is that synonyms and string 

identical entities with the same entity type can be swopped with each other in their 

ontologies. For example, class "Root" and "Source" can be swopped in their 

ontologies, not only with the entity name but also with the ontology definition. 

The assumptions generated from entity candidates are presented below: 

Assumptions 1: Root ⇒  Source; Document ⇒  Document; Report ⇒  Paper; 

Publication ⇒ Publication, Author ⇒ Source; has-author ⇒ hasAuthor. 

Assumptions 2: Root ⇒  Source; Document ⇒  Paper; Report ⇒  Paper; 

Publication ⇒ Publication, Author ⇒ Source; has-author ⇒ hasAuthor. 

Assumption 3: Source ⇒  Root; Document ⇒  Document; Publication ⇒ 

Publication, Paper ⇒ Report; hasAuthor ⇒ has-author. 
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Assumption 4: Source ⇒  Author; Document ⇒  Document; Publication ⇒ 

Publication, Paper ⇒ Report; hasAuthor ⇒ has-author. 

Assumption 1 and 2 are used for testing from ontology O to O´ and assumption 3 

and 4 are used for testing from O´ and O. Assumption 1 and 2 are generated from 

entity candidate set of ontology O, i.e., C-ClassesOfO and C-PropertiesOfO. 

Assumption 3 and 4 are generated from entity candidate set of ontology O´. To 

test direction of O to O´ means that name(s) of the entities in O are swopped with 

entities in O´; and the axiom definition(s) of the entities in O are tested also for 

contradiction with O´. Because of the asymmetric character of ontology O and O´, 

the result will be different when integrating from two different directions. 

In order to achieve result, it would be possible to test from one direction; however 

double directions test is chosen here because we want to avoid the different 

integrating results of two ontologies from different directions. 

After the assumptions are generated, they are tested for contradiction. 

To test assumption 1, entities in O are swopped, i.e., "Root" is changed into 

"Source". Then, the ontology reasoner tests the contradiction of the swopped 

ontology and O´. The swopped ontology of O is shown below. Entities in blue 

bold are swopped entities. 

Document  Source; Book  Document; Journal  Document; Presentation  

Document; Publication  Document; Paper  Document; ∃.has-

topic.Document ∩ ∀ .has-topic.Topic; ∃.hasAuthor.Document ∩ ∀
.hasAuthor.Source 

Now, the ontology reasoner tests the contradiction of the swopped ontology and 

ontology O´. Contradicted axioms are handled by rules or deleted. Classes 

"Book", "Journal" and "Presentation" and so on are not defined in O´. Aaccording 

to the open world assumption, it means that information about these classes are 

not enough to falsify definitions in O, therefore, axioms "Book ⊆ Document; 

Journal ⊆ Document; Presentation ⊆ Document" do not contradict to O´ and are 

preserved in the result. Other axioms, such as, "Document ⊆ Source; Publication 

⊆  Document; Paper ⊆  Document; ∃.hasAuthor.Document ∩ ∀
.hasAuthor.Source" make no contradiction to O´, either, and, hence, are preserved 

in the result. After the contradiction test, the entities are changed back and the 

result is saved, shown below: 

Document  Root; Book  Document; Journal  Document; Presentation  

Document; Publication  Document; Report  Document; ∃.has-

topic.Document ∩ ∀.has-topic.Topic; ∃.has-author.Document ∩ ∀.has-

author.Author (Result 1) 

Entities in bold are tested and swopped back to the original entity names. This 

new result will join the earlier results from other assumption test. 

To test assumption 2, the entities are swopped first. The swopped ontology O is 

presented below: 
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Paper  Source; Book  Paper; Journal  Paper; Presentation  Paper; 

Publication  Paper; Paper  Paper; ∃.has-topic.Paper∩∀.has-topic.Topic; 

∃.hasAuthor.Paper∩∀.hasAuthor.Source 

Comparing with O', assertion "Publication  Paper" contradicts assertions in O´ 

"Publication  Document; Paper ⊆ Document". This contradiction does not bring 

any result which is denoted as an empty result because of the assumption of 

"Document ⇒ Paper". 

The results of the contradiction test from O to O', with assumption 1 and 2 are, 

then, joined, i.e., result 1 is joined with an empty result to generate a non-

contradicted ontology O. In this case, Result 1 is the result of the contradiction 

test from O to O´. 

The assumption 3 is tested from O' to O. The candidate entities in O' are swopped 

to the corresponding entities of O, and the result is: 

Document  Root; Website  Document; Publication  Document; Ontology  

Document; Report  Document; .has-author.Document∩ .has-author.Root. 

Comparing with O, the assertion " .has-author.Document∩ .has-author.Root" 

contradicts each other, which is caused by the assumption "Source ≡ Root". The 

assertions that produced from this assumption are "Document  Root" and 

" .has-author.Document∩ .has-author.Root", which are deleted. The result is: 

Website  Document; Publication  Document; Ontology  Document; Paper  

Document (Result 3) 

Assumption 4 is tested. The candidate entities in O' are swopped to the 

corresponding entities of O, and the result is presented below: 

Document  Author; Website  Document; Publication  Document; Ontology 

 Document; Report  Document; .has-author.Document∩ .has-author. Author 

This result is compared with ontology O. Assertion "Document  Author" is 

contradicting to O, which is caused by the assumption "Source ≡ Author". The 

assumption related to ontology definitions are omitted from the result, which is: 

Website  Document; Publication  Document; Ontology  Document; Paper  

Document (Result 4) 

The tests of assumption 3 and assumption 4 are joined into the result of 

contradiction test from O' to O, which is the same as result 3. 

Result 3 is then joined with result 1. A consistency test is conducted and finished. 

Document  Root; Book  Document; Journal  Document; Presentation  

Document; Publication  Document; Report  Document;  .has-

topic.Document∩ .has-topic.Topic;  .has-author.Document∩ .has-

author.Author.(Result 1) 

Document  Source; Website  Document; Publication  Document; Ontology 

 Document; Paper  Document (Result 3) 



 
 

41 
 

In the joint of result 3 and 1, conflicts are discovered, "Document  Root" and 

"Document  Source", because class "Document" become subclasses to both 

"Root" and "Source". Rule 2 is fired. 

The generated ontology intersection of ontology O and O' is presented below: 

Root  Source; Author  Source; Document  Root; Book  Document; Journal 

 Document; Presentation  Document; Publication  Document; Report  

Document; Website  Document; Ontology  Document; Paper  Document; 
 .has-topic.Document∩ .has-topic.Topic;  .has-author.Document∩ .has-

author.Author.; has-author≡hasAuthor 

 

4.3.2 Discussion of the intersection result 

The final result of the intersection of ontologies O' and O is shown in Figure 4-4, 

see below. These three independent ontologies have different semantics. All the 

entities, in the intersection result, come from the original ontologies, except for 

the relationship between "Root" and "Source" and "Author" and "Source. These 

relationships are developed from rule2 synonym-hierarchy-rule. Although these 

relationships are not defined in input ontologies, they do not contradict to the 

original ontologies according to the open world assumption. At the same time, 

input ontologies O, O' and result ontology intersection are three independent 

ontologies. They define their own semantics within their ranges. Input ontology O 

and O' keep their original semantics. Ontology intersection is interpreted in the 

combination of the original ontologies. After the non-violation check, the 

ontology intersection fulfils the contradiction and consistency test. The knowledge 

covered in the ontology intersection is more reliable than the union these 

ontologies. Hence, the reliability of the ontology intersection need to be tested on 

more examples. 

 

Figure 4-4 An example of ontology Integration result 
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Although some of the names of entities, in the three ontologies, are the same, they 

have different semantics. However, in the intersection result, maximal non-

contradicted union ontology is found and it contains new knowledge if compared 

to the original ontologies.  

Ontology intersection contains more axioms and entities comparing with O and 

O', with which we claim that the knowledge is extended comparing with ontology 

O and ontology O'. In the intersection, the entities are 16, which is more than each 

of the input ontology, 11 and 7. There are 14 axioms except 16 entity declarations 

in ontology intersection. In ontology O, there are 8 axioms except 11 entity 

declarations; in ontology O', there 6 axioms except 7 entity declarations. 

Hence, the knowledge extended ontology intersection can be used to provide more 

advanced services than each of the original ontology can provide. The classes, 

such as, "Document", "Book" and "Publication" have identical names like in the 

original ontologies, but the semantics is the combination of the original 

ontologies. The class "Report" and "Paper" remain in the result, with extended 

equal relation between them. The class "Root", in the intersection, is the union of 

the class "Root" of ontology O and the class "Document" of ontology O´. The 

class "Author", in the intersection, is the union of the class "Author" of ontology 

O and the class "Source" of the ontology O´. The class "Source", in the 

intersection, becomes the highest class in the class hierarchy and contains the 

union of classes from both original ontologies. 
 

4.4 Discussion of the approach 

In chapter 2, the conceptual heterogeneity of ontologies (Bouquet et al., 2005) is 

described. The conceptual heterogeneity lies in the differences of the domain 

coverage of ontology, the granularity of the ontological descriptions and the 

perspectives of ontologies. Integrating ontologies properly will help to build more 

complete ontologies from which new knowledge can be drawn. With open world 

reasoning, it is possible to unify ontologies to generate non-violated ontology 

intersections to extend the knowledge of ontologies. Combing open world 

assumption reasoning and the close world reasoning (i.e., rules), the integration 

process can be designed for specific interests and purpose of domains. 

The descriptions of entities may differ in detail and the amount of information in 

ontologies, which can cause granularity conceptual heterogeneity (ibid.). To 

tackle this kind of heterogeneity, the difference of an entity’s hierarchy level in 

ontologies is ignored in the proposed approach. If different ontologies define 

hierarchies, differently, the comparison of the structure level in the matching 

process gives not much of help. The complete hierarchy view given by an upper 

ontology (also called top ontology or meta ontology) is lacking. In the comparison 

of two ontologies, if the upper ontology is not defined in advance or used as a 

external source, it is not big help to compare two "local" defined views of class 

hierarchy for defining similarity. This consideration is reflected in the matching 

and integration process design, proposed in this licentiate. 

By identifying synonyms and string-identical entities, the integrating process 

starts with a simple but efficient process. It is simple and cheap to identify 

synonyms and string-identical entities with the help of the existing algorithms and 

WordNet. We assume that the names used for entities in ontology would express 
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corresponding meaning according to language and basic linguistic rules. Names 

used for entities in ontologies give good index of their semantic conceptual 

meanings. However, with the epistemic and metaphysical differences (Bouquet et 

al, 2005), it is not enough to handle terminologies with synonyms and string 

check. Therefore, we need the process of ontology non-violation check to find 

semantic correspondence and join two input ontologies to produce the ontology 

intersection.  

Ontology reasoner is used for checking the consistency within one ontology 

boundary. Under the open world assumption is applied, rules are used to handle 

conflicts. If no rules are used for handling a conflict, the contradictory part is 

deleted. When two consistent ontologies are created from two integrating 

directions, rules are used to integrate them. With rules, intended semantics are 

added into the intersection.  

Ontology intersections imply matches between entities of the original ontologies. 

Common ontology matching and integration approach will have a definition of the 

entity similarity. The entity similarity is calculated by various techniques 

discussed in chapter 3. The entity similarity in the proposed approach is very 

simple, i.e., the same type of entities that are string identical and synonyms are 

similar. The ontology non-violation check is the critical check to generate 

ontology intersections. 

The reliability of the knowledge covered in ontology intersections depend not 

only the integration process, but on the quality of the original ontologies. If the 

ontologies contain correct, clear and concise descriptions, the integrated ontology 

will have a better quality. 

 

4.5 Summary 

This chapter illustrates the integration process of two ontologies on semantic and 

syntactic levels and discusses the result of the ontology intersection. Ontology 

intersection is based on the corresponding entities, i.e., entity candidates of 

original ontologies. The corresponding entities are found after the syntax- and 

synonym comparison, that is, a comparison based on comparing entity-strings or 

labels of two input ontologies. The results of the syntax- and synonym 

comparison are entities candidates. The entities candidates are used to join the 

input ontologies, which will be examined by the concept comparison process. 

This comparison checks the ontology concept violation under the open world 

assumption. Rules are applied in the violation check. Contradicted ontology 

definitions are handled by rules in order to produce the intersection result.  

This level of integration will extend knowledge comparing with two input 

ontologies. The reliability of the knowledge covered by the intersection needs to 

be tested by more tests. 
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Chapter 5 Extracting Context with Ontology Repository and Rules 

 

The process, discussed in the last chapter, produces ontology intersections based 

on synonyms and string-identical entities by ontology violation check. The 

process only covers integration on ontology heterogeneity on syntactic, 

terminological and conceptual levels. To prune the integration, context is 

extracted from the ontologies. With help of ontology context, rules can be 

generated for reasoning across these ontologies. This chapter discusses the 

ontology integration with contexts.  

Ontologies, including generated ontology intersections, can be used as context for 

the involved entities. Metadata of the ontologies can also be built and used as 

context. An ontology repository can store ontologies and can introduce a multi-

context system. Rules that utilize the context can be built to reason across the 

heterogeneous ontologies to realize ontology integration on pragmatic level. 

 

5.1 Design goals 

The idea of ontology repository comes from the repository used for data 

warehouses, which is integrating data from heterogeneous sources. In a data 

warehouse, the data repository stores metadata and cleaned and transformed data; 

data analysis tools can, then, be built on top of the data repository to provide 

services, such as, online data analysis and data mining. In a similar way, an 

ontology repository can be built to facilitate services like knowledge integration 

and sharing. 

Ontology repository introduced the idea of sharing, reusing, mapping and 

integrating ontologies (Hartmann et al., 2009). Similar to data repository, 

ontology repository provides an infrastructure to enable ontology management, 

such as, storage, ontology access and retrieval (Kiryakor et al., 2004; Hartmann et 

al., 2009).  

The ontology repository, proposed in this licentiate thesis, is used for storing 

OWL ontologies. The ontologies, stored in the ontology repository, can be 

accessed and retrieved. Then, any two ontologies, in the repository, can be 

integrated to generate a new ontology, the ontology intersection. 

An ontology reasoner that executes searching and querying the ontologies is 

applied. The integration, carried out by rules using context, requires that the 

repository is able to sort, search, navigate and query ontologies, according to 

context criteria. Context criteria are built on metadata information of the 

ontologies. 

Context should be extracted both from ontology entities and from metadata of 

ontologies. Context criterion should be able to describe the information of 

ontologies. Context criterion is similar to the dimension used for context 

describing in Cyc (Lenart 1998).  

Each ontology defines a conceptualization of a domain from its author's 

perspective. Among ontologies, there are semantic relations like overlapping and 

disjunction at domain level, as well as at granularity level and at different 
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perspective levels (as for ontology heterogeneity described in Chapter 2). In order 

to capture some of the semantic relations, context criteria of ontologies need to 

capture and to distinguish the heterogeneity. Also the discussions of context 

dimensions, recommened by Cyc (Cycrop, 2012), should be considered for design 

of context criteria. 

Rules, for applying context criteria, can perform reasoning across ontologies. 

Different criteria can be combined to build up dynamic contexts for rule 

condition. If different contexts infer different consequences, different conditions 

of rules are implemented to express the differences. 

Context rules are rules that make inferences with contexts. With context rules, 

reasoning across ontologies is carried out in the ontology repository. The 

inferences are carried out with a rule engine, which is implemented in the 

repository. The context rule engine must be able to handle conflicts caused by 

heterogeneous ontology definitions. To achieve this, the context rules have a 

higher priority than the ontology definitions. Hence, if there are conflicts between 

the ontology definitions and the context rules, context rules are prioritized higher 

than the ontology definitions to be able to solve the conflicts. 

Conclusively, ontologies, together, can extend the knowledge with context where 

the context rules become a part of an integrated knowledge base. The knowledge 

base contains ontologies, ontology intersections, and context rules.  

 

5.2 Context and context criteria 

Context criteria are used to describe dynamic contexts. Each criterion describe 

one attribute of the context, and combining these criteria will build the dynamic 

context. The context is not only described by a single term or an identifier. The 

quality of the criteria is important for effectively distinguish different contexts. A 

good criterion is able to separate a typical context from other contexts by 

understandable semantic meanings that connect the context to the real world 

(Lenat, 1998). It is not an arbitrary figure or description.  

In English dictionaries, context has two major senses, linguistic and nonlingustic 

(Sowa, 1999). The linguistic sense is the information of the text e.g. surrounded 

words, phrases or the usage of the text (ibid.). The nonlinguistic sense is the 

information that connects to the text in some ways, e.g., situation, environment or 

domain (ibid.). The definition of the context helped us to identify criteria, one 

kind of criteria comes from ontology itself, the entities and the axioms inside the 

ontologies and the other is metadata of ontologies, describing domain, purpose 

and authors of ontologies. 

 

5.2.1 Context criteria 

Context is extracted from so-called ontology component data, ontology metadata 

and repository data, see Table 5-1. Ontology component data are the entities and 

assertions defined in the ontologies. Metadata describes, e.g., ontologies' domain, 

author and user. The repository management data are data for managing the 

ontologies.  
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Table 5-1 Context criteria 

Ontology component data Ontology metadata Repository data 

Entity and Entity type 

And OntologyAssertions 

Domain, purpose, 

ontologyAuthor , 

ontologyUser and time 

OntologyIdentification, 

contextIdentification, 

contextName  

 

Context criteria, from ontology component data, are "Entity and EntityType" and 

"OntologyAssertions". In OWL 2 ontology, expressions and axioms are defined 

differently. In criteria, they are categorized under one criterion "Ontology 

Assertions", which means expressions and axioms are treated equally. For 

example, class "Document", class "Paper" and class "Conference" can compose a 

context, which describes where and how these classes are used. If this context is 

combined with "OntologyAssertions", a more specified context is defined. For 

example, if the context for class "Document", "class "Paper" and class 

"Conference" are combined with an assertion "subclasses (Paper, Document)",  

the context is extended with a subclass which means that not only the three classes 

are used but also that "Document" subsumes "Paper". Hence, 

"OntologyAssertions" criterion distinguishes ontology perspectives with different 

point of views. Using "OntologyAssertions" as a context criterion helps to sort the 

conceptual heterogeneity of perspectives (Bouquet et al., 2005).  

An ontology reasoner in the repository can process assertions that coexist in 

different ontologies and check if a rule should fire or not.  

Another group of context criteria, "Domain", "Purpose", "OntologyAuthor" 

"OntologyUser" and "Time" are metadata used for describing ontologies.  

Domain: According to Merriam-Webster online dictionary
5
, one meaning of the 

word "domain" is "a sphere of knowledge, influence or activity". Each ontology 

describes one domain and one domain can be described by several ontologies. By 

using domain to distinguish context, general knowledge can be described with 

rules.  

Purpose: Commonly, an ontology covers (describes) a part of a domain to fulfil an 

interest or an intention, or to achieve an object. This interest, intention or object 

can be described with the purpose of creating the ontology. Purpose may decide 

how much detailed information an ontology contains (granularity heterogeneity), 

or why an ontology covers a part of a domain (coverage heterogeneity), or which 

perspective an ontology described (perspective heterogeneity).  

"OntologyAuthor", "OntologyUser" and "Time": "OntologyAuthor" holds 

information about the author, who created the ontology. "OntologyUser" describes 

information about the intended users, for whom the ontology is created for. 

"Time" is a good criterion since the world changes with time and the content of 

the ontology mirror the world when it was created. Time can affect the content 

and the interpretation of an ontology and how the ontologies are integrated. 

                                                 
5 http://www.merriam-webster.com 
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The following examples illustrate the usage of these context criteria. An ontology 

O is created for giving a web course in 1997 by a university A. The context 

created for this web course will be context(domain("education") and 

purpose("webcourse") and OntologyAuthor("A") and Time(1997)).  

The context data is stored in the ontology repository. If they are available in 

ontology annotations, the data can be extracted from the annotation stored in the 

repository. Otherwise, they must be updated in repository, manually. 

"OntologyIdentification", "ContextIndetification" and "ContextName" are system 

data. They are repository data for context and ontology management, but, can also 

be used for building up context rules. 

 

5.2.2 Context rules 

Rules that use the context criteria individually or combined are developed to 

reason across heterogeneous ontologies. The rules are called context rules and can 

be extended when new ontologies are added in the repository or when new 

reasoning is needed.  

Context describes either a specific situation or a general situation. When 

"OntologyUser" and "OntologyAuthor" is used, ontology integration can be 

achieved on pragmatic level, which is concerned to the interpretation of ontology 

(Bouquet et al., 2005). 

 The context rule is presented as production rules with the format: If context () 

then {Axioms}, which means that the axioms are valid in the described context. 

The context () is the rule body, where different context criteria are combined to 

build a context. The ontology reasoner is applied to check the conditions of the 

rule body. Functions are needed to check the "Domain", "Purpose" and other 

criteria are applied to check if a rule could be fired or not. "Axioms" describe the 

rule action, which is the result returned from a context rule. This part of the rules 

can be a list of axioms, or an ontology identification that link to an ontology or 

ontology intersections in the repository.  

Each rule has its name and identification used for searching and retrieving the 

rules in the ontology repository. Examples of context rules are illustrated in 

pseudo code below. 

The rule of "Class-Document-Conference-Venue" describes that in the context of 

using class "Document", class "Conference" and class "Venue", there are certain 

relationships that they have.  

rule "class-Document-conference-venue" 

If Context [class ("Document") & class ("Conference") & class ("Venue")]  

then ((ObjectPropertyAssertion (at,"Conference","Venue")) & 

(ObjectPropertyAssertion (present,"Document","Conference")) & 

(ObjectPropertyAssertion (publish, "Document", "Venue")) 

Rule of "Source-in-domain-Conference" is a rule describing how classes 

"Source", "Document" and "Root" is defined and used. 

rule "source-in-domain-conference" 
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If Context [Domain ("Conference") & class ("Document") & class("Source") & 

class("Author")] 

then ((SubClassof ("Root","Source")) & 

(SubClassof ("Author","Source")) & (SubClassof ("Document", "Root")) 

Rules are created for specific purposes and situations. Sometime rules express a 

more general view of a domain and, sometime, rules can be generated after 

analysis of ontologies in the repository. 

 

5.3 Ontology integration with the help of ontology repository 

As mentioned before, the ontology repository stores OWL 2 ontologies and 

provides a platform for the generating of ontology intersections and building 

context rules. An architecture of ontology repository is proposed, see Figure 5-1.  

 
Figure 5- 4 Architecture of ontology repository 

The database stores ontology data in relational table format and OWL files is a 

database for storage for OWL files. The module, Ontology Load Module, loads 

ontologies from the "OWL files" storage to "Database" repository according to the 

context metadata, and vice verse. This module has a parser, which parses the 

OWL files from the file storage and extracts the signatures from the ontologies 

and stores these signatures in the ontology repository. 

The "Ontology Intersection Module" checks the conceptual violations between 

two ontologies and produces ontology intersections. Thus, this "Ontology 

Intersection Module" matches two owl ontologies to be able to generate an 

ontology intersection, first by "Signature Extraction", then, through "Syntax 

comparison" and "Synonym Comparison", and last, through "Ontology Concept 

violation check". The detailed process is described in Chapter 5. The "Ontology 

Intersection Module" exchanges data with almost every module, i.e., the "Syntax 

Matcher module" and "Synonyms Matcher module", "ontology reasoner" and 

"rule Engine", and "OntologyLoadModule".  

The "Syntax matcher" module provides a function for syntax matching of 

terminologies. The process is a syntax comparison that normalizes entities, as 

mentioned earlier, and returns equal entities. 
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The "Synonyms matcher" module looks up synonyms of each entity in the 

WordNet and returns synonyms. This module distinguishes synonyms of class 

entities and object property entities. As mentioned in Section 4.2.2, synonyms of 

class entities are looked up among nouns in WordNet, while synonyms of object 

property entities are looked up among verbs and adjectives, 

The "Context rule" module is a knowledge base of context rules. If needed, news 

rules can be added by experts at any time. Functions for querying ontologies are 

built and launched together with these context rules. 

A "Rule engine" is applied to execute rules. This engine matches data and facts 

with the bodies of rules. When conditions of a rule are matched with the facts and 

data, the rule is fired and the action is executed. Forward chaining can be used, 

since rules defined in examples are data-driven, which infers from facts and data 

to reach conclusions. 

An "Ontology reasoner" is adopted in the architecture to execute queries and 

conduct inference on ontologies. Ontology reasoner executes OWL DL. Some 

functions in "OntologyIntersectionModule" and "Context rule" module use 

ontology reasoner to make inference on ontologies and use the inference results. 

With the help of the modules of the proposed architecture, ontologies are 

integrated to generated ontology intersections. Also context rules, for describing 

the ontologies, can be used as producing rules to reason across ontologies.  

 

5.4. Example of conference ontologies integration 

The integration process and the ontology repository structure, proposed in the 

licentiate, are applied to integrate conference ontologies, “cmt.owl” and 

“Cocus.owl”, used by OAEI (Ontology Alignment Evaluation Initiative) for 

ontology matching workshop. The ontology “cmt.owl” is first integrated with the 

ontology “Cocus.owl”. The result from the integration is, then, matched and 

integrated with ontology “Conference.owl”. Finally, the result is integrated with 

the ontology "confious.owl". Since the integration process described in Chapter 4 

is a simple paper prototype at the moment, it is difficult to integrate large 

ontologies. Therefore, only parts of each ontology are integrated. To support the 

integration, Protégé
6
 has been used. 

Ontology “cmt.owl” has 32 class and property definitions; ”Cocus.owl” has 47 

class and property definitions. The result is an ontology integration with 56 class 

and property definitions. This ontology integration is, then, integrated with the 

ontology “Conference.owl” that has 79 terminology definitions. The intersection 

result of "cmt.owl" and "Cocus.owl" with the integration of "Conference.owl" 

generates 146 terminology definitions. Then, the intersection of "cmt.owl", 

"Cocus.owl" and "Conference.owl" is integrated with “Confious.owl”, which has 

47 terminology definitions. The intersection of these four ontologies contains 168 

terminology definitions, in total.  

Comparing the intersections with the input ontologies, it shows that ontology 

definitions increase, shown in table below: 

                                                 
6 http://protege.stanford.edu 
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Table 5-2 The percentage of increase of the intersections and the original ontologies 

NameofOntology 
NumberofClasse

s&OP 
PercentageofIncreasing 

cmt.owl 32  

Cocus.owl 47  

Intersection-cmt-cocus 56 

56/32 = 175% 

56/47 = 119% 

56/(32+47) = 70.89% 

Conference.owl 79  

Intersection-cmt-cocus-

conference 
146 

146/56 = 260.71% 

146/79 = 184.81% 

146/(56+79) = 108.15% 

Confious.owl 47  

Intersection-cmt-cocus-

conference-confious 
168 

168/146 = 115.07% 

168/47 = 357.45% 

168/(146+47) = 87.05% 

 

In three shading rows, the intersections' results are shown. The first and the 

second lines in cell 1, 2 and 3 show the comparison of the intersections with the 

two original ontologies. Each result shows an increase. The third line shows the 

comparison of the intersections with the union of the two original ontologies. The 

comparison results vary: cell 2 shows an increase and cell 1 and 3 shows a 

decrease. These differences are caused by rules, i.e, rules can both delete and add 

definitions, which do not violate the original ontologies. 

Applying to ontology integration process, as described in Chapter 4, for the 

integration of the entity “Document” and related ontology definitions with help of 

ontology editor Protété, the final intersection gives the following result of classes, 

shown in the next page. 

In the result, there are five layers in the class hierarchy, the classes of layer 4 

subsumes the corresponding classes of layer 5. The layer numbers 1, 2, 3, 4 and 5 

are added for presentation of the result. These numbers have no semantic meaning 

in the class hierarchy except the subsumed relations. 

1 

3 

2 
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 ⊙Thing 

  ①Document≡Conference_document 

   ②Call_for_paper 

   ②Call_for_participation 

   ②Conference_announcement 

   ②Conference_www 

    ③Information_for_participants 

   ②Email 

    ③Approval_Email 

    ③Group_Email 

    ③Notification_Email 

     ④Acceptance_notification_email 

     ④Rejection_notification_email 

    ③Rejection_Email 

   ②Paper≡Regular_contribution≡Conference_contribution≡Poster 

   ≡Written_contribution≡Presentation 

    ③Abstract≡PaperAbstract≡abstract_of_paper (line 1) 

    ③Accepted_Paper 

    ③Full_Paper 

    ③Invited_Paper 

    ③PaperAbstract≡Abstract≡abstract_of_paper 

    ③PaperFullVersion 

    ③Rejected_Paper 

    ③Short_Paper 

    ③Undecided_Paper 

    ③Abstract_of_paper≡PaperAbstract≡Abstract 

   ②Review 

    ③Meta_review 

   ②Submission 

   ②Template 

   ②Poster≡Conference_contribution≡Regular_contribution≡Paper 

   ≡Written_contribution≡Presentation 

    ③Invited_talk 

    ③Submitted_contribution 

     ④Review_contribution 

      ⑤Accepted_contribution 

      ⑤Rejected_contributon 

 

The result of object property definition is not shown since they are a union of 

these ontologies, i.e., no violation is identified. This is because that object 

properties are often described by a phrases and not by single words. One 

weakness of the proposed process is that no language–based comparison 

techniques (as described in section 3.2.1) have been adopted. Hence, it is difficult 

to find synonyms for object properties in compared ontologies. The positive 

aspect is that there already exist are many language-based techniques that can be 

taken to improve the ontology comparing process.  

In line 1 of the class hierarchy, “Abstract” becomes equal to the class 

“PaperAbstract” by fire a rule, called Combine-Superclass-ToClass. In one 

ontology, it states that Abstract ⊆ Paper; and in the other ontology, it states that 

PaperAbstract ⊆ Paper. The result is then Abstract ≡ PaperAbstract. The 

condition of the rule states that: C⊆D in O1; and in O2 C´⊆D´; and string-

identical(D, D'); and label(C) – label(C´) = D , in which, C, D are two classes in 

ontology O1 and C subsumes D; C' and D' are two classes in ontology O' and C' 
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subsumes D'; C and C' are string identical classes, and the name difference of 

class D and D' is exactly C and C'. The result is D is equal to D'. 

The integrations of these conference ontologies show that the integration process 

can build ontologies that contain more class definitions and object property 

definition, in which way the knowledge is increasing. The class hierarchy is 

growing as well when comparing the ontology intersections with their input 

ontologies.  

The small and simple test show that the integrating process proposed in Chapter 

four is sound. It is relatively easy to find synonyms for classes and the integrating 

result do extend the knowledge comparing with original ontologies. The ontology 

intersections are more complete and solid. Complete in the sense that it is easier to 

grasp different words used in the same context; and solid in the sense that it 

becomes easier to detect deviations when the same word is used in different 

context. Context rules can be built from the intersections and the multiple 

ontologies to reason with correct interpretation across ontologies.  

 

5.5 Summary 

In this chapter, context and context criterion have been discussed and described. 

Ten context criteria, such as “Domain” and “ContextUser”, help designing context 

rules. The ontology repository stores multiple heterogeneous ontologies together, 

not necessary physically, but with metadata structure, the ontologies can then be 

reasoned with context rules. Ontology reasoner and rule engine can be used in 

ontology intersection module and context rule module where functions need to be 

built to combine their inferences.  

However, the proposed architecture is a paper prototype, and the test, of 

integrating the four conference ontologies and the development of the context 

rules, is very limited. Therefore, a solid result can not be generated. The test, 

however, helped to refine the ontology integration process and to illustrate the 

proposed approach at an experimental level. The test also provides a promising 

preliminary result, the proposed approach does generate intersections that increase 

the ontology definitions comparing with original ontologies and the context rules 

are useful for reasoning across heterogeneous ontologies stored in the designed 

ontology repository. 
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Chapter 6 Applying Ontology Integration for Data Integration in Data 

Warehouses 

 

Data warehouse (DW) is a central repository of data, gathered and consolidated 

from heterogeneous systems supporting data analysis and decision-making 

(Rivero, et al., 2006). The design of DW is a very complex procedure, metadata 

and data integration is fixed at the design stage. The goal of DW is to achieve data 

analysis and decision support according to a business model. The stakeholders of 

a business model can involve different parties, like customers, different 

departments in a company and, sometimes, subsidiary companies and holding 

companies. It is therefore very difficult to reflect the interests of every 

stakeholders at the design stage; at the same time, the changes in a business model 

are often fast. Traditional DW systems need to be transformed into a flexible 

decision support tool, where knowledge layer and the data layer can be separated. 

Metadata and data integration is extremely important for building DW to achieve 

the goal, i.e. to support decision-making by analysing of the heterogeneous data. 

Ontology has been applied for information integration (Bergamaschi et al, 1998) 

and development of the Semantic Web. If ontology can be used for metadata and 

data integration in DW systems, the semantic technology of ontology integration 

can be applied in DW environment. The advantage of applying the semantic 

technology of ontology for metadata and data integration is the possibility of 

building automatic and/or semi-automatic integration functions, which may 

provide flexibility when changing the DW functions for adjusting stakeholders' 

interests and the changes of the business models.  

Another advantage of the semantic integration of ontologies is that the integration 

is not limited on the syntax level but on the conceptual level.  The metadata and 

data management and integration will not be tackled with ad hoc functions, but 

with knowledge base support. 

The following sections described the test of the ontology integration approach 

proposed in Chapter 4 and Chapter 5 for metadata integration in DW systems, by 

applying a metadata interchange standard for defining metadata integrating 

ontology, and designing a prototype of metadata interchange system. A scenario is 

described.  

 

6.1 Data Warehouse (DW) and metadata management in DW 

A data warehouse (DW) is “a subject-oriented, integrated, non-volatile, and time-

variant collection of data in support of management’s decisions making process” 

(Inmon, 2002). In order to support decision-making, a huge amount of historical 

and contextual data need to be extracted from various tools and systems. The data 

is, then, transformed, integrated, cleaned and stored into data warehouses - a 

process called Extraction Transformation and Loading (ETL) (Inmon, 2002, 

Staudt et al., 1999, Rivero, el al, 2006). On top of the integrated data, data 

analysis tools are used to apply multidimensional models or data mining 

applications. The results of data analysing are presented in, e.g., user-friendly 

reports, graphs and tables for the decision makers (Inmon, 2002, Rivero, et al., 
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2006). To achieve the goals of data warehouse systems, many tools, such as, ETL 

tools, data quality tools, data modelling tools, DW repository tools and analysing 

tools are developed. Metadata integration and metadata management are 

important for the development of DWs. 

Metadata is “data about data”. Examples of metadata include data element 

descriptions, data type descriptions, attribute/property descriptions, range/domain 

descriptions, and process/method descriptions" (OMG, 2003). Metadata 

management plays an active and important role for tool integration, data 

integration and updating in DW environment (Sen, 2004; Staudt et al., 1999). For 

the metadata integration, technologies, such as, metadata bridges (Pool et al 

2002), repository management system (Sen 2004) and metadata standards 

(Vetterli, 2000) have been applied.  

One metadata standard from Object Management Group (OMG) is Common 

Warehouse Metamodel (CWM) (OMG, 2003). The goal of CWM is "to enable 

easy interchange of warehouse and business intelligence metadata between 

warehouse tools, warehouse platforms and warehouse metadata repositories in 

distributed heterogeneous environments" (OMG, 2003). CWM has defined an 

abstract language for expressing metadata models (called metamodels) for various 

DW tools (OMG, 2003), and is supposed to be the solution for metadata 

integration in the data warehouse environment. However, the DW repository 

vendors are slow in implementing CWM (Kimball et al., 2008). In many cases, 

systems have to be designed with diverse metadata for various reasons, such as, 

"best-of-breed", "most compatible" or "most economic" (Sen, 2004). It is hard to 

find robust tools that completely support CWM (Sen, 2004). 

However, CWM can be used to create semi-automated metadata management and 

integration tool. CWM defines the terminologies and their definitions of metadata 

integration for DW systems. On the definitions and relationships of terminologies, 

constraints are defined. CWM provides a good foundation to apply ontology 

techniques for metadata integrating and management support for data warehouse 

tools. Therefore, an ontology knowledge-based system is introduced to support 

the metadata integration. The applying ontology enables not only the 

implementation of CWM but also the reuse of the knowledge extracted from 

CWM. The reuse of CWM knowledge means that this ontology can be used to 

integrate new ontology based data warehouse tools and metadata.  

 

6.2 Common Warehouse MetaModel (CWM) specification 

CWM is transformed to the main part of the ontology knowledge base. CWM 

defines classes, associations and constraints, which are abstracted and extracted 

from the common features and functions used in the DW domain. These classes 

and associations are organized in 21 packages and the packages are arranged in a 

5-level-hierarchy. Each package represents a specific area in DW, e.g., relational 

resource. The architecture of CWM standard supports the model reuse. 

CWM conforms to Meta Object Facility (MOF)
7
, which is a standard technology 

for defining, constructing, managing, interchanging and integrating metadata. This 

                                                 
7 MOF specification website is http://www.omg.org/mof/. 
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Meta Object Facility uses four levels architecture, named M3, M2, M1 and M0, 

where M0 is the lowest level with Objects and M3 is the highest level with 

metadata objects, see Table 6-1. The specific CWM metadata model instances are 

on the M1 level, describing specific models conformed to CWM. On the M2 

level, CWM is an instance of MOF. The models on M3 level describe the models 

on M2 level, the models on M2 level describe those on M1 level and the models 

on M1 level describe models on M0 level. The higher level the models are at, the 

more abstract knowledge level these models describe.  

Table 6-1 OMG Metadata architecture (OMG, 2003) 

Meta-level MOF terms Examples 
M3 Meta-metaModel The "MOF" model 

M2 MetaModel, Metametadata UML metamodel, CWM metamodel 

M1 Model, metadata UML models, CWM metadata 

M0 Object, data Modeled systems, Warehouse data 

CWM uses the Unified Modeling Language (UML)
8
 notation and the Object 

Constraint Language (OCL)
9
 to define the generic warehouse metamodels. By 

extending the UML, all the CWM metaclasses can be inherited from the UML 

metaclasses. Figure 6-1 shows UML diagram of class Schema and owned objects, 

defined in CWM. Classes are the fundamental building blocks of CWM 

metamodels. A class can have three kinds of features: Attributes, References and 

Operations. Schemas contain references of class Procedures, Triggers, 

NamedColumnSet and SQLIndex. A schema is a collection of tables, which 

inherits a class, called Package, from a package, called Core. The schema is 

contained by a class Catalog, which is a unit of login and identification. All the 

tables in a catalogue can be used in a SQL query OMG, 2003). The information 

contained in UML can be transformed into OWL ontologies. There are 

approaches for converting between UML and OWL ontologies (Gasevic et al., 

2003; Brockmans et al., 2004; Xu et al., 2012). We believe that CWM will give 

good foundation for ontology creating. Even though creating the ontology is not 

the focus of this thesis, we illustrate simple OWL ontologies extracted from these 

UML models defined in CWM in section 6.3.1, to show that the previous 

ontology integration approach can be applied for metadata integration in DW 

systems.  

                                                 
8 UML Specification website, www.omg.org/spec/UML/2.4.1/ 
9 Object Constraint Language (OCL) website: www.omg.org/spec/OCL/ 
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Figure 6-5 Schema and owed objects (OMG 2003) 

 

CWM is designed for, e.g., DW tool vendors and DW end-users. Figure 6-2 

shows an implementing instance of a CWM that is developed by CWM users. The 

“Company” is an instance of the class Schema, which contains several tables, i.e., 

Persons, Employees and Job. The table “Employees” contains several columns, 

i.e., EId, position and Salary. EmpKey is an instance of “UniqueConstraint”, 

which is defined class in CWM. These definitions of instances follow the class 

and relation definitions of Table, Colum and UniqueConstraint in CWM. The 

information in such UML models needs to be integrated into the CWM ontology 

knowledge base, which works as an upper ontology. The goal is to manage the 

ontology integrations with built-in-rules to achieve the semi-automatic metadata 

integration in DW environment, and therefore to provide a flexible metadata 

integration approach. 
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Figure 6-6 An example of UML instance of CWM relation package 

 

6.3 The approach of the ontology integration by non-violation and context 

building in a Data Warehouse 

The UML models in CWM specification are analysed and the transformation of 

these metadata models into OWL ontology are tested. A very small portion of 

CWM UML models is transformed into OWL ontologies. To apply the ontology 

integration approach, ontology repository is needed. The repository shall store the 

ontologies from CWM and ontoliges of CWM instances, and, an accumulation of 

ontologies of the metadata models. These ontologies and rules create a knowledge 

base, which provides quality management of the metadata integration for data 

warehouses as well as to proved flexibility of knowledge integration on metadata. 

The approach of applying ontology integration to manage metadata integration is 

described below. 

 

6.3.1 The ontology knowledge base of CWM 

As mentioned earlier, OWL ontology is a knowledge representation language that 

is the standard ontology language recommended by W3C (W3C, 2009). OWL 2 

can be used to represent the knowledge of CWM. The idea of providing reasoning 

service using UML models has been provided by some researchers (Gasevic et al., 

2004; Franconi and Ng, 2000; Håkansson, 2003) with different approaches. 

Moreover, Zhao and Huang (2006) formalized CWM with description logic and 

provide consistency check. These techniques show the potential of building OWL 

ontology from CWM UML. 

The classes in CWM UML are transformed into classes in OWL ontology, e.g., 

classes, such as, Schema, Catalogue, Package and Procedure. The inheritance 

relationship is, then, transformed into subsumed classes, e.g. SubClassOf 

(Schema, Package), SubClssOf (Catalog, Package), EquivalentClasses (Package, 

ObjectUnionOf(Catalog, Schema)). The association relationship is transformed 

into properties, e.g., ownedElement and namespace. The classes, related to the 

associations ends (two ends of an association), are property domain and property 

range. For example, the association between Schema and Trigger is represented as 

ObjectPropertyDomain (ownedElement, Trigger) and ObjectPropertyRange 

(ownedElement, Schema) and ObjectPropertyDomain(namespace, Schema) and 

ObjectPropertyRange(namespace, Trigger) and InverseObjectProperties 
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(ownedElement, namespace). The cardinality of the association ends is presented 

as ObjectMinCardinality and ObjectMaxCardinality. The ObjectMaxCardinality(1 

namespace Schema) means that an instance of Schema can have, at maximum, 

one namespace.  

Instances of CWM metamodel, like the instances illustrated in Figure 6-2, are 

described as individuals. Company is an instance of Schema, and is represented as 

ClassAssertion (Company, Schema). The relationship between Table and Column 

is feature and owner, ObjectPropertyAssertion (owner, Employee, EId) and 

ObjectProptertyAssertion (feature, EId, Employee). 

The knowledge base is a described with OWL. An OWL ontology reasoner 

contains a terminological box (TBox) and an assertional box (ABox). The CWM 

metamodels are transformed into the TBox and the instances are transformed into 

ABox. An OWL reasoner can, then, supply reasoning services on the knowledge 

base, where CWM specification is turned into a theoretical model in TBox, and 

thereby, the CWM instances supply assertions for ABox. 

 

6.3.2 Reasoning strategies 

With the ontology knowledge base, based on CWM and instance metadata, an 

ontology reasoner is able to validate the instance metadata and give suggestions 

for metadata interchange. The sharing ability of information, presented in CWM, 

has been checked and refined by examining the metadata interchange needs of 

several different, but representative, implementations, as well as, a broad range of 

representative warehouse configurations (OMG, 2003). The ontology that is built 

on CWM is assumed that it covers the reasoning from the generalized metamodels 

to the specific implement instance models and vice versa. With the transformed 

CWM ontology knowledge base, the consistency is checked when new instance 

models are integrated. The reasoning is carried out between the M2 level and M1 

level, as described in Table 6-1. The CWM implementing instances can extend the 

definitions of the CWM metamodel because the CWM allows definition 

extending to most of the classes for specific model designs. The idea is illustrated 

in Figure 6-3. 

 

Figure 6-7 metadata integration strategy on ontologies 

In Figure 6-3, the module of “CWM based Meta model Interchange Control with 

reasoning support” implements the CWM specification by describing the 

definition and the behaviour of classes and associations, which is described in the 
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terminological part of the knowledge base (TBox). The "Metadata model A" is an 

instance of CWM and composes part of assertions of ABox. The "Metadata model 

B" is a tool that does not implement CWM, in order to integrate B into the data 

warehouse system, mapping between model B and the CWM ontology is carried 

out by the software engineer using rules with support of ontology reasoning. The 

mapping between B and CWM extends the axioms in TBox and ABox. Both 

model A and model B are stored in ABox. With the knowledge of CWM 

specification and the collected instances of A and B, the reasoner is able to 

suggest the translations between CWM and the model C, which represents an 

integration that will be made in future. After integrating model B and model C, 

the CWM based metamodel will include extended knowledge from B and C, i.e., 

mappings between the instance models and CWM. This means the integrated 

CWM will cover the knowledge of CWM, instance model A, B and C. The 

knowledge base will continue to be extended for every time new instance models 

are integrated and will give support with its knowledge when new instance models 

need to be integrated. For each new integration, it creates an ontology integration 

of the new metadata model and the integrated metadata ontology, which started 

with CWM ontology. 

Figure 6-3 shows horizontal and vertical reasoning. The vertical reasoning 

includes reasoning between the meta-metadata level and the metadata level 

(recalling M1 and M2 metadata levels in Figure 1), i.e., from CWM based 

metamodel to an instance model and vice versa. The vertical reasoning checks, 

e.g., if each implemented metadata model is following the CWM standard 

correctly, i.e., satisfiability test. The vertical reasoning from a specific model to 

CWM can extend the CWM definition, since the extensibility is defined in the 

CWM. The horizontal reasoning takes place on the same level. For example, 

checking the consistence between the CWM metamodels, and comparing the 

models among specific models A, B, and C for automated integration rules’ 

generating, which means rules for metadata integration can be generated from the 

heuristic cases of A, B and C. With another word, vertical reasoning is the 

reasoning between TBox and Abox, which can be handled by an ontology 

reasoner. The horizontal reasoning is the reasoning between TBox of different 

ontologies, with which the research described in Chapter 4 and 5, can be applied 

and tested. 

 

6.4 A Scenario 

The proposed model, described in Chapter 5, is applied for the metadata 

integration and management in data warehouse. CWM and metadata of various 

tools and system information are transformed into ontologies and stored in OWL 

files database. The CWM specification, the definitions of terminologies and 

relations and constraints are defined in OWL ontology. Metadata of various 

instance models are defined in the ontology knowledge base as well. The 

ontologies, together, build up an integrated knowledge base by ontology 

intersection rules, context rules and the generated ontology intersections. 

The ontology, transformed from CWM specification, is the base for terminology 

definition. During the design stage of a DW, metamodels of tools are 

implemented into the ABox of the ontology by using instance assertions or 
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extending CWM ontology's TBox. The result ontology is called CWM based 

ontology, which can be integrated with new metamodels. Rules can be defined at 

this stage to identify patterns of ontology integration, which belongs to the 

development of the ontology intersection module, as presented in Figure 5-1. 

When a new metamodel needs to be integrated, new rules can be extended in the 

ontology intersection module. The ontology intersection of the new metamodel 

and the CWM ontology extend the old version of CWM based ontology, which 

thereby, becomes the updated version of CWM based ontology. The latest 

updated CWM based ontology covers all the integrated metadata. With ontology 

repository, the older version of CWM based ontology and the integrated 

metamodels are saved to support the development of context rules and the 

improvement of ontology intersection module. 

The context rule module and the ontology intersection module provide reasoning 

support. Moreover, a semi-automated metadata management and suggestions of 

metadata integration are provided, not only for CWM compatible data warehouse 

tools but also for CWM incompatible data warehouse tools.  

With the limitation of the proposed ontology integration of this thesis, i.e., the 

ontology integration handles only the integration of definitions in TBox. Hence, 

the integration of ABox is not considered. 

The proposed ontology integration architecture in Figure 5-1 takes only OWL 

ontologies as input. Metamodels and models of tools and information of systems 

in data warehouse are not is in ontology format, therefore, an adaptor that 

transforms metamodels and models into OWL ontologies is needed.  

Whenever a data warehouse has changed data sources, targets or business rules, a 

new metadata model may need to be integrated. Below, a scenario presents how a 

metamodel is integrated to CWM based ontology, explaining how the reasoning 

support can help the metadata integration.  

The UML diagram, with the filled boxes in Figure 6-4, is a metadata model 

instance that needs to be integrated. The diagram, with the non-filled boxes in the 

figure, is a schema model of the UML model, i.e., metamodel of the UML 

diagram. 
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Figure 6-8 A model example of CWM incompatible model 

The UML metamodel and model are transformed into ontologies first. By starting 

the ontology integration process of a new model and a CWM based ontology, 

reasoning support will provide integration suggestions. 

The context of a relational data resource is given, which can be defined with a 

context rule that describe the relations of class Table, Column and Constraint. The 

comparison starts with the extraction of the signature of the instance schema data 

model and the relational data model of the CWM model. Through the syntax 

comparison and the synonym comparison, the ontology violation check will be 

executed on the models.  Classes “Table”, “Column” and “PrimaryKey” pass the 

violation without an indication of violation. The result of the integration does not 

bring any changes into the terminological part, because CWM definition totally 

covers the description of the instance schema model. Then, the instance values 

will be added into the Abox, such as, "ClassAssertion (namespace.Address, 

Table)" and "ClassAssertion (namespace.Add_pk, PrimaryKey).  

The next step is to check following: (1) Is Datatype the same as the 

SQLSimpleType (2) what is the domain and how to translate the domain into the 

CWM model. 

In CWM, SQLSimpleType is a simple datatype used with an SQL column. 

Examples of SQLSimpleType are Integer and Varchar and other simple data type 

(OMG, 2003). The above mentioned knowledge is included in the CWM ontology 

and presented as: SubClassOf (SQLSimpleType, SQLDataType), and 

SubClassOf(SQLSimpleType, DataType). The reasoning should lead to the 

conclusion that there is equivalence relationship between the DataType of the 

instance model and the SQLDataType. However, DataType is not defined in the 

relational package in CWM, which concludes that there exists an equivalence 

between SQLSimpleType and DataType. New axiom is added into the CWM 

knowledge base, expressing the equivalence of the DataType and the 

SQLDataType. 
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The question for “domain in the instance schema model” is that there is no similar 

syntax class identified. However, the data model shows that there is a relationship 

of the class domain to the Datatype, as well as to the Constraint, and to the 

Column. Constraint and Column are identified in the CWM knowledge base. 

Then, from the associations between the Column and the SQLSimpleType and the 

SQLDistinctType defined in CWM, the assumptions are that the Post_cd is either 

an instance of the SQLSimpleType or an instance of the SQLDistinctType will be 

taken. The assumptions are put into the ontology reasoner for consistency check. 

From the conclusion of the previous question, i.e., the Datatype corresponds to the 

SQLSimpleType, the conclusion is that the domain is equivalent to 

SQLDistinctType.  

The reasoning procedures are also called integration rules. The reasoning starts 

with the string identical part of the classes and associations of classes. And the 

reasoning should be consistent with the ontology definitions in the knowledge 

base. The process described is a semi-automatic process, where ontology reasoner 

and rules can help knowledge engineer to define new rules and keep the integrated 

ontology consistent. Rules can be extended when new integration are needed. 

 

6.5 Summary 

This chapter presents an ontology integration that supports metadata integration 

and metadata management in data warehouse system. A metamodel specification 

CWM is transformed into an OWL ontology and instance models are presented as 

ontologies in the ontology knowledge base. When instance ontologies are 

integrated into the CWM integrated ontology, the knowledge base is extended and 

the knowledge can be reused for metadata integration and management. Rules, 

both of ontology integration and context rules can be added for reasoning support 

and metadata integration. 
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Chapter 7 Related Work 

 

The research of ontology matching and integration is an active area and a lot of 

literature is generated, which is reflected in the long reference list in this thesis. 

The book ontology matching (Euzenat and Shvaiko, 2008) and journal articles, 

e.g., (Orgun et al., 2008) cover a complete view of the related works.  

The main contribution of this licentiate is the approach of non-violation check 

process for generating ontology intersection, and the use of context to reason 

across heterogeneous ontologies using ontology and rule reasoning. The related 

work focuses on different approaches for ontology matching and integration, with 

semantic techniques.  

OntoMerge (Dou et al., 2005) is an ontology merge system with automated 

reasoning. The merge process works on two related ontologies of similar domains. 

A union of the two input ontologies will be taken. Bridging axioms, which relate 

the concepts of two ontologies, are added to help the inference engine, called  

OntoEngine, to generate a merged ontology. The inference engine applies a kind 

of strong typed first-order logic language Web-PDDL, running either a data-

driven (forward chaining) or a demand-driven (backward chaining) way. Both 

domain experts and knowledge engineers need to be involved in the merging 

process, for defining bridge axioms or creating a merged ontology that covers 

both source and target ontologies. OntoMerge was an online system, but is not 

available any longer.  

In our ontology integration, synonyms and non-violation check process are used 

instead of bridge axioms in that created by experts. There are many similarities of 

OntoMerge and the proposed ontology integration in this thesis, although different 

terms, "merge" and "integration", are used. OntoMerge takes two input ontologies 

to generate one merged ontology that can be further integrated with other 

ontologies. Moreover, both approaches work on the level of concepts of the 

ontology. But in our approach, open world assumption is used during the non-

violation check process, i.e., when definition in one ontology cannot be found in 

the other ontology, rules will help to integrated anyway without bridge axioms. 

OntoMerge needs an ontology that covers all the concepts. Bridge axioms are 

added to help merging process. In the proposed approach of this licentiate work, 

rules are applied to help the integration. The idea of using context is not 

mentioned in OntoMerge.  

Biletskiy et al. (2010) propose eliminating rules for conflict resolution of 

homonyms and synonyms in the process of ontology integrating. Homonyms and 

synonyms are identified by analysing attributes and relationships of two objects 

from two ontologies. For homonyms, the recommendation is either to change 

name in one ontology or to add an extra attribute to the object. Rules are created 

to find partial-synonym and synonym relations between the potential synonyms. 

Instance data is used for analysing. Rules are created after comparison of two 

ontologies to help the conflict resolution process. Ontologies are presented in 

OWL and rules use Semantic Web Rule Language (SWRL). The result is the 

automatic generated rules for identifying semantic conflicts, i.e., potential 

homonyms, homonyms, potential synonyms and partial synonyms. In our 
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approach, the syntax and the synonyms are identified by external resources, such 

as, WordNet and string comparing modules. The result in our approach is an 

ontology intersection, which is also an independent ontology. The string-identical 

entities and synonyms are identified, but used as anchors for ontology integration. 

Distributed Description Logics (DDL) is proposed for automatically creating 

mapping for ontology integration (Meilicke et al., 2006). With DDL, the 

verification of concepts' satisfiability and subsumption is not only depending on 

the ontology definition, but also considering "bridge rules" across ontologies. 

Existing systems are used for generating mapping hypotheses in the first step, 

which results in mappings and the confidence levels. With the results of the first 

step, DDL is used for generating mappings of two ontologies. In the second step, 

the generated mappings are diagnosed with model-based semantic technique for a 

single ontology. For each conflict that is detected in the second step, directly 

fixing will resolve the conflict described in the third step. Therefore, the second 

step is an iterative conflict minimizing process. The third step is called heuristic 

debugging, where malicious mappings will be removed. This can be done by 

human interaction or by building rules that perform automatically. In the last step, 

minimization and redundant mappings will be removed. This approach is tested 

on small size ontologies. The general strategy of DDL approach is very similar to 

the proposed ontology integration of the thesis, although the ontology reasoners 

are different. There are many details that are not decided in DDL approach, which 

means it is still under development. The work of DDL and the proposed ontology 

integration complement each other and some suggestions of DDL can be applied 

in our ontology integration approach and vice versa.  

Domain knowledge base and context are introduced to manage divergent 

knowledge (Giunchiglia et al., 2011). Although the article does not to tackle the 

problem of ontology integration specifically, it is a method for solving semantic 

matching problem for all knowledge management applications, where ontology 

integration belongs to. The difficulty of semantic matching is due to the lack of 

background knowledge (ibid.). Three steps are suggested in the article: 

1)"providing a continuously growing" and "diversity-aware knowledge base 

(ibid.); 2) providing context for run-time problem; 3) solve the problem. For the 

first step, a domain knowledge base is built with inspiration by the faceted 

approach, which is used in library science. Domain can be pure disciplines or 

aggregated fields (ibid.). The definition of the domain is a five tuple: D=<id, FL, 

K, {NL},{Fnl}>, where "id" is "a string denoting the name of the domain"; "FL" is 

a 4-tuple <C(set of classes), E(set of entities), Q(set of qualities) , q(set of 

values)>; "K" is a set of binary relations, such as "is-a", "instance-of"; "NL" is 

about the natural language and "FNL" are mapping functions between NL and FL. 

Building a domain knowledge base of continuously growing knowledge 

resembles the idea of ontology integration and ontology repository proposed in 

this thesis. Both approaches mean to provide a complete view of a domain. 

However, a knowledge base that is built specially for representing the domain 

knowledge contains more sophisticated and higher quality knowledge than an 

integrated ontology and ontology repository. But building a domain ontology is 

very expensive, while the integrated ontology and ontology repository are less 

expensive.  
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Context is defined by Giunchiglia et al. (2011) as a 4-tuple ctx=<id, Lc, Kc, IA>, 

where "id" is a context identifier; Lc is the local (formal) language; Kc is the local 

knowledge; IA is a set of implicit assumptions. In their context algorithm, labels 

are analysed and linked to a possible domain. Then, the domain knowledge can be 

used for interpreting the concepts of Lc . The idea of using context as "a local 

theory over a certain language and domain of interpretation" is similar to our 

ontology integration approach. But the context representation form and context 

algorithm are different. In the proposed approach, context is extracted from 

ontologies and metadata of ontologies and built into rules. We see that the domain 

knowledge and the context are necessary to use for semantic matching 

applications.  

In Chapter 6, ontologies are used for metadata and data integration for data 

warehouse systems. The idea is not new and there are solutions of applying 

ontology for database or schema integration (Santoso et al., 2010; He and Ling, 

2005; Buccella et al., 2011; Deray and Verheyden, 2003). All the approaches 

show how to build ontologies to map or integrate data in heterogeneous databases. 

But the solution presented in Chapter 6 applies the ontology integration approach 

in DW systems. In the proposed ontology integration approach, each data source 

is considered as an ontology, by integrating and storing these ontologies, the 

produced ontology intersections and rules can be used to integrate data in data 

warehouse system. 

  



66 
 

Chapter 8 Evaluation of the Research 

Ex-ante evaluation is the evaluation before the implementation of information 

system (Walter, 2003).  There are more than 50 techniques of ex-ante evaluation 

(ibid.) by the year of 2003. But three problem types need to be faced in general: 

data collection, forecasting and judgemental bias (ibid.). The data used for 

evaluation, presented in this chapter come either from the research or the 

published literatures. Data are closely related.  

Forecasting problem is in the nature of ex-ante evaluation because of the 

uncertainty in the future. This problem is mitigated by the way of drawing 

conclusions. The evaluation starts with the validity discussion described in the 

introduction, and continued with a discussion of several important features of the 

proposed approach. 

 

8.1 Validity of the research 

To keep the validity of the research, a planned validating procedure has been 

defined as shown in the introduction in Figure 1-2. The validation check is 

conducted during the three phrases of the development process, i.e., ontology 

integration process (Chapter 4), context rules extraction (Chapter 5) and the 

example of adopting the approach for metadata integration for data warehouse 

system (Chapter 6).  

The ontology integration process has been defined with diagrams. Rules for 

integrating ontologies are developed from several examples that are illustrated in 

Chapter 4 and 5. The integration process can be used for the generation of 

ontology integration in all of the examples presented in this thesis. Integrating 

rules are generalized from the examples. The internal validity of these rules is 

shown by following the existed theory in logic and reasoning. Furthermore, the 

rules can be extended for new context in the proposed ontology integration 

approach.  

Context criteria are developed and context rules are developed to prove the 

usefulness of across ontology reasoning with these rules. New data, i.e., 

ontologies, are collected to test and refine the ontology integration process and the 

context extraction. This is a work process according to the development process 

of the grounded theory, which is to work with data collection and data analysis 

iteratively to bring forth a new solution. These criteria and rules can give 

repeatable results. But for new input data, new criteria and new rules need be 

extended to produce reasonable results.  

The work in Chapter 6 gives a narrative description of the implementation of the 

approach to improve the metadata integration for data warehouses semi-

automatically. This work shows a usage of the proposed ontology integration. Its 

own validation is in the application of existed theories in data warehouses and 

ontology as well as rules reasoning.  

The research in this licentiate work does utilize the strength of the grounded 

theory to bring forward an approach for ontology integration with the semantic 

techniques. Data are collected two times and data analysis is conducted closely 
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following the existed theories in ontology and rule reasoning. Unfortunately, it 

bears the shortness of the grounded theory as well, such as, lack of objectivity and 

reliability in the traditional positivist view. However, this can be foreseen since 

the research follows an inductive approach in order to bring a new solution for 

ontology integration by closely studying the heterogeneous ontologies. The 

hypothesis testing phrases are not considered at this point.  

 

8.2 Discussion of the features of the proposed approach 

The main features of the proposed approach are the context extraction and the 

reasoning combination of ontologies and rules. The purpose of the work is to 

suggest an extensible knowledge system by integrating ontologies considering the 

semantics and context reasoning. Many ideas in the research exist in the related 

areas. However the combination of the ideas, for the specific purpose, is the 

contribution of this research. 

Context-aware systems (Hong el al., 2008) and context reasoning (McCarthy, 

1984; Ghidini and Giunchiglia, 2000) are under intensive research for various 

purposes, e.g., to improve advanced services. After long time investment, the 

biggest common sense knowledge base, Cyc (Cycorp, 2012), which applies 

context reasoning, start to pay back.  

In the late research of semantics of knowledge based systems (Giunchiglia et al., 

2011), context stands in the focus. Context is relevant to semantically ontology 

matching. With context information, reasoning is more accurate and faster. The 

implementation of context reasoning in the proposed ontology integration 

approach is dependent on the rule engine and the quality of the context criteria. 

The context criteria are for the general purpose, which have not been tested for 

other projects. It is quite possible that the criteria need to be extended or modified 

for suit the different purposes of projects. 

The proposed approach is based on a rule system. The rules describe and catch the 

patterns of ontologies and take correspondent actions to integrate the ontologies. 

In the construction of the rules, the open world assumption is reflected.  That is, if 

there are no conflicts identified to the original ontologies with the assumptions for 

ontology integration, the rules will expand the original ontologies to produce an 

ontology intersection that increase the knowledge comparing with the original 

ontologies. In Chapter 4, the detailed process for the integration and the result 

have been described. The use of the existed ontology reasoner and rule engine is 

the strength of the research in this thesis. 

The users who adopt the proposed process to develop ontology based applications 

have different purposes, which can influence the content of rules and decide what 

new knowledge is needed. In the approach, the rules are extensible for different 

applications to be able to suit various purposes.  

An ontology repository is also suggested in the thesis, for ontology context 

extracting and reasoning across heterogeneous ontologies. The context that is used 

in this work is the terms and classes contained in ontologies and metadata 

extracted from an ontology repository. The ontology repository is built on the 

related and accumulated ontologies and ontology intersections. The context rules 
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are built for reasoning across heterogeneous ontologies. The context rules are 

extensible as well for various applications to suit the specific purpose.  

In general, the proposed approach tries to reuse ontologies and the existed 

technologies to build on an open system, which means that new rules can be 

extended later when new integration patterns of ontologies are defined. This may 

provide a faster and efficient approach for knowledge engineering. However, this 

also put requirements on the existed ontologies: the better quality of original 

ontologies, the better the suggested ontology integration approach will work and 

the ontology intersection will be. The quality checking of the ontologies is not 

included in the approach at all. This means that the proposed ontology integration 

approach may not work for original ontologies that are badly created. This 

approach suits much better in the context that similar to the work described in 

Chapter 6, where knowledge dense standard is used as the base for ontology.    
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Chapter 9 Conclusions and Future Work 

This chapter describes the conclusions, and the future work from a perspective of 

the whole work   

 

9.1 Conclusions 

Matching and integrating ontologies has long been an important issue in areas like 

data fusion, knowledge integration and the Semantic Web. The techniques have a 

great potential for building advanced services in distributed system environment.  

This thesis presents a technique for integrating ontologies. Ontologies are 

integrated by tow processes, the non-violation check integration process and 

extracting context process. The first process generates an ontology intersection, 

which is an independent ontology containing non-violated assertions based on the 

original ontologies. Whereas the extracting context is carried out by rules that use 

ontology content and ontology description data, e.g. time and ontology author, to 

extract contexts,   

The proposed approach for generating ontology intersection and integrating 

heterogeneous ontologies with context rules is an alternative solution of using 

semantic techniques. Non-violation check is the key-concept using an ontology 

reasoner and a rule engine. Rules guarantee the production of result and conflict 

resolution. Rules for integration and context reasoning are proposed in the thesis.  

The ontology integration is conducted on the concept definitions, excluding the 

information of instances (or individuals) in ontology definitions. Ontology 

integration on terminology and conceptual levels is handled by checking the entity 

type and the entity name. The name and the type identical entities are ontology 

integration anchors. Ontologies are integrated from these anchors and checked 

with a reasoner for ontology violation. Rules are used for ontology integration and 

conflict resolution. Ontology integration on pragmatic level is handled by the 

context rules.  

The proposed ontology integration process and context rules are tested with 

ontologies downloaded from the Internet. OAEI
10

 ontologies were chosen for 

testing, both for generating ontology intersections and for context rule reasoning. 

The results shown proved that the knowledge contained in the generated ontology 

intersections is increased. The knowledge increase of ontology intersections is e.g. 

new relations of two concepts (called classes in OWL ontology) from two 

ontologies and a deeper and broader class hierarchy. The new relations are 

checked and should not contradict the input ontologies under the open world 

assumption. Rules cause the creation of the new relations. 

The matching and integration are made on small and limited number of ontologies. 

Also, the ontologies have been hand-picked from the Internet. Both the non-

violation check and the context extraction work well for the integration of 

heterogeneous ontologies, i.e., the integration is successful in terms of validity 

and correctness.  

                                                 
10 Oaei.ontologymatching.org/2012, under Problems/conference 
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The proposed ontology integration process is tested for metadata integration in a 

data warehouse system. Ontologies are created from a metadata integration 

standard, Common Warehouse Metamodel (CWM) and instances of CWM. A 

hypothetical scenario described the ontology integration process in the data 

warehouse environment, and how to apply the ontology intersections to support 

metadata integration for DWs. 

 

9.2 Further work 

There are some aspects that need more tests with the proposed approach. The 

research in this licentiate thesis is carried out in a small scale with a limited 

number of ontologies and needs to be tested in a full scale system for scalability 

and robustness. This can be done through partial implementation of the proposed 

ontology matching and integration process and by running more tests from OAEI 

ontologies or other ontologies. 

How to construct good rules that are built on the reasoning of ontologies is a 

future work. A good rule can catch patterns of the ontologies' structures with 

semantic meaning of the ontology definitions. For example, this could be a rule 

that can cover the granularity differences of conceptual heterogeneity. As 

mentioned before, the rules are influenced by the purposes of applications and the 

users. Thus, the involvement of users is very important in this future work. The 

users provide not only the input, but also the evaluation of the quality of rules. 

Another relevant and important task is to further explore the context of ontology. 

To enhance the context pattern recognition on the semantic level can be very 

useful – this would increase the efficiency of context reasoning across 

heterogeneous ontologies. An especially interesting direction is to tackle the 

pragmatic heterogeneity by providing correct implied meanings. 

  



 
 

71 
 

References 

 

Abecker, A. and van Elst, L., 2009. "Ontologies for Knowledge Management", In: 

Handbook on Ontologies, 2
nd

 edition, International Handbooks on Information 

Systems, eds. Staab, S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 

2009., doi: 10.1007/978-3-540-92673-3, pp. 713-733. 

Angele, J., Kifer, M., Lausen, G., 2009. "Ontologies in F-logic", In: Handbook on 

Ontologies, 2
nd

 edition, International Handbooks on Information Systems, eds. 

Staab., S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 2009., doi: 

10.1007/978-3-540-92673-3, pp.45-70 

Antoniou, G. and Harmelen, F.v., 2009. "Web Ontology Language: OWL", In: 

Handbook on Ontologies, 2
nd

 edition, International Handbooks on Information 

Systems, eds. Staab, S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 

2009., doi: 10.1007/978-3-540-92673-3, pp.91-110 

Aumueller, D., Do, H.H., Massmann, S., Rahm, E., 2005. Schema and Ontology 

Matching with COMA++. SIGMOD 2005, Baltimore, Maryland, USA. ACM 1-

59593-060-4/05/06. 

Baclawski, K., Schneider, T., 2009. The open ontology repository initiative: 

requirements and research challenges. Workshop on collaborative construction, 

magamement and linking of structured knowledge (ck2009), collocated with the 

8
th

 international semantic web conference (ISWC-2009). 

Baader, F., Calvanese, D., McGuinness, D., Nardi, D., Patel-Schneider, P., 2003. 

"The Description Logic Handbook, Theroy, Implementation and Applications", 

Cambridge University Press, ISBN 0-521-78176-0. 

Baader, F., Horrocks, I., and Sattler, U., 2009. "Description Logics", In: 

Handbook on Ontologies, 2
nd

 edition, International Handbooks on Information 

Systems, eds. Staab., S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 

2009., doi: 10.1007/978-3-540-92673-3, pp.21-43 

Bergamaschi, S., Castano, S., De Capitani di Vimercati, S., Montanari, S., 

Vincini, M., 1998. An Intelligent Approach to Information Integration, First 

International Conference on Formal Ontology in Information Systems, P.253-268. 

Biletskiy, Y., Ranganathan, G., Vorochek, O., 2010. ”Identification and resolution 

of conflicts during ontological integration using rules". Expert Systems, The 

journal of Knowledge Engineering, vol. 27, No. 2. Doi: 10.1111/j.1468-

0394.2010.00511.x 

Bouquet, P., Giunchiglia, F., 1995. Reasoning about Theory Adequacy. A new 

solution to the Qualification Problem. Foundamenta Informatics, 23 (2-4): 247 – 

262. 

Bouquet, P., Ehrig, M., Euzenat, J., Franconi, E., Hitzler, P., Krötzsch, M., 

Serafini, L., Stamou, G., Sure, Y., Tessaris, S., 2005. ”D2.2.1 Specification of a 

common framework for characterizing alignment”. 



72 
 

Brockmans, S., Volz, R., Eberhart, A., Loffler, P., 2004. "Visual modeling of 

OWL DL ontologies using UML", Semantic Web-Iswc 2004, Proceedings, 2004, 

vol.3298, pp. 198-213 

Bryman, A., 2008. Social research methods (3
rd

 ed.). Oxford University Press. 

Buccella, A., Cechich, A., Gendarmi, D., Lanubile, F., 2011. "Building a global 

normalized ontology for integrating geographic data sources", Computers & 

Geosciences 37 (2011) 893-916. 

Clark & Parsia, 2012. Pellet: OWL " Reasoner for Java. Website on 

http://clarkparsia.com/pellet/, accessed on 30
th

 July, 2012. 

Corbin, J. and Strauss, A., 2008. Basics of qualitative research: Techniques and 

procedures of developing grounded theory, 3
rd

 edition. Thousand Oaks, 

CA/London, UK, Sage. 

Curd, M., and Cover, J.A., 1998. Philosophy of Science, The Central Issues. 

W.W. Norton & Company, Inc.  

Cycorp, 2012. ResearchCyc, http://researchcyc.cyc.com/, accessed 20012, 15 

June. 

Deray, T. and Verheyden, P., 2003. "Towards a Semantic Integration of Medical 

Relational Databases by Using Ontologies: A Case Study", Lecture Notes in 

Computer Science Vol. 2889, 2003, pp.137-150. 

Do, H. H. and Rahm, E., 2002. “COMA – A System for flexible combination of 

schema matching approaches”. Proceedings of the 28
th

 VLDB conference. Hong 

Kong, China, 2002. 

Doshi, P., Kolli, R., Thomas, C., 2009. "Inexact matching of ontology graphs 

using expectation-maximization", Web Semantics: Science, Services and Agents 

on the World Wide Web 7 (2009) 90-106. 

Dou, D., McDermott D., and Qi P., 2005. “Ontology Translation on the Semantic 

Web”. Journal on Data Semantics II, vol 3360/2005, p.35-57; Springer-Verlag 

Berlin Heidelberg. 

Edmondson, A. C. and Mcmanus, S. E., 2007. Methodological Fit in Management 

Field Research, Academy of Management Review, vol. 32, No. 4, 1155-1179.  

Ehrig, M., 2007. “Ontology Alignment: Bridging the Semantic Gap”. Dissertation 

of University of Karlsruhe, Germany, Spring Science+Business Media, LLC. 

Euzenat, J. and Shvaiko, P., 2007. Ontology Matching, Berlin ,Heidelberg: 

Springer-Verlag, ISBN 9783540496120. 

Firat, A., 2003. Information Integration Using Contextual Knowledge and 

Ontology Merging. Dissertation at the Massachusetts Institute of Technology. 

Fürst, F. and Trichet, F., 2009. "Axiom-based ontology matching", Expert 

Systems, vol. 26, Issue 2, pp. 218-246, May 2009. 

García-Peñalvo, F.J., Colomo-Palacios, R., García, J, Therón, R., 2012. "Towards 

an ontology modelling tool. A validation in software enginerring scenarios", 

Expert Systems with Applications, vol. 39, issue 13, 2012, pp. 11468-11478. 

http://clarkparsia.com/pellet/
http://researchcyc.cyc.com/


 
 

73 
 

Gardiner, T., Tsarkov, D., Horrocks, I., 2006. Framework for an automated 

comparison of description logic reasoners, In: Proc. Of the 2006 International 

Semantic Web Conference (ISWC 2006). 

Gasson, S., 2004. "Rigor in Grounded Theory Research: An Interpretive 

Perspective on Generating Theory From Qualitive Field Studies", in The 

Handbook of Information Systems Research, eds. Michael E. Whitman and Amy 

B. Woszczynshi, IGI Global. 

Gašević, D., Djurić, D., Devedžić, V., Damjanović, V., 2004. "Converting UML 

to OWL Ontologies", Alternate track papers and posters: Proceedings of the 13
th

 

international World Wide Web conference, 2003, pp 448-489. WWW2004, May 

17-22. 2004, New York, New York, USA. 

Ghidini, C. and Giunchiglia, F., 2001. "Local Model Semantics, or Contextual 

Reasoning = Locality + Compatibility", Artificial Intelligence, 127 (2): 221-259 

Giunchiglia, F., Serafini, L., 1994. Multilanguage hierarchical logics (or: how we 

can do without modal logics). Artificial Intelligence, 65:29-70. 

Giunchiglia, F., Maltese, V., Dutta, B., 2011. "Domains and context: first steps 

towards managing diversity in knowledge", Web Semantics: Science, Services 

and Agents on the World Wide Web, doi:10.1016/j.websem.2011.11.007. 

Ghidini, C., Giunchiglia, F., 2001. “Local Models Semantics, or Contextual 

Reasoning = Locality + Compatibility”. Artificial Intelligence, 127 (2): 221-259. 

Grosof, B.N., Horrocks, I., Volz, R., Decker, S., 2003. Description Logic 

Programs: Combing Logic Programs with Description Logic. WWW 2003 

Proceedings of the 12
th

 international conference on World Wide Web, p. 48-57, 

ACM 1-58113-680-3, doi: 10-1145/775152.775160 

Gruber, T., 1995. "Toward Principles for the Design of Ontologies Used for 

Knowledge sharing", International Journal Human-Computer Studies 43 (5-6), 

p.907-928.  

Gruber, T., 1993. “A Translation Approach to Portable Ontology Specifications”. 

Knowledge Acquisitions – Special issue: Current issues in knowledge modeling, 

vol.  5 (2): 199-220. 

Gruber, T., 2009. “Ontology”. In the Encyclopedia of Database Systems, Ling Liu 

and M. Tamer Özsu (Eds.), Springer-Verlag, 2009, 

http://tomgruber.org/writing/ontology-definition-2007.htm, accessed on 7
th

 

November, 2011.  

Grosof, B.N., Horrocks, I., Volz, R., Decker, S., 2003. “Description logic 

programs: combining logic programs with description logic”. In: Proceedings of 

the 12
th

 World Wide Web Conference, pp. 48-57. 

Guarino, N., 1998. “Formal Ontology and Information Systems”, Proceedings of 

FOIS'98, Trento, Italy, 6-8 June 1998, IOS Press, pp.3-15. 

Guarino, N., Oberle, D., Staab, S., 2009. What is an Ontology? In: Handbook on 

Ontologies, 2
nd

 edition, International Handbooks on Information Systems, eds. 

Staab., S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 2009., doi: 

10.1007/978-3-540-92673-3, pp.1-17. 

http://tomgruber.org/writing/ontology-definition-2007.htm


74 
 

Hartmann, J., Palma, R., and Gómez-Pérez, A., 2009. "Ontology Repositories", 

In: Handbook on Ontologies, 2
nd

 edition, International Handbooks on Information 

Systems, eds. Staab., S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 

2009., doi: 10.1007/978-3-540-92673-3, pp. 551-571. 

Haarslev, V., Möller, R., 2012. Racer, Renamed Abox and Concept Expression 

Reasoner. Website on http://www.sts.tu-harburg.de/~r.f.moeller/racer/, accessed 

on 30
th

 July, 2012. 

Hartmann, J., Palma, R., Gómez-Pérez, A., 2009. : Ontology Repository. In: 

Handbook on Ontologies, 2
nd

 edition, International Handbooks on Information 

Systems, (eds.) Staab., S. and Dr. Studer, R.. Springer-Verlag Berlin Heidelberg, 

2009, doi: 10.1007/978-3-540-92673-3. pp 551-571. 

He, Q., Ling, T.W., 2005. "An ontology based approach to the integration of 

entity-relationship schemas", Data & Knowledge Engineering, 58 (2006) 299-326 

Hevner, A. R., March, S., Park, J., Ram, S., 2004. "Design Science in Information 

Systems Research", MIS Quarterly vol. 28 No. 1, pp. 75-105 

Hong, J.Y., Suh, E.H., Kim, S.J., 2009. Context-aware systems: A literature 

review and classification, Expert Systems with Applications, Vol. 36, Issue 4, 

May 2009, P. 8509-8522, http://dx.doi.org/10.1016/j.eswa.2008.10.071 

Horrocks, I., Patel-Schneider, P.F. and van Harmelen, F., 2003. From SHIQ and 

RDF to OWL: the making of a web ontology language. Journal of Web 

Semantics, (1(1): 7-26, 2003. 

Hu, W., Jian, L.S., Qu, Y.Z., Wang, Y.B., 2005. GMO: A Graph Matching for 

Ontologies, Proceedings of K-CAP 2005 Workshop on Integrating Ontologies, 

Banff, Canada, October 2, 2005. 

Hu, W., Qu, Y.Z., Cheng, G., 2008. Matching large ontologies: A divide-and-

conquer approach, Data & Knowledge Engineering 67 (2008) 140-160. 

Doi:10.1016/j.datak.2008.06.003. 

Håkanson, A., 2003. Graphic Representation and Visualisation as Modelling 

Support for the Knowledge Acquisition Process. Department of Information 

Science, division of Computer Science, University of Uppsala, Sweden. ISBN 91-

506-1727-3. 

Inmon, W.H., 2002. Building the Data Warehouse, Wiley, 3
rd

 edition, ISBN-10: 

0471081302, ISBN-13:978-0471081302. 

Kimball, R., Ross, M., Thornthwaite, W., Mundy, J., and Becker, B., 2008. The 

Data Warehouse Lifecycle Toolkit, 2
nd

 edition, Indiana, Wiley. 

Kiryakov, A., Ognyanov, D., Kirov, V., 2004. "Data, Information and Process 

Intergration with Semantic Web Services", D2.2 "A framework for representing 

ontologies consisting of several thousand concepts definitions", July 19
th

, 2004. 

Knorr, M., Alferes, J., Hitzler, P., 2011. Local closed world reasoning with 

description logics under the well-founded semantics, Artificial Intelligence, doi: 

10.1016/j.artint. 2011.01.007 

Lenat, D., 1998. The Dimensions of Context-Space. Cycorp, retrieved 10 August, 

2012, < http://www.cyc.com/doc/context-space.pdf >. 

http://www.sts.tu-harburg.de/~r.f.moeller/racer/
http://dx.doi.org/10.1016/j.eswa.2008.10.071


 
 

75 
 

Lenat, D. and Guha, R., 1990. Building Large Knowledge-Based Systems: 

Representation and Inference in the Cyc project. Addison Wesley, Reading (MA 

US), 1990. 

Magro, D., Goy, A., The Business Knowledge for Customer Relationship 

Management: an Ontological Perspective, Proceeding OBI '08 Proceedings of the 

first international workshop on Ontology-supported business intelligence, ISBN: 

978-1-60558-219-1, 2008. 

Mao, M., Peng, Y., Spring M., 2009. "An adaptive ontology mapping approach 

with neural network based constraint satisfaction", Web Semantics: Science, 

Services and Agents on the World Wide Web 8 (2010) 14-25. Dio: 

10.1016/j.websem.2009.11.002. 

Mascardi, V., Locoro, A., and Rosso, P., 2010. Automatic Ontology Matching via 

Upper Ontologies: A Systematic Evaluation, IEEE Transactions on Knowledge 

and Data Engineering, vol.22, No.5, May 2010. 

Meditskos, G. and Bassiliades, N., 2008. A Rule-based Object-oriented OWL 

Reasoner, IEEE transaction on knowledge and data engineering, march 2008, vol. 

20 no. 3, pp. 397-410. Doi: 
http://doi.ieeecomputersociety.org/10.1109/TKDE.2007.190699 

McCarthy, J., 1993. “Notes on Formalizing Context”. IJCAI 1993, p.555-562. 

Meilicker, C., Stuckenschmidt, H., Tamilin, A., 2006. "Improving Automatically 

Created Mappings using Logical Reasoning", Proceedings of the 1
st
 International 

Workshop on Ontology Matching (OM-2006) Collocated with the 5
th

 

International Semantic Web Conference (ISWC-2006), Athens, Georgia, USA, 

November 2006. 

Myers, M.D., 1997. Qualitative Research in Information Systems, Association 

form information systems, retrieved 1 November, 2012, 

<http://www.qual.auckland.ac.nz/>. 

Myers, M.D., 2007. "Quality Research in Business and Management", ISBN 978-

1-4129-2165-7 Sage Publication. 

Nalepa, G. and Furmanska, W.T., 2010. Pellet-HeaRT – Proposal of an 

Architecture for Ontology Systems with Rules, in KI 2010 Proceedings of the 33
rd

 

annual German conference on Advances in artificial intelligence, p. 143-150, 

Springer-Verlag Berlin, Heidelberg, 2010, ISBN: 3-642-16110-3 978-3-642-

16110-0. 

Ngai, E.W.T., Leung, T.K.P., Wong, Y.H., Lee, M.C.M., Chai, P.Y.F., Choi, 

Y.S., 2012. Decision Support Systems 52 (2012) 816-827. 

Niles, I. and Pease, A., 2001. "Towards a standard upper ontology", Proceeding 

FOIS '01 Proceedings of the international conference on Formal Ontology in 

Information Systems vol. 2001, pp. 2-9. 

Noy, N.F., 2009. Ontology Mapping. In: Staab., S. and Dr. Studer, R., 2009. 

Handbook on Ontologies, doi: 10.1007/978-3-540-92673-3. pp 573-590. 

Object Management Group (OMG), 2003. Commin Warehouse Metamodel 

(CWM) Specification, version 1.1, vol.1 2003. 

http://doi.ieeecomputersociety.org/10.1109/TKDE.2007.190699


76 
 

Ogden, C. K., and Richards, I. A. (1923) The Meaning of Meaning, Harcourt, 

Brace, and World, New York, 8th edition 1946. 

Orgun, B., Dras, M., Nayak, A., and James, G., 2008. “Appraoches for semantic 

interoperability between domain ontologies”. Expert Systems, the journal of 

Knowledge Engineering, vol. 25, No.3; Blackwell Publishing Ltd. 

Pinto, H.S., Gómez-Pérez A., Matins, J. P., 1999. Some Issues on Ontology 

Integration, Proceedings of the IJCKAI-99 wrokshop on Ontologies and Proble-

Solving Methods (KRR5), Stockholm, Sweden. 

Pool, J., Chang, D., Tolbert, D. and Mellor, D., Common Warehouse Metamodel : 

An Introduction to the Standard for Data Warehouse Integration, 2002 (OMG 

Press/Wiley: London) 

Pool, J., Chang, D., Tolbert, D. and Mellor, D., Common Warehouse Metamodel 

Developer Guide, 2003 (OMG Press/Wiley: London) 

Princeton university, 2012. Wordnet, a lexical database for English. 

http://wordnet.princeton.edu/wordnet/, accessed at 11 October, 2012. 

Rahm, E., Bernstein, P.: A survey of approaches to automatic schema matching. 

The VLDB Journal 10:334-350 (2001)/DOI: 10.1007/s00780100057 

Ramachandran, D., Reagan, P., Goolsbey, K., 2005. First-Orderized ResearchCyc: 

Expressivity and Efficiency in a Common-Sense Ontology, Copyright 2005, 

American Association for Artificial Intelligence (www.aaai.org).  

Rivero, L.C., Doorn, J.H., Ferraggine, V.E., 2006. Encyclopedia of Database 

Technologies and Applications, Idea Group Inc. (IGI) Global. 

Riboni, D. and Bettini, C., 2011. OWL 2 Modeling and Reasoning with Complex 

Human Activities, Pervasive and Mobile Computing (2011), doi: 

10.1016/j.pmcj.2011.02.001. 

Santoso, H.A., Haw, S.C., Abdul-Mehdi, 2010. "Ontology extraction from 

relational database: Concept hierarchy as background knowledge", Knowledge-

based systems 24 (2011) 457-464. 

Segev., A. and Gal, A., 2007. Putting things in Context: A Topological Approach 

to Mapping Contexts to Ontologies, Journal on Data Semantics IX, S.Spaccapietra 

et al. (Eds.), LNCS 4601, pp.113-140. 

Sen, A., 2004. Metadata management: past, present and future. Decision Support 

Systems 37, p. 151-173. 

Shannak, R.O. and Aldhmour, F.M., 2009. Grounded Theory as a Methodology 

for Theory Generation in Information Systems Research, European Journal of 

Economics, Finance and Administrative Sciences, ISSN 1450-2275 Issue 15 

(2009) http://www.eurojournals.com/EJEFAS.htm 

Snape, D. and Spencer, L., 2003. "The foundation of Qualitative Research" in 

Qualitative Research Practice A Guide for Social Science Students and 

Researches". (edt.) Ritchie, J. and Lewis, J, Sage Publication Ltd., London. ISBN 

0-7619-7109-2. 

http://wordnet.princeton.edu/wordnet/
http://www.aaai.org/
http://www.eurojournals.com/EJEFAS.htm


 
 

77 
 

Sowa, J.F., 2012. Ontology, http://www.jfsowa.com/ontology/, last modified 

2010, accessed 17 January, 2012. 

Sowa, J.F., 2000. Ontology, Metadata, and Semiotices, B. Ganter & G. W. 

Mineau, eds., Conceptual Structures: Logical, Linguistic, and Computational 

Issues, Lecture Notes in AI #1867, Springer-Verlag, Berlin, 2000, pp. 55-81. 

Sowa, J.F., 1999. Knowledge Representation: Logical, Philosophical, and 

Computational Foundations, Brooks Cole Publishing Co., Pacific Grove, CA. 

Staudt, M., Vaduva, A., Vetterli, T., 1999. Metadata Management and Data 

Warehousing, University of Zurich. 

Sánchez-Pi, N., Carbó, J., Molina, J.M., 2012. A knowledge-based system 

approach for a context-aware system, 

http://dx.doi.org/10.1016/j.knosys.2011.08.017, Knowledge-Based Systems, 

Vol.27, March 2012, P. 1-17. 

Su, C.J. and Peng, C.W., 2012. "Multi-agent ontology-based Web 2.0 platform for 

medical rehabilitation", Expert Systems with Applications, vol.39, issue 12, 2012, 

pp. 10311-10323 

Tang, J., Li, J. Liang, B., Huang, X., Wang, K., 2006. "Using Bayesian decision 

for ontology mapping". Journal of Web Semantics: Science, Services and Agents 

on the World Wide Web 4 (2006), 243-262. 

Trochim, W.M., 2006. The Research Methods Knowledge Base, 2
nd

 edition, http: 

www.socialresearchmethods.net/kb/, accessed on 24 July, 2012. 

Tsarkov, D., Horrocks, I., 2012. FaCT++, website on 

http://owl.man.ac.uk/factplusplus/, accessed on 30
th

 July, 2012. 

Vetterli, T., Vaduva, A., Staudt, M., 2000. Metadata standards for data 

warehousing: open information models vs. common warehouse metadata, 

Published in Newsletter ACM SIGMOD Record, vol. 29, Issure 3, p. 68-75. 

Visser, P.R.S., Jones, D.M., Bench-Capon, T.J.M., and Shave, M.J.R., “An 

Analysis of Ontological Mismatches: Heterogeneity vs. Interoperability”. Proc. 

1997 AAAI Spring Symp., A. Farquhar and M.Gruninger, eds., pp.164-172, 1997. 

Visser, P.R.S., Jones, D.M., Bench-Capon, T.J.M., and Shave, M.J.R., 1998. 

“Assessing Heterogeneity by Classifying Ontology Mismatches “ Proc. Int’l Conf. 

Formal Ontology in Information Systems (FOIS'98), N. Guarino, eds., pp.148-

162, 1998. 

Visser, U., Stuckenschmidt, H., Schileder, C., Wache, H., & Timm, I., 2002. 

"Terminology Integration for the Management of distributed information 

Resources". Künstliche Intelligenz (KI), Special Issue Knowledge Management, 

16 (1), 31-34. 

Villa, F., Athanasiadis, L.N., Rizzoli, A.E., ”Modelling with knowledge: A review 

of emerging semantic approaches to environmental modelling”, Environmental 

Modelling & Software, Vol.24, Issue 5, May 2009, pp. 577-587. 

Vrandeĉić, D., 2009. Ontology Evaluation, In: Handbook on Ontologies, S. Staab 

and R. Studer, editors, 2
nd

 edition, Springer, DOI: 1007/978-3—540-92673-3. 

http://www.jfsowa.com/ontology/
http://dx.doi.org/10.1016/j.knosys.2011.08.017
http://www.socialresearchmethods.net/kb/
http://owl.man.ac.uk/factplusplus/


78 
 

Wache, H. and Stuckenschmidt, H., 2001. "Practical Context Transformation for 

Information System Interoperability, Interoperability", Modeling and Using 

Context, Lecture Notes in Computer Science, vol 2116, 2001, pp 367-380. 

Walter, Sacha, 2003. "Approaches to the Ex-ante Evaluation of Information 

Systmes: A Critical Review", Diploma Thesis, GRIN Publish & Find Knowledge 

Wang, P., Xu, B.W., Zhou, Y.M., “Extracting Semantic Subgraphs to capture the 

real meanings of Ontology elements”, Tsinghua Science & Technology, Vol. 15, 

Issue 6, pp, 724-733. 

Wu, D. and Håkansson, A., 2012 (a). An Approach to Match and Integrated 

Ontology using Ontology Repository and Rule Base, WEBIST 2012, pp. 434-439 

Wu, D. and Håkansson, A., 2012 (b). "Ontology Integration by Using Context and 

Ontology Violation Check". KES 2012 pp.450-459 

W3C, 2004. "OWL Web Ontology Language Overview", 

http://www.w3.org/TR/owl-features/, accessed 22 October, 2012. 

W3C, 2009. "OWL 2 Web Ontology Language Structural Specification and 

Functional-Style Syntax", W3C recommendation 27 October 2009. 

W3C, 2012. Ontology editors, website: 

http://www.w3.org/wiki/Ontology_editors, accessed on the 30
th

 July, 2012. 

Xu, Z., Ni, Y., He, W., Lin, L., Yan, Q., 2012. "Automatic extraction of OWL 

ontologies from UML classes diagrams: a semantics preserving approach", World 

Wide Web 2012, vol. 15(5), pp. 517-545. 

Zhao, X.f. and Huang, Z.q., 2006. A Formal Framework for Reasoning on 

Metadata Based on CWM. In: D.W. Embley, A. Olivõ, and S. Ram (Eds.) ER 

2006, LNCS 4215, pp. 371-384. 

http://www.w3.org/TR/owl-features/
http://www.w3.org/wiki/Ontology_editors

