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abstract

Currently many ontologies are available for addressing different domains.  However, it is not always possible to deploy such ontologies to support collaborative working, so that their full potential can be exploited to implement intelligent cooperative applications capable of reasoning over a network of context-specific ontologies. The main problem arises from the fact that presently ontologies are created in an isolated way to address specific needs.  However we foresee the need for a network of ontologies which will support the next generation of intelligent applications/devices, and, the vision of Ambient Intelligence.  The main objective of this paper is to motivate the design of a networked ontology (Meta) model which formalises ways of connecting available ontologies so that they are easy to search, to characterise and to maintain.  The aim is to make explicit the virtual and implicit network of ontologies serving the Semantic Web.
1. Introduction
We are facing major challenges and opportunities that cannot be addressed successfully with current information and communications technologies. Knowledge work automation and knowledge worker augmentation are as yet amongst the unmet needs [4].  A new approach to information-intensive knowledge work is needed - one that automates the capture of events, and, can semantically link people, places, and events using information from many different sources in different formats (structured and unstructured), followed by human monitoring and analysis of situations, workflows, and in-context collaboration and communication. 
Successful solutions must be able to link applications, data sources, and services in easily invoke-able composite views, providing real-time interaction, analysis, and decision-support.  To do so, they will need to compute knowledge (both theory and information), plus handle very large-scale knowledge bases, complex forms of situation assessment, sophisticated context-sensitive modes of reasoning and deliberative, autonomic and autonomous system behaviours.  All these challenges exceed the capabilities and performance capacity of current open standards approaches to knowledge representation and system architecture.
We can expect that such challenges will motivate rapid progress towards a universal knowledge technology over the next decade.  This new universal knowledge technology will provide a full spectrum of information, metadata, semantic modelling, and advanced reasoning capabilities for the next generation semantically-enabled applications, including the Semantic Web and Web 3.0.  The formula is: “Knowledge = Theory + Information” [4].  Theories are the conditional constraints that give meaning to concepts, ideas and thought patterns.  Theory asserts answers to “how”, “why” and “what if” questions.  For humans, Theory is learned through education, enculturation, and life experience.  Information provides situation awareness - who, what, when, where and how-much facts of situations and circumstances.  Information represents only 15% of knowledge and requires theory to define its meaning and purpose. Such universal representation framework architecture will include the generalisation ontologies and knowledge basis to help machines and humans to understand and reason with any form of knowledge, of any degree of complexity, on any scale. 

Ontologies [7] are already being used to model the above mentioned Theory component of knowledge.  However, there are many questions and challenges arising when it comes to the proper use of ontologies e.g. for the Semantic Web and other intelligent applications.  This paper elaborates on the importance of having a web of ontologies for the Semantic Web, and examines the problems existing in the current use of ontologies.  Finally ontology mapping is discussed as an important pre-requisite of Ontological Engineering to serve advanced multi-modal interactive-collaborative social experiences.
2. WEB OF ONTOLOGIES 

To-date, knowledge on the Web has been expressed in separate forms such as documents, imagery, patterns, structural models, and program code.  Computers that have produced and processed such artefacts usually have had little (if any) understanding of various possible meanings of a particular message, and little or no ability to interpret alternative ways of expressing the same idea (such as through graphics, images, video, computer languages, formal languages, and natural languages, etc.).  In the Semantic Web, the myriad forms of language in which knowledge is expressed will have to be interrelated, connected, and made interchangeable with each other, for example: combining knowledge from one or more sources, or from one or more formats, or from one time and place with other contexts.  This will eventually create a web of ontologies, where knowledge sources are connected to each other and can be accessed in a unified way. 
Using such a web of ontologies, knowledge from all different sources, modes and forms can be represented, connected, and managed at the level of concepts.  This will enable computer systems to capture knowledge from different sources such as sensors, documents, pictures, graphics, and other data and knowledge resources.  Such systems will have the facility to interpret and interrelate different ways of expressing ideas with each other, share what they know with people and machines, and re-express, and communicate what they know in different contexts, information formats, and media.

Today, the above capabilities do seem in the main to be closer to fantasy rather than fact. However recent advances in research and development have heralded the real advent of more expressive ontology-based semantic-cooperative reasoning to support a web of ontologies even although admittedly the realisation of a universally integrated semantically-enabled knowledge world is some distance away.  The road ahead towards this ideal is not so much impeded by innovation deficits to be overcome as is by the fact that capturing all the knowledge available to us and building up a web of ontologies simply needs concerted effort over some time and as such is not an easy and straightforward task.  It will require the processing of huge repositories of information resources in a specific domain and extracting knowledge, which is to be represented in a structured format, in the form of ontologies.  Once the ontologies are created, they could be mapped with other domain specific ontologies.  Essentially to provide a unified means of access for any applications in need of knowledge, a web of ontologies has to be modelled as a pre-requisite. 
Fig.1 shows different domain ontologies used to create a web of ontologies, which can be accessed by the Semantic Web.  Ontology Mapping is discussed in more detail in the section 4.    Naturally some key attributes of information such as timeliness, accuracy, reliability- trust and quality would have to be noted by any applications or humans using the information.   Clearly when information items from various sources are to be merged then “trust” and “quality” and their respective transitivity models would need to be accommodated by a dedicated agent layer for “trust” and “quality” propagation as featured in Figure 1 below.   
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Fig.1. Web of ontologies mapped from different domain ontologies

3. What are ontologies?

An ontology is a description of concepts and their relationships.  Ontologies are particularly useful because they facilitate communication between people and the interoperability between systems [1].  By defining a common vocabulary, ontologies reduce concept definition mistakes, allow for more expressive hierarchical constructs to convey shared meaning and understanding, and, a more detailed description of resources.  Ontology is not merely a sub-field of philosophy but is closely inter-connected to theories of knowledge structures, i.e. epistemological precepts, and, the existential-experiential duality in patterns-of-relating, and, ways of seeing within the logic of a particular worldhood (observer, domain) - phenomenology.    Symbolic automated reasoning systems are fundamentally based on predicate logic and thus are ontology-based systems within which ontologies allow semantic expression, access,  integration, linking and resolution to support knowledge management, networked-centric i.e. pervasive-cooperative  (ambient) intelligence and the Semantic Web.
3.1. Major Challenges in using Ontologies
The next generation semantic applications will be characterised by a large number of ontologies, some of them constantly evolving.  As the complexity of semantic applications grows, more and more knowledge will be embedded in applications and information systems, typically drawn from a wide variety of heterogeneous sources.  This new generation of applications will thus reflect the fact that new ontologies are embedded in a network of already existing ontologies, which will need  to be kept up-to-date to keep up with the highly dynamic world of evolving and emergent applications as well as the highly fickle trends in the idiosyncratic tastes, needs, moods and modes of expression of a modern user community given to the fleeting moods and phrases of the moment and accustomed as they are to the click-happy world of the internet.
In this scenario, it will become very expensive to abide by the current approach to semantic integration, where the expectation is to produce a single and globally coherent semantic model, which serves the needs of application developers, by integrating a number of pre-existing ontologies.  In contrast with the current model, future applications will rely on networks of contextualised ontologies, which are usually locally, but not globally consistent.

In the current situation, ontologies are distributed all over the Web, some are publicly available and some are hidden within corporate networks.  Since these ontologies are derived from real world concepts, they are related to each other, but this relationship remains difficult to assess because:

· some ontologies are merely simple copies of other ones and it is hard to say which one is the master copy
· some ontologies are versions of others

· some ontologies are used jointly with others and this information is hidden in application

· some ontologies are imported by other ontologies

Moreover, the ontologies may have different characteristics.  For example, they may be written in different languages, they may use labels in different natural languages; they may have been built for different purposes, etc.  In consequence, each application developer has to manually assemble ontologies, modify them, import them and in due course would export the results.  This adds yet another ontology set to the forest of ontologies on the web whose latent semantics of association and context-specificity remain un-explicated i.e. their applicability and co-related or overlapping scope and role remain hidden and un-contextualised which makes the Semantic Web difficult to operate.

The main objective of this PhD programme is to propose a new networked ontology model to seek to formalise ways of connecting available ontologies so that they are easy to search, to characterise and to maintain.  It aims at making explicit the virtual and implicit network of ontologies.  The main research questions to be answered are:

· How to model a Web of Ontologies in order to provide unified access to application developers?

· Which methods and tools are most suited for Ontology Mapping in order to extract relationships between matching concepts?

Major research activities are taking place across the Semantic Web Research Community to resolve the above issues.  The rest of this paper highlights some of the latest research in this diverse field of Ontological Engineering.
4. Ontology mapping

As mentioned earlier, a single ontology is insufficient to support the tasks envisaged by the Semantic Web.  Multiple ontologies will need to be accessed and Ontology Mapping is seen as the solution provider.  Ontology Mapping is the process whereby two ontologies are semantically related at a conceptual level, and the source ontology instances are transformed into the target ontology entities according to the explicated semantic relations [8].  This mapping process will provide a common layer, which is referred to as the Web of Ontologies. Through this web, several ontologies can be accessed and hence could exchange information in semantically consistent ways.  Developing such mappings has been the focus of a variety of works originating from diverse communities for the past few years, as described in Section 4.1.
4.1. Ontology Mapping Frameworks

Maedche and Staab [10] proposed a mapping framework for distributed ontologies for the Semantic Web.  They argue that mapping existing ontologies will be easier than creating a common ontology, because it involves a smaller community in the process.  The MApping FRAmework for Distributed Ontologies, MAFRA [10] is part of a multi-ontology system.  It aims to automatically detect similarities of entities contained in two different constituent ontologies.  Another interesting contribution of the MAFRA framework is the definition of a semantic bridge.  This is a module that establishes correspondences between entities from the source and target ontologies based on similarities found between them.  All the information regarding the mapping process is accumulated, and populates an ontology of mapping constructs, termed as Semantic Bridge Ontology (SBO). The SBO is in DAML+OIL format [11].
Madhavan and colleagues [12] have developed a framework and proposed a language for ontology mapping.  One of the interesting aspects of this framework is that it enables mapping between ontologies in different representation languages without first translating the ontologies into a common language.  The ontologies represented in their framework are representations of a domain in a formal language, and the mapping between the ontologies consists of a set of relationships between expressions over the given ontologies.  The authors claim that the mapping formulae in their language can be fairly expressive, which makes it possible to represent complex relationships between ontologies.
Kiryakov and colleagues [6] implemented a framework for accessing and integrating upper level ontologies. They provide a service that allows a user to import linguistic ontologies onto a web server, and this ontology is then mapped onto other ontologies.  A relatively simple meta-ontology (OntoMapO) of property types and relation-types is used for the uniform representation of the ontologies and the mappings between them.
Kent [2] proposed a framework for ontological structures to support ontology sharing.  It is based on the Barwise-Seligman theory of information flow [3].  In Kent’s proposed framework, a community ontology is the basic unit of ontology sharing; community ontologies share terminology and constraints through a common generic ontology that each extends, and these constraints are consensual agreements within those communities. Constraints in generic ontologies are also consensual agreements whose provenance extends across communities.
Fernandez-Breis and Martinez-Bejar [9] describe a cooperative framework for integrating ontologies.  The ontology integration is carried out using algorithms that are based on taxonomic features and on detection of synonymous concepts in the two ontologies.
5. CONCLUSION
This paper has motivated the need for a network of ontologies to support the Semantic Web. It was pointed out that creating a web of ontologies is heavy undertaking as there exists many challenges which are yet to be addressed.  Some related frameworks which provide solutions for ontology mapping were discussed.  In this PhD programme, the research will focus on the area of ontology-mapping and will propose a new networked ontology model which formalises ways of connecting available ontologies so that they are easy to search, to characterise and to maintain.  The new connected ontology model will act as a Unified Knowledge Model which can be used for the Semantic Web and the emergent social web space.
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