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Abstract

Integration of heterogeneous applications and data sources into an interoperable system is one of the most relevant challenges for many knowledge-based corporations nowadays. The domain of industrial maintenance is not an exception. This paper analyses the related challenge of development of general approach for adaptation of heterogeneous industrial resources into a unified environment. This adaptation will be a first step towards building a global environment for self-maintained industrial resources. General Adaptation Framework utilizes a potential of the Semantic Web technology and primarily focuses on the aspect of a semantic adaptation. To perform the semantic adaptation of industrial resources an approach of two-stage transformation is elaborated and implemented for an industrial device data as a use case.
1 Introduction

1.1 Integration and Adaptation 
At the current stage of ICT development, there is a diversity of heterogeneous systems, applications, standards of data representation and ways of interaction. All those systems were tailored for particular tasks and goals. The world is heterogeneous and we face the challenge by trying to integrate heterogeneous systems into a unified environment.
However, today’s state of affairs shows us improvements of data processing and acquisition from one hand, from another hand it’s still difficult to process data by intelligent software that allows integration of heterogeneous systems. Data, represented in systems are in their own format, have no semantic description, and are often non-interoperable.

Taking into account great variety of possible resource types, data formats and ways of accessing and acquisition, integration of such resources into unified environment is an important development challenge [5, 6].
Basically, the integration tasks can be studied from two perspectives: adaptation of heterogeneous applications and adaptation of heterogeneous data originally represented in different formats. 
Figure 1 depicts different types of data, which need to be integrated such as flat files, XML-based data or data from specific applications in specific formats, often non-interoperable. 
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Figure 1 - Data integration illustrated (adopted from [4])

The integration process may include the following key functions [7, 8]:

· Extracting, transformation and loading – for building data warehouse or operation data stores and giving end-user/sources/applications possibility to proceed integrated data;
· Data replication, to allow multiple heterogeneous servers and databases to share data in real time;
· Data Synchronization – to allow the sharing of data between servers and remote devices when connectivity is temporary.
Application adaptation – another part of the general integration task. The data is generated by different resources with specific applications. Considering this part of integration we can distinguish following application specific features:

· Application functions;
· Application APIs;
· Application interfaces.
All variations of these features have effect on process of adaptation and architecture of adaptation framework.

1.2 General Adaptation Framework 
Global Understanding eNvironment (GUN) [9-11] is the ultimate goal of research and development efforts of the Industrial Ontologies Group
 (IOG) in extending the current Semantic Web [12] to facilitate proactive, goal-driven, self-maintained behavior of all kinds of resources that can be adapted to the Web. To provide interoperability between heterogeneous resources different by structure and nature, the design of GUN-environment must be based on a universal methodology of resources’ integration – General Adaptation Framework. Thus, one of the first-order challenges, related to GUN, is the integration challenge described in Section 1.1. Adaptation in this context assumes elaboration of a common mechanism for transparent integration of new resource to the GUN environment, and provision of the resource with a unified way of interaction.
As a use case for detailed analysis of the GUN concept, industrial maintenance domain has been chosen. The related research and development have been performed by Industrial Ontologies Group within the SmartResource
 project, funded by Tekes
 and partner companies. Project goal is to combine the emerging Semantic Web, Web Services, Peer-to-Peer and Agent technologies for the development of a global and smart maintenance management environment, to provide Web-based support for the predictive maintenance of industrial devices by utilizing heterogeneous and interoperable Web resources, services and human experts [9]. 
The main idea of General Adaptation Framework is based on a concept of “adapter”, which plays role of a bridge between an internal representation of resource (SmartResource) and a unified environment (GUN). By Smart Resource we mean a conjunction of Real World Resource (RWR), Adapter and Agent. By extending RWR within Adapter and Agent we make it GUN compatible, if to speak in terms of architectural modeling. General Adaptation includes development of Adapter for RWR - a software component, which provides a bidirectional link between a resource interface and an interface of the environment.
During the first year of the SmartResource project – year 2004, Adaptation Stage – it is intended to investigate and develop adaptation framework for extracting data and its transformation into a specific designated format. This objective includes the design of a generic approach for building resource adapters and development of appropriate ontologies for semantic adaptation.
The structure of the further content is the following. Section 2 goes deeper into the challenge of building general adaptation framework and reveals concrete objectives related to it. Namely, the task of semantic transformation is analyzed in details. Semantic adaptation is also considered in the context of the SmartResource project, challenge of inter-ontological heterogeneity is analyzed too. Further, in Section 3 the approach of two-stage transformation as a solution for the challenge of semantic transformation is described. Syntactical and canonic-to-canonic transformations as two phases of the two-sage transformation are described in more details for a general case. Section 4 contains description of a concrete implementation for the approach of two-stage transformation within the SmartResource project using J2EE platform.  
2 Challenges in building General Adaptation Framework
2.1 Semantic Transformation and GAF

There is a variety of resources intended for integration into the common SmartResource environment. For more efficient analysis, all resources were divided into three basic classes: devices, services and humans. These resources represent real world objects, which should interact in some way. The adaptation of such heterogeneous resources in common sense lies in providing an environment, which would allow them to communicate in a unified way via standard protocol.

The primary intention behind the General Adaptation Framework (GAF) is a design of common framework for adaptation of heterogeneous resources. The design of the framework will be divided into two layers: 
1. Structured software design for modules, classes, behavior and protocols;

2. Semantic adaptation of different formalizations of the problem domain edges.

Also, the adaptation framework will include the following components:

1. Model, which consists of the submodels: 

· Adapter Functionality;

· Data representation standards;

· Software interfaces;

· Semantic Adaptation (data mapping model);

· Adapter Configuration Properties.

2. Process, which consists of the subprocesses:

· Adapter Development;

· Adapter Composition;

· Adapter Deployment;

· Adapter Operation.

3. Tool set, which provide an UI for specification of problem domain features according to the adaptation model; support of activity within adaptation process of corresponding users.
4. Scenarios that comprise roles of participants in Adaptation Processes and their interaction with Tool set and submodels.

Decomposition of adaptation framework, which is shown above depicts that semantic transformation involves semantic adaptation submodel and it is used as a subtask of a subprocess of Adapter Operation. Semantic transformation assumes also the existence of appropriate tools for specification of mapping rules. Ontology engineer plays key role in the scenario of establishment mapping rules.
Thus, semantic transformation is one of the key problems in development of General Adaptation Framework. The approach for solving this challenge will be based on the assumption that semantic annotation of data, which are used in communication between heterogeneous software components, based on common ontology [13] will enable interoperability and will support intelligent processes [14].
2.2 Challenge of semantic transformation

Our vision and practical results are mainly focused on semantic transformation of data, which are encoded according to existing data representation standards.

At the moment, arbitrary number of standards exists, which define each other on different levels of abstraction and thus form a hierarchy (Figure 2):
There are quite many data models and one of them, which have recently gained wide adoption, is XML – Extensible Markup Language. The older and more tested data representation standard is Relational Model. The novel data representation standards, which focus primarily on semantics, are RDF and OWL. All these mentioned data representation standards have to be analyzed foremost, to understand the essence of semantic transformation. The data representation using these models is shown in Figure 3. As we can see, the standards provide specifications as guidelines to formalization of various problem domains. For a concrete problem domain necessary schemata are constructed as a formalized domain models based on the corresponding specifications. Content (documents, database records, any structured data) that include set of facts within the chosen problem domain, are structured according to the developed schemata and specifications. In fact, arbitrary data representation schema looks like it is shown in Figure 4:
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More abstract models define more specific ones. In different cases arbitrary number of models can be found in chains and layers (see Figure 5). In this perspective, semantic transformation results in extraction of data semantics independently from particular data representation standard. This approach must be used to allow encoding of these data to another representation standard without loosing of the meaning. The role of mapping between data encoded according to two different data representation models is shown in Figure 6: 
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Due to variety of data representation standards, it is really a common case when data of the same problem domain might be encoded in different standards (e.g., using Relational model, RDF and XML – see Figure 3) even in the same organization.
To summarize, we can say that during the semantic transformation process, transforming object/module involves format’s metadata (schemas) and transformation rules. Schemas, rules and underlying ontologies constitute a framework for semantic transformation. 

Semantic transformation defines a functionality to work with semantics of:

· Adapter functionality (Services provided by an adapter);

· Data representation standards and models of adapter systems;

· Software interface standards of adapted systems;

· Configuration properties of an adapter runtime environment. 

Semantic transformation requires the following stages:

1. Analysis of problem domain and elaboration of a conceptual model;

2. Analysis of data representation formats;

3. Analysis of corresponding metadata (particular Database schema, for instance);

4. Analysis of a standard’s specification (e.g. XML Schema Specification standard);

5. Elaboration of the model for transformations of particular standards of data representation;

6. Specification of data mapping rules;

7. Choosing and/or Development of the mechanism or tool of transformation (appropriate patterns, APIs etc). 
2.3 Semantic Adaptation in the SmartResource project

The problem domain of the SmartResource project utilizes RDF for its formalization and all necessary concepts are included into RscDF-schema (Resource State/Condition Description Framework, see detailed description in [15]). Thus, to solve the challenge of semantic adaptation, an ontology based approach is used to define the semantics mentioned in Section 2.2. This involves associating commonly understood meaning to the definition of adapter properties, functionality, configuration, and corresponding meta-data standards.
Finally, we get a Layered Cake of Specifications (see Figure 7):
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In the task of formalization, XML is used as a basis for serialization of RDF, RDFS and corresponding documents (content). RDF Specification – as a language for data representation in RscDF documents. RscDF Schema is used for formalization of the maintenance domain. RDFS contains ontological basis for RDF and RscDF. OWL provides ontological extension for RDFS and RscDF. 
If to talk about automation of the adaptation, it is evident that fully automated semantic adaptation cannot be implemented. The question is what level of automation is possible and how to achieve it.

Given that unambiguous semantic description of resources become machine-processable, automated adapter composition is possible. However, unambiguous semantic description requires human to map the meaning of concepts and relations unless there is already existent common ontology. The tools will be needed to simplify the process of mapping for human [16]. Tools will use faceted classification, adapted for each particular domain in order to make the most relevant concepts easily accessible.

The following cases are essential in a context of automated semantic adaptation:

1. Explicit mapping (human assisted).
2. Shared ontology (both resources use same ontology or at least are mapped to it).
3. Shared ontology lookup & composition (may be wrapped as a service or implemented as an embedded functionality).

2.4 Ontology-to-ontology mapping
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When we deal with semantic transformation, we inevitably face with the challenge of ontology-to-ontology mapping and transformation. If all domain descriptions refer to a common vocabulary (World Ontology – ideal case), mapping can be done explicitly (Figure 8: dotted arrows show transformation, solid ones – correspondence to World Ontology). World Ontology is an upper ontology, which explicitly defines all concepts of any other arbitrary ontology. Obviously, the idea of World Ontology is utopia, because in the real case we have situation when even one problem domain can be described in many different ways. However, the concept of World Ontology could be used for restricted problem domains for instance industry, research area, etc. 

On the other hand, even in the case of World Ontology existence, incompleteness of one ontology may cause inability to transform to another in both directions. The case is similar to situation of translation from one natural language to another with less expressive power.  
Another approach to semantic transformation is peer-to-peer ontology mapping. It assumes creation of a mediate ontology with defined concepts of both peer ontologies and corresponding mapping rules. Figure 9 illustrates three peer ontologies and two mapping ontologies. Semantic transformation between peers can be performed in case, when direct mapping ontology exists. When there is no direct mapping ontology, transformation could be done sequentially step be step from source peer to target one trough arbitrary number of mediate peers. Using peer-to-peer ontology mapping method, one ontology is mapped to other manually or in semi-automatic way. 
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Construction of the mapping rules may meet the following problems:

· Different expert visions of a problem domain;
· Models may be inconsistent conceptually;
· Incompatibility of paradigms that data models base on, may cause hardly convertible schemas.

3 Two-stage transformation
In the SmartResource project, the challenge of semantic transformation is solved using the approach of two-stage transformation. For this purpose, the semantic transformation is divided into two phases:

· Syntactical transformation;

· Canonic-to-canonic semantic transformation.

Such technique has some advantages during transformation. First of all, the division into two independent phases facilitates the whole transformation process. 
This approach is possible in the case, when standards of syntactic transformation exist. Canonic form defines given problem domain for every data representation standard. Thus, any representation standard has one canonic form for each problem domain. Syntactic transformation standard and tools have to enable and support transformation methods of different formalizations of a problem domain within a data format to canonic form, which is also in this format. So, transformation is performed inside one data representation standard and thus it is called syntactic. 
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XSLT transformation standard is a good example considering XML format. In our case, XSLT is used for syntactical transformation between different XML-schemas (XPATH expressions are also a possible solution). We deal primarily with XML, because it is a well standardized and elaborated format. We have a syntactical canonical sample – XML schema and semantic sample – RscDF (see Figure 10). During the “two-stage transformation” every document of a certain standard (for XML, they are XMLi) is transformed into corresponding canonical form (for XML, it is XML0) – this is syntactical transformation, first stage. On the second stage (canonic-to-canonic semantic transformation), every canonical form is transformed into our unified semantic canonical form – RscDF. 
Of course, the two-stage transformation assumes functioning in both directions. That is, RscDF-XML0-XMLi path of transformation is equally in the scope of the analysis. There are some projects, which have elaborated pilot methods of transformation RDF to XML [1, 2]. Since RscDF is an enhanced subset of RDF, it is possible to adopt these methods. 

Once the mechanism of transformation from RscDF to XML and XML to RscDF has been designed, it is possible to use standard approaches for future transformations (to other existing standards). Choosing the XML format as the start point will allow unifying the process of adaptation.

We assume that such approach radically decrease the complexity of whole transformation task. Whenever possible existing tools and standards of syntactic transformation can be reused and utilized. Canonic form limits variety of syntactic representation of the same problem domain to a strict syntactic form. Canonic form of a problem domain allows template based approach for semantic transformation. 

From the existing commercial tools that provide transformation of XML to other formats, Altova MapForce can be mentioned [3]. This commercial tool allows XML to XML transformation based upon two XML schemas (Figure 11, left picture). It also might be necessary to perform some processing functions to pipe data from source to target.
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MapForce allows mapping between XML and Relational database, too (Figure 11, right picture). The process of mapping starts from the loading of database schema and XML schema. Then engineer manually fulfills matching between XML elements and database entities. While mapping, it might be necessary to use processing functions. 

3.1 Syntactical transformation
The development of the canonical forms for particular problem domain involves domain experts and takes into account existing formalizations of the same problem domain. As an example of the latter, Paper IXI [17] – a consortia wide XML-based standard for Paper Mill model can be mentioned. 
The problem domain, which is in focus in the SmartResource project, is related to the paper industry, paper machines and a process of paper manufacturing. The first stage of the development of canonical form for this domain will be elaboration of a conceptual model for it (see Figure 13). Firstly, the domain description in a natural language must exist. It can be made either separately, or existing specifications can be used. The main point is that this description must contain all important aspects of the problem domain. For our domain, the description can include such phrases as “a paper machine produces paper, uses cellulose”, etc. 

After the mentioned domain description, domain decomposition follows (see Figure 12) based on the domain description. On this stage, entities, classes, properties, relations, behaviors of the problem domain are distinguished. After the necessary decomposition has been made, domain formalization is performed using any appropriate data models. It can be ER-diagrams (Entity Relationship), UML, Ontology, etc. 
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After the mentioned stages, analysis of data representation format, which will be used for the canonical form, follows (see Figure 13). It includes analysis of the data format type (XML, text file, Excel table, Oracle database, etc.), types of APIs that can be used in the domain (SQL-queries, Java DOM API, XQuery, etc.), access methods to data (JDBC, OLE, etc.), sorts of standards that are used to represent a format (ASCII, W3C-family standards).

3.2 Canonic-to-canonic semantic transformation
The first stage of the canonic-to-canonic semantic transformation for our chosen domain is metadata analysis (see Figure 14). This stage includes analysis of data schema used in the canonic form (elements, relationships, types, etc.), possible variations (XML tags or values, etc.), hierarchy of elements and restrictions (nesting of classes, range, etc.). 
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Further stage of the canonic-to-canonic semantic transformation is analysis of standard that has been chosen for the canonic representation form (Figure 15). This stage includes analysis of standard specification (syntax, vendors, schema, etc.), analysis of existing formal theory (relational algebra, frame model, etc.), analysis of existing methods of transformation (XSLT, production rules, etc.), analysis of capabilities and restrictions (possibilities of formalization, querying, etc.).
[image: image16.bmp]The final step of the canonic-to-canonic semantic transformation is concerned with data mapping rules (see Figure 16). This paper considers a use case of XML-RDF transformation. This stage requires efforts for determining a protocol of transformation (elements and types matching), representation format for the rules (Ontology, XSLT, etc.), percentage of manual, semiautomatic and automatic matching actions. 

The mechanism of transformation requires the following analyses to be done: analysis of possible approaches (tools, APIs, Services, etc.), estimation of cost for particular approach (time for development, price of the product, etc.), study of interoperability and extensibility of the chosen approach (supported platforms, extensible API, etc.). For transformation, existing tools can be used or if reasonable these tools can be developed from scratch. The most popular APIs used in transformation of XML are XSLT, SAX and DOM. In case of RscDF the functionality for implementation must be defined: either it will be XML-to-RDF transformation, or more. 

4 Implementation of the two-stage transformation
In the SmartResource project, two-stage transformation was used within the complex prototype system, which is depicted in Figure 17. This approach was tested on the adaptation of condition monitoring data for a paper machine, generated by software simulator. The initial device data was generated in XML format and the task was to transform it into the RscDF format. 
The prototype system is based on J2EE platform and utilizes JBoss application server for the implementation. The pilot implementation involves JSP, Servlets and EJB techniques and uses MVC pattern. Resource adapters are deployed as enterprise JavaBean on the application server. The control servlet gets requests from the clients and redirects them to appropriate adapters. Then different java server pages are generated as response for the client.
According to the approach of two-stage transformation, canonical XML schema was designed and other three different XML schemata were used for testing the phase of syntactic transformation. To perform syntactical transformation to the common XML canonical form, for each of the three XML schemata corresponding XSLT files were generated using MapForce trial version. Figure 18 contains fragments of one XMLi file, corresponding XSLTi used for transforming and the fragment of resulting XML file in the canonic form.

All classes, which constitute the device adapter, are packaged into one template package (see Figure 19). Logically the classes could be divided into four parts. The first part of classes corresponds to the logic, which reflects the structure of the RscDF document, the second reflects the structure of the original XML document and encapsulates the logic of processing this structure, the third represents the engine which plays the role of RscDF document builder, and fourth is the set of reusable utilities for DOM processing.
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For implementation of the second phase – canonic-to-canonic semantic transformation (XML0-RscDF), method based on templates was applied. During the analysis of RDFS document, reusable templates can be extracted. For instance, from the RscDF document two types of templates were distinguished – structural templates (or pattern) and tag templates. Structural templates reflect the structure of the RscDF graph according to its schema. Depending on the canonical XML document, some branches of the RscDF graph have the same structure and could be cloned while processing. 

On the other hand, the tag templates correspond to the RscDF classes. In fact, tag template represents some classes from RscDF schema. There are for example, SR_Statement, Context_SR_Container, SR_Container, NumericalValue, TempTempMark. Tag templates are “bricks”, which are used by adapter to produce the RscDF document. Tag template has a body and a changing part, which can have different types:

· link to other tag template;
· link to XML data;
· link to ontology data;
· generated value.
Figure 19 represents an example of a tag template. The variable Xn is obtained during a run-time either from an ontology or from the XML file, or generated by the generator. The variable Yn is obtained from the identifier of from other template, thus the RscDF tag, depends on the other RscDF tags will be generated after them. In this way the adapter recursively calls methods of template creation until it will reach the leaf nodes.
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Using tag and structural templates, the device adapter performs the semantic transformation. This approach provides more easy way to implement the logic of semantic transformation from canonic XML to RscDF format.  
5 Conclusions
The described approach of building a general framework for industrial resource adaptation based on the two-stage transformation is the first step towards development of a global Semantic Web based industrial maintenance environment. Further steps will use the adaptation framework as a basis for building agent based proactivity framework (year 2005 of the SmartResource project) and peer-to-peer based networking framework (year 2006 of the SmartResource project). 

It is expected that the approach of two-stage transformation will allow industrial partners effortless integration of their resources (devices, experts and web services) into the unified metadata-rich environment for automation of their maintenance (towards a self-maintained behavior). For this purpose, resource owners will need just to map their data models to a canonical one within the same standard (e.g. XML-to-XML or between relational models). This approach does not deal with complexities of semantics definition.
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Figure � SEQ Figure \* ARABIC �6� - Nested models
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Figure � SEQ Figure \* ARABIC �4� - Arbitrary data representation
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Figure � SEQ Figure \* ARABIC �5� - Model-to-model adaptation
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Figure � SEQ Figure \* ARABIC �7� - SmartResource Layered Cake of Specifications









































Figure � SEQ Figure \* ARABIC �18� – Whole UML diagram of classes





Figure � SEQ Figure \* ARABIC �17� - Example of syntactic transformation
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Figure � SEQ Figure \* ARABIC �17� - SmartResource prototype environment
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Figure � SEQ Figure \* ARABIC �19� - Template-based transformation








Mapping


ontology








DB 0





Figure � SEQ Figure \* ARABIC �8� - Ontology-to-ontology transformation
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Figure � SEQ Figure \* ARABIC �15� - Data mapping rules
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Figure � SEQ Figure \* ARABIC �14� - Metadata analysis
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Figure � SEQ Figure \* ARABIC �13� - Analysis of data representation format
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Figure � SEQ Figure \* ARABIC �12� - Adaptation of paper machine domain





Formalization





Description





Figure � SEQ Figure \* ARABIC �11� - XML transformation in MapForce, adopted from [3]
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Figure � SEQ Figure \* ARABIC �10� - Two-stage transformation
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Figure � SEQ Figure \* ARABIC �9� - Peer-to-Peer ontology mapping
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Figure � SEQ Figure \* ARABIC �3� – Relation between standards
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Figure � SEQ Figure \* ARABIC �2� – The most widely used Data Models
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� Official website of the Industrial Ontologies Group, http://www.cs.jyu.fi/ai/OntoGroup/


� General presentation of the project: � HYPERLINK "http://www.cs.jyu.fi/ai/OntoGroup/SmartResource.ppt" ��http://www.cs.jyu.fi/ai/OntoGroup/SmartResource.ppt�


� Official website of the Tekes organization, http://www.tekes.fi/
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