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MISE 2.0 (for Mediation Information System Engineering, second iteration) project has been launched in 2009. The MISE 2.0 engineering approach is based on BPM (Business Process Management) and MDE (Model-Driven Engineering). Running a regular BPM approach on a specific organization consists in gathering structural, informational, and functional knowledge in order to design cartography of processes covering the behavior of the modeled organization. Regarding the MISE 2.0 project the BPM approach concerns a set of organizations and MDE helps in automatizing the different steps: i) Knowledge gathering (situation layer): collect information concerning the collaborative situation, ii) Processes cartography design (solution layer): design the processes according to the knowledge gathered and iii) MIS deployment (implementation layer): implement an IT structure able to run the processes cartography.

Both the transitions between these layers are the hard-points of this approach: The first gap is managed at the abstract level of MISE 2.0 while the second one is managed at the concrete level of MISE 2.0. The current PhD is focused on the first issue: designing a relevant processes cartography from the modeled collaborative situation. However, this is usually a manual activity, which requires a large amount of work to draw the processes and their links. The current research works aim at building such collaborative process cartography in an automated manner. Our principles are (i) to gather the essential and minimum initial collaborative knowledge (e.g. partners, shared functions and collaborative objectives) in models, ii) to deduce the missing knowledge with the help of a collaborative metamodel, an associated ontology and transformation rules and iii) to structure the deduced knowledge in a collaborative process cartography thanks to dedicated algorithms.

Résumé: Initié en 2009, le projet MISE 2.0 (deuxième itération du projet Mediation Information System Engineering) s'articule autour d'une approche BPM (pour Business Process Management) et d'une vision MDE (pour Model-Driven Engineering). La réalisation d'une démarche BPM classique au sein d'une organisation nécessite de recueillir une connaissance couvrant à la fois les aspects structurel, informationnel et fonctionnel afin de définir des modèles de processus caractéristiques du comportement de l'organisation. Concernant le projet MISE 2.0, l'approche BPM considérée concerne un ensemble d'organisations collaboratives. Quant à la composante MDE, elle est destinée à faciliter l'automatisation des différentes étapes de la démarche : i) Recueil de la connaissance (caractérisation de la situation) : Il s'agit de collecter les information concernant la situation collaborative considérée, ii) Déduction de la cartographie de processus collaboratifs (définition de la solution) : il s'agit de définit les processus collaboratifs adaptés à la situation collaboratives caractérisée au niveau precedent and iii) Déploiement du SI de médiation (implémentation de la solution) : il s'agit d'implémenter le SI de médiation sous la forme d'une plateforme informatique capable d'orchestrer les processus collaboratif définis.

La problématique scientifique relève des deux transitions entre ces trois niveaux d'abstractions : la première transition est prise en charge au niveau abstrait de la démarche MISE 2.0 alors que la seconde est traitée au niveau concret. Les travaux de thèse dont il est ici question se focalisent sur le niveau abstrait : déduction d'une cartographie de processus collaboratifs satisfaisant la situation collaborative considérée. Ce type d'objectif relève généralement d'activités entièrement manuelles qui nécessitent une importante quantité de travail afin d'obtenir les modèles de processus escomptés. Les travaux de recherches présentés ambitionnent d'automatiser cette démarche. Le principe est le suivant : (i) recueil, sous la forme de modèles, de la connaissance nécessaire à la caractérisation de la situation collaborative (informations sur les partenaires, les fonctions qu'ils partagent et leurs objectifs), (ii) déduction de la connaissance complémentaire relative à la dynamique collaborative qui pourrait satisfaire ces objectifs selon les moyens disponibles (cette phase s'appuie sur un métamodèle collaboratif, sur l'ontologie associée et sur des règles de transformation) et (iii) structuration de cette connaissance générée sous la forme d'une cartographie de processus collaboratifs (grâce à des algorithmes dédiés). In the world marketing, to seek the maximum of the benefits and to reduce the costs, the enterprises search for supplier, manufacturer, assembler and clients all over the world. The enterprises are obliged to deal with enterprises with different culture background, with people who speaks different language, with information systems in different software environment, etc. In order to cooperate in an efficient manner, the enterprises have to find a way to understand each other concepts, to understand each other languages and to make interoperable each other information systems. In order to achieve such objectives, the whole working process could be changed; organizations and information systems could be turned upside down. This addresses a problem: how to work with other partners without costing and changing so much? This is the research topic of enterprise interoperability.

Mots

The enterprise interoperability can be seen as the capacity of enterprises to structure, formalize, and present their knowledge and know-how in order to be able to exchange or share it. To enhance the interoperability of the enterprises, there are numerous methods, tools or languages, which are developed. In (Nicolle et al.), various architectures for the interoperation of information systems are introduced, summarized and compared. These architectures are the following Peer-to-Peer [START_REF] Milojicic | Peer-to-peer computing[END_REF], Standardization 1 , Federation 2 , Multibase 3 , Ontology [START_REF] Guarino | Ontologies and Knowledge Bases -Towards a Terminological Clarification[END_REF] and Mediation (Wiederhold, 1992). Considering the weak point of adding a new partner (and its IS 4 ) which requires many translators, Peer-to-Peer and Standardization could not be the first choice. Considering the difficulty of building common standard and language, Federation and Multi-base are removed. Although mediation information system (MIS) requires the difficult task of constructing automatically collaborative process, MIS still is a credible and pertinent way of supporting ISs interoperability.

In order to build and run the collaborative process automatically, MDA [START_REF] Miller | MDA Guide Version 1.0. 1[END_REF] and ESB 5 have been selected in MISE 1.0 project (2004MISE 1.0 project ( -2010) ) as a development approach and implementation tool. Yet, one strong hypothesis we base our research work on, is that partners' IS are supposed to follow the same conceptual logical architectural style: Service Oriented Architecture (SOA) (Vernadat, 2007). This leads to a context where each partner is able to contribute to the collaboration space through interfaces from different levels (computer independent or platform independent). The MIS is able to deal with the three functions identified below among a set of SOA partners' ISs. It can i) gather knowledge of partners' data, ii) build a repository of partners' services and iii) deduce a collaborative process model that can run and a workflow engine that enables to run it.

Dr. Jihed Touzi wrote the first PhD thesis of MISE 1.0 (2004MISE 1.0 ( -2007) ) completed by a post-doc. His work addresses the conceptualization of the logic and technological models of MIS. Dr. Vatcharaphun Rajsiri did the second PhD thesis of MISE 1.0 (2006MISE 1.0 ( -2009)). Her work is the input of the first one and aims at deducing a business collaborative process by gathering necessary collaborative knowledge. Dr. Sébastien Truptil takes the work the Dr. Jihed Touzi as input and deduces the BPEL based technical collaborative process, which is deployed and executed on an ESB.

The collaborative process developed by Dr. Vatcharaphun Rajsiri, is a single but complex process. The process covers strategy, operation and support level. This leads to the first problem: the partners of the collaborative network come from different apartments of enterprises. They have different major and education background. This means that the partners cannot understand the whole collaborative process but a part of it. Thus the collaborative process is so complex that it is difficult for partners to find the part, which they understand. The collaborative process cartography is very necessary.

The definition of such cartography of collaborative process became the goal of abstract level of MISE 2.0 project (2009MISE 2.0 project ( -2013) ) The collaborative process cartography represents the collaborative process in to three levels: strategy, operation and support. If the partner's role is manager, designer or marketing, they only needs to understand the collaborative processes in the strategy level and the communications with other levels. If the partner's role is producer, deliverer or assembler, they are interested in the collaborative processes in the operation level. If the partner's role is cleaner, driver or cooker, they are concerned by the collaborative processes in the support level. The goal of the research works in this thesis is to build the collaborative process cartography as automatically as possible by using MDA and SOA.

In order to define the collaborative process cartography, the first thing to know is: what is the collaborative knowledge that can be gathered? And how to model such collaborative knowledge? In a collaborative situation, partners define the collaborative network (organizational). They come with the functions or business services to share (functional) and the collaborative objectives to achieve (complementary of organizational). In the knowledge-gathering phase, the vision is focused on the organizational and functional knowledge. The organizational knowledge includes the collaborative network, the partners, the partner relationships, and the collaborative objectives. The organizational knowledge is gathered and defined by the collaborative network model. The functional knowledge is considered as the functions of partners and input/output messages of the functions. The function model is provided to model this part of knowledge. To answer the question, the collaborative network model and the function model is designed to gather the minimum collaborative knowledge.

If the research work of this thesis is considered as a system, the inputs are the organizational and functional models, then what are the outputs? Or, on a more concrete point of view, how to represent the collaborative process cartography as a model? The representation of the collaborative process cartography is divided in two parts: the process and the cartography. For the process, in the thesis of Dr. Vatcharaphun Rajsiri, the BPMN (Business Process Management Notation) based collaborative process model represents the process. The work of Dr. Vatcharaphun Rajsiri is reused in this thesis to define the collaborative process. For the cartography, the goal is to divide the collaborative process into strategy, operation and support levels. The cartography can be considered as the main collaborative process, which classifies the main tasks by strategy, operation and support. The main tasks can be detailed represented by collaborative processes. To summarize, the collaborative process cartography is defined by the main collaborative process (the cartography) and the sub collaborative process (the processes).

The third thing to discuss is how to play between the input models and the output models to make the system get the input and produce the output? Here, the ontologies and model transformations appear on the board. The ontology organizes and defines the concepts of the input and output models. The model transformation rules can be applied among these concepts to transfer the input models to the output models. But the transformation rule is not the multi-function key. There exist several small black holes, which cannot be filled by the ontology and model transformation. For example, the collaborative process is based on BPMN. The modeling elements of BPMN contain the events and gateways. How can the events and gateways be deduced and inserted to the collaborative process? Further more, there is a gap between objectives and functions. How to select the correct functions to achieve the objectives?

All the above-discussed questions are about the design of the research work. Another essential part is the implementation. The software tool, which can define the input models, implement the transformation rules and transfer the output model, is needed. The software engineering is a domain, which changes and improves every second. The techniques, which are used today, would be disappeared tomorrow. To choose a technique, which can follow the footstep of the main flow and can meet the requirements of the design work, is the main goal of the implementation. Dr. Sébastien Truptil defined the agility management of MISE 1.0 in his thesis. The management requires all the development software tools to be web services, which can be deployed on the ESB. But the developing tools of MISE 1.0 are GMF, ATL and Protégé, which are really difficult to adapt as web service. With the experience of MISE 1.0, it has been chosen that the software tools of MISE 2.0 should be migrated to the web services. In recent years, SaaS (Software as a Service) becomes a hot word in the software engineering world. The SaaS is a good choice for the development of MISE 2.0. But there are a lot of SaaS venders, which vender to choose? This is another question, which should be answered in this thesis.

Until now, the discussion of MISE 2.0 abstract level is accomplished. This thesis is the first part of MISE 2.0, which deduces the collaborative process cartography. The second part of MISE 2.0 is to take the collaborative process cartography and to deduce the technical collaborative workflows (the PhD subject of Nicolas Boissel-Dallier). The third part is the agility management of MISE 2.0 (the PhD subject of Anne-Marie Berth-Delanoë). Besides MISE 2.0, there is MISE 1.0 (2004-2010) and MISE 3.0 coming (2011-?). The whole MISE project is a complex system with numerous knowledge, methods and tools. To well present the work of MISE project, a framework is designed.

The above discussion and identified questions reveals that each topic covers a wide range of aspects and issues which are related to each other. They are studied in detail to gain a clear understanding of them and find a way to manage them. Thus, the thesis is organized as follows:

 Chapter I focuses on describing the scope and objectives of the thesis. This chapter gives a short introduction of MISE 1.0 and the assumptions and limits of MISE The chapter first addresses the state of the art of organizational model and the definition of collaborative network model followed up with the example of collaborative network model. Secondly, the function model is presented and explained in detail through an example too. Last but not least, the collaborative process cartography and the collaborative process model are presented.  Chapter IV focuses on presenting the collaborative ontology, the transformation rules, business services selection, and process sequence deduction. The collaborative ontology is presented as two main parts: the concept of collaboration (concepts of input models) and the concept of mediation (concepts of output models). The transformation rules are applied to transfer the concepts of collaboration to the concepts of mediator. To complete the transformation rules, the methodologies of business services selection and process sequence deduction are presented through examples.  Chapter V aims at presenting the main functions and the global design of the software tool (Mediator modeling 2ool) and demonstrating how the software tool works by experimenting with a very simple collaborative situation. The experimentation uses the tool to perform every step in the global design, from knowledge gathering to the construction of the collaborative process cartography.

Finally, the thesis ends by giving the conclusions and perspectives of the research work. The summary of work and the outlook of MISE project are carried out.

Usually, the literary study is addressed as chapter II. But when the reader starts to read other chapters, the concepts, which are presented in literary study, may be forgotten. In this document, we chose a different manner by writing the literary study according to the reading of the document. Consequently, the literary study is broken into small parts and presented at the beginning of each chapter. Firstly, we seek to introduce the MISE 1.0 project and explain the limitations of MISE 1.0 project. Then, we present the needs of business and logic characterization and position them in the MISE 1.0 project. Business and logic characterization embedded in the PhD subject solves some of the limitations in MISE 1.0 project.

I.1. Objective of MISE 1.0

Due to the current global and competitive market, the capacity of enterprises to collaborate with their partners is one of the critical factors for their development and their ability to survive. (Touzi, 2007) defined four levels of capacity: communicating (ability to exchange and share information), open (ability to share business services and functionalities with others), federated (ability to work with others by following collaborative processes in order to pursue a common objective, as well as objectives of the enterprise itself), and interoperable (ability to work with others without a special effort; the enterprises involved are seen as a seamless system). Thus, "interoperability can be seen as an alternative to performing the integration of enterprises into a unique system" (Vernadat, 2007).

The concept of interoperability first appeared in the domain of computer science in the early 1990s and has been developed continuously and extensively in many domains such as the military, medical, transportation, software ones, etc. Since then, many definitions related to this concept have been proposed. The most quoted one was given by (IEEE, 1990) which define interoperability as "the ability of two or more systems or components to exchange information and to use the information that has been exchanged". The InterOp NoE defines the interoperability as "the ability of a system or a product to work with other systems or products without special effort from the customer or user" [START_REF] Konstantas | Interoperability of Enterprise Software and Applications[END_REF]. According to Pr. Hervé Pingaud, "interoperability is the capability of systems, natively independent from each other to interact in order to build harmonious and finalized collective behaviors without any deep modification of their own structure or behavior" (Pingaud, 2009).

Furthermore (Chen et al., 2008) proposes an enterprise interoperability framework, which defines three dimensions, one of them concerns the interoperability barriers: conceptual, technological and organizational. Considering that the information systems of enterprises are the practical and operational part in the enterprises, it is a crucial requirement to break the technological barriers through interoperability among the information systems. The possibility to break organizational and conceptual barriers by breaking technological barriers is also considered. Yet, one strong hypothesis we base our work on, is that partners' information systems are supposed to follow the same conceptual logical model: Service Oriented Architecture (SOA) [START_REF] Krafzig | Enterprise SOA: service-oriented architecture best practices[END_REF]. [START_REF] Benaben | Collaborative Information System Design[END_REF] proposes the three following main interoperability functions:

 Conversion and delivery of data;  Management of applications (or services in a SOA context);  Orchestration of collaborative process.

As shown in Figure I-1, partners want to work together in a collaborative situation. But there are always some barriers. In order to break the technological barrier among information systems, a Mediation Information System (MIS) seems to be a possible and suitable solution for technical interoperability of enterprises' information system. (Benaben et al., 2008) The concepts of mediation are first presented in (Dr et al., 1996). Besides, a MIS should handle: data conversion, processes orchestration and application management at least. The model-driven approach of MISE 1.0 starts with the business branch, which gathers the necessary and minimum business knowledge of collaboration and transfers it to the BPMN 1 based collaborative process model (CIM). The research work on the business level is completed by Dr. Vatcharaphun Rajsiri and explained in [START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF]. First, the software tool: Network Editor was developed to collect knowledge (collaborative network, partners' relationships and collaborative common goals) in the phase of gathering the collaborative knowledge. Second, the collaborative ontology and the collaborative process ontology with transformation rules are defined. The knowledge base: the business knowledge of the MIT Process Handbook [START_REF] Malone | Organizing business knowledge: the MIT process handbook[END_REF] supports the two ontologies. Finally, the transformation rules and the knowledge base, the BPMN based collaborative process is transferred with the help of the collaborative ontology.

The logic branch takes the BPMN based collaborative process as an input and transfers the process to the UML 2 based logic model. The research work of on the logic branch was finished by Dr. Jihed Touzi and presented in (Touzi, 2007). In the logic branch, the metamodel of the collaborative process and the logic metamodel of the UML based logic model are defined. A set of transformation rules between the two metamodels is presented as equations. The BPMN based collaborative process model is transferred to UML based logic model by following the transformation equations. The UML based logic model only contains business knowledge. In order to keep moving on the approach, the technical knowledge (descriptions of web services in WSDL 3 file) has to be imported into the logic model. [START_REF] Benaben | Information Systems design for emerging ecosystems[END_REF] defines the logic metamodel based technical metamodel. The technical metamodel describes not only business knowledge and but also technical knowledge. The technical knowledge is exported from WSDL files and completed manually and then transferred to the technical model, which is the perfect input data for technical branch. The technical branch focuses on using business, logic and technical data of technical model and transferring the technical model to the PSM. In MISE 1.0, the PSM is designed for the specific platform: PetalsLink1 ESB system. The technical branch has been studied by Dr. Sébastien Truptil and detail explained in detail in (Truptil, 2011). The PSM of MISE 1.0 is composed of four main parts: the Service Unit (description of web service), the Service Assembly (deploys web service on ESB), the Service Engine (orchestrates collaborative process) and the BPEL 2 file (describes the execution order of collaborative process). The most important part is the transformation of a BPEL file. In technical branch, a metamodel of the BPEL file is defined. Based on the metamodel of the BPEL file, several algorithms are developed to transfer the technical model to the BPEL file. The final results of the technical branch are: i) to deploy all the Service Unit and the Service Engine of partners' web services on ESB, ii) to provide the BPEL file, ii) to deploy Service Engine with the BPEL file on ESB, and iv) to execute the collaborative process on ESB, which is the Mediation Information System.

FIGURE I -2 THE GLOBAL STRUCTURE OF MISE 1.0

The MISE 1.0 also considers the agility of information system in both the runtime and the design time. Even through, the user uses MISE 1.0 tools to develop a MIS on ESB. There may be some occasional and sudden events, which are triggered at the runtime of MIS (for example, a partner quits, a web service is down or the goal of collaboration has changed). There should be an automatic mechanism to reset MIS and restart the MISE model-driven approach. With this objective, all the software tools and model transformation tools are developed as web services and orchestrated from CIM, PIM and PSM. If the user has to redesign the MIS, the user could just invoke the orchestration of the MISE 1.0 tools to re-launch the whole model-driven approach of the MISE 1.0. The MISE 1.0 is deployed on ESB as a MIS. The MIS is executed to develop another MIS. 

I.3. MISE 1.0 Business Level Comparison

The engineering approach of MISE 1.0 project is a general approach. A general approach provides a map, a demo or a direction for a general collaboration, which is not in a specific domain. But if a specific situation (e.g. risk management, supply-chain management or product lifecycle management) comes out, it leads to some problems, in specific domain (e.g. education, hospital or police). There is professional knowledge in a specialized field. Due to the particularity of gathered knowledge, the gathered knowledge has to be re-defined. We have to think about if the engineering approach of MISE 1.0 is still adaptive? If it is not, how could the approach be changed? And which part of the approach should be re-defined? Dr. Sébastien Truptil worked on not only the technical branch of MISE 1.0 but also on crisis management domain. He re-used the engineering approach of MISE 1.0 on ISyCri1 Project. According to chapter II in the PhD thesis (Truptil, 2011) of Dr. Sébastien Truptil, he re-defined specifically the business branch for ISyCri project in crisis management domain. Because the research work of this thesis is located on the business level of collaboration. The objective of this thesis is to define the business process cartography, which the similar with the objective of the research work of Dr. Sébastien Truptil and Dr. Vatcharaphun Rajsiri. It is necessary to make a comparison for these two research works. This section focuses on the discussions of differences on the business branches in general engineering approach (the research work of Dr. Vatcharaphun Rajsiri) and in crisis management (the research work of Dr. Sébastien Truptil). In this section the business branch work of Dr. Vatcharaphun Rajsiri is presented as BVR. The business branch work of Dr. Sébastien Truptil is abbreviated as BST. The discussions of differences are divided into two parts: the differences between based principals (Section I.3.1) and the differences between engineering approaches (Section I.3.2).

I.3.1. Comparison of Theoretical Principles

The BVR is based on Model Driven Architecture (MDA), which is defined by OMG2 [START_REF] Miller | MDA Guide Version 1.0. 1[END_REF].

MDA provides an approach for, and enables tools to be provided for: " i) specifying a system independently of the platform that supports it, ii) specifying platforms, iii) choosing a particular platform for the system, and iv) transforming the system specification into one for a particular platform" [START_REF] Miller | MDA Guide Version 1.0. 1[END_REF]. The three primary goals of MDA are portability, interoperability and reusability through architectural separation of concerns.

MDA is divided into several models . According to [START_REF] Miller | MDA Guide Version 1.0. 1[END_REF]: the models could be summarized as followed:

 CIM (Computation Independent Model): presents the requirements for the system. A CIM is a model of a system that shows the system in the environment in which it will operate, and thus it helps in presenting exactly what the system is expected to do. Such a model is sometimes called a domain model or a business model. It may hide much or all information about the use of automated data processing systems. Typically such a model is independent of how the system is implemented. The CIM is useful, not only as an aid to understand a problem, but also a source of vocabulary that can be shared using another model. The CIM should be traceable to the PIM and PSM constructs that implement them and vice versa;  PIM (Platform Independent Model): describes the system, but does not show details of how to its platform. It might consist of enterprise, information and computational ODP 1 viewpoints specifications. A PIM exhibits a specified degree of platform independence so as to be suitable for use with a number of different platforms of similar type.  PSM (Platform Specific Model): is a view of a system from the platform specific viewpoint. A PSM combines the specifications in the PIM with the details that specify how the system uses a particular type of platform. The PSM is in the form of software and hardware manuals. Finally, the code of the implementation of the system is transformed or deduced from the PSM.  The MDI separates CIM level into top CIM level and bottom CIM level. Both of them are business levels. The top CIM level is business model, which concerns domain, process, organization, products, strategy and so on. It presents the initial situation in enterprise interoperability. The bottom CIM level is similar with the CIM of MDA. It is the system requirements, which is the result of arbitrations or expectations on what part of the business could be managed by a system.  The MDI defines the interoperability models in collaboration. Between enterprises (or partners), the MDI provides interoperability models to manage the interoperability at each level (Top CIM -Bottom CIM -PIM -PSM -Code). The mappings from one to another are also defined in the architecture.

 The MDI involves partners' ESAs1 in collaboration. The MDI considers that each enterprise or partner owns ESA for each modeling level. Among the levels, the ESA deals with model transformation or metamodel mapping. The interoperability models among enterprises or partners are based on these ESAs, which means the ESAs provide some initial and valuable data for the interoperability models.

FIGURE I -5 MODEL DRIVEN INTEROPERABILITY (BOUREY ET AL., 2007)

Although the MDI is based on MDA, the differences between them and the progress of MDI are clear and are not doubtable. They are two similar architectures, but the MDA is more general, the MDI is in interoperability domain. The BVR and the BST are based on different architectures. The BVR is based on MDA, but the engineering approach is very close to MDI. Meanwhile, the experience of the BVR shows that the MDA should be adopted for interoperability modeling. The implementation of the BST proves that: in interoperability domain, the MDI should be used to direct interoperability modeling.

The paragraphs above mentioned model transformation and metamodel mapping several times. Model transformation is a crucial part of MDA and MDI. From 2001 to 2010, the mechanism of model transformation has been improved. For the BVR and the BST, the theories of model transformation are different.

The theory of model transformation of the BVR comes from the 3+1 MDA organization (Bézivin, 2004) and the mechanism of model transformation of ATL2 [START_REF] Jouault | Transforming Models with ATL[END_REF]. Pr. Jean Bézivin named precisely the organization of the classical four-level architecture of OMG as the 3+1 architecture. At the first level of the 3+1 architecture, the layer 0 is the real system. A model represents this system at layer 1. This model conforms to its metamodel defined at layer 2 and the metamodel itself conforms to the Metametamodel at level 

I.3.2. Comparison of Engineering Methods

The first line of Figure I-8 presents the engineering method of the BVR. The method has three main steps:

 Knowledge gathering: the collaborative network model is defined. The model gathers initial collaborative information: for example, partners, partners' relationship, topology of collaborative network and the common goals of collaboration.  Process deducing: the collaborative ontology and transformation rules are defined. The collaborative ontology aims to manage all the collaborative concepts and provides transformation rules among these concepts. The collaborative ontology manages concepts such as partner, business service, abstract service, collaborative network etc. All the knowledge of MIT process handbook is extracted form the handbook and filled into the collaborative ontology as instances. With the link between the common goal (in the collaborative network model) and the abstract service (in the collaborative ontology), the instances of business service, which could achieve the abstract service, are selected for the common goal. The transformation rules help to transfer all the knowledge of the collaborative network model and the ontology to a collaborative process model.  Collaborative process: the metamodel of the collaborative process model, which is defined by Dr.

Jihed Touzi (Touzi, 2007), is reused. With the help of transformation rules and the metamodel of collaborative process model, as a result, a BPMN based collaborative process model is deduced. This model has got one mediator pool and several partners' pools. In the mediator pool, there is the collaborative process. In the partners' pools, the business services, which are provided and shared by partner, are presented and invoked by the collaborative process in the mediator pool.

The engineering method of the BST is shown at the bottom lane of Figure I-8. The engineering method also has the same three main steps:

 Knowledge gathering: the service model and the crisis model are defined. The service model gathers information about the services provided by the partners with input and output messages. The crisis model gathers initial crisis situation, for example, accident or crisis, involved population (firemen, police and injured people), place of the accident or crisis. The aim of the crisis model is the same with the collaborative network model of the BVR. Both of them gather the initial information of the collaboration. Before the deduction of the process, the BST asks the user to choose services from the service model for each crisis defined by the crisis model.  Process deducing: the crisis metamodel is defined. The metamodel owns three parts: studied system, extracted system and collaborative process (the metamodel of the collaborative process of Dr. Jihed Touzi). The part of the studied system aims to manage the knowledge, which is gathered by the service model and crisis model, for example, risk, crisis, people etc. The part of extracted system aims to manage the knowledge, which is automatically deduced from the studied system. The part of collaborative process is the same as the metamodel of collaborative process, which is defined by Dr. Jihed Touzi and reused by BVR. Model transformation rules form studied system and extracted system to collaborative process.  Collaborative process: the collaborative process model confirms to the collaborative process part of crisis metamodel. The format of the deduced collaborative process has the same as format with the one of BVR.

FIGURE I -8 COMPARISON OF BUSINESS LEVEL ENGINEERING OF BVT AND BST

BVR and BST have the same engineering steps: knowledge gathering, process deducing and process presenting. The differences of each step are listed as followes.

First, differences of knowledge gathering:

BVR uses the collaborative network model to gather information. BST uses the service model and the crisis model to gather knowledge. After the explanations of the content of the collaborative network model and the crisis model above, it is obvious that both of them gather initial collaborative information. But the crisis model is changed to fit crisis domain. The two models serve the same function, which is gathering initial collaborative knowledge. BST uses also the service model to gather shared business services from partners. Here, a question appears, why does the BVR not collect information about services? If the BVR does collect information of services, then which step? And how? In the second point, we could find the answer.

Second, differences of process deducing:

BVR defines the collaborative ontology with transformation rules and inserts MIT process handbook into the ontology. BST defines the crisis metamodel and transformation rules. The main difference is that: the collaborative ontology defines concepts, relationship among concepts and has instances of concepts and relationships, but the crisis metamodel only defines concepts and relationships without instances. This difference could answer the question proposed above. BVR does not define a service model, but the instances in collaborative ontology provide business services such as the service model of BST. Another difference is that the collaborative ontology defines concepts of general collaboration, but the crisis metamodel defines not only concepts of general collaboration but also crisis concepts.

Third, differences of collaborative process:

BVR and BST use the same metamodel of collaborative process, which is defined by Dr. Jihed Touzi. The difference is that, BVR re-uses the metamodel as individual metamodel, but BST re-uses the metamodel as the third part of the crisis metamodel. The transformation rules of BVR are from the collaborative ontology to the metamodel of collaborative process model. But the transformation rules of BST are inside the crisis metamodel (from studied system and extracted system to collaborative process).

I.4. Assumptions and Limits on MISE 1.0

Assumptions and limits were identified after the research and development of the MISE 1.0 project. Assumptions and limits in MISE 1.0 cover CIM, PIM and general approach. In section I.4.1, assumptions and limits on abstract level are presented. Assumptions and limits on concrete level are introduced in section I.4.2. Section I.4.3 presents assumptions and limits on general approach.

I.4.1. Assumptions and Limits on CIM

In this section, assumptions and limits in business level (CIM) are presented. The assumptions and limits are separated into two parts.

First, limitations of collaborative knowledge are discussed; CIM collaborative process model is an operational process model.

Collaborative process is introduced in section 3.2 of chapter 4 of Dr. Touzi PhD report (Touzi, 2007).

According to, the model of a collaborative process is BPMN-oriented and based on the SOA. He considered the activities provided by partners as their internal process. But, he also stated, based on the point of view of the enterprise, that a collaborative activity can be seen as an internal process and presents an interface dedicated to the collaboration.

Collaborative process model from MISE 1.0 business layer defines a single collaborative process, which covers strategy, operation and support. However, referring to the ISO 9000:2000 recommendations, the decision level and support level should be considered. In order to make collaborative process model presents the information more clearly, the collaborative process model should be presented by different views (for example, decision view, support view and operational view).

Second, the MIT Process Handbook is used as a process knowledge repository to catch definitions of services at different levels of granularity.

Usage of MIT Process Handbook is described in the section 2.3 of chapter 2 in (Rajsiri, 2010). The MIT Process Handbook is a repository of business processes. It contains about 5000 business processes including use cases, alternative business models, and so on. These instances of knowledge are about business processes that are used to constitute the knowledge base in MISE 1.0 business level. We used the knowledge provided in the MIT Process Handbook and we also adopted its modeling mechanisms to complete our collaborative process design. Based on these studies, we summarized the principal elements for defining a collaborative process as being: partner's service, resource, flow of resources between services (dependency), and MIS service (coordination service of the MIT Process Handbook).

Once the user has built a collaborative network model, business services are selected from a special version of the MIT repositories available as ontology. CIM process could choose useful services to build the collaborative process model. This approach, based on reusability, leads to two problems. Firstly, collaborative process model is general. It is not focused on specific domain or specialized field. Secondly, limits of MIT Process Handbook knowledge became limits of MISE 1.0 on process modeling capabilities.

I.4.2. Assumptions and Limits on PIM

During the CIM to PSM transformations, (Touzi, 2007) Furthermore, (Touzi, 2007) regards business activities and technical services as two resources with the same granularity and only makes one to one connections. In concrete cases, the one to one connections are not enough to complete BPMN to SOA transformation (one business activity may be implemented by several technical services; several business activities may be completed by one technical services). The many to many relations must be considered.

In order to improve agility and maturity of the system, [START_REF] Truptil | Interoperability of information systems in crisis management: Crisis modeling and metamodeling[END_REF] adds a technical ontology containing functional (address, messages…) and non-functional information (requirements…) about existing services.

Unfortunately, this service ontology is not based on a standard despite that a lot of specification are available and are closed to requirement. It does not promote interoperability, which is one of the main goals of this project. Besides, the semantic matchmaking is manually performed and only existing technical services are usable.

Transformation from business activities to services is one to one in PIM. Then, during PSM construction, technical information from technical ontology is added to model in order to perform the BPEL building.

In the technical level, (Touzi, 2007) treat web services without taking heterogeneity of exchanged messages into account. For two consecutive services, he considers the output message of the first service is similar to the input message expected by the second service. When [START_REF] Truptil | Interoperability of information systems in crisis management: Crisis modeling and metamodeling[END_REF] improves the MIS to use it from top to bottom, Dr. Truptil adds exchanged messages in the mediation services. For now, exchanged messages are added into correspondence services manually. No semantic information is available on data models, which make data transformation impossible to automate. If any new sequence of service is necessary, mediator services information has to be added manually.

I.4.3. Assumptions and Limits on MISE 1.0 Model-Driven Approach

In this section, assumptions and limits on MISE 1.0 model-driven approach are presented. The assumptions and limits are separated into two parts.

Firstly, knowledge is gathered in each step.

In Figure I-2, knowledge has been gathered in each step. First, in business branch, in order to create collaborative process model, business knowledge concerning the network has been gathered and some information from the MIT Process Handbook has been added. This step has been described in (Touzi, 2007). Second, in logic branch, technical information about service address, service descriptions, exchanged message and attributes has been gathered. Third, web services are mapped one to one. But web services should be mapped "many" to "many" as mentioned in section I.4.2. So we consider semantic information should be gathered in technical branch. In Figure I-2, collaboration knowledge is gathered in each step (from business to logic, from logic to technologic, from technologic to target system). Before the development of MISE 1.0, we did not consider the situation according to which the collaborative knowledge would be gathered in every step. So a collaborative situation framework, which manages the model-driven approach and defines the collaborative knowledge in each step, is required.

Secondly, MISE 1.0 model driven approach is a linear engineering process.

In [START_REF] Benaben | Information Systems design for emerging ecosystems[END_REF] the whole MISE 1.0 model driven approach has been introduced. In Wenxin Mu's (this is me ^0^) master report, the MISE 1.0 model driven approach has been introduced through an example.

From these two papers, we could summarize MISE 1.0 model driven approach as a linear engineering process.

As the linear engineering process, there are two related problems. First, if one part of one model in the model transformation chain is changed, the whole remaining part of the chain must be driven again. This leads that, if one modeling tool does not work, the whole chain does not work. To solve the problem, we decided to overcome the limitations induced by the CIM and PIM segregations.

II. MISE 2.0 Proposal

In order to solve or avoid all the assumptions and limits mentioned in above section. MISE 2.0 (for Mediation Information System Engineering, second iteration) project has been launched in 2009. The MISE 2.0 engineering approach is based on BPM and MDA. Running a BPM approach on a specific organization consists in gathering structural, informational, and functional resource knowledge in order to design cartography of processes covering the behavior of the modeled organization. A BPM approach is classically dedicated to three types of goals: using the processes cartography to (i) certify the modeled organization, (ii) optimize the processes of the modeled organization, and (iii) define the requirements for the IS design of the modeled organization. In this thesis, we will focus on the third objective. This BPM approach is not dedicated to any single organization, neither to a set of organizations, but to the target collaborative situation between a set of organizations. This is the MISE 2.0 project, which can be considered according to the following layers:

 Knowledge gathering (situation layer): collect information concerning the collaborative situation.

 Processes cartography design (solution layer): design the processes according to the knowledge gathered.  MIS deployment (implementation layer): implement an IT structure able to run the processes cartography.

The transitions between these layers (from situation to solution layers and from solution to implementation layers) are the hard-points of this approach. Indeed, driving such a BPM approach requires designing relevant processes cartography from the dedicated situation (first gap). However, this is usually a manual activity, which requires a good knowledge of the modeled situation as well as a large amount of work to draw the processes and their links. Besides, once that cartography designed, the IS design requires to bridge the semantic gap (second gap) between the business activities (modeled in the processes cartography) and the technical services (concerned by the IS deployment). The first gap is managed at the abstract level of MISE 2.0 while the second one is managed at the concrete level of MISE 2.0. The first PhD subject mainly aims to solve assumptions and limits on abstract level and some on general approach. The second PhD subject is mainly to solve assumptions and limits on concrete level and some on general approach. In section II.1, the objective of abstract level of MISE 2.0 is addressed. In order to obtain the objective, the problems, which have to be solved

II.1. The Abstract Level of MISE 2.0

Regarding the abstract level (or business level), the BVR and the BST have been introduced and compared in section I.3. Both of them followed three steps: knowledge gathering, process deducing and process presenting. Their main objective is to deduce the collaborative process, which operates the business collaboration of partners. For MISE 2.0 abstract level design, the main objective is to build the collaborative process cartography. But what is the collaborative process cartography? And why? As mentioned in section I.4, the collaborative process of the BVR and the BST is a "mixed" process, which covers the information of strategy, operation and support. This kind of collaborative process is very difficult for user to understand and execute.

The collaborative process runs among different levels of users (managers, workers from operating unit or warehouse and so on). The users own different knowledge, which makes them to understand part of the collaborative process. Because the users have different functional distribution in the enterprise, they concern only part of the collaborative process. It is better to build several small collaborative processes, which present different part of the "mixed" collaborative process. The several small collaborative processes should be managed and presented by a main process, which is the collaborative process cartography. The collaborative process cartography is to break the "mixed" process into small processes and classify these small processes as strategy, operation or support. The collaborative process cartography presents the process as one main process (with the information of classification) and several sub processes.

In order to build the collaborative process cartography, the collaborative knowledge of the process cartography should be gathered and transferred. Our principles are to i) gather the essential and minimum initial collaborative knowledge (e.g. partners, collaborative objective and shared functions) in the mode of model, ii) deduce the missing knowledge with the help of ontology/metamodel and transformation rules and iii) complete the collaborative process cartography with the deduced knowledge and necessary algorithms (in the case of fixing the small gap of model transformation). As shown in Figure I-10, based on the above principles, in a collaborative situation, the partners come with their shared functions and their private objectives to achieve the collaborative objectives of the collaboration. The shared functions and the collaborative objectives could be seen as the initial collaborative knowledge. The goal of MISE 2.0 abstract level (the goal of the research work in this manuscript) is to select the shared functions and build the collaborative process cartography, which is made up by a main process and several sub processes of strategy, operation and support. The collaborative process i) provides the order of shared businesses functions to follow, ii) presents divided strategy, operation and support processes for different levels of users, iii) obtains the collaborative objectives and iv) potentially achieve the individual objectives of partners.

FIGURE I -10 THE TARGET OF MISE 2.0 ABSTRACT LEVEL As discussed above, to build the collaborative process cartography, we have to gather collaborative knowledge, transfer missing knowledge (deduce the missing knowledge of process) and present the collaborative process cartography. For each step, their some problems, which has to be solved. These problems are listed as followed and also presented in In order to clearly understand these problems, the next section provides a small state of art for Business Process Management (BPM). Three BPM research works are explained. These works could provide some clues for solutions of problems or help reader to understand the listed problems.

II.2. Related Works

Some existing research fields can be related to MISE 2.0. Many research approaches in System Engineering, Decision Science, etc., can be applied to implementation of dynamic management of business process in the ubiquitous environment. In this section we only review the research fields that are closely related to this thesis.

The approach in this thesis is greatly motivated by some advancement in Business Process Management (BPM).

A business process comprises a "series or network of value-added activities, performed by their relevant roles or collaborators, to purposefully achieve the common business goal" [START_REF] Ko | A computer scientist's introductory guide to business process management (BPM)[END_REF]. BPM life cycle can be grouped into six categories: design, modeling, execution, monitoring, optimization and re-engineering. But Van Der Aalst considers that business process management covers the whole life cycle of business processes, including process design, simulation, enactment, monitoring and control, diagnosis, etc. (Van Der Aalst and Ter Hofstede, 2000;Ter Hofstede et al., 2003) They describe BPM life cycle by different words, but which present the same meaning. Application of formal methods in business process management systems is critical to ensure correctness properties of business process definition and furthermore enables the potential analysis. (Van der Aalst and Van Hee, 2004)

In the world of BPM, many different process modeling notations and tools have been proposed (e.g. IDEF Suite, BPMN, ARIS, UML, Structured Analysis and Design Technique, Petri Nets, Object Oriented Modeling, CIMOSA, IEM approach). Their functionalities and characteristics vary and can lead to misunderstanding and failure. Furthermore, executable languages used to implement the models (e.g. BPEL or classical programming languages) are also diverse. These identified issues are similar to those identified in the Model-Driven Software Development (MDSD) concept [START_REF] Stahl | Model-driven software development[END_REF], which is a specialization of MDA. [START_REF] Patig | IT Requirements of Business Process Management in Practice -An Empirical Study[END_REF] well summarized the software and tools used to describe business process in sample companies (Table I-1). Patig, Casanova-Brito and Vögeli have conducted a worldwide survey of major public companies to elicit the requirements, which are grounded in the nature of processes and the usage of software. The analysis of 127 responses indicates that human-oriented process modeling languages and BPM tools as well as BPM tools with software integration capabilities are most urgently required. Obviously, many companies combine text (55.9%) and some modeling languages (55.9%), but also tables are widespread (31.5%). Among the languages, BPMN dominates, followed by the Unified Modeling Language (UML) and Event-driven Process Chains (EPC). The worldwide MDA still has a long way to go. There are numerous valuable research works in the business process management field, beside these well known modeling languages and modeling architecture, for example situation calculus (Li and Iijima, 2007a), business process abstraction [START_REF] Smirnov | Business process model abstraction: a definition, catalog, and survey[END_REF], business process correctness [START_REF] Lohmann | How to implement a theory of correctness in the area of business processes and services[END_REF], self-adjusting process (Dorn et al., 2010), re-structure of process model [START_REF] Polyvyanyy | Structuring Acyclic Process Models[END_REF], etc. Their works focus on the detail research problem of business process management. All these works could give some clues to solve problems encountered in the MISE 2.0 business level design.

In this section, we choose several special and interesting process management works as related work introduction. First, in section II. 

II.2.1. ARIS Method Extension

According to the section 2 of [START_REF] Stein | ARIS Method Extension for Business-Driven SOA[END_REF], there is no complete SOA modeling method which is integrated with enterprise architecture frameworks and business process management methods. It is the authors' research goal to fill this gap in case of the ARIS modeling method. ARIS already covers all parts of a modeling method, but it misses specific modeling language concepts for SOA. This section describes how Stein extended the ARIS modeling language to allow service-oriented enterprise modeling. They refer to this extension as the "ARIS extension". The "ARIS extension" provides valuable ideas to answer Question 1 in previous section. Designing the ARIS extension was limited by the following constraints: The ARIS extension has been included into ARIS 7. 1 (AG, 2009). For ARIS 7.02 (Brabänder and Davis, 2007), there are no modeling concepts available in ARIS to represent a service on a computation independent level, so every service is expected to be implemented by software. Figure I-13 shows the current and newly introduced objects of ARIS 7.1 mapped to the three MDA levels. It can be seen that the PIM and PSM levels are covered in ARIS, but that a computation independent service description is missing. The information system function object is at the border between CIM and PIM. The application system type object is independent of any specific technology, but it already mandates an IT implementation. It is there fore on the platform independent model level. The WSDL 1 specific models are technology dependent and are therefore located on the platform specific model level. 
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II.2.2. Situation Calculus

The situation calculus can be applied to formally specify and analyze business processes by considering the intuitive mapping from an activity in a process to an action in the situation calculus domain. Li and Iijima did the research in verifying business processes by employing the situation calculus (Li andIijima, 2007b, 2007c).

The situation calculus can be briefly summarized as two tasks i) automatically selecting business activities (functions or services) to achieve the goal (business goals, e.g. selling product or producing product) and ii) verifying that if the selected functions successfully and correctly complete the goal. The first task of situation calculus may be a solution for Question 2 in previous section. It provides us some information for selecting shared business functions to achieve the collaborative objective. In the research work of Li and Iijima, they call the first task as Service Automatic Composition and the second on as Service Model Verification.

Service Automatic Composition is to compose services automatically from the existing isolated services inside or outside an enterprise. In order to enable this automatic composition, formal descriptions of services are prerequisite. A formal service description refers to specifying services by employing formal methods, usually mathematical logic. With such a formal specification, services are described precisely and unambiguously. Logical reasoning can be performed, which enables the automatic composition.

Service Model Verification ensures that a service model should satisfy the service specification. That is, given the initial situation of a service and the formal service specification, see if the goal situation can be satisfied. In other words, model verification is to check if the successor states resulting from executing a service is just what is desired or expected for the service. The model verification can be applied at two levels: one is the lower level inside a service, i.e., to check if the constituent activities can work to reach the goal of a single service; the other is the upper level across services, i.e., to chick if the constituent services of a composite service can collaborate to reach the overall goal. Initially, there is a service pool that collects the existing services and meanwhile each service in the pool has a formal service specification. For the case of automatic composition, the initial situation and goal situation of a desired service are given. The initial situation refers to the initial condition or states when the desired service is to be enacted; the goal situation refers to the successor state when the desired service is completed. From these three types of information (service specification in the service pool, the initial situation and the goal situation), the service system will provide the service composition.

In The initial situation and the integrative service model (a business process) will be given, based on which the successor state will be checked if it is reachable and if it satisfies the given goal situation.

In order to automatically build service composition (process), all the business services of enterprises must be gathering into service pool and described in Service Description (contain information of capability of service, previous service, next service and so on) with the format of XML Process Definition Language (XPDL) [START_REF] Van Der Aalst | Patterns and xpdl: A critical evaluation of the xml process definition language[END_REF]. With the Service Descriptions, based on the initial situation, the services are composited as a process. In order to check whether the selected services could reach the target situation, the verification of the composition is performed. For the MISE 2.0 abstract level, in order to select the correct shared business functions, each function has to define some properties or profiles to support the selection.

II.2.3. Business Process Abstraction

As, traditionally, for each modeling goal a specific process model was designed, companies maintain large process model repositories consisting of hundreds or even thousands of models. The stored models have complex interrelations: they may overlap, describe processes that subsume each other, or describe one process from different perspectives. Models that formalize the same business process typically vary in the level of abstraction, so that along with detailed models also more coarse-grained models are maintained. As such models are stored independently, it is hard to keep them in sync. Each change of the process needs to be applied to all its models, which incurs a significant overhead. To solve this problem, business process model abstraction (BPMA) has been proposed [START_REF] Bobrik | View-based process visualization[END_REF][START_REF] Polyvyanyy | Process model abstraction: A slider approach[END_REF]. The general idea is to develop a detailed process model and to provide view on it using abstraction mechanisms. This research work solves the problem, which is similar with Question 6 in section II.1.

Against the background, business process model abstraction has emerged as a technique that allows one to inspect a business process model at different abstraction levels. Informally, business process model abstraction can be seen as an operation on a business process model that preserves process properties that are essential for a particular purpose, while it leaves out insignificant details. To further pin down the notion of business process model abstraction, [START_REF] Smirnov | Business process model abstraction: a definition, catalog, and survey[END_REF] provides two perspectives on the relations between models capturing one business process with different precision. First, they postulate a finite non-empty set of process models and an infinite non-empty set of process instances. A mapping sets up a correspondence between a process model and the set of instances it describes. Second, they allocate the artifacts relevant for BPMA to different levels of the Meta Object Facility (MOF). They refer to MOF as a standard for model-driven engineering, which organizes (meta-) modeling artifacts into 4 levels. In a collaborative situation, all the partners come with collaborative objectives to achieve and business services to share. They expect to combine their own business services with suitable ones from other partners to work towards their common objectives. In addition, the collaborative business process is a combination of business functions, which is inter-linked and filled with sequences and orders. With such needs, objective-oriented business service selection and collaborative business process creation are absolute essentials in a collaboration world. Considering self-updating and re-building of a collaborative business process, we should design an automatic way to deal with service selection and process creation in a design level.

As introduced in Section I.2, Dr. Vatcharaphun Rajsiri has created a knowledge-based system for a collaborative process specification. This system automatically deduces a BPMN based collaborative process model with the help of collaborative objective model and MIT process handbook. But this system has weaknesses. First, the system only collects the main goal of the whole collaborative network leading to lack of partners' objectives and sub-network information. Designing a model, which models all the information above is necessary. Second, the deduced BPMN collaborative process is a "mixed" collaborative process, which contains the knowledge of strategy, operation and support process. If in a complex collaborative situation, people may come from different departments and units. An operational collaborative business process could not satisfy the partners. According to [START_REF] Idee | ARIS Solution Business driven SOA[END_REF]ISO 9000 X50-130, 2005), the business process covers strategy, operation and support levels. We come to the conclusion that target collaborative process should contain strategy, operation and support levels.

A model-driven and ontology based methodology, which takes collaborative objectives and business services as an input and deduces collaborative business process as an output as automatically as possible, seems to be a good solution in this situation. The global structure of the methodology is shown in Figure I-16 (which is called the UJ picture). In the global structure, there are two parts: U (in dash line) and J (in dash-dot line).

FIGURE I -16 GLOBAL PICTURE OF THE DESIGN OF MISE 2.0 BUSINESS LEVEL (UJ PICTURE)

This global structure answers all the questions proposed in Section II.  Collaborative ontology (chapter IV, section III): the collaborative ontology and transformation rules are defined. The transformation rules could deduce the most important part of target collaborative process. As for the remaining part, we defined several algorithms for a business service selection and process sequence deduction.

Question 2, if the functions of partners are gathered, how to select the correct functions to achieve the collaborative objective?

 Business service selection (chapter IV, section IV.1): with the help of collaborative ontology, three algorithms are defined to automatically select business functions for collaborative objectives.

Question 6, in order to build the processes, how could be the orders or the sequences among the business functions deduced?

 Process sequence deduction (chapter IV, section IV.2): with the help of collaborative ontology, the method of the deduction of sequences among business functions is defined.

Question 5, how could we change BPMN based collaborative process model to adapt process cartography? How could we classify collaborative process as strategy process, operation process and support process?

 System deduced model (chapter III, section IV): for the output, the BPMN based collaborative process cartography is deduced. The collaborative process cartography contains main processes and sub processes. Each sub process is classified to in strategy process, operation process and support process.

J presents the supporting framework and software tools in the background.

 Collaborative Framework (chapter II, section III): due to the complexity of the MISE 2.0 engineering approach, a framework is very essential to manage the engineering approach and to present the position of the MISE 2.0 engineering approach. The collaborative framework with three dimensions is defined.  Software Tools (chapter V): for the implementation, because the software tool deals with a collaborative situation, all the partners may use the software at the same time or individually. Secondly, in order to interact with other software tools (which have been developed in our lab), the software should be able to deploy on an ESB (Enterprise Service Bus). This consequently means that the software tool involved in the methodology should be a web service. SaaS (Software as a Service) seems to be a good solution. Both software tools (Mediator Modeling 2ool and Ontology Definition Tool) are developed as SaaS.  The first part of the software tool is Mediator Model 2ool, which deals with the definitions of the collaborative network model and function model and the deduction of the collaborative process model.

Question 4, if we use the transformation mechanism of the BVR, how could we solve question of the limits of the MIT process handbook?

 Ontology Definition Tool (second part of software tools) is developed to collect collaborative knowledge from different domain and then insert or transform them in the collaborative ontology as instances. The tool aims to enrich the instances of the collaborative ontology to avoid the limits of MIT process handbook. Tiexin Wang works on this part for his master internship.

IV. Conclusion

The MISE 1.0 project is a global solution to promote interoperability between industrial actors who intend to collaborate following MDA principles. MISE promotes an interoperability design tool that aims to deal with data exchange functionalities, services sharing and dynamic process orchestrations. The engineering is based on a four-step process:

 Build collaborative network and collaborative processes;  Transfer collaborative processes models into PIM;  Gather technical information and transfer PIM to PSM;  Transfer PSM to target software system.

In order to provide a clear viewpoint on the abstract level, the BVR and BST are explained and discussed. They followed the same approach. The main difference is that the BST defined a special crisis model and service model to fit the crisis domain. Besides, the assumptions made at the abstract level, concrete level and general approach during a first experience are depicted and have been discussed.

We also introduced introduction of business process management. The ARIS extension tells that capability modeling (service model in BST) and service type have to be collected in the CIM. The situation calculus gives us a clue about how could the business functions be selected for business goals. The process abstraction shows that one detailed process only cannot fit the needs of collaborative process modeling. A main process or main process of several levels has to be provided. Furthermore, the modeling level of a detailed process and abstract process is presented.

As far as the abstract level is concerned, the main problems are that i) collaborative process only covers operation level and ii) the MIT process handbook limits the knowledge used in collaborative ontology. MISE 2.0 project was started in order to solve the problem. The research works presented in this manuscript aims to improve business level work and build collaborative process model with different levels (strategy, operation and support). After the introductions and discussions of the BVR and BST, we know that the abstract level has to go through three steps. The abstract level (business level) design of MISE 2.0 also follows three steps:

 Knowledge gathering: the objective model and function model are defined to gather collaborative knowledge as simply as possible and as little as possible;  Process deducing: collaborative ontology and transformation rules are defined. In order to solve the problems of the business function selection and process sequence deduction, we also defined several algorithms;  Process presenting: the BPMN based collaborative process model is enlarged to the main process and sub process (strategy process, operation process and support process).

In the next chapter (chapter II), the collaborative framework is presented. The framework aims to define and organize all the collaborative knowledge, which is needed at each step of the model-driven approach of MISE 2.0. The chapter first provides a small state of the art of the enterprise architecture framework, enterprise integration framework and enterprise interoperability framework. Then the reason of building the collaborative framework is addressed. Finally, the collaborative framework (a three-dimension cube) is presented in section III. The relationships between the elements of each dimension are also explained.

Chapter II: Collaborative Situation Framework 

I. Introduction

This chapter aims to present the collaborative knowledge framework of MISE project. The position of this chapter in the UJ picture is presented in Figure II-1 (the module in the bold black dash line). The engineering approaches of both MISE 1.0 and MISE 2.0 are complex. The engineering approach of MISE 1.0 goes through the model transformations from CIM to PIM and from PIM to PSM, and also contains the management of Agility. Each step of model transformation gathers or transfers different types of collaborative knowledge. The engineering approach of MISE 2.0 is also based on MDA and even covers more collaborative knowledge than MISE 1.0. In order to well organize the structure of MISE project and to well present collaborative knowledge, the collaborative situation framework is defined.

FIGURE II -1 POSITION OF CHAPTER II IN UJ PICTURE

What is a framework? A framework can be understood in this way. If a thing is complex, we cut the thing into small modules, and then we try to understand each module. If the small module is still complex, we cut it again.

The method or the structure of how we cut the thing could be seen as a framework. The framework helps to simplify the complexity of an object. The framework provides a single map or an abstract to understand the object. An enterprise is an object, which contains numerous information from different domains, for example, people, apartment, marketing, production, and so on. In order to present and optimize the knowledge, the knowledge is defined by model, which is the world of enterprise modeling. An enterprise could be modeled from different vision and different objective. There exist many enterprise's modeling tools and modeling languages. An enterprise architecture framework is very necessary to classify enterprise models and to define the prioritization of enterprise modeling. In chapter II, section II.1, the state of art of enterprise architecture framework is presented.

As mentioned, the cooperation and collaborative between enterprises are critical issues. An enterprise may buy products from other enterprises. It may outsource orders with others. It may share resources with others. This leads to another domain: enterprise interoperability. Enterprise interoperability means the ability of en enterprise to cooperate with another in human level, operation level and information system level. Enterprise interoperability tells if an enterprise could fit into any kinds of collaborations with any kinds of partners.

Enterprise architecture framework manages the internal information of enterprise. Enterprise interoperability framework manages the external interface of the enterprise with others. So enterprise interoperability framework may cover the part of the knowledge of enterprise architecture framework. Section II.2 of chapter II provides a state of art for enterprise interoperability framework.

Enterprise interoperability is an ability of an enterprise. Then the enterprises' collaboration is how the enterprises use and promote their own interoperability to get more economic interest. The collaborative situation framework of MISE 2.0 project is based on enterprises' collaboration. It defines the types of the collaborative knowledge and the approach to deduce the MIS. It differs from enterprise interoperability framework. The collaborative situation framework of MISE 2.0 describes not only the collaborative situation but also the methodology to deduce the MIS. Section III of chapter II addresses the definition of the collaborative knowledge framework and the hidden relationships and priorities in the framework.

II. State of Art

In general, framework is a real or conceptual structure intended to serve as a support or guide for the building of something that expands the structure into something useful. In English Dictionary, framework is a hypothetical description of a complex entity or process. Framework has followed features:

 Imperfection, it does leave some fill-in-the-blanks for its user. More powerful it is, less complex are fullin-the-blanks and more efforts in learning to use it;  Solubility, it drives solution. It dictates how you do fill-in-the-blanks; it dictates overall architecture of complete specific solution;  Reusability, it reduces repetitive task and often re-usable regarding high-level design consideration. [START_REF] Prasanna | FRAMEWORK OF CONTENT MANAGEMENT SYSTEM FOR UITM E-LEARNING SYSTEM[END_REF] According to Camarinha-Matos, "in the modeling area, a framework can be seen as an "envelope" that might include a number of (partial) models, collections of templates, procedures and methods, rules, and even tools (e.g. modeling languages)" (Camarinha-Matos and Afsarmanesh, 2008). We consider that modeling framework provides a set of viewpoints of subject, which is correlated organized and interacted. The subject is a system, an object or a situation, which needs to be modeled. The viewpoint is main element of the subject (or system).

One subject could have several features. For each feature, some measures could exist. For example, human could be a subject. To model human, we could start from three viewpoints: height, weight and sex. Each element may have different measures (height: short, normal and high; weight: light, normal and heavy; sex: female and male). With viewpoints and their measures, the human could be classified. These classifications may be correlated and interactional. For example, if a person is higher, he should be heavier. If a person is female, she should be lighter than the male in the same height.

Framework could be used in several domains. A software framework, in computer programming, is an abstraction in which common code providing generic functionality can be selectively overridden or specialized by user code providing specific functionality. An Enterprise Architecture Framework defines how to organize the structure and views associated with Enterprise Architecture (Marley, 2008). The three components of the enterprise architecture framework are:

 Views: provide the mechanisms for communicating information about the relationships that are important in the architecture;  Methods: provide the discipline to gather and organize the data and construct the views in a way that helps insure integrity, accuracy and completeness;  Training/Experience: support the application of method and use of tools.

An enterprise architecture framework should provide views. These views are used to characterize useful and important enterprise information. For example, in Zachman Framework (1987), enterprise information is separated as: data (what), function (how), network (where), people or organization (who), time or schedule (when) and motivation or strategy (why). In order to model these information views, methods have to be provided. In Zachman framework, it provides data model (entity relationship model), organization model, process model etc. To use the methods or build models, modeling tools and modeling rules have to be learned and taught. So training and experience are necessary.

In order to understand what is the enterprise architecture framework, in section II.1, CIMOSA, GERA and ARIS are selected to explain as Enterprise Architecture Framework. CIMOSA well presents enterprise engineering and enterprise integration, which is similar with the objective of the collaborative situation framework of the MISE 2.0 project. GERA precisely defines the life cycle of enterprise engineering and manufacturing. ARIS provides Event Process Chain (EPC) and well developed software tool. Section II.2 presents IDEAS, AIF and EIF are presented as Enterprise Interoperability Framework. IDEAS manages the enterprise integration from business, knowledge and application level by solving semantic problems. AIF improves IDEAS. It defines enterprise interoperability with four levels: business, service, process and data. The solutions of each level can be ontology, semantics and model-driven interoperability. EIF differs from IDEAS and AIF. IDEAS and AIF are two dimension frameworks. EIF is three-dimension framework. It defines enterprise interoperability from three angles. Finally, in the conclusion, more enterprise architectures are briefly introduced and summarized.

II.1. Enterprise Architecture Framework

II.1.1. CIMOSA

Enterprise Integration certainly is a huge challenge to the manufacturing industry. It doesn't happen by itself, it takes strong efforts from many sides and a consensus between all parties involved reaching better integrated solutions. Enterprise integration has to be an ongoing process rather than a onetime effort. The enterprise will evolve over time according to both internal needs and external challenges and opportunities. Only if the corresponding changes are taken into account continuously will the operation gain and preserve the operational flexibility needed in today and tomorrow global markets. To solve the many problems of industry, integration has to recognize and to proceed in more than one operational aspect. Figure II-2 shows the evolution from system integration in the 1950s to the current attempts of enterprise integration.

FIGURE II -2 FROM INTEGRATION TO ENGINEERING (KOSANKE ET AL., 1999)

System integration is a wide concept. The system integrator brings together discrete systems utilizing a variety of techniques such as computer networking, enterprise application integration, business process management or manual programming. It contains Application Integration, which is concerned with the control and integration of applications in the data processing sense, which means interoperability between applications and users (humans as well as machines) and supply and removal of information through inter and intra system communications. Business Integration is concerned with integrating those functions, which manage, control and monitor business processes. Functions, which provide supervisory control of the operational processes and in turn co-ordinate the day-to-day execution of activities at the application level. Modeling of business processes and their interrelations and use for decision and operational support is key to business integration. Enterprise integration has to encompass all these levels of integration. However, the emphasis has to be on business integration. Only with a focus on the business needs rather than on application or system, needs all the aspects of enterprise operation, which can be identified and considered in the course of modifying and optimizing the operation itself.

CIMOSA: Computer Integrated Manufacturing Open System Architecture [START_REF] Kosanke | CIMOSA: enterprise engineering and integration[END_REF], derived from the ESPRIT-funded consortium AMICE, aimed to develop an all-embracing conceptual framework in implementing Computer Integrated Manufacturing (CIM). CIMOSA is a reference model and a complete description of a manufacturing enterprise using various representations such as organization, resource, information and function. It describes, using these representations, each function and its activities of the enterprise in generic form. The areas within the scope of CIMOSA are product information, manufacturing planning and control information, shop floor information and basic operation information. As open system reference architecture for CIM, CIMOSA supports the definition, development and continuous maintenance of a consistent architecture and its related operational system for a particular enterprise. This particular architecture will provide the explicit structure of the enterprise operation and thereby allow the modeling, simulation and control in real time of all internal and external information needs of the whole enterprise, including its relationships to suppliers, customers, government agencies, financial service, etc.

CIMOSA has four modeling views Function, Information, Resource and Organization. This set of views may be extended if needed. The CIMOSA Reference Architecture supports three modeling levels of the complete lifecycle of enterprise operations. They are Requirements Definition, Design Specification and Implementation Description. The enterprise modeling sequence is optional. The modeling process can be started in each phase of the lifecycle. It also allows different people modeling different parts of the cube and then combines them together.

The modeling framework, which is shown in Figure II-3, structures the CIMOSA Reference Architecture into a generic and a partial modeling each level supporting different views on the particular enterprise model. The concept of views allows working with a subset of the model rather than with the complete model providing especially the business user with a reduced complexity for his particular area of interest.

FIGURE II -3 CIMOSA MODELING FRAMEWORK (ZELM ET AL., 1995)

CIMOSA modeling process has been introduced in [START_REF] Zelm | The CIMOSA business modelling process[END_REF]. We can say that CIMOSA is a decomposition process. It has five steps. i.

Model enterprise domains: define domains' processes by domains' functions. Events and results among these domain processes have to be shown. ii.

Model business processes in each domain process. Focus on each domain processes, represent detailed business processes and enterprise activities. iii.

Represent domain process by enterprise activities' network. In this phase, a process diagram, which is made up by events and results of, the domain process has to be defined. The process diagram describes a execute process. iv.

Define inputs, outputs, control I/O and resources for each enterprise activities. v.

Decompose enterprise activities into functional operations. Such Functional Operations are defined in relations to their executing resource types: the Functional Entities. One Functional Entity will execute functional Operation, but a Functional Entity may be executed more than one type of Functional Operation.

II.1.2. GERA

GERAM: Generic Enterprise Reference Architecture and Methodology defines a tool-kit of concepts for designing and maintaining enterprises for their entire life history. GERA: Generic Enterprise Reference Architecture (Force, 1999) is crucial component of GERAM. It defines the enterprise related generic concepts recommended for use in enterprise engineering and integration projects. These concepts contain human oriented concepts, process oriented concepts and technology oriented concepts.

Human oriented concepts, describe the role of humans as an integral part of the organization and operation of an enterprise. The key benefit of human oriented concepts is reusability. The role of individuals and individual groups, organizational structure and individual's capability could be reused. Its reuses can enable an enterprise to respond rapidly in new business environment, reengineer business and manufacturing processes, improve its management and utilization of resources and improve resilience to the loss of core competencies.

Chapter II Collaborative Situation Framework 35 Process oriented concepts describe enterprise business processes. The process-oriented concepts defined in GERA are: enterprise entity life-cycle and life-cycle phases, life history, enterprise entity types, and enterprise modeling with integrated model representation and model views. Unlike CIMOSA, GERA process oriented concepts provide a concept: life history (in Figure . "The life history of a business entity is the representation in time of tasks carried out on the particular entity during its entire life span". (Force, 1999) This demonstrates the iterative nature of the life-cycle concept compared with the time sequence of life history. These iterations identify different change processes required on the operational processes and, or the product or customer services. As introduced in (Force, 1999), GERA provides an analysis and modeling framework (Figure II-5) that is based on the life-cycle concept and identifies three dimensions for defining the scope and content of enterprise modeling:

 Life-Cycle Dimension: providing for the controlled modeling process of enterprise entities according to the life-cycle activities;  Genericity Dimension: providing for the controlled particularization (instantiation) process from generic and partial to particular;  View Dimension: providing for the controlled visualization of specific views of the enterprise entity.

FIGURE II -5 GERA MODELING FRAMEWORK

As shown in Figure II-5, the reference part of the modeling framework covers the generic and the partial levels only. The particular level represents the results of the modeling process -which is the model or description of the enterprise entity at the state of the modeling process corresponding to the particular set of life-cycle activities. However, it is intended that the modeling languages should support the derivation of models from an upper to a lower state or the abstraction of lower models to an upper state.

II.1.3. ARIS

ARIS: Architecture of Integrated Information Systems (Lankhorst, 2009) is an approach to enterprise modeling. ARIS started as the academic research of Prof August-Wilhelm Scheer in the 1990s. It offers methods for analyzing processes and taking a holistic view of process design, management, workflow, and application processing. The ARIS-approach not only provides a generic and well documented methodological framework but also a powerful business process-modeling tool.

The conceptual design of the Architecture of Integrated Information Systems (ARIS) is based on an integration concept, which is derived from a holistic analysis of business processes. The first step in creating the architecture calls for the development of a model for business processes, which contains all basic features for describing business processes. The result is a highly complex model, which is divided into individual views in order to reduce its complexity. According to [START_REF] Scheer | ARIS -Architecture of Integrated Information Systems[END_REF], the views of ARIS are explained as followed:

 Function view: the processes transforming input into output are grouped in the function view; The designations "function", "process" and "activity" are used synonymously. Objectives are also allocated to the function view -because of the close linkage.  Organization view presents the hierarchical organization structure. It is created in order to group responsible entities "human output", responsible devise, "financial resources" and "computer hardware" are allocated to the organization view;  Data view comprises the data processing environment as well as the messages triggering functions or being triggered by functions. Preliminary details on the function of information systems as data media can be allocated to data names. Information services objects are also implicitly captured in the data view;  Output view contains all physical and non-physical input and output, including funds flows;  Control view/Process view displays the respective classes with their view-internal relationships.

Relationships among the views as well as the entire business process are documented in the control or process view, creating a framework for the systematic inspection of all bilateral relationships of the views and the complete process description.

ARIS varies three main perspectives of techniques. ARIS uses a modeling language known as Event Process Chains (EPC), which is an important aspect of the ARIS-model. EPC is the center of the House of ARIS and connects all other views, as well as describes the dynamics of the business process. It differs from swim lane because it is process oriented and swim lane is function oriented. On the other hand, based on the conceptual description, ARIS can model and structured Business Process Models. Furthermore, ARIS House1 has been developed to implement business models in information system. The business concept layer is the externally visible functionality, which is meaningful to the environment and is realized by business behavior. The business concept layer is similar with the CIM of MDA. The IT concept layer is an externally visible unit of functionality, provided by one or more components (the PIM of MDA).

The implementation layer is a software system designed to support interoperable machine-to-machine interaction (the PSM of MDA). The ARIS also concludes MDA as one crucial character of enterprise integration. According to [START_REF] Ideas | A gap Analysis -Required activities in Research, Technology and standardisation to close the RTS Gap -Roadmaps and Recommendations on RTS activites[END_REF], the IDEAS interoperability framework has three levels: business, knowledge, and ICT (Information and Communication Technology) systems. A common semantic relates these three levels to each other. They should be considered all together in order to obtain substantial and effective results, as well as pragmatic applications in today's business world. The IDEAS interoperability framework describes how interoperability can be achieved if the interactions can at least take place at three levels between two cooperating enterprises.  The Business level concerning the problems related to the organization, and business processes. It is divided into three sub-levels: decisional model, business process, and business model;  The Knowledge level concerns acquiring, structuring, and representing knowledge of enterprises;  The ICT system level (application and data) level concerns the technical solutions for transferring resources from one enterprise to the others.

The semantic barriers concern mutual understanding on all layers, for example, business terms for the business level, dictionaries and ontologies for the knowledge level, and ontology tools and services for the application level. This barrier concerns every level of the enterprise when it establishes interoperability with others.

II.2.2. AIF

AIF: ATHENA interoperability framework adopts a holistic perspective on interoperability by integrating the different results and solutions developed in the ATHENA project. It builds upon the thematic network of IDEAS and merges three research areas: 1) architecture and platform to provide implementation frameworks, 2) enterprise modeling to define interoperability requirements and to support solution implementation, and 3) ontology to identify interoperability semantics in the enterprise. The AIF aims to provide approaches to the solution, while the IDEAS framework focuses on structuring the interoperability issues (into business, knowledge, semantic, and technologic issues). According to [START_REF] Berre | The ATHENA Interoperability Framework[END_REF], the AIF is structured into three parts as follows:

 Conceptual integration focuses on concepts, metamodels, languages, and model relationships. It provides us with a modeling foundation for systemizing various aspects of interoperability;  Application integration focuses on methodologies, standards and domain models. It provides us with guidelines, principles and patterns that can be used to solve interoperability issues.  Technical integration focuses on the technical development and ICT environments. It provides us with ICT (it can be described as a synthetic discipline that studies phenomena created by humans rather that those given by nature, and there is a huge room for creativity and few direct physical constraints) tools and platforms for developing and running enterprise application and software systems. Interoperations can take place at four levels:

 The Enterprise/business level concerning the organizational and operational ability of an enterprise to cooperate with others. This level requires a collaborative enterprise modeling;  The Process level focusing on making various processes work together. A cross-organizational business process is needed at this level;  The Service level concerned with identifying and executing applications. This requires a flexible execution and composition of services which can be supported by PIM4SOA (PIM for SOA);  The Information level concerning the management and exchange of messages (information interoperability).

For each level, the model-driven interoperability approach is used to formalize and exchange the provided and required artifacts that must be negotiated and agreed upon. The semantic annotation gives meaning to any kind of resources (e.g. business processes) in terms of the shared reference ontology and reconciliation rules.

 Applicative integration focuses on methodologies, standards, and domain models. This part ensures the establishment of interoperability by providing guidelines, principles, and patterns that can be used to solve interoperability problems;  Technical integration concerns the technical development, and ICT environments. It provides the ICT tools, and platforms for developing and executing enterprise application, and software systems.

This platform provides a compound framework and associated reference architecture for capturing the research elements and solutions to solve the interoperability problems. It addresses the problem in a holistic way by capturing and inter-relating information from many perspectives covering business, knowledge, technical (ICT), and semantic issues relevant to interoperability.

II.2.3. EIF

The EIF stands for Enterprise Interoperability Framework, developed in the InterOp NoE project (Interoperability Research for Networked Enterprise Applications and Software, FP6 508011) (Chen et al., 2008).This framework aims at defining the research domain of interoperability of enterprise applications. Generally, research on interoperability is an applied and problem-driven type of research. The framework has three basic dimensions: interoperability levels, interoperability barriers, and interoperability approaches. The interoperability levels concern the interactions that can take place from the various viewpoints of the enterprise. Four levels of interoperability have been defined:

 Interoperability of data aims to make different data models related to particular applications work together. This interoperability allows data coming from heterogeneous bases to be found and shared by different machines, operating systems, and database management systems;  Interoperability of services concerns identification, combination, and making various applications work together by dealing with syntactic and semantic differences;  Interoperability of processes focuses on making various processes work together;  Interoperability of business refers to working in a seamless way at the organizational level in spite of the different modes of decision-making, culture, etc., so that business can be developed and shared between companies.

The interoperability barriers describe an incompatibility, which obstructs the sharing of information and exchanging of services. Three categories of barriers have been defined as follows:

 Conceptual barriers relating to the syntactic and semantic differences in information to be exchanged, as well as in the expressivity of the information;  Technological barriers relating to the incompatibility of information technologies (e.g. architecture, infrastructure, etc.). This kind of barrier prevents collaboration between two or more systems;  Organizational barriers relating to the definition of responsibility, authority, and organization structure. This kind of barrier particularly concerns human and organization behavior, which can be incompatible with interoperability.

These approaches to interoperability allow knowledge and solutions relating to enterprise interoperability to be categorized according to the ways of removing various interoperability barriers. They have been defined under three categories:

 Integrated approach, referring to the existence of a common format for all models. If the need for interoperability comes from a merger between enterprises, this approach seems the best adapted. In this case, there is only one common format agreed by all partners to elaborate models and build systems;

 Unified approach, referring to the existing of a common format, but only at a metalevel. If the need for interoperability concerns a long-term based collaboration, this approach is a possible solution. A common metamodel provides a means for establishing semantic mapping between models;  Federated approach, having no common format. Partners do not impose their models, languages, or methods of work. For the need for interoperability originating from the short-term collaboration project, this approach is the most relevant. To interoperate, partners must adapt themselves dynamically by sharing an ontology rather than having a predetermined metamodel.

II.3. Conclusion

Enterprise Architecture started with the Zachman Framework (Zachman, 1987) Zachman framework almost covers all the knowledge of enterprise. But the main problem is that there is no related methodology followed to use the framework and potential connections among views are ignored.

The GIM (GRAI Integrated Methodology) architecture (Chen et al., 1997) is a modeling methodology intended for general description, focused on details in manufacturing control system. This framework has four main parts: functional model, informational model, decision-making model and physical model. The strong point of this framework is the decision-making model: GRAI (Doumeingts et al., 2006), which allows user to model all the decision units and activities by time and organization. The weak point is that the framework considers information system as an important part in enterprise without defining detailed connections with business part.

PERA [START_REF] Williams | PERA AND GERAM-ENTERPRISE REFERENCE ARCHITECTURES IN ENTERPRISE INTEGRATION[END_REF] considers that enterprise has three main components: facility, organization and information system. It manages these three components by different phases (life-cycle).

Architecture of Integrated Information Systems: ARIS (Scheer, 2000) is architecture for information system integration, which is the most contiguous with the objective of MISE 2.0. ARIS manages integration by views: data, process, function, organization and control. The connections among views are considered also. It also provides modeling tools and software platform to support model building and process transformation from business to technical. But user must build the business process. The regretful point is that MDA model transformation phase is not shown in the framework.

The Computer Integrated Manufacturing Open System Architecture: CIMOSA (Kosanke, 1995) is a threedimension cube (generation of views, instantiation of building blocks and derivation of models). The clear structure makes the framework easy to understand. Each dimension provides an angle for starting enterprise modeling. CIMOSA provides a process model without software supporting. In CIMOSA, it combines function and process in the function view. With the objective of computer integration, it limits the further development of web services.

The Open Group Architecture Framework: TOGAF [START_REF] Umheh | TOGAF vs. DoDAF: Architecting Frameworks for Net-Centric Systems[END_REF] is an industry standard architecture framework that may be used freely by any organization wishing to develop information systems architecture for use within that organization. It has been developed and continuously evolved. In TOGAF v9 1 (2009), TOGAF Architecture Development Method (ADM) is provided. It is used to manage the using process of all the subarchitectures (ADM guidelines & technique, TOGAF Architecture Content Framework, Enterprise Continuum, TOGAF Reference Models and TOGAF Capability Framework) in TOGAF. According to TOGAF v9 survey results [START_REF] Vamus | TOGAF 9 Survey Results Presentation[END_REF], more than 50% organizations are using TOGAF 8 and 9 to manage their enterprises 2 . The scope of the four architecture domains 3 In recent years, it has become apparent that a key benefit to be gained from Enterprise architecture is the ability to support decision-making in changing businesses. Because Enterprise Architecture brings together business models (e.g. process models, organizational charts, etc.) and technical models (e.g. systems architectures, data models, state diagrams, etc.) it is possible to trace the impact of organizational change on the systems, and also the business impact of changes to the systems. (Marley, 2008) As this benefit has emerged, many frameworks such as DoDAF and MODAF have adopted a standard metamodel (UPDM 1.0 based on DoDAF v1.5 and MODAF v1. 2,2009), which defines the critical architectural elements and the dependencies between them. Application based on these models can then query the underlying architectural information, providing a simple and strong mechanism for tracing strategies to organizational and technological impacts.

The architectures mentioned above have been summarized in Table II 

III. Collaborative Situation Framework

In this section, the collaborative situation framework is presented. The framework is represented as three dimensions: collaborative situation elements, collaborative situation life cycle steps and collaborative situation levels. In section III.1, the dimensions of the collaborative framework are explained. Section III.2 presents the collaborative situation elements in detail (gathering order of collaborative situation elements). Section III.3 addresses the collaborative situation life cycles (back to PIM and back to CIM). The collaborative situation levels are explained in section III.4.

III.1. Framework Introduction

One of the tasks mentioned in section III of chapter I is to define a collaborative situation framework, which is clearly structured and easily understood. The collaborative situation framework should also cover all the collaborative knowledge and direct collaborative situation modeling and helps mediation information system generation. In MISE 2.0, we consider that a collaborative framework should define viewpoints by organization, function, information, process and inter-connections among them. Furthermore, the engineering approach of MISE 2.0 goes through all the steps of MDA. So in our framework, two dimensions with viewpoints and MDA are confirmed.

However, almost all the frameworks mentioned in chapter II, section II.  Collaborative situation lifecycle steps, separate collaboration situation knowledge by mediation information system building steps. The collaboration situation lifecycle covers CIM, PIM, PSM and Controlling. The CIM and PIM respect to the abstract level. In the abstract level, business information and collaboration requirement have to be gathered. With this information, the business collaborative process may be deduced. Then, at the concrete level, the problem of semantic web service may be additional at PSM and Controlling stages. In this part, collaboration process and semantic information are used to build target mediation information system.  Collaborative situation levels, separate collaboration situation knowledge by different collaboration management levels. The dimension provides not only the operation level but also the strategy and support level. The strategy level helps decision-making, collaboration direction choosing and management level communicating. The operation level provides detailed collaboration solutions and execution results. The support level complements needs and functions for operation level and strategy level.  Collaborative situation elements, separate the collaboration situation knowledge by different knowledge viewpoints. It covers the organizational view, the informational view, the process view and the functional view. The organizational view concerns collaboration network, partners and collaborative objective. The informational view provides basic business data. Process view provides collaboration process. The functional view provides the capabilities of each partner.

The goal of collaborative situation framework is to transfer organizational, functional and informational elements of CIM level to process element (which presents the process as strategy, operation and support process) in PIM level.

III.2. Relations of Collaborative Elements

Relations of Collaborative Elements (RCE) are based on Collaborative Situation Framework Abstract level.

The RCE aims at: i) defining modeling methods or modeling languages to gather or organize the collaborative knowledge at abstract level, which is defined in Collaborative Situation Framework and ii) providing the gathering orders of collaborative elements at the abstract level. As shown in Figure II-11, the RCE has two parts: i) organizational, functional, informational and process and ii) models and metamodel (and ontology). In MISE 2.0, we consider that there exists an order, which should be followed when the collaborative elements are gathered.

In our point of view, when the collaboration starts, the first thing to know is: what are the objectives? And who are the partners? The organizational elements should be gathered first. For these elements, collaborative network, partners, partners' relationships and objectives of network and partners are gathered. All the knowledge of organizational element is the initial knowledge for a collaborative situation. In order to gather the organizational elements, an organizational model is necessary to gather and present the organizational knowledge (the MISE 2.0 uses the collaborative network model to gather organizational elements, the collaborative network model is explained in detail in chapter III, section II).

In organizational elements, the objectives and the partners of the collaboration are provided. Then the next thing to know is: if the partners are willing to involve in the collaboration, what are the functions of partners? Which functions could be used to achieve the identified objectives? So, the functional elements should be gathered second. For this element, partners' functions have been gathered. In order to fix this requirement, a functional model is required to gather partners' functions. The abstract level of MISE 2.0 reuses IDEF0 to gather functional information. The functional model of MISE 2.0 is explained in chapter III, section III.

Even though normally, a functional model does not just gather functional information. It also covers input/output messages, which are exchanged among functions. In some case, the input/output messages of functional model do not contain enough informational knowledge. An informational model may be necessary to gather additional informational knowledge to complete the collaborative knowledge. The additional knowledge of informational knowledge may provide the attributes of messages, the relations among messages and semantic annotation. The third elements to gather are the informational elements.

Finally, all the information, which has been gathered by above three types of elements are re-used, re-organized and re-presented to deduce a collaborative process model. This collaborative process model (chapter III, section IV) is based on BPMN. This BPMN based collaborative process model is specialized to one mediation pool (containing three collaborative lanes: strategy process, operation process and support process) and several partners' pools. In order to transfer organizational, functional and informational elements as process element, the definitions of models cannot accomplish the transformation. The modeling elements of organizational, functional, informational and process model should be managed and confirmed by metamodel or ontology.

Based on ontology and metamodel, transformation rules could be defined to transfer organizational, functional and informational models to process model. In MISE 2.0, the collaborative ontology and the model transformation rules are defined to complete this mission. This part of work is presented in chapter IV.

FIGURE II -11 RELATIONS AMONG COLLABORATIVE SITUATION ELEMENTS

Relations among collaborative situation elements mainly provide an order to gather collaborative knowledge. The order is: i) gathering organizational elements, which contains collaborative objectives, collaborative network and partners, ii) gathering functional elements, which requires shared functions of partners and part of input/output messages, iii) gathering informational elements, which demands attributes of messages, relations of messages and semantic annotations and iv) transferring above organizational, functional and informational elements to process element. In order to obtain the main goal of process elements, ontology/metamodel and model transformation rules are defined.

III.3. Relations of Collaborative Lifecycle

In the collaborative situation framework, the collaborative situation lifecycle contains CIM, PIM, PSM and controlling. In the collaborative situation framework, reader could understand them as: the collaborative situation lifecycle starts with the CIM, moves from the CIM to the PIM, from the PIM to the PSM. The controlling helps to go back to the CIM and to start over a new cycle. But the dimension of collaborative situation lifecycle is not that simple. The dimension could be opened and presented in a much more complex way. In order to present the dimensions correctly, the relations of collaborative lifecycle (RCC) are defined . The PSM is deployed as mediation information system (MIS) at run-time (it is an ESB system to orchestrate BPEL file). Though the MIS is launched to invoke the whole collaborative process. There may be several kinds of failures and errors at run-time. This leads to the last layer of lifecycle: the controlling. The controlling is a layer to decide that which layers of design-time lifecycle should be redone to point against the specific failures or changes at run-time. The RCC defines two kinds of lifecycle:

 The first lifecycle goes back to the PIM layer. It is designed to solve the failures of technical knowledge. For example, if the web service of one technical function is down, the semantic web service has to be redone to select new web services, which could implement the technical function.  The second lifecycle goes back to the CIM layer. It is designed to correct the mistakes of business knowledge. For example, if a new partner entered the collaborative situation or a partner is no longer available for the collaborative situation, the lifecycle has to restart all over from the beginning to collect the correct business information.

III.4. Relations of Collaborative Levels

As we have mentioned in previous section, all the models, which have been defined in the RCE, cover strategy, operation and support level. As the results of process deduction architecture, strategy, operation and support collaborative processes are generated. But we do not know what are the communications among these processes? How could strategy process trigger an operation process? How could a support process complete an operation process? In order to answer these questions, the relations of collaborative levels (RCL) are defined to manage communications among different collaborative processes.

FIGURE II -13 RELATIONS AMONG COLLABORATIVE SITUATION LEVELS

The communications among strategy level, operation level and support level have been shown in Figure II-13 Among these three levels, three kinds of messages have been involved: objective information, feedback information and mean.

 Objective Information: objective is the goal, which is intended to attain. Objective information is a message, which contains the decision result of strategy level. The objective information could be sent to operation and support level. The operation level and the support level invoke homologous process and useful information to attain the goal in objective information.  Feedback Information: Feedback information is a message, which contains the operation level result.

The feedback information is sent from operation level to strategy level. It is used to report the operational exception, error, result and so on. Feedback information could also be sent from operation level to support level. This kind of feedback information is used to trigger or direct support process.  Mean: in the collaboration situation, mean is a message, which could contain any kind of information.

It could be an exception, an error, a feedback or a signal.

IV. Conclusion

In the collaborative situation framework, there are three dimensions: collaborative situation elements, collaborative situation life cycle steps and collaborative situation levels. In the dimension of collaborative situation element, the elements are gathered by order: organizational, functional, informational and then process. For each element, a model is defined to present the knowledge of the element. In the dimension of collaborative situation lifecycle, the collaborative situation goes through CIM, PIM, PSM and controlling. On the step of controlling, the first lifecycle goes back to the PIM layer. It is designed to solve the failures of technical knowledge. The second lifecycle goes back to the CIM layer. It is designed to correct the mistakes of business knowledge.

In the dimension of collaborative situation level, the collaborative process is classified into three types: strategy process, operation process and support process. The strategy process sends objective information to trigger the operation process and support process. The operation process gives back feedback information to the strategy process. The feedback information of the operation process also triggers support process. The support process sends back mean information to the strategy process and the operation process as feedback message. 

I. Introduction

In the most general sense, a model is anything used in any way to represent anything else. Some models are physical objects, for instance, a toy model, which may be assembled, and may even be made to work like the object it represents. A model is a simple description of a system, used for explaining how something works or calculating what might happen. Model could be used in almost all the systems. A conceptual model may only be drawn on paper, described in words, or imagined in the mind. They are used to help us know and understand the subject matter they represent. A business model describes the rational of how an organization creates, delivers, and captures value: economic, social, or other forms of value. The process of business model design is part of business strategy. In theory and practice the term business model is used for a broad range of informal and formal descriptions to represent core aspects of a business, including purpose, offerings, strategies, infrastructure, organizational structures, and operational processes and policies.

The term "enterprise model" is used in industry to represent differing enterprise representations, with no real standardized definition. "An Enterprise Model is a computational representation of the structure, activities, processes, information, resources, people, behavior, goals and constraints of a business, government, or other enterprise." (Fox and Gruninger, 1998) From a design perspective, an enterprise model should provide the language used to explicitly define an enterprise. From an operations perspective, the enterprise model must be able to supply the information and knowledge necessary to support the operations of the enterprise. However, nowadays enterprise modeling has been linked to enterprise integration. Pr. Vernadat believes that "Enterprise modeling is clearly a pre-requisite to Enterprise Integration while Enterprise Integration is first of all a matter of business process coordination and cooperative decision-making" (Vernadat, 2002). According to [START_REF] Pépiot | UECML: Unified Enterprise Competence Modelling Language[END_REF], the goal of enterprise model has been changed:

 Describe the elements of a business entity, a part of a single enterprise, the whole enterprise or a network of enterprises. The enterprise model usually takes into account functions, behaviors, information, resources and economic aspects.  Represent or formalize the structure and behavior of enterprises, components and operations in order to understand, to engineer, evaluate, optimize and even control the business organization and operations.

In the knowledge-gathering phase of MISE 2.0 abstract level, we have to define or choose models to collect and present knowledge. The requirements of models are focused on collaborative networks, business functions and semantic annotation. As shown in Figure III-1, the collaborative network model describes the initial collaborative knowledge, which includes the collaborative context and the collaborative objectives. For the functions of partners, the function model is necessary to describe the capabilities of partners. Further more, each function must contain a semantic annotation for further transformation from business process to executable workflow. Then the collaborative process model is defined to represent the behavior of the collaboration. This section answers: what are the models chosen for knowledge gathering and process deducing? Why do we choose these models? And how may we use them? 

II. Collaborative Network Model

In this section, the collaborative network model of MISE 2.0 abstract level is presented. The collaborative network model mainly collects the information, which concerns collaborative network, partners, partner relationships, and collaborative objectives. In section II.1, firstly, the definition of organizational model and the definition of organizational model in collaborative situation are addressed. Secondly, the modeling elements and the modeling method of the collaborative network model are introduced. Section II.2 proposed an example of the collaborative network model to better explain the collaborative network model.

II.1. Definition of Collaborative Network Model

The collaborative network model of MISE 2.0 mainly collects and defines the collaborative knowledge, which covers the collaborative network, the partners and the collaborative objectives of partners. There are two key elements of the objective model. First, it is organization, which presents the collaborative network and the partners. Second it is objective, which is the part of the collaborative objectives of partners. Because the collaborative network model defines organizational knowledge, to understand the collaborative network model of MISE 2.0, it obliges to understand what is organization model? And why the objective should be considered in an organization model?

For [START_REF] Jong | Understanding the realization of organizations[END_REF], "an organization can be understood as a social system, i.e. a system whose elements are social individuals or actors. The actors operate in an environment of customers, suppliers, partners and others which share a part of the organization's world." According to [START_REF] Rupietta | Organization models for cooperative office applications[END_REF], "organization determines when and how tasks are processed and by whom and which business procedures are automated and in which way.

Employees of an enterprise, organizational positions, functions, or units, tasks, resources, authorities, procedures, activities, rules … are objects of organization." They define organization from different angles. Jong thought an organization is just the actor or the role involved in a situation. Rupietta believed organization is not only the concept of itself (the actor or the role) but also the components included in an organization (for example, tasks, processes, resources and so on).

In a collaborative situation, [START_REF] Jiang | A context-aware interorganizational collaboration model applied to international trade[END_REF] considers that: "Collaborative organizations are involved in the value chain to accomplish not only their own goals but also the cooperative goals." In this thesis, an organization is an enterprise, an actor or a role, which is involved in a collaborative situation. The organization may include its own functions and objectives. The organizations try to operate with others and to accomplish their own goals and collaborative objectives in the collaborative situation. [START_REF] Jiang | A context-aware interorganizational collaboration model applied to international trade[END_REF] The IOCM and the OMCK are the organization models in collaborative situation. The main idea of IOCM is to model both the collaborative objective and individual goals of organization. The IOCM focus on the modeling of roles (a set of objectives). It describes the organization as inter-connected roles, which is network.

The two main concepts of OMCK are the network and the common goals. It considers the collaborative situation as network of collaboration. It defines the common goals of the whole network. For OMOA, the strong point is that it considers the organization as three levels of abstraction. It first defines the role, which focus on task (here the task could be considered as objectives of roles of IOCM or the abstract service or common goals of OMCK). And then it defines the structured organizations (the abstraction of the network of OMCK), which could complete the task. Finally, it defines the instances of organizations, which realize the structured organizations. Table III-1 provides a summary of IOCM, OMOA and OMCK. To summarize, for an organization model in collaborative situation, there are three fundamental concepts: network, objective and decomposition of network (sub networks). 

No

Organization modeling is not a new subject in enterprise modeling. But most of the organizational models only define the tree structure of enterprises, responsibilities, departments and workers. In a collaborative situation, the structure is graph (discrete mathematics) rather than a tree. Based on the concept of topology (Kelley, 1975), we decide to define our own organization model -collaborative network model.

The collaborative network model is an objective-oriented organizational model. This model is defined to gather: (i) collaborative network partners and partners' relationships and (ii) objectives of main network, subnetwork and partners. "An objective model is required to facilitate: (i) identification, communication and structuring of business objectives, and (ii) measurement of the level of success in achieving objectives. But individual modeling methodologies focus primarily on selected aspects of objectives representation and measurement. [START_REF] Neiger | Business Objectives Modelling[END_REF]) " Rajsiri has proposed a definition of collaborative network model, which models collaborative network and collaborative main goal [START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF].

But for our individual needs, the collaborative network model here should collect the collaborative main goals. For each collaborative goal, partners are regrouped in a sub-collaborative network. Partners also have their own objectives. We come up with a result: a real collaborative situation is like a multi-level pyramid: each level could be decomposed from the whole collaborative network into several sub-networks until the end-nodes: partners. To explain these model definition rules, a collaborative network model example is provided in section II.2.

As shown in the left part of

II.2. Example of Collaborative Network Model

To illustrate all the concepts involved by, let's define one for example. As shown in In level 2, sub networks complete all the objectives, which are defined in level 1. For the strategy objective: choose partner, because it is defined as strategy objective, the sub network of this objective is created to achieve it. It leads to that the collaborative objectives of this sub network are also strategy objective. For the operation objective: sell component, because it is defined as operation objective, the sub network of this objective is made to reach this objective. The collaborative objectives of this sub network are operation objectives. For the objective: sell product, the objective has not been sorted, the sub-network could have different kinds of objectives.

As shown in Figure III-7, in the second level, choose partner and sell component have been enlarged into a subnetwork which contains partners already. But for sell product, the objective of the sub-network has been sorted into three different kinds of objectives: place order, deliver product and pay product. With itemized objectives, these objectives could be enlarged directly by a sub-network, which is composed of partners. For these subnetworks, objective types must be the same as for objectives in the previous level. In level 3, objectives: place order, deliver product and pay product have been decomposed by sub network, which contains partners: assembler and client. The decomposition of collaborative network has reached the end-node: partner. Level 3 would be the last level of collaboration in the pyramid of collaborative network. 

III.1. Definition of Function Model

A function model or functional model in systems engineering and software engineering is a structured representation of the functions (activates, actions, processes, operation) within the modeled system or subject area. For [START_REF] Komoto | A review of function modeling: Approaches and applications[END_REF], "function modeling is the name given to the activity of developing models of devices, products, objects, and processes based on their functionalities and the functionalities of their subcomponents." [START_REF] Pubs | Integration definition for function modelling (IDEF0)[END_REF], "a function model, also called an activity model or process model, is a graphical representation of an enterprise's function within a defined scope. The purposes of the function model are to describe the functions and processes, assist with discovery of information needs, help identify opportunities, and establish a basis for determining product and service costs. Unified Modeling Language (UML) is a standardized general-purpose modeling language in the field of objectoriented software engineering. UML activity diagrams are graphical representations of workflows of stepwise activities and actions with support for choice, iteration and concurrency. In UML, activity diagrams can be used to describe the business and operational step-by-step workflows of components in a system. The activity diagram is similar with flow chart. Both of them provide perfect flows among functions, but without input and output messages, which does not fit the need. UML activity diagram and flow chart are removed from the list. Event Process Chain (EPC) is a type of flowchart used for business process modeling. The EPC method was developed within the framework of ARIS. The elements of EPC include: event, function, process owner, organization unit, input, output, supporting system and result event. But the EPC is an "event-oriented" model. In this thesis a "flow-oriented" model is needed. Furthermore, the main objective of knowledge gathering phase is to collect information in a way as simple as possible. The EPC is removed from the candidate list.

IDEF0 (Integration Definition for Function Modeling) is a function modeling methodology for describing manufacturing functions, which offers a functional modeling language for the analysis, development, reengineering, and integration of information systems; business processes; or software engineering analysis. (Lightsey, 2001) According to [START_REF] Li | IDEF0 Function Modeling[END_REF], IDEF0 is a modeling method including combined graphics and text to obtain understanding, support analysis, provide logic for system adjustment, specify requirements, or support systems level design and integration. IDEF 0 is part of IDEF family of modeling languages. As introduced in (IDEF0, 1993), IDEF0 is based on SADT (Structured Analysis and Design Technique TM), developed by Douglas T. Ross and SofTech, Inc. IDEF0 model includes a hierarchical series of diagrams, text and glossary cross-referenced to each other. Two primary modeling components of this method are functions and data that inter-relate those functions. Due to IDEF0 defines function with data in/out, it fits the need of function model of this thesis. The modeling unit of IDEF 0 is not difficult to understand and use. To summarize, the IDEF0 is chosen as function model in this thesis. To adapt the modeling needs of IDEF0, it still needs to be changed and simplified (section III.2).

The IDEF0 definition of a function is "a set of activities that takes certain inputs and, by means of some mechanism, and subject to certain controls, transforms the inputs into outputs." (PUBS, 1993) According to [START_REF] Pubs | Integration definition for function modelling (IDEF0)[END_REF][START_REF] Abt | Enterprise Business Modelling Languages Applied to Farm Enterprise: A Case Study for IDEF0, GRAI Grid, and AMS Languages[END_REF], the IDEF0 language semantic is then based on six major concepts:

 Functions are the functionalities of the system.  Inputs are elements to be processed by the activity (e.g., files, documents, raw materials, products).  Controls are elements like laws, policies, standards, and unchangeable facts of the environment. They control, direct, or force the execution of the activity but are not modified by it.  Outputs are elements produced or modified by the activity (e.g., data, materials, products).  Mechanisms are means to execute the activity. They are resources (human or material) that are used in bringing about the intended goals of the activity.  Calls arrow the sharing of detail between models (linking them together) or between portions of the same model. The "called" function provides detail for the "caller" box. (Smullyan, 1995). Due to particularity of transformation rules, first order logic still needs to be expended as followed:

 Class: X is collaborative network → collaborative network(X)  Association: Y is association implement which is between collaborative network X1 and objective X2 → implement(Y) (collaborative network(X1), objective(X2))

 If-then-else: if (X) → then (Y), else if (X1) → then (Y1), else → then (Y2)

 A set of variables: from X1, X2, X3 to Xn → X1 … Xn 

(X) (ObjectiveRelationship( CollaborativeNetwork (X), Objective(X 1 ))) (1) → MainFunctionModel(X) ∧ MainFunction(X 1 )MainFunctionModel(X)
The transformation rule (1) in Table III- If Wait for order trigger equals to true, it means that a partner has been chosen form Supplier 2 and Supplier 3, the whole collaborative network has been settled and the assembler could start to take order from client. In order to complete the Sell Product, a message is needed: Component sold feedback. If Component sold feedback equal to true, it means that all needed components have been bought, the assembler could start to assembly products and deliver them. These controlling messages are added manually. Combining with the business service selection in chapter IV, the controlling messages may be added automatically. For now in MISE 2.0, the controlling messages are added manually. 

FIGURE III -14 COMPLETED A2: SELL PRODUCT

To represent the main function model, in this section, users manually complete the control messages of the main function models. In chapter IV, combining with the business service selection, the controlling messages may be added automatically. The control messages can be added automatically by studying the control messages of selected partner functions. For now in MISE 2.0, the controlling messages are added manually. In next section, the function model of example is presented.

III.2. Example of Function Model in MISE 2.0

The function model in MISE 2.0 is an IDEF0 based functional model. IDEF 0 has been reused in two styles: main function model and function model. The organization model is made of network elements and objective elements (e.g. 0 Network and 2 Sell Product in Figure and reused to initialize the main functional model. The main function model is a kind of middleware, which separates the functions by collaborative objectives. But the shared functions of partners are not presented. In this section, we will reuse the example and build the function model by using the modeling unit, which have been represented at the right side of 

IV. Collaborative Process Model

In this section, the deduction of the BPMN (Business Process Model Notation) collaborative processes of MISE 2.0 abstract level is presented. The main goal of collaborative processes is to provide the process cartography (contains strategy, operation and support types) and to represent the collaborative behavior in detail. In section IV.1, firstly, the definition of collaborative process model of MISE 1.0 is addressed. Secondly, the collaborative process cartography and the collaborative process of MISE 2.0 are introduced. Section IV.2 proposes one example of collaborative processes.

IV.1. Definition of Collaborative Process Model

In the process modeling domain, a number of models have been defined, for example, flow charts, Petri nets, Event Process Chains of ARIS, activity diagrams of UML and more recently BPMN. But as mentioned by Touzi (Touzi, 2007), using the advanced formalisms to model a process can cover several aspects of processes including actors (organizational view) and information (informational view). Furthermore, one of the objectives of MISE 2.0 is to derive a BPEL file, which is deployed on the ESB to execute the technical process. Both (Truptil, 2011) and (White, 2005) introduced methods to translate BPMN models into BPEL. They both agree that with the goal of BPEL derivation, BPMN is an effective way to model business processes. Rajsiri et al. even provided a BPMN based Collaborative process model with several partner pools and one mediator pool [START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF]. BPMN (Business Process Model and Notation) 2.0 (OMG, 2011) has been developed by OMG (Object Management Group) in 2010. In BPMN 2.0, the tasks are classified as service tasks, send tasks, receive tasks, user tasks, manual tasks, business rule tasks etc. MISE 2.0 aims to deduce BPEL file and select web services with the help of semantic annotations. So BPMN 2.0 becomes a good choice to express collaborative process models.

The use of so-caffed BPMN based collaborative process, as introduced in [START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF] is preferred. As shown in Figure III-17, the collaborative process model has one mediator pool and several partner pools. The mediator pool could be a strategy mediator, operation mediator or support mediator. Different mediators can communicate through data objects, which are linked through event messages. Tasks in mediator pools invoke tasks in the partner pool according to a defined collaborative process. Consequently, the target metamodel is not BPMN (or BPMN 2.0) itself, but the specific collaborative process metamodel presented in [START_REF] Touzi | A model-driven approach for collaborative service-oriented architecture design[END_REF], [START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF] and (Touzi, 2007). This is a very important point because translating classical BPMN models directly into BPEL files is not always feasible. Börger has clearly addressed "an unmediated gap between conceptual and executable BPMN model (in particular if obtained through compilation to more detailed languages like BPEL or to code)" (Börger, 2011). The considered target metamodel has been built especially on this purpose: restricting BPMN expressivity to a sub-space, specifically dedicated to a collaborative situation and that could be translatable in BPEL. 

FIGURE III -24 COLLABORATIVE PROCESS OF DELIVER PRODUCT

To summarize, the collaborative process includes the collaborative process cartography and the collaborative process model. It normally starts with a collaborative process cartography, which contains strategy, operation, support and general pools. The tasks in general pool can be decomposed to another collaborative process cartography until that there is no general pool in the collaborative process cartography. The tasks in strategy, operation and support pools can be decomposed into collaborative process models, which contain one mediator pool and several partner pools. This is the target collaborative process, which is deduced by the research work of this thesis.

V. Conclusion

This chapter has presented how the collaborative knowledge is collected in MISE 2. About the output model (the collaborative process model), the collaborative process cartography has been introduced. The process cartography separates collaborative process to strategy, operation and support process.

For the tasks of strategy, operation and support, can be decomposed into sub collaborative processes with one mediator pool and several partner pools. In the collaborative process, there exits correspondence mediator to orchestrate the collaborative process.

In chapter II section III. (Mellor, 2004), "a metamodel is a model of a modeling language.

The metamodel defines the structure, semantics and constraints for a family of models". However, (Clark et al., 2004) define that: "a metamodel is a model of a language that captures its essential properties and features. These include the language concepts it support, its textual and/or graphical syntax and its semantics (what the models and programs written in the language mean and how they behave)". (Bézivin, 2005) considers "the notion of ametamodel is strongly related to the notion of ontology. A metamodel is a formal specification of an abstraction, usually consensual and normative. From a given system we can extract a particular model with the help of a specific metamodel. A metamodel acts as a precisely defined filter expressed in a given formalism". A metamodel typically defines the languages and processes from which a model may be formed. A model is an abstraction of phenomena in the real world; a metamodel is yet another abstraction, highlighting properties of the model itself. A model always conforms to a unique metamodel.  How to select shared functions from partners for each collaborative objective?  Assuming that functions may be selected, how to create sequences or orders for these functions to make up a collaborative process?

So the design of the MISE 2.0 abstract level is focused on the collaborative ontology. It can confirm the models and also stores instances of the concepts. The process instances of MIT process handbook are transferred into the collaborative ontology of MISE 2.0. Based on the collaborative ontology of MISE 2.0, the transformation rules in the format of first-order logic are defined. The transformation rules can transfer part of the collaborative process. To complete the whole transformation of the collaborative process, as shown in Figure IV-1, the methods of business service selection and process sequence deduction are define. These methods solve the problems, which has been mentioned above.

In this chapter, section II provides the state of art of ontology. It explains the definition of ontology, the usages of ontology, the languages to define ontology, the collaborative ontology of MISE 1.0 and the ontology of MIT process handbook. Section III introduces the collaborative ontology of MISE 2.0 and the transformation rules.

Section IV addresses the principle and the algorithms of business service selection and the methodology of business sequence deduction to solve both problems, exposed above.

II. Reference Ontologies

II.1. Definition of Ontology

Ontologies have been developed to provide a machine accessible semantics of information sources that can be communicated between different agents (software and humans). According to [START_REF] Neches | Enabling technology for knowledge sharing[END_REF], "an ontology defines the basic terms and relations comprising the vocabulary of a topic area as well as the rules for combining terms, and relations to define extensions to the vocabulary". (Gruber, 1993) defines that "An ontology is a formal, explicit specification of a shared conceptualization". (Gruber, 1993) explains that, a "conceptualization" refers to an abstract model of some phenomenon in the world, which identifies the relevant concepts of the phenomenon. "Explicit" means that the type of concepts used and the constraints on their use are explicitly defined. "Formal" refers to the fact that the ontology should be machine-readable. [START_REF] Velardi | Using text processing techniques to automatically enrich a domain ontology[END_REF][START_REF] Missikoff | Integrated approach to web ontology learning and engineering[END_REF] summarize that ontology is a formal and explicit description of concepts of a particular domain, together with characteristics of these concepts and relations between them.

Ontology is referred to as a representation of knowledge that can be used and reused in order to facilitate the comprehension of concepts and relations as well as the communication between different domain actors. [START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF] summarized the general reasons of building ontologies as follows: i) sharing common understanding of the structure of information among people or software agents; ii) enabling reuse of domain knowledge; iii) making explicit domain assumptions: explicit specifications of domain knowledge are useful for new users who must learn what the terms in the domain mean; iv) separating the domain knowledge from the operational knowledge; v) analyzing domain knowledge: formal analysis of terms is extremely valuable both when attempting to reuse existing ontologies and when extending them.

According to (Navigli, 2004), the domain ontology (or domain-specific ontology) models a specific domain, or part of the world. It represents the particular meanings of terms as they apply to that domain. For example the word card has many different meanings. Ontology about the domain of poker would model the "playing card" meaning of the word, while ontology about the domain of computer hardware would model the "punched card" and "video card" meanings. An upper ontology (or foundation ontology) is a model of the common objects that are generally applicable across a wide range of domain ontologies. It contains a core glossary in whose terms objects in a set of domains can be described.

Contemporary ontologies share many structural similarities, regardless of the language in which they are expressed. As mentioned above, most ontologies describe individuals (instances), classes (concepts), attributes, and relations. Common components of ontologies are summarized as following:

 Individuals: instances or objects (the basic or "ground level" objects).  Classes: sets, collections, concepts, classes in programming, types of objects, or kinds of things.  Attributes: aspects, properties, features, characteristics, or parameters that objects (and classes) can have.  Relations: ways in which classes and individuals can be related to one another.

An ontology language is a formal language used to encode the ontology. There are a number of such languages for ontologies, both proprietary and standards-based. There are different classifications of languages: the traditional ontology languages (Common Logic, DOGMA, KIF 1 , etc.), by syntax (OIL 2 , OWL, RDF, etc.) and by structure (F-logic 3 , OKBC 4 , KM 5 , etc.). Considering the usability and practicability, the common languages of ontologies are explained as followed:

 DOGMA (developing Ontology-Grounded Methods and Applications) is an ontology approach and framework that is not restricted to a particular representation language. This approach has some distinguishing characteristics that make it different from traditional ontology approaches. (De Moor et al., 2006)  IDEF5 (Integrated Definition for Ontology Description Capture Method) is a software engineering method to develop and maintain usable, accurate, domain ontologies. This standard is part of the IDEF family of modeling languages in the field of software engineering. [START_REF] Benjamin | Idef5 method report[END_REF])  RDF (Resource Description Framework) is a W3C 6 recommendation that defines a general-purpose language for defining meta-data in the web. RDF is particularly intended for representing meta-data about web resources (e.g. title, author, copyright, etc.). It does not require that resources be retrievable on the web and is therefore suitable for representing any kind of meta-data. (Godoy, 2005)  The RDF Schema is an extension to RDF. It provides vocabularies for RDF. While RDF is used to relate resources by means of properties, the RDF Schema introduces the notions of resource classes, subclasses, and properties. It can also impose restrictions on the domain and range of properties. [START_REF] Lee | The semantic web[END_REF])  OWL (Web Ontology Language) endorsed by the W3C, is a family of knowledge representation languages for authoring ontologies. Intuitively, OWL can represent information about categories of objects and how objects are interrelated. It can also represent information about objects themselves. [START_REF] Mcguinness | OWL web ontology language overview[END_REF] The general introduction of ontology has been presented. In section II.2 and section II.3, two special ontologies will be explained. The first one is the ontology of MIT process handbook. In the collaborative ontology of MISE 2.0, there are instances from MIT process handbook. The second one is the collaborative network ontology of MISE 1.0. This ontology deals with deduction of collaborative process in MISE 1.0.

II.2. Ontology of MIT Process Handbook

The very first research work specifically on the Process Handbook project began in 1991. [START_REF] Malone | Organizing business knowledge: the MIT process handbook[END_REF] The project has been one of the primary projects in the MIT Center for Coordination Science. In 1996, several members of the project team start an MIT spin-off company. Under a license of MIT, Phios 7 develops commercial versions of the Process Handbook software tools and extended the knowledge base. They also worked on projects that integrate the Process Handbook with other tools for visualizing supply chain processes, analyzing organizational change, and classifying company's business models. The goal of the Process Handbook project is to provide a theoretical and empirical foundation for such tasks as enterprise modeling, enterprise integration, and process re-engineering. According to [START_REF] Bernstein | Software tools for a process handbook[END_REF], the project includes: i) collecting examples of how different organizations perform similar processes, and ii) representing these examples in an on-line "Process Handbook" that includes the relative advantages of the alternatives. To represent the large number of processes, the MIT process handbook ontology is defined. Figure II-2 illustrates the Process Handbook Ontology.

The Process Handbook ontology provides a specialization hierarchy of processes and their inter-relationships in the form of properties, which connect the process to its attributes, parts, exceptions, and dependencies to other processes. All major parts of the Process Handbook, such as Process, Bundle, Goal, Exception, Resource, Dependency, and Trade-offs are represented as OWL classes. The business processes in the Process Handbook have been written in OWL and stored as instances in their own files. The key elements of the Process Handbook ontology are (Rajsiri, 2010):

 Process: Like most process-modeling techniques, the process handbook allows processes to be annotated with attributes that capture such information as a textual description, typical performance values (e.g. how long a process takes to execute), as well as conditions. A process is modeled as a collection of activities that can in turn be broken down into sub-activities.  Resource: A process consumes and produces resources. In other word, resources describe input and output of processes they are related to.  Dependencies: Another key concept is that coordination can be viewed as the management of dependencies between processes. Every dependency can include an associated coordination mechanism, which is simply the process that manages the resource flow and thereby coordinates the activities connected by the dependency.  Goal: allows business processes to be composed, or monitors their execution  Exceptions: It is possible that processes can fail because of exceptions. Therefore we have to anticipate, avoid, or detect and resolve them.  Bundle: this is a group of related specializations. In general, it is often very useful to create bundles based on the basic questions for asking about any activity. The CO refers to the conceptualization of enterprise collaboration, and the collaborative network characteristics. The concepts, which are defined in the CO, have been listed as follows:

 A Participant can be a physical actor or an enterprise that joins the network in order to achieve a common goal collaboratively with other participants.  A role defines the responsibility of a participant in the network. For example, seller, buyer or producer.

Role refers to a resource as defined in the MIT Process Handbook.  The Abstract service is a high-level service that explains the competencies or the know-how of the participant. For example: marketing and sales, procurement. This concept comes from the BAM concept of the MIT Process Handbook.  A Collaborative network is a group of at least two participants who would like to work together in response to one or multiple common goals and a set of relationships between the participants.  A Common goal describes the reason why the network is established in terms of products or services to deliver to customers. It gives the direction the partners have to head for and achieve.

 A Relationship defines the interaction between two participants. It describes how partners connect to each other. Three types of relationship have been classified: competition, supplier-customer, and group of interest.  Topology describes the relationships between partners at high level and the overall structure of the network. Three basic forms of topology based on the circulation flow in the network have been presented in [START_REF] Katzy | Reference models for virtual organisations[END_REF]:chain, star, and peer-to-peer. The form of topology can be distinguished by the orientation of decision-making power and duration of collaboration in the network.  Decision-making power describes the behavior and the orientation of decision-making in the network.

Three decision-making powers are distinguished: central, equal or hierarchic. These three kinds are inspired from the topology characteristics.  Duration describes the frequency of interactions that occur during the collaboration in the network. (Zaidat, 2005) distinguished two kinds of duration: continuous or discontinuous.

The CPO refers to the conceptualization of a collaborative process. It addresses business service, flow of resources between services and management of flows. It covers the concepts of business service, resource, dependency, coordination service, and MIS service. The definitions of these concepts are described as follows:

 Business service explains the task at functional level. An abstract service is composed of some business services. For example: assemble components of computer, obtain order. This concept is inspired from the functional level activity described in the BAM concept of the MIT Process Handbook.  Resource can be data, machine, software, tool or material used or produced by business service. For example: message, order, machine, container, and technology. Resource concerns the resource concept defined in the MIT Process Handbook Coordination service is in charge of managing the dependency of resources. For example: manage flow of material, manage accessibility of documents. This concept comes from the model of collaborative process concept of the MIT Process Handbook.  MIS service is defined in the meta-model of collaborative process (Touzi, 2007). We consider a coordination service as a MIS service because both are collaborative services provided by the collaborative platform (or MIS).  Dependency between business services (message flow) is a flow from one business service to another when they have a resource in common. The two business services linked by this kind of flow do not belong to the same participant. It can be seen as a movement of a resource between business services.  Dependency between MIS services (sequence flow) is a flow from one MIS service to another when they have a resource in common. It can be seen as a movement of a resource between MIS services. 

III.1. The Collaborative Concepts

The collaborative concepts refer to the conceptualization of organizational and functional knowledge, which is gathered in the collaborative network model and the function model. The collaborative concepts are explained by two categories: Organizational Concepts and Functional Concepts.

Organizational Concepts

This sub part of concepts refers to the organizations and networks of collaborative situation (Figure IV-5). The following paragraphs detail the concepts of these two categories, together with relations between concepts.

 The Partner is an actor, an organization or an enterprise, which joins the collaboration with their individual objectives to achieve a collaborative objective. A Partner Relationship defines the interaction between two Partners. It provides how partners communicate with each other. The Partner is similar with "Participant" in CO of MISE 1.0.  The Network is a set of partners interconnected by communication paths (here is Partner Relationship).

The Network represents the whole organizational system of all the partners and the relationships of partners. The Network is similar with "Collaborative Network" in CO of MISE 1.0.  The Sub Network is a part of the Network. It contains some Partners of the collaboration, but not all of them. It represents the small group of Partners, whom should cooperate together to achieve the same collaborative objective.  The Objective is a way for the collaboration to define its goals and direction. The Objective here is the collaborative objective, which describes the reason of establishing the collaborative network. The Objective can be classified into three types: the Strategy Objective, the Operation Objective and the Support Objective. As defined in chapter III section II.1, the collaborative network model provides three kinds of objectives: strategy, operation and support. For the Objective, there are two special relations. These are relations from one Objective to another one. They are the Same As and the Near By . If one instance of a concept is Same As another instance of the concept, it means that the two instances are the same object, but with different names or different presentation. For example, "Place Order" and "Send Order", they are different, but they have the same function. So "Place Order" is same as "Send Order". If one instance of a concept is Near By another instance of the concept, it means that the two instances do not point to the same objective, but they have something in common. For example, "Place Order" and "Place Order to Supplier A", they both have the function to place order. But the second one precisely defined the information of supplier. They are the relation: Near By. The relations: Same As and Near By help to build a network of instances of ontology in a semantic way. With the large number of interconnected instances, the data of ontology is very useful for selecting partner functions to achieve collaborative objectives (explains in detail in chapter IV section IV.1).

FIGURE IV -6 SAME AS AND NEAR BY

Functional Concepts

This sub part of concepts refers to the shared functions of partners in the collaborative situation (Figure IV-7).

The following paragraphs detail the concepts of these two categories, together with relations between concepts.

 The Main Function is higher-level function. It organizes the functions by groups. The Equation ( 1 

III.3. Transformation Rules

The transformation rules of the collaborative ontology are defined in first-order logic (Smullyan, 1995), which has been introduced in chapter III. To remind the rules, here, the first-order logic rules are repeated. Due to particularity of transformation rules, first order logic still needs to be expended as followed:

 Class: X is collaborative network → collaborative network(X)
 Association: Y is association implement which is between collaborative network X1 and objective X2 → implement(Y) (collaborative network(X1), objective(X2))

 If-then-else: if (X) → then (Y), else if (X1) → then (Y1), else → then (Y2)

 A set of variables: from X1, X2, X3 to Xn → X1 … Xn

The Transformation rules of collaborative ontology are specified to six groups of rules. The rules are summarized in Table IV- In this section the transformation rules are presented group by group. The explanation of each group contains: i) the principle of the transformation rules, ii) the involved concepts of collaborative ontology, iii) the equations of transformation rules, and iv) the example of transformation rules. (2), ( 3), ( 4), ( 5), ( 6) and ( 7 

Total: 11

Group 1: Create Mediator

The Group 1 deals with the creation of Mediator. From business point of view, mediator orchestrates the collaborative process. The mediator is an important role in the collaborative network. It manages the collaborative network to achieve the collaborative objective.

The theory is that, if one Sub Network contains several Partners, then for the Sub Network, there is one Mediator to manage the collaboration of the Sub Network. This group of transformation rule contains one equation. Table IV-2 presents the equation ( 1) in extended first-order logic. The equation tells that, if there exists an instance X of Sub Network and the X links to several instances of Partner (X 1 , X 2 … X n ) by the relations: hasPartner, then there exists an instance X of Mediator and the instance links to the instance of Sub Network by relations: hasMediator.

TABLE IV -2 GROUP 1 CREATE MEDIATOR Group 1: Create Mediator Sub Network  Mediator Sub Network (X) (hasPartner (Sub Network (X), Partner (X 1 )) ∧ (hasPartner (Sub Network (X), Partner (X 2 )) ∧…∧ (hasPartner (Sub Network (X), Partner (X n ))) (1) 
→ Mediator (X) ∧hasMediator (Sub Network (X), Mediator (X))

To explain the transformation rule clearly, the example of transformation is proposed in Figure IV-11. The grey boxes are the existed instances. The black boxes are the deduced instance. "Network 1" is an instance of Sub Network. "Client", "Supplier" and "Assembler" are instances of Partners. They are the partners of the "Network 1". With these instances, the instance "Mediator 1" of Mediator is deduced for the "Network 1". To show that the "Mediator 1" belongs to the "Network 1", the relation "hasMediator" is created between the "Network 1" and the "Mediator 1".

FIGURE IV -11 EXAMPLE OF GROUP 1

Group 2: Create Mediator Relationship

This group concerns the deduction of Mediator Relationships by recognizing the in/out of business message of main function. From business point of view, in one collaborative situation, there may exist several mediators, which manage different collaborative processes and achieve different collaborative objectives. But among different collaborative processes, there exists communications. These communications (has been introduced in chapter II, section III.4 as objective, feedback and mean) are among mediators. The creation of relationships among mediators is crucial.

The group 2 has 6 equations as shown in Table IV-3. The equations are based on the theory of communications among collaborative processes (chapter II section III.4). The theory is that i) the strategy process sends objective information to operation and support process, ii) the operation process sends feedback information to strategy and support process and iii) the support process sends the mean information to strategy and operation process. As mentioned in section III.2 of chapter IV, in the collaborative ontology, Mediator Relationship is defined to represent the communications among collaborative processes. There are three types of Mediator Relationship. First, the Order represents objective information. The Feedback represents feedback information. The Mean represents mean information. The equation ( 2) and ( 3) deals with the deduction of the Order. The equation ( 3) and ( 4) deals with the deduction of the Feedback. The equation ( 5) and ( 6) deals with the deduction of the Mean. Because these equations are based on the same principle, the equation ( 2) is taken and explained in detail as an example.

As shown in Table IV-3, the equation ( 2) starts from Strategy and Operation Objective. If there is an instance X1 of Main Function transferred from an instance of Strategy Objective, and if there is an instance X 2 of Main Function transferred from an instance of Operation Objective, and if there is an instance m of Business Message, the m is the output of X 1 , and the m is also the input of X 2 , then an instance m of Order is deduced and the relations: hasMediatorRelationship with Mediator (X 1 ) (this is the instance of Mediator, that has been generated from the Sub Network, which achieves the Main Function (X 1 )) and Mediator (X 2 ) (this is the instance of Mediator, that has been generated from the Sub Network, which achieves the Main Function (X 2 )) are deduced. The equation (3) If Strategy Objective (X 1 ) (generates (Strategy Objective (X 1 ), Main Function (X 1 ))) ∧ Operation Objective (X 2 ) (generates (Operation Objective (X 2 ), Main Function (X 2 )))

If Main Function (X 1 ) (out (Main Function(X 1 ), Business Message (m))) ∧ Main Function (X 2 ) (in (Main Function(X 2 ), Business Message (m)))

→  Order (m)(hasMediatorRelationship (Mediator (X 1 ), Order (m))) ∧

 Order (m)(hasMediatorRelationship (Mediator (X 2 ), Order (m)))

Strategy and Support Objective  Main Function  Business Message  Order

If Strategy Objective (X 1 ) (generates (Strategy Objective (X 1 ), Main Function (X 1 ))) ∧ Support Objective (X 2 ) (generates (Support Objective (X 2 ), Main Function (X 2 )))

If Main Function (X 1 ) (out (Main Function (X 1 ), Business Message (m))) ∧ Main Function (X 2 ) (in (Main Function (X 2 ), Business Message (m))) (3) 
→  Order (m)(hasMediatorRelationship (Mediator (X 1 ), Order (m))) ∧  Order (m)(hasMediatorRelationship (Mediator (X 2 ), Order (m)))

Operation and Strategy Objective  Main Function  Business Message  Feedback

If Operation Objective (X 1 ) (generates (Operation Objective(X 1 ), Main Function(X 1 ))) ∧ Strategy Objective (X 2 ) (generates (Strategy Objective(X 2 ), Main Function(X 2 )))

If Main Function (X 1 ) (out (Main Function(X 1 ), Business Message (m))) ∧ Main Function (X 2 ) (in (Main Function(X 2 ), Business Message (m)))

→  Feedback (m)(hasMediatorRelationship (Mediator (X 1 ), Feedback (m))) ∧  Feedback (m)(hasMediatorRelationship (Mediator (X 2 ), Feedback (m))) (4) 

Operation and Strategy Objective  Main Function  Business Message  Feedback

If Operation Objective (X 1 ) (generates (Operation Objective(X 1 ), Main Function(X 1 ))) ∧ Strategy Objective (X 2 ) (generates (Strategy Objective(X 2 ), Main Function(X 2 )))

If Main Function (X 1 ) (out (Main Function Business Message (m))) ∧ Main Function (X 2 ) (in (Main Function, Business Message (m)))

(5)

→  Feedback (m)(hasMediatorRelationship (Mediator (X 1 ), Feedback (m))) ∧  Feedback (m)(hasMediatorRelationship (Mediator (X 2 ), Feedback (m)))
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Support and Strategy Objective  Main Function  Business Message  Mean

If Support Objective (X 1 ) (generates (Support Objective(X 1 ), Main Function(X 1 ))) ∧ Strategy Objective (X 2 ) (generates (Strategy Objective(X 2 ), Main Function(X 2 )))

If Main Function (X 1 ) (out (Main Function, Business Message (m))) ∧ Main Function (X 2 ) (in (Main Function, Business Message (m)))

→ Mean (m)(hasMediatorRelationship (Mediator (X 1 ), Mean (m))) ∧  Mean (m)(hasMediatorRelationship (Mediator (X 2 ), Mean (m)))

Support and Operation Objective  Main Function  Business Message  Mean

If Support Objective (X 1 ) (generates (Support Objective(X 1 ), Main Function(X 1 ))) ∧ Operation Objective (X 2 ) (generates (Operation Objective(X 2 ), Main Function(X 2 )))

If Main Function (X 1 ) (out (Main Function, Business Message (m))) ∧ Main Function (X 2 ) (in (Main Function, Business Message (m)))

→ Mean (m)(hasMediatorRelationship (Mediator (X 1 ), Mean (m))) ∧  Mean (m)(hasMediatorRelationship (Mediator (X 2 ), Mean (m))) (7) 
To clarify the equations of group 2, the example in Figure IV-12 is made for equation ( 2). The instance "Choose Partner" of Strategy Objective generates the instance "Choose Partner" of Main Function. The instance "Sell Product" of Operation Objective generates the instance "Sell Product" of Main Function. The instance "Order trigger" of Business Message is the output message of "Choose Partner" of Main Function and the input message of "Sell Product" of Main Function. Then the "Order trigger" of Business Message is the communication message from strategy process to operation process. The "Mediator 1" belongs to "Sub Network 1", which achieves Strategy Objective "Choose Partner". So the "Mediator 1" manages the strategy collaborative process for "Choose Partner". The "Mediator 2" belongs to "Sub Network 2", which achieves Operation Objective "Sell Product". So the "Mediator 2" manages the operation collaborative process for "Sell Product". Because Business Message "Order trigger" is output of "Choose Partner" and input of "Sell Product", the Mediator Relationship "Order trigger" is created and the hasMediatorRelationship with "Mediator 1" and "Mediator 2" are created.

FIGURE IV -12 EXAMPLE OF GROUP 2

Group 3: Create Generated Mediator Function

The rules in this group are dedicated to deduce the Generated Mediator Function and input/output relations. From business point of view, the mediator needs mediator functions to invoke partner functions. The input and output messages between mediator functions and partner functions have to be added. This group deals with the creations of mediator functions and input/output messages of mediator functions.

This group contains two equations (Table IV-4). The equation ( 8) defines how the Generated Mediator Function and Out relation are created. The equation ( 9) defines how the Generated Mediator Function and In relation are created.

For equation ( 8), if Function (X) has input Business Message (m), then Generated Mediator Function (X) and relation: genereatedFrom between Function (X) and Generated Mediator Function (X) are created, and the Generated Mediator Function (X) has output Business Message (m). For equation ( 9), if Function (X) has output Business Message (m), then Generated Mediator Function (X) and relation: generatedFrom between Function (X) and Generated Mediator Function (X) are created, and the Generated Mediator Function (X) has input Business Message (m). 

→  Generated Mediator Function (X) (Out (Generated Mediator Function (X), Business Message (m))) ∧  Generated Mediator Function (X) (generatedFrom (Function (X), Generated Mediator Function (X)))

Function  Out Business Message  Generated Mediator Function  In Business Message Function (X) (In (Function (X), Business Message (m))) (9) 
→  Generated Mediator Function (X) (Out (Generated Mediator Function (X), Business Message (m))) ∧  Generated Mediator Function (X) (generatedFrom (Function (X), Generated Mediator Function (X)))

The example of equation ( 8) and ( 9) is presented in Figure IV-13. The "Payment" and "Order" are the instances of Business Message. The "Place Order" and "Receive Payment" are the instances of Function. The "Payment" is the input of "Receive Payment". The "Order" is the output of "Place Order". According the equations, the "Place Order" and "Receive Payment" are generated to Generated Mediator Function: "Invoke Place Order" and "Invoke Receive Payment". The "Payment" is the output message of "Invoke Receive Payment".

The "Order" is the input message of "Invoke Place Order".

FIGURE IV -13 EXAMPLE OF GROUP 3
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Group 4: Link Generated Mediator Function to Mediator

This group is dedicated to deduce the relation: hasGeneratedFunction between Generated Mediator Function (deduced by group 3) and Mediator. From business view, to deduce the collaborative process, we have to know which mediator functions belong to which mediator, so that the mediator can use its functions to invoke partner functions.

This group of transformation rules is based on one assumption. The assumption is that the relation: owns already exists in the collaborative ontology. But in the collaborative ontology and the gathered knowledge, the relation does not exist. The section IV.1 of chapter IV explains how is the relation: owns created without transformation rules.

The equation ( 10) of this group (Table IV-5) defines the deduction method. If Main Function (X) has Function (X 1 ), then the Mediator (X), which manages the Sub Network of Main Function (X), has the Generated Mediator Function (X 1 ), which is generated from Function (X 1 ). Main Function (X) (owns (Main Function (X), Function (X 1 ))) (10) →  Mediator (X) (hasGeneratedFunction (Mediator (X), Generated Mediator Function (X 1 )))

Figure IV-14 illustrates the example of the equation ( 10). The Main Function "Sell Component" is generated from the Operation Objective "Sell Component", which is achieved by Sub Network "Network 1". The Sub Network "Network 1" is manages by Mediator "Mediator 1". So the "Mediator 1" is for the Main Function "Sell Component". Because the Main Function has Function "Place Order" and "Deliver Product" and the "Invoke Place Order" and "Invoke Deliver Product" are generated from "Place Order" and "Deliver Product", the Generated Mediator Function "Invoke Place Order" and "Invoke Deliver Product" belong to the "Mediator 1". So the two relations: hasGeneratedFunction are created between "Mediator 1" and "Invoke Place Order"/"Invoke Deliver Product". Additionally, the question mark on relation: owns is to represent that the instances of the relation are not created in the ontology. The section IV.1 of chapter IV provides a methodology to created the relations.

FIGURE IV -14 EXAMPLE OF GROUP 4 Group 5: Create Inter Mediator Function

This fifth group concerns the deductions of Inter Mediator Function. As explained in the group 2, one collaborative situation may have several mediators. There are communications among mediators. This group helps to identify specific the mediator function, which is communicated with other mediators. 2) or (3) of the group 2, then Event (m) is created to achieve Mediator Relationship (m) and Generated Mediator Function (X) is also an Inter Mediator Function (X). If the Business Message (m) is the input message of Generated Mediator Function (X), then the Event (m) is also the input of Inter Mediator Function (X). If the Business Message (m) is the output message of Generated Mediator Function (X), then the Event (m) is also the output of Inter Mediator Function (X). 11). The Generated Mediator Function "Invoke wait for order" belongs to "Mediator 1" and has input Business Message "Order trigger", which generates the "Order trigger" of Mediator Relationship by equation ( 2) or ( 3). So the "Invoke wait for order" is also an Inter Mediator Function. The Event "Order trigger" is created to achieve the Mediator Relationship. Because "Order trigger" of Business Message is the input of "Invoke wait for order", the Event "Order trigger" is the input of "Invoke wait for order". 1) of chapter III. If a sub-network exists, then a function main model exists. All the defined objectives in the sub-network are seen as main functions and put in function main model. In the example, objective: "Outsourcing decision", "Delivery support" and "selling products" are transferred to main function. User defines controlling messages "Order" and "Products". Main function "Outsource decision" sends controlling message "Order" to trigger main function "Sell components". Receiving controlling message "Products" from main function "Sell components" launches Main function "Delivery support". User provides the controlling messages among these functions. Figure IV-16 the right hand side at the bottom presents functional table, each partner fills correspondence column with the list of functions (with input and output message).

TABLE IV -6 GROUP 5 CREATE INTER MEDIATOR FUNCTION

IV.1. Business Service Selection

The principle of business service selection is based on the collaborative ontology, which have been introduced in last section. In the ontology, there are large numbers of Objective and Function instances with relationship: achievedBy. If we could link business objectives and business function in the model to Objective and Function instances in collaborative ontology, then we could indirectly link business objective to business function by the help of relationship: achievedBy. With above theory, we can complete business service selection task.

As shown in Figure IV-17, there are two parts: ontology and model. In ontology part, we choose several instances of Function and Objective. In model part, we take the objective and function model example in introduction of this section. Here for each business objective and function in the model, we want to find same or close instances in ontology. For example, in the model, "Book van & driver" is same or close to "Book transportation" in the ontology, then we make a link: Same As/Near By between them.

FIGURE IV -17 INSTANCES OF COLLABROATIVE ONTOLOGY AND MODELS

With all the relationship: Same As/Near By in Figure IV-17, suitable business functions are selected for business objectives. For example, "Outsourcing decision" is same or close to "Placing order to supplier". "Send outsourcing order" is same or close to "Send order to supplier". Because "Placing order to supplier" is achieved by "Send order to supplier", "Outsourcing decision" can be achieved by "Send outsourcing order". Figure IV-18 shows all the resulting additional relationship. Business objectives is linked to business functions by relationship: achievedBy.

FIGURE IV -18 RESULTS OF DEDUCTION

Even though the basic principal of business service selection is defined, there are still some remarks to consider:

 Making relationship: Same As/Near By for each business objective and function is quite hard for user.

Because there may be instances with various names. We provide an Instance Suggestion Mechanism, which could provide suggested ontology instance for user. The mechanism is based on syntactic. Algorithm IV-1 presents the Instance Suggestion Mechanism algorithm.  Business objectives and functions defined in the model could also be seen as Business and Function instances in collaborative ontology for future uses. There should be a self-update mechanism to enlarge the collaborative ontology. Algorithm IV-3 explains self-updating mechanism.

Instance Suggestion Algorithm

Instance suggestion algorithm deals with selecting same or nearest ontology Objective or Function instances for each business objective and function. The algorithm takes ontology Objective instances suggestion as example (ontology Function instances suggestion uses the same algorithm structure.). Algorithm (1) takes syntactic keyword of business objective as input, uses collaborative ontology as data and provides a list of suggested ontology instances. This algorithm has three main parts:

 Line 3: finding an Objective instance in collaborative ontology which owns the same keyword: objective key as business objective, the instance is added to suggestion list: L suggestion ;  Line 6-Line 17: Taking frontal parts of keyword as a new list of keyword: L word [1] to L word [i] (for example, keyword: "send products to distributing center", new keywords: "send products to distributing" and "send products to"), for each new keyword, if finding an Objective instance's keyword in collaborative ontology which starts with or contains the new one or contains, then the Objective instance is added to suggestion list;  Line 18-Line 23: Taking related two words, which are contained in keyword as a new list of keyword: L 2words (for example, keyword: "send outsourcing order", new keywords: "send outsourcing" and "outsourcing order"), for each related two words, if finding an Objective instance's keyword, which contains the two words, then the Objective instance is added to suggestion list.

ALGORITHM IV -1 INSTANCE SUGGESTION ALGORITHM

Algorithm (1) Instance Suggestion: provide suggested collaborative ontology instances for business objective.

Input: objective key , keyword for the business objective Data: Collaborative Ontology: CO Output: L suggestion , list of suggested ontology instances A objective , array of all Objective instances of CO; L suggestion  Null; if A objective contains objective.keyword = Objective key then L suggestion adds objective; else L word , list of words contained in objective key ; i, counter for loop  L word .length; word, store a part of keyword  Null; for i from L word .length to 3 word = from L word [1] 

Objective-Function Mapping

Objective-Function mapping algorithm is the main part of business service selection. The principle has been explained above. As shown in Algorithm (2), it takes list of business objectives and list of business functions as input, uses collaborative ontology as data, and outputs list of relationships: achievedBy. The algorithm is explained as followed:

 Line 3-Line 5: starts the mapping from business functions side. 

IV.2. Process Sequence Deduction

In this section, the example at the beginning of chapter IV is taken to present the deduction of collaborative process. The deduction methods are cut into four parts: deduction of process cartography, deduction of collaborative process, deduction of partner pool and deduction of mediator pool. The four parts of deduction methods are presented in section IV.2.1. The section IV.2.2 presents the complementary method to add sequences and gateways to the collaborative process.

IV.2.1. Process Deduction Part 1: Deduction of process cartography

The deduction of process cartography presents how the collaborative process cartography (presented in section IV of chapter III) is extracted from the collaborative ontology. These tasks are extracted from Main Functions, which are generated from collaborative objectives. In Figure IV-19, the Main Function "Outsourcing decision" is generated from strategy objective, the Main Function "Outsourcing decision" is transferred to the task: "Outsourcing decision" in strategy pool.

The Main Function "Sell products" is generated from operation objective, the Main Function "Sell products" is transferred to the task: "Sell products" in operation pool. The Main Function "Delivery support" is generated from support objective, the Main Function "Delivery support" is transferred to the task: "Delivery support" in support pool.  No.1-4: Business Message  Message flow. This rule deals with the transformation of message flow.

The "Order" and "Products" are the instance of Business Message. The "Order" is the output of Main Function "Outsourcing decision" and the input of Main Function "Sell products". The "Order" is transferred to message flow between task "Outsourcing decision" and "Sell products". shows that the "Products" is the output of the "Invoke Deliver products". So the "Products" is transferred to the input message flow of the "Invoke Deliver products" task in the mediator pool.  No.4-3: Event  Start/Intermediate/End message event. If there is one Event, which is the input or output of one Inter Mediator Function, then the Event is transferred to start/intermediate/end message event before or after the task, which is transferred from the Inter Mediator Function. For example, the Event "Products" is the input event for the "Invoke Send products to distributing center". So the event is transferred to the start event before the "Invoke Send products to distributing center". 

IV.2.2. Sequence Deduction

In (Rajsiri, 2010), the sequence flow is deduced by linking the functions/tasks with input/output messages and then by "cleaning the deduced model manually". This method leads to a problem. As shown in Figure IV-23, on the top, there are functions and input/output messages of the functions. If the functions are linked together by input/output messages (at the bottom of Figure IV-23), the output "M2" of "F1" is the inputs of the "F3" and the "F4". There must be a gateway to manage the fork output sequence flows. In this condition, it is sure that there must be a gateway, but the type of gateway cannot be decided. There is also a potential problem. The linkage of input/output messages easily creates loops of functions. If the loops come out, it would be quit difficult to solve. Furthermore, it creates a lot of useless connections.

The linkage of input/output messages is useful when the functions are linked one by one as a line. If there are forks, loops and useless connections in the process, another solution has to be developed. For the forks, loops and useless connections in the collaborative process, a capability objective based method is developed. The "F3", "F4" and "F6" (in the dot line box of There is one main objective: "O1". The main objective has sub objectives. The "O2" and "O3" are the sub objectives of "O1". All the functions are linked to the objectives. These linkages tell the functions which can achieve the objectives. To achieve "O1", there must functions, which achieve "O1" directly, or the functions, which achieve "O2" and "O3". So to obtain "O1", the function "F6" or the functions "F3" and "F4" are needed (the equation in Figure . By this way, the clue of gateways is found.

FIGURE IV -24 LINK FUNCTIONS WITH OBJECTIVES

As shown at the bottom of Figure IV-24, two results are possible. First of all, the "F6" can obtain "O1". Or the "F3" and "F4" can obtain "O1". For both solutions, the inclusive gateway is used to launch "F6" or "F3" and "F4". But for "F3" and "F4", they can be invoked one after another or at the same time. For first result (the left hand side of Figure IV-24), the "F3" is invoked before "F4". For the second result, the parallel gateway is added to invoke the two functions at the same time. But in Figure IV-23, the output message of "F3" is the input message of "F4", so the first solution is taken.

Figure IV-25 illustrates an example of sequence deduction. There are functions: "Deliver goods", "Receive goods" and "Close deal". There is objective: "Delivery", which has sub objectives: "Delivery success" and "Finish delivery". "Deliver goods" and "Receive goods" can achieve objective "Delivery success". "Close deal" can achieve "Finish delivery". On the bottom of Figure IV-25, there are three solutions. Because the input of "Deliver goods" is the output of "Receive goods", "Deliver goods" is before "Receive goods". But the order of "Close deal" is un-known. There are three possibilities (manually, the solution in the dot line box should be selected).

FIGURE IV -25 EXAMPLE OF PROCESS DEDUCTION

In this research work, the linkage of messages and the objective based method are mixed to deduce the sequences and the gateways. First, the linkage of messages is used to get at global picture of the process. Second, for the special place (the gateways are needed) of the global picture is taken and re-done by using the objective based method. Finally, the linkage of messages checks the results of objective based method to get the best solution.

V. Conclusion

This chapter has presented the collaborative ontology of MISE 2.0 (CO2). The collaborative ontology contains the transformation rules from collaboration concepts to mediation concepts. Tow supplementary methods (business service selection and process sequence deduction) are provided to the remained problems of collaborative ontology and transformation rules.

The collaborative ontology of MISE 1.0 (CO1) is also presented in this chapter. They are both collaborative ontology. There might be some questions or confusions: i) what are the key elements for the collaborative ontology? ii) What are the same concepts in the two ontologies? iii) What are the differences of the two ontologies? iv) And why the collaborative ontology of MISE 2.0 is different with the one of MISE 1.0.

For the first two questions, a comparison of the two collaborative ontologies is made in For the question three, there are two main differences for the CO1 and CO2. First, the CO1 defines concepts, which are the properties of the collaborative network, for example, the Topology of CO1. It precisely defines the performance and the properties of the collaborative network. CO2 focuses to the network and the sub network and to organization the collaborative network model by decomposition of main network. For CO2, the Topology is not really useful and practical. So the concepts concerned Topology are not considered in CO2.

Second, the objective of the two ontologies is different. The CO1 is to deduce a collaborative process. The CO2 is to deduce the collaborative process cartography. The difference leads to two things. For CO2, to build the collaborative process cartography the classification of objective is added to the collaborative ontology. The collaborative process cartography contains several collaborative processes; this means that there would be several mediators. So the CO2 considers mediator as a concept. It defines the sub network and the relations among network, sub network and objectives to complete mediators. Furthermore, the collaborative process is BPMN based process. So in the CO1, the sequence flow and the message flow are considered as concepts. But the CO2 is designed to be able to deduce the collaborative processes, which are not only BPMN based but also others (even though in MISE 2.0, the collaborative process is still BPMN based). There are no concepts such as sequence flow and message flow in CO2.

In next chapter, the software tool: Mediator Modeling 2ool, which supports the model definition, model transformation, business service selection and business process deduction, is presented. First, the global design of the software is addressed. Second, the usage of the software tool is explained through an example.

Chapter V: Final Result software tools cannot be deployed on the ESB as web services. Consequently, the flexibility and automation of the software tools have been fragilized. It indirectly leads to that the agility management cannot be implemented in 100% automatic way.To develop software tools based on web services, is the main goal of MISE 2.0 software design. So the vision of our team is to focus on SaaS (Software as a Service). The software tools of MISE 2.0 are designed and developed as SaaS, which can be loaded by web browser and used by any Internet user.

In this chapter, section II gives the core program design and the interface design of Mediator modeling 2ool. Section IV uses an example to show the modeling and transformation steps with Mediator modeling 2ool. In the conclusion, the detailed function and design plan of the ontology definition tool are provided.

II. Mediator modeling 2ool

The mediator modeling 2ool is designed to implement model definition and model transformation. In the model definition part (Figure V-2), the tool can define i) the collaborative network model (described in section I of chapter III) and ii) the function model (described in section II of chapter III).

To define the collaborative network model and the function model, the following detailed requirements (user friendly requirements) must be satisfied:

 The modeling elements are represented by symbol. The symbols of modeling elements can be selected, dragged, dropped, deleted, resized and connected by arrows.  The modeling elements have property view (property as name, for example). Specially, for the properties of function and objective must have properties: same as and near by. For the function and message, the property of semantic annotations should be added.  Both the collaborative network model and the function model can be exported and imported as files in XML format or picture in JPEG format. The XML files can be uploaded on the server side.

For the model transformation (Figure V-2), the tool can support i) the transformation rules defined in section II of chapter IV, ii) the algorithms of business service section in section III of chapter IV and iii) the process deduction method in section III of chapter IV.

To support the above main functions, the following detailed requirements (user friendly requirements) must be taken into account:

 To complete the selection of business service, the instances of objective, function and message in collaborative ontology must by shown or imported into the tool.  After the accomplishment of business service selection, the mapping results between functions and objectives must be shown as a figure and saved as XML file. The XML file can be uploaded to the server side.  To show the final results of process deduction, all the deduced XML files of collaborative process can be opened in Petals easy BPM 1 . The XML files can be uploaded to the server side.

To complete the main function, there is one thing. The definition of models and deduction of model can be seen as a project. So the software must create new project on the server side. Meanwhile, the files on the server side must be show as list or file tree on the client side. Up to this time, the knowledge-gathering phase is over. The organizational and functional knowledge has been defined. The next step is to transfer the knowledge to the target collaborative process model.

FIGURE V -3 MAIN FLOWS OF "DEFINE MODELS"

The second part of the design of the Mediator modeling 2ool is "Transfer model". The first thing is to select business services, which means choose the shared functions of partners to achieve the collaborative objectives.

The user could pass the command on the client side. The server launches the selection of business services and then writes all the results of selection in a XML file. The user on the client side could download the XML file and then import the file to the main interface as a model. And then the user could ask the server the transfer the gathered models to the collaborative process cartography. The server side launches the program of deduction and creates the XML file in BPMN format (.bpmn). The XML file can be imported, opened and shown by Petals BPM, which is also a GWT based modeling tool. With the collaborative process cartography, the user could ask the server to transfer the collaborative processes. When the server receives the order, the server creates several XML files (.bpmn) to represent the collaborative processes.

FIGURE V -4 MAIN FLOWS OF "TRANSFER MODEL"

To implement the designed modules and the communications between client and server, the coding of the software tool is designed into 14 packages, which are summarized in the Table V-4. The packages, which start with "../client" are developed for the client side. The package, which start with "../server" is developed for the server side. The packages: "../client/customicons", "../client/ui/panel", "../client/ui/tree" and "../client/submenu" implement the main interfaces. The packages: "../client/elements" and "../client/connector" defines the symbols of the modeling elements. They also define if the modeling elements can be dragged, dropped, connected, selected and resized. The package "../client/editormodel" implements the property views of the modeling elements. The packages "../client/palette" and "../client/view" defines the canvas of the models. The package "../client/sevice" includes the interface classes of server. They help the client side to invoke the server. The classes in the package "../server" implements the interfaces, which are defined in the package "../client/service". In this section, the design of the Mediator modeling 2ool is briefly introduced. Because the subject of this thesis is more like model transformation and knowledge based information system in the enterprise interoperability domain and the thesis is not for software engineering, the detailed software design is not explained in the thesis. The aim of this section is to present the main modules of the software tool and the global design of the software tool. But the section I of Annex B presents the technologies, which are used in Mediator modeling 2ool. In the section II of Annex B, there are the detailed designs of classes for each package. In the section III of Annex B, the design of XML files (.org, .fun and .bpmn) are addresses. The section IV of Annex B shows some main codes (Java codes) of the software tool.

II.2. Implementation

In this section, the main implementation results (the main interface of the Mediator modeling 2ool) are presented. The main interface is design into five windows . The first one is the one on the top. It shows the logo of the software tool, the menu bar and the tool bar. The second window is in the center. It is the canvas of the model. The user could define models in this window. The third window is at the bottom. It is an information window. When there is a warning, an error or an announcement, the messages are shown in this window.

On the left hand side, it is the forth window, which is named as "Explorer". It contains to sub windows: "Palette" (on the left hand of Figure V-5) and "File" (on the left hand of Figure V-6). The "Palette" provides the modeling symbols of the modeling elements. The user could drag the modeling symbols to the canvas to define the models. The "Fill" is an explorer of the files on the server side. The files are presented as file tree.

On the right hand side, it is the fifth window. It is named "Add more knowledge". This window contains two sub windows: "Properties" (on the right hand of The second window on the left hand side is the definitions of individuals (instances). The "BusinessMessage" is selected in the first window, so the individuals in the second window are the ones of the "BusinessMessage".

But in the ontology tree of Mediator modeling 2ool, there are only "Function", "Objective" and "BusinessMessage", because the objectives of the collaborative network model, functions and input/output messages of function model has the property same as/near by, which has to been selected from the collaborative ontology.

III. E
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Step -20). There is the "OperationObjective" tab, which contains "SubGraph". The "SubGraph" is linked to another "Graph" tab, which contains the partner functions. These functions are automatically selected to achieve the operation objective. Further more, the .xml file can be opened in the canvas of Mediator modeling 2ool. The user can check the result in a graphic view.

Step 5: D The theory is to select the instances from other domain ontologies and insert them to the collaborative ontology through the single one-to-one concepts mapping among metamodels. For example, between crisis metamodel and collaborative ontology, the mapping can be defined, as the concept A of crisis metamodel is same with the concept B of the collaborative ontology. So the instances of concept A can be inserted to the collaborative ontology as the instances of concept B. Furthermore, the concept B may have relations with other concepts. The new instances, which come form the concept A, have potentially to be linked with existing new instances.

The main interface of ontology definition tool is shown in Figure V-27. The user could upload new metamodel or ontology in .uml or .owl format as the ontology, which needs instances. The user could directly create instances in the tool or download an empty Excel form, which is structured according to the collaborative metamodel. By fulfilling and uploading the Excel form, the user may complete the collaborative ontology. The user could also upload another ontology, define the mapping rules between the two ontologies and insert instances automatically.

FIGURE V -26 THEORY OF ONTOLOGY DEFINISTION TOOL

The window on the left side of Figure V-27 is the metamodel tree of source metamodel (the core metamodel of MISE 3.0). The tree includes three menus: "Classes", "Association" and "Association Classes". In the menu of "Classes", there are the packages in the metamodel. On the right hand side of Figure V-27 ("Collaboration window"), it is the list of classes in the selected package of "Classes" menu. The window below shows the information of the selected class. On the top of "Collaboration window", there is a menu bar. The user can create new instance, modify instance, export Excel form for metamodel, upload Excel form, transfer metamodel to .owl format, and upload instances from .owl with ID and without ID.

FIGURE V -27 MAIN INTERFACE OF ONTOLOGY DEFINITION TOOL

In collaborative situation, all the partners come with collaborative objectives and their own objectives to achieve and business services to share. They expect to combine their own business services with suitable ones from other partners to work towards their common objectives. In addition, collaborative business process is a combination of business functions, which is inter-linked and filled with sequences and orders. With these needs, the selection of business service, which are objective-oriented and the creation of business process are absolute essentials in collaboration world. Considering self-updating and re-building of collaborative business process, we shall design an automatic way to deal with service selection and process creation in design level. Further more from the implementation viewpoint, first the supporting software tool deals with a collaborative situation, all the partners may use the software in the same time or individually. Secondly, in order to interact with other software tools (which are developed in our lab), the software should be able to deploy on an ESB (Enterprise Service Bus). These lead that the software tool involved in the methodology should be a web service. SaaSs (Software as a Service) seems to be a good solution.

The research work of this thesis describes the design and development of MISE 2.0 abstract level. The research work improves the CIM level work of MISE 1.0. Based on the dynamically deduced collaborative process of MISE 1.0 (which has also been improved), the work of this thesis defines the collaborative process cartography, which classifies the collaborative process into strategy, operation and support level. The design of MISE 2.0 abstract level can be summarized as four main phases:

 Phase 1: Knowledge Gathering. The knowledge in this phase covers the target collaborative situation.

In the work of Dr. Vatcharaphun Rajsiri, the initial knowledge is structured according to collaborative network, partners and common goal. In the work of Dr. Sébastien Truptil, the shared functions of partners are added to the initial knowledge. In the work of this thesis, the above two results are combined together and improved. The collaborative network model and function model represent and define the initial collaborative situation. The collaborative network model does not only collect the collaborative network, partners and partner relations but also sub collaborative network, and collaborative objectives. The function model represents the information concerning shared partner functions and input/output messages.  Phase 2: Knowledge Transferring. In this phase, the collaborative ontology and transformation rules are defined to transfer the collaboration concepts to the mediation concepts in the collaborative ontology. The knowledge in this phase covers the mediation concepts and instances in the collaborative ontology. There are five groups of transformation rules: create Mediator, create Mediator Relationship, create Generated Mediator Function, link Generated Mediator Function to Mediator, and Create Inter Mediator Function. With the transformation rules, the mediation concepts are deduced, but there is not enough knowledge for the extraction of collaborative process, so the next phase comes.  Phase 3: Knowledge Completing. The knowledge of this phase presents the matching between objective and functions. In this phase, one methodology is developed: business service selection to choose functions to achieve objectives by linking the functions and objectives to the instances of the collaborative ontology by using same as and near by relations.  Phase 4: Knowledge Extracting. The knowledge covers the collaborative process extraction and sequence/gateway deduction. In this phase, the deduction rules are defined to extract the collaborative process cartography and collaborative processes. To complete the sequence and the gateway, the method of sequence deduction is developed.

To support the models, the collaborative ontology, the transformation rules and the methodologies, the Mediator modeling 2ool is designed and implemented. Software as a Service (SaaS) is increasingly being used for this purpose. It allows users to utilize an application in a Web Client as a rich application. No complex client-side installation is required. For the implementation of the modeling tool of the abstract level of MISE 2.0, SaaS is a suitable and popular choice. GWT (Google Web Toolkit), XML, JDOM and Eclipse have been chosen as developing tools. The tool mainly implements the following functions: i) define the collaborative network model and the function model, ii) import the instances of the collaborative ontology and help to choose same as and near by instances for the defined objectives, functions and input/output messages, and iii) transfer the defined models to the collaborative process cartography by implementing the transformation rules of the collaborative ontology.

Because the collaborative ontology is the most important part of the design, and it needs large number of instances (from various domains such as crisis management, supply-chain, etc.), a collaborative definition tool is developed by Tiexin Wang. This ontology definition tool can import ontologies in OWL RDF format or metamodel in UML format. It can extract the instances of the ontology and then insert them into our ontology thanks to one-to-one mapping of concepts.

The abstract level work of MISE 2.0 has been reviewed in the previous paragraphs. Now, the advantages and the dis-advantages of the research work are discussed. The strong points of the research work of MISE 2.0 abstract level are:

 The collaborative network model defines objectives and collaborative/sub networks by the decomposition of the whole network. This can be used easily to verify that the group of partners complete main tasks or achieve main collaborative objectives. The organizations of the collaborative networks are clearer and more efficient.  The function model defines the shared function and the same as/near by instances of the collaborative ontology. This helps the dynamic selection of functions for each collaborative objective and also enlarges the instances of the collaborative ontology by using same as/near by relations with existing instances. Furthermore, the user only provides the information concerning function, input/output message and the same as/near by relations. The function model is easy to handle. It decreases the workload of the user.  The deduction of gateway and sequence is improved. In the work of Dr. Vatcharaphun Rajsiri, she deduced the sequence and gateway by linking the output message of one function to the same input message of another function. The method of Dr. Vatcharaphun Rajsiri leads that there are loops in the collaborative process or there are too many sequences. In this thesis, the objective-based method is developed. It avoids the problem mentioned above.  The collaborative process cartography is deduced. Comparing with one single and complex collaborative process, in the work of this thesis, the collaborative process is presented as a main process and several sub processes. The tasks of the main process are classified to strategy, operation and support. This kind of collaborative process is more understandable. The workers, operators or mangers from different levels of the collaboration and departments of organizations can find the part of the collaborative process, which they are concerned. However, any system has its weak points. These are summarized as follows:

 The same as/near by relations are manually made. Because the collaborative ontology does not yet contain a large number of instances. It limits the semantic function of the collaborative ontology. In the following works, we should seek more instances for the collaborative ontology, improve the semantic selection and try to make the same as/near by relations automatical.  With regard to the knowledge-gathering phase, users provide models. This phase is manually completed. However, some current research works are dealing with this specific point. The Event-Driven Architecture is able to provide a technical infrastructure that allows devices, sensors and other services to publish their messages (as events). These events may then be used to feed the situational modeling editor. This would finally be a way to link the Internet of things (devices) with the Internet of knowledge (ontology) to drive the Internet of services (web services).  As regards the gateways in BPMN, we can only finish the transformation of exclusive, inclusive and parallel gateways. These are enough for the following BPEL transformation in the concrete level. But we still have not covered all the gateways defined in BPMN. We have to admit that the collaborative process cartography is enough for process modeling but not good enough for covering all kinds of knowledge. As regards events, we only use start, end, start message and end message events. Thus, all the BPMN-defined events are not covered.

In MISE 2.0 (the global picture is shown in Figure 1), the collaborative process cartography is the output of abstract level and the input of the concrete level. The abstract level work covers: knowledge gathering, process cartography and the transformation from the knowledge gathering phase to the process cartography phase (the work of this thesis). In the concrete level, the collaborative process is transferred to the BPEL based technical process: the business activities of the collaborative process are replaced by the web services (in a one-to-one or many-to-many approach). The web services are selected automatically thanks to syntactic/semantic The class strategy activity is used to provide strategy or decision service.

The class operation activity is used to provide operational service.

The class support activity is used to provide support activity.

Collaboration activity:

The class invoking activity is used to receive a message from a partner, send a message to a partner or send and receive a message. These three activities are class receiving activity, class calling activity and class receiving and calling activity.

The class added value activity does not send or receive any message. The activity is a service provided by the mediator (e.g. providing a required function that partners do not). The class translating activity is used to pass a message or change the format of a message. 

I.3. Classes in Informational View

The exchanged business messages and process communication messages are managed in the informational view (Figure 3). The exchanged business message helps communication among partners in one type of collaborative process (strategy, operational or support) while the process communication message helps communication among different types of collaborative processes (strategy, operation and support).

The class message has got one or more message relationship associations with other messages. The message relationship refers to the message relationship association.

The class exchange business message contains:

The class strategy message, which is one kind of exchange business message. The strategy message is transferred from one strategy activity to another strategy activity. The class operation message, which is one kind of exchange business message. The operation message is transferred from one operation activity to another operation activity.

The class support message, which is one kind of exchange business message. The support message is transferred from one support activity to another support activity.

The class process communication message contains:

The class objective message, which can be transferred from strategy process to operation process or from strategy process to support process. The class feedback message, which can be transferred from operation process to support process or from operation process to strategy process. The class mean message, which can be transferred from support process to strategy process or from support process to operation process.

FIGURE 3 METAMODEL-INFORMATIONAL VIEW

I.4. Classes in Process View

As shown in Figure 4, the collaborative process contains three parts: strategy process, operation process and support process. Each type of process contains activities. Inside each process, the activities are organized through sequence flow. The class sequence flow links two activities. The sequence flow can also be linked to event or gateway. Outside each process, the message flow is used to communicate.

The class collaborative process:

The class strategy process defines a strategy part of a collaborative process. One strategy process contains one or more collaborative strategy activities.

The class operation process defines an operational part of the collaborative process. One operation process contains one or more collaborative operation activities.

The class support process defines a support part of the collaborative process. One support process contains one or more collaborative support activities.

The class process communication message flow:

The class objective message flow sends an objective information message from strategy process to operation process or from strategy process to support process. The class feedback message flow sends a feedback information message from operation process to support process or from operation process to strategy process. The class mean message flow sends a mean message from support process to strategy process or from support process to operation process.

The association contain from collaboration activity to collaboration process: one collaborative activity can have one sub-collaborative process.

Association transferred by from the information view to the process view:

One objective message is transferred by one objective message flow.

One feedback message is transferred by one feedback message flow.

One mean message is transferred by one mean message flow.

FIGURE 5 RELATIONS AMONG VIEWS
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II. Transformation Rules in Collaborative Metamodel

To define initial rules formally, the rules have been defined with first-order logic. Because of the specialization of model transformation, first-order logic still needs to be expanded. The expanded rules are listed as follows:

Class: X is collaborative network → collaborative network(X) Association: Y is association implement which is between collaborative network X1 and objective X2 → implement(Y) (collaborative network(X1), objective(X2))

If-then-else: if (X) → then (Y), else if (X1) → then (Y1), else → then (Y2)

A set of variables: from X1, X2, X3 to Xn→ X1 … Xn

The transformation rules are defined in six groups. As shown in Figure 6, the classes in white present the knowledge gathered by the collaborative network 

) implement (strategy objective (x), strategy activity (x 0 )) implement (operation objective (x), partner activity (x 0 )) (4) implement (operation objective (x), operation activity (x 0 )) implement (support objective (x), partner activity (x 0 ))

(5) implement (support objective (x), support activity (x 0 )) Group 3: exchanged business messagestrategy/operation/support message and process communication messageobjective/feedback/mean message (equation no.6 to no.11). This group of transformation rules is defined to classify exchanged business messages and process communication messages. If one exchanged business message is an input or output message for a strategy activity, then the exchange business message is a strategy message. If one exchanged business message is an input or output message for an operation activity, then the exchanged business message is an operation message. If one exchanged business message is an input or output message for a support activity, then the exchanged business message is a support message. If a process communication message is an output message of a strategy activity and an input message of an operation or support activity, then the process communication message is an objective message. If a process communication message is an output message of an operation activity and an input message of an objective activity or support activity, then the process communication message is a feedback message. If a process communication message is an output message of a support activity and an input message of a strategy activity or a support activity, then the process communication message is a mean message. Group 4: partner activitycollaboration activity (equation no.12 to no.14). Transformation Rules of Group 4 are used to create collaboration activities in the functional view. If a partner activity has got one input message, then a calling activity and an association out to the message are created. An association invoked by from a partner activity to a calling activity is created. If a partner activity has one output message, then a receiving activity and an association in to the message are created. An association invoked by from a partner activity to a receiving activity is created. If a partner activity has both input message and output message, then a receiving and calling activity and an association in/out to the messages are created. An association invoked by from a partner activity to a calling and receiving activity is created.

TABLE 4 TRANSFORMATION RULES GROUP 4

Group 4: partner activity  collaboration activity partner activity (x)( in(x 1 )(partner activity (x), message (x 2 )) ∧ out(x 3 )(partner activity (x), message (x 4 ))) (12) receiving and calling activity (y)( in(y 1 )(receiving and calling activity (y), message (x 2 )) ∧ out (y 2 )(receiving and calling activity (y), message (x 4 ))) ∧ invoked by (z)(partner activity (x), receiving and calling activity (y)) partner activity (x)( in(x 1 )(partner activity (x), message (x 2 )) ∧ ∄ out(x 3 )(partner activity (x), message (x 4 ))) (13) calling activity (y)( in(y 1 )(calling activity (y), message (x 2 )) ∧ ∄ out (y 2 )(calling activity (y), message (x 4 ))) ∧ invoked by (z)(partner activity (x), calling activity (y)) partner activity (x)( ∄ in(x 1 )(partner activity (x), message (x 2 )) ∧ out(x 3 )(partner activity (x), message (x 4 ))) (14) receiving activity (y)( ∄ in(y 1 )(receiving activity (y), message (x 2 )) ∧ out (y 2 )(receiving activity (y), message (x 4 ))) ∧ invoked by (z)(partner activity (x), receiving activity (y))

Group 5: collaborative activity collaborative strategy/operation/support activity and sequence flow (equation no.15 to no.17). The Transformation Rules of Group 5 are used to create sequence flows in process view. This group of transformation rules is implemented by a breadth-first traversal algorithm graph [30]. A functional model can be analyzed as a graph. The function boxes can be seen as nodes. The input/output messages can be seen as arrows in a graph. The algorithm is summarized as follows: (i) If one pre-node has one post-node, then create a sequence flow between the pre-node and post-node (pre-node and post-node are partner activities, but they are linked to collaborative strategy/operation/support activity by a collaborative activity through an association represented by and an association invoked by, so the sequence flow is created between collaborative strategy/operation/ support activities). (ii) If one pre-node has several post-nodes, parallel gateway and sequence flows are created among the pre-node and post-nodes. (iii) If one post-node has several pre-nodes, sequence flows and parallel gateway are created among the pre-nodes and post-nodes. The first logic equation for this group is also defined. Here, we use strategy activity as an example to present the first logic equation.

TABLE 5 TRANSFORMATION RULES GROUP 5

Group 5: collaborative activity  collaborative strategy/operation/support activity strategy activity (x 1 ), strategy activity (x 2 ) ∧ out (y1)(partner activity (x 1 ), message (x 3 )) ∧ in (y2)(partner activity (x 2 ), message(x 4 )) (15)

collaborative strategy activity (z 1 ) ∧ collaborative strategy activity (z 2 ) ∧ sequence flow (s)(collaborative strategy activity (z 1 ), collaborative strategy activity (z 2 )) strategy activity (x 0 ), strategy activity (x 1 )…strategy activity (x n ) ∧ out (y 0 )(partner activity (x 0 ), message (m)) ∧ in (y 1 )(partner activity (x 1 ), message (m))… ∧ in(y n )(partner activity (x n ), message (m))

(16)

collaborative strategy activity (z 0 ) ∧ collaborative strategy activity (z 1 )… ∧ collaborative strategy activity (z n ) ∧ gateway (g) ∧ sequence flow (s 0 )(collaborative strategy activity (z 0 ), gateway (g)) ∧ sequence flow (s 1 )(collaborative strategy activity (z 1 ), gateway (g))… ∧ sequence flow (s n )(collaborative strategy activity (z n ), gateway (g))

strategy activity (x 0 ), strategy activity (x 1 )…strategy activity (x n ) ∧ out (y 1 )(partner activity (x 1 ), message (m))… ∧ out (y n )(partner activity (x n ), message (m) ∧ in(y 0 )(partner activity (x 0 ), message (m))

collaborative strategy activity (z 0 ) ∧ collaborative strategy activity (z 1 )… ∧ collaborative strategy activity (z n ) ∧ gateway (g) ∧ sequence flow (s 0 )(collaborative strategy activity (z 1 ), gateway (g))… ∧ sequence flow (s 1 )(collaborative strategy activity (z n ), gateway (g)) ∧ sequence flow (s n )(collaborative strategy activity (z 0 ), gateway (g))

Group 6: collaborative activity collaborative strategy/operation/support activity and sequence flow (equation no.18 to no.20). The Transformation Rules of Group 6 are used to create message flows in the process view. If there is a process communication message, which is in/out to partner activity, then process communication message flow, which is in/out to collaborative strategy/operation/support activity, is created. ( objective message (x)( out (m 1 )(strategy activity (x 1 ), objective message (x)) ∧ in (m 2 )(operation activity (x 2 ), objective message (x)) ∨ in (m 3 )(support activity (x 3 ), objective message (x)))) ∧ x 1 (invoked by (x 1 , invoking activity (X 1 ))) ∧ x 2 (invoked by (x 2 , invoking activity (X 2 ))) ∧ x 3 (invoked by (x 3 , invoking activity (X 3 ))) ∧ X 1 (represent (X 1 , collaborative strategy activity (y 1 ))) ∧ X 2 (represent (X 2 , collaborative operation activity (y 2 ))) ∧ X 3 (represent (X 3 , collaborative support activity (y 3 ))) ∧

(15)

Annex A Collaborative Metamodel 165 → objective message flow (y) ∧ out (y 1 , y) ∧ (in (y 2 , y) ∨ in (y 3 , y)) ( feedback message (x)( out (m 1 )(operation activity (x 1 ), feedback message (x)) ∧ in (m 2 )(strategy activity (x 2 ), feedback message (x)) ∨ in (m 3 )(support activity (x 3 ), feedback message (x)))) ∧ x 1 (invoked by (x 1 , invoking activity (X 1 ))) ∧ x 2 (invoked by (x 2 , invoking activity (X 2 ))) ∧ x 3 (invoked by (x 3 , invoking activity (X 3 ))) ∧ X 1 (represent (X 1 , collaborative operation activity (y 1 ))) ∧ X 2 (represent (X 2 , collaborative strategy activity (y 2 ))) ∧ X 3 (represent (X 3 , collaborative support activity (y 3 ))) ∧ (16) feedback message flow (y) ∧ out (y 1 , y) ∧ (in (y 2 , y) ∨ in (y 3 , y)) ( mean message (x)( out (m 1 )(support activity (x 1 ), mean message (x)) ∧ in (m 2 )(operation activity (x 2 ), mean message (x)) ∨ in (m 3 )(strategy activity (x 3 ), mean message (x)))) ∧ x 1 (invoked by (x 1 , invoking activity (X 1 ))) ∧ x 2 (invoked by (x 2 , invoking activity (X 2 ))) ∧ x 3 (invoked by (x 3 , invoking activity (X 3 ))) ∧ X 1 (represent (X 1 , collaborative support activity (y 1 ))) ∧ X 2 (represent (X 2 , collaborative operation activity (y 2 ))) ∧ X 3 (represent (X 3 , collaborative strategy activity (y 3 ))) ∧ (17) → mean message flow (y) ∧ out (y 1 , y) ∧ (in (y 2 , y) ∨ in (y 3 , y))

I. SaaS and GWT

The term Software-as-a-Service (SaaS) entered the mainstream computing vocabulary a few years into this millennium. Initially, the term was used for various forms of service oriented computing (Gold et al., 2004), but is currently used for software that is provisioned over the internet and used usually with a web browser. The same naming convention is currently used also for other parts of the computing stack, e.g. Infrastructure-as-a-Service (IaaS) and Platform-as-a-Service (PaaS) (Schaffer, 2009). According to (Sääksjärvi et al., 2005), "Software as a Service is time and location independent online access to a remotely managed server application, that permits concurrent utilization of the same application installation by a large number of independent users (customers), offers attractive payment logic compared to the customer value received, and makes a continuous flow of new and innovative software possible." (Campbell-Kelly, 2009) defines that "SaaS is different from traditional software licensing, which involves the buyer's purchasing a perpetual use license from the software publisher and then making additional investments for hardware, installation, and maintenance. In contrast, in the SaaS model, a user buy a subscription to the software and the software publisher (seller) runs and maintains the software on his own hardware. Users with current subscriptions can obtain access to the software using the Internet." [START_REF] Sun | Software as a service: An integration perspective[END_REF] says that "Software as a Service (SaaS) is a software delivery model, which provides customers access to business functionality remotely (usually over the internet) as a service. The customer does not specially purchase a software license. The cost of the infrastructure, the right to use the software, and all hosting, maintenance and support services are all bundled into a single monthly or per-use charging." [START_REF] Mäkilä | How to Define Software-asa-Service -An Empirical Study of Finnish SaaS Providers[END_REF] summarizes five distinct characteristics are typically associated with SaaS:  Product is used through a web browser.  Product is not tailor made for each customer.  The product does not include software that needs to be installed at the customer's location.  The product does not require special integration and installation work.  The pricing of the product is based on actual usage of the software. [START_REF] Mäkilä | How to Define Software-asa-Service -An Empirical Study of Finnish SaaS Providers[END_REF] made a subjective judgment whether the analyzed SaaS product i) was pure SaaS, ii) had high SaaS characteristics or iii) was not SaaS service at all. In addition, the researchers took notes about the nature of the found SaaS product. Table V-1 cross-tabulate the categories of the firms meeting different numbers of SaaS criteria with the business model classification developed with cluster analysis of the revenue share data. [START_REF] Kang | A General Maturity Model and Reference Architecture for SaaS Service[END_REF] discusses several cases of current large SaaS vendors, which have their own characteristics of functionalities of SaaS service, and derive the essential common functions to build successful SaaS service.

Amazon provides SaaS service in terms of Amazon Web Services. It mainly focus on providing computing resources to users rather than a separated web-based application so that it gives customers various business application on their service infrastructure that is based on cloud computing paradigm. The goal of Amazon's SaaS service can be summarized by these terms: Cost-effective, Dependable, Flexible, and Comprehensive. In order to achieve the goals of Amazon Web Services, they settled various service types from business infrastructure to Web search and on-demand workforce. A distinct characteristic of Amazon Web Service is to give the opportunity to ISVs (Independent Software Provider), where the main targeted user of other vendors is end-users themselves who use the applications on the SaaS framework.

The SaaS service of Salesforce.com can be summarized as Force.com platform. It is a multi-tenant on-demand business platform, which consists of service component and process. The biggest difference of the strategic directions of salesforce.com is to be a solution provider to enterprise with multi-tenant support platform. The whole service process of Force.com service aimed to achieving the next level of current SaaS, which is called PaaS. It means that PaaS should be able to provide the tools for developing on-demand applications easily on the Web-based infrastructure as well as using and distributing the solutions.

The main target users of Microsoft are customers who have used Microsoft's package software such as Windows and Microsoft Office. They try to add the service strategy based on the web to existing software in comparison with the other vendors who provide their service through network by using Web browser. This strategy is called Software + Service. The strategic directions of Microsoft are categorized into four parts: Unified Experience, Server and Cloud, Tightly Coupled System, and Multiple Business Model. By adapting these strategies, Microsoft tries to get flexibility and availability on service process from building service with software-to-software distribution.

Google provide SaaS service as the set of Google application named GoogleApps. It provides communicate and connect service through Web browser, and they are inter-linked by collaboration process of Google Application such as Google Docs and Google Sites. In order to use their infrastructure and ability to search on the Web, Google tries to organize user's service via Web application development environment named Google Apps Engine. Most of Google SaaS service is supposed in the form of distributed APIs to guarantee effectiveness, flexibility, and easiness of application usage. 

I.1. GWT

Google Web Toolkit (GWT) 1 (Dwyer, 2008; Gupta, 2008a) is a development toolkit for building and optimizing complex browser-based applications. Its goal is to enable productive development of highperformance web applications without the developer having to be an expert in browser quirks, XMLHttpRequest, and JavaScript. It's open source, completely free, and used by thousands of developers around the world. Using GWT, developers can develop and debug Ajax applications [START_REF] Vohra | Ajax with Java-GWT[END_REF] in the Java language using the Java development tools of their choice. When the application is deployed, the GWT crosscompiler translates the Java application to standalone JavaScript files that are optionally obfuscated and deeply optimized. GWT applications can be run in two modes. First, development mode (formerly Hosted mode):

The application is run as Java bytecode within the Java Virtual Machine (JVM). This mode is typically used for development, supporting hot swapping of code and debugging. Second, production mode (formerly Web mode): The application is run as pure JavaScript and HTML, compiled from the Java source. This mode is typically used for deployment.

According to [START_REF] Smeets | [END_REF], GWT can roughly be divided into four main parts (Gupta, 2008b), although the last one especially has many separate subdivisions:

 GWT Java-to-JavaScript Compiler: translates the Java programming language to the JavaScript programming language. This is the heart of GWT, and its most impressive part. The compiler will make sure that all code that you write is eventually translated into JavaScript.  GWT Development Mode: allows the developer to run and execute GWT applications in development mode (the app runs as Java in the JVM without compiling to JavaScript). Prior to 2.0, GWT hosted mode provided a special-purpose "hosted browser" to debug your GWT code. In 2.0, the web page being debugged is viewed within a regular browser. Development mode is supported through the use of a native-code plugin called the Google Web Toolkit Developer Plugin for many popular browsers.  JRE emulation library, JavaScript implementations of the commonly used classes in the Java standard class library (such as most of the java.lang package classes and a subset of the java.util package classes). GWT needs to compile the code you write in Java into JavaScript. In order for this to work, GWT has to provide an emulation of the core Java constructs and classes so they can be translated to code that works in JavaScript.  GWT Web UI class library (Smeets et al., 2008a), a set of custom interfaces and classes for creating widgets. This part of GWT consists of many subparts. This makes up almost the entire code base provided by GWT, including the actual UI components, RPC support, history management, and much more.

GWT version 1.0 RC Base class for all above classes 184 <Graph id="x-auto-155"> <PartnerRelationship name="my link element" id="gwt-uid-343"> <Target sourceId="gwt-uid-334" /> <Source sourceId="gwt-uid-325" /> <Points> <StartPoint id="gwt-uid-344" x="281.0" y="140.0" next="gwt-uid-345" /> <Point id="gwt-uid-344" x="281.0" y="140.0" next="gwt-uid-345" /> <EndPoint id="gwt-uid-345" x="455.0" y="174.0" previous="gwt-uid-344" /> </Points> </PartnerRelationship> <Partner name="Manufacturer" id="gwt-uid-334" x="455.0" y="112.0" /> <ObjectiveRelationship name="my link element"

id="gwt-uid-357"> <Target sourceId="gwt-uid-346" /> <Source sourceId="gwt-uid-325" /> <Points> <StartPoint id="gwt-uid-358" x="221.0" y="87.0" next="gwt-uid-359" /> <Point id="gwt-uid-358" x="221.0" y="87.0" next="gwt-uid-359" /> <EndPoint id="gwt-uid-359" x="193.0" y="249.0" previous="gwt-uid-358" /> </Points> </ObjectiveRelationship> <OperationObjective name="Design plan and prototype"

id="gwt-uid-346" x="129.0" y="249.0" /> <ObjectiveRelationship name="my link element"

id="gwt-uid-371"> <Target sourceId="gwt-uid-360" /> <Source sourceId="gwt-uid-334" /> <Points> <EndPoint id="gwt-uid-373" x="511.0" y="221.0" previous="gwt-uid-372" /> <StartPoint id="gwt-uid-372" x="506.0" y="181.0" next="gwt-uid-373" /> <Point id="gwt-uid-372" x="506.0" y="181.0" next="gwt-uid-373" /> </Points> </ObjectiveRelationship> <Partner name="Co-designer" id="gwt-uid-325" x="221.0" y="79.0" /> <OperationObjective name="Evaluate design" id="gwt-uid-360" x="520.0" y="230.0" /> </Graph> <Graph id="x-auto-134"> <Partner name="Manufacturer" id="gwt-uid-118" x="139.0" y="98.0" /> <Partner name="Client" id="gwt-uid-127" x="349.0" y="98.0" /> <SupportObjective name="Deliver product" id="gwt-uid-150" x="230.0" y="206.0" /> <OperationObjective name="Buy product" id="gwt-uid-164" x="417.0" y="225.0" /> <ObjectiveRelationship name="my link element"

id="gwt-uid-147"> <Target sourceId="gwt-uid-136" /> <Source sourceId="gwt-uid-118" /> <Points> <StartPoint id="gwt-uid-148" x="130.0" y="89.0" next="gwt-uid-149" /> <Point id="gwt-uid-148" x="130.0" y="89.0" next="gwt-uid-149" /> <EndPoint id="gwt-uid-149" x="97.0" y="232.0" previous="gwt-uid-148" /> </Points> </ObjectiveRelationship> <ObjectiveRelationship name="my link element" id="gwt-uid-161"> <Target sourceId="gwt-uid-150" /> <Source sourceId="gwt-uid-118" /> <Points> <EndPoint id="gwt-uid-163" x="239.0" y="206.0" previous="gwt-uid-162" /> <StartPoint id="gwt-uid-162" x="194.0" y="168.0" next="gwt-uid-163" /> <Point id="gwt-uid-162" x="194.0" y="168.0" next="gwt-uid-163" /> </Points> </ObjectiveRelationship> <ObjectiveRelationship name="my link element" id="gwt-uid-175"> <Target sourceId="gwt-uid-164" /> <Source sourceId="gwt-uid-127" /> <Points> <EndPoint id="gwt-uid-177" x="446.0" y="225.0" previous="gwt-uid-176" /> <StartPoint id="gwt-uid-176" x="353.0" y="168.0" next="gwt-uid-177" /> <Point id="gwt-uid-176" x="353.0" y="168.0" next="gwt-uid-177" /> </Points> </ObjectiveRelationship> <OperationObjective name="Sell product" id="gwt-uid-136" x="106.0" y="241.0" /> <PartnerRelationship name="my link element" id="gwt-uid-319"> <Target sourceId="gwt-uid-127" /> <Source sourceId="gwt-uid-118" /> <Points> <EndPoint id="gwt-uid-321" x="349.0" y="121.0" previous="gwt-uid-320" /> <StartPoint id="gwt-uid-320" x="199.0" y="156.0" next="gwt-uid-321" /> <Point id="gwt-uid-320" x="199.0" y="156.0" next="gwt-uid-321" /> </Points> </PartnerRelationship> </Graph> <Graph id="x-auto-146"> ! Annex B Tool Design and Implementation ! ! ! 185 <StrategyObjective name="Collect information" id="gwt-uid-202" x="143.0" y="254.0" /> <Partner name="Manager" id="gwt-uid-190" x="441.0" y="142.0" /> <StrategyObjective name="Develop goal" id="gwt-uid-216" x="511.0" y="259.0" /> <ObjectiveRelationship name="my link element" id="gwt-uid-213"> <Target sourceId="gwt-uid-202" /> <Source sourceId="gwt-uid-181" /> <Points> <EndPoint id="gwt-uid-215" x="153.0" y="254.0" previous="gwt-uid-214" /> <StartPoint id="gwt-uid-214" x="202.0" y="211.0" next="gwt-uid-215" /> <Point id="gwt-uid-214" x="202.0" y="211.0" next="gwt-uid-215" /> </Points> </ObjectiveRelationship> <ObjectiveRelationship name="my link element"

id="gwt-uid-227"> <Target sourceId="gwt-uid-216" /> <Source sourceId="gwt-uid-190" /> <Points> <StartPoint id="gwt-uid-228" x="441.0" y="149.0" next="gwt-uid-229" /> <Point id="gwt-uid-228" x="441.0" y="149.0" next="gwt-uid-229" /> <EndPoint id="gwt-uid-229" x="511.0" y="265.0" previous="gwt-uid-228" /> </Points> </ObjectiveRelationship> <PartnerRelationship name="my link element" id="gwt-uid-322"> <Target sourceId="gwt-uid-190" /> <Source sourceId="gwt-uid-181" /> <Points> <StartPoint id="gwt-uid-323" x="262.0" y="217.0" next="gwt-uid-324" /> <Point id="gwt-uid-323" x="262.0" y="217.0" next="gwt-uid-324" /> <EndPoint id="gwt-uid-324" x="441.0" y="201.0" previous="gwt-uid-323" /> </Points> </PartnerRelationship> <Partner name="Manufacturer" id="gwt-uid-181" x="202.0" y="158.0" /> </Graph> </CollaborativeNetworkModel>

III.2. XML File of Function Model

<FunctionModel name=""> <Graph id="x-auto-60"> <InOutFlow name="my link element" id="gwt-uid-94"> <Target sourceId="gwt-uid-76" /> <Source sourceId="gwt-uid-85" /> <Points> <EndPoint id="gwt-uid-96" x="138.0" y="39.0" previous="gwt-uid-95" /> <StartPoint id="gwt-uid-95" x="78.0" y="41.0" next="gwt-uid-96" /> <Point id="gwt-uid-95" x="78.0" y="41.0" next="gwt-uid-96" /> </Points> </InOutFlow> <InOutFlow name="my link element" id="gwt-uid-106"> <Target sourceId="gwt-uid-97" /> <Source sourceId="gwt-uid-76" /> <Points> <StartPoint id="gwt-uid-107" x="218.0" y="45.0" next="gwt-uid-108" /> <Point id="gwt-uid-107" x="218.0" y="45.0" next="gwt-uid-108" /> <EndPoint id="gwt-uid-108" x="262.0" y="40.0" previous="gwt-uid-107" /> </Points> </InOutFlow> <Function name="gather external info" id="gwt-uid-76" x="138.0" y="23.0" partner="Manufacturer"> <SameAs name="Gather external information about environment"

ontologyId="http://www.semanticweb.org/mise/business_ontology.owl#OWLNamedIndividual_00000018575029447621" /> <NearBy name="Capital asset requisition"

ontologyId="http://www.semanticweb.org/mise/business_ontology.owl#OWLNamedIndividual_00000006291279261749" /> </Function> <InOutFlow name="my link element" id="gwt-uid-89"> <Target sourceId="gwt-uid-71" /> <Source sourceId="gwt-uid-80" /> <Points> <EndPoint id="gwt-uid-91" x="142.0" y="129.0" previous="gwt-uid-90" /> <StartPoint id="gwt-uid-90" x="88.0" y="141.0" next="gwt-uid-91" /> <Point id="gwt-uid-90" x="88.0" y="141.0" next="gwt-uid-91" /> </Points> </InOutFlow> <OutputMessage name="output" id="gwt-uid-92" x="284.0" y="137.0" /> <InOutFlow name="my link element" id="gwt-uid-101"> <Target sourceId="gwt-uid-92" /> <Source sourceId="gwt-uid-71" /> <Points>

!
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  FIGURE I -6 MODEL TRANSFORMATION OF THE BVR (JOUAULT AND KURTEV, 2006) For the purpose of answering above question, Pr. Jean-Pierre Bourey re-defined the mechanism of model transformation. The research work of the BST is based on the new mechanism (for this paper, called BST model transformation). Figure I-7 presents the model transformation of the BST. The same part of ATL model transformation and BST model transformation is that, they both have source model (confirms to source metamodel) and target model (confirms to target metamodel). Transformation rules are defined to transfer source model to target model. The different part of ATL model transformation and BST model transformation is that, the BST model transformation considers source model and target model present different knowledge, which may have common part (shared part in Figure I-7). They may define different concepts for source metamodel and target metamodel, but they also may have common concepts. The BST model transformation only defines transformation rules between shared parts (confirm to shared concepts). The shared part of source is transferred into the shared part of target model. The special part of source model is maintained as remained knowledge with database or ontology. The special part of target model is enriched by additional knowledge, which comes form database, ontology, model, text and user etc. The strong points of BST model transformation are: i) reusing the mechanism of ATL model transformation, ii) clearly defining the special situation according to which the source metamodel and target metamodel may have common part and different ones, iii) pointing out that the transformation focuses on shared parts and iv) presenting that the special part of source model should be maintained and the special part of target model should be filled.

  FIGURE I -9 OVERVIEW OF MISE 2.0 PROJECT Assumptions and limits are introduced in section I.4. In order to solve all these problems, MISE 2.0 project has been started in September 2009; two PhD subjects have been proposed to Wenxin Mu and Nicolas Boissel-Dallier. The first PhD subject mainly aims to solve assumptions and limits on abstract level and some on general approach. The second PhD subject is mainly to solve assumptions and limits on concrete level and some on general approach. In section II.1, the objective of abstract level of MISE 2.0 is addressed. In order to obtain the objective, the problems, which have to be solved

  FIGURE I -11 PROBLEMS TO SOLVE IN MISE 2.0 ABSTRACT LEVEL
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 13 FIGURE I -13 ARIS OBJECTS GROUPED ACCORDING TO MDA LEVELS (STEIN ET AL., 2008)

FIGURE I - 14

 14 FIGURE I -14 AUTOMATIC COMPOSITION AND MODEL VERIFICATION (LI AND IIJIMA, 2007B) Figure I-14 illustrate the reasoning work.Initially, there is a service pool that collects the existing services and meanwhile each service in the pool has a formal service specification. For the case of automatic composition, the initial situation and goal situation of a desired service are given. The initial situation refers to the initial condition or states when the desired service is to be enacted; the goal situation refers to the successor state when the desired service is completed. From these three types of information (service specification in the service pool, the initial situation and the goal situation), the service system will provide the service composition. In Figure I-14, the automatically composed service model includes Service A, B and C. The execution sequence is, firstly A, then B and lastly C. Similarly, Figure I-14 illustrates the reasoning mechanism in model verification.The initial situation and the integrative service model (a business process) will be given, based on which the successor state will be checked if it is reachable and if it satisfies the given goal situation.

  Figure I-14 illustrate the reasoning work. Initially, there is a service pool that collects the existing services and meanwhile each service in the pool has a formal service specification. For the case of automatic composition, the initial situation and goal situation of a desired service are given. The initial situation refers to the initial condition or states when the desired service is to be enacted; the goal situation refers to the successor state when the desired service is completed. From these three types of information (service specification in the service pool, the initial situation and the goal situation), the service system will provide the service composition. In Figure I-14, the automatically composed service model includes Service A, B and C. The execution sequence is, firstly A, then B and lastly C. Similarly, Figure I-14 illustrates the reasoning mechanism in model verification.The initial situation and the integrative service model (a business process) will be given, based on which the successor state will be checked if it is reachable and if it satisfies the given goal situation.

  FIGURE I -15 ALLOCATION OF BUSINESS PROCESS MODEL ABSTRACTION ON MOF LEVELS (SMIRNOV ET AL., 2012)
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FIGURE

  FIGURE II -4 RELATIONSHIPS BETWEEN LIFECYCLE AND LIFE HISTORY (KOSANKE ET AL., 1999) Technology oriented concepts, describe business process supporting technology involved in both enterprise operation and enterprise engineering efforts. Technology oriented concepts have to provide descriptions of the technology involved in both the enterprise operation and the enterprise engineering efforts.

  Figure II-6 shows the three layers of ARIS: business concept layer, IT concept layer and implementation layer. The data view, the control view and the functional view use different types of models or technical files to present and use the same kind of knowledge.

FIGURE

  FIGURE II -6 ARIS MODELING FRAMEWORK (IDEE, 2009)II.2. Enterprise Interoperability Framework

  FIGURE II -7 IDEAS INTEROPERABILITY FRAMEWORK[START_REF] Ideas | A gap Analysis -Required activities in Research, Technology and standardisation to close the RTS Gap -Roadmaps and Recommendations on RTS activites[END_REF] 

Figure

  Figure II-8 is a simplified view of the reference model that indicates the required and provided artifacts of two collaborating enterprises:

  FIGURE II -9 ENTERPRISE INTEROPERABILITY FRAEMWORK OF INTEROP (CHEN ET AL., 2008)

  FIGURE II -10 FRAMEWORK OF COLLABORATIVE SITUATION MISE 2.0 collaborative situation framework has three dimensions:

FIGURE

  FIGURE II -12 RELATIONS IN COLLABORATIVE SITUATION LIFECYCLEAs presented in the collaborative situation framework, the dimension of lifecycle is separated as four layers: CIM, PIM, PSM and controlling. The RCC in Figure II-12 also contains these four layers. The CIM present or define the gathered collaborative knowledge. The knowledge of CIM is business knowledge. But the knowledge of PIM is technical knowledge. In order to move from the CIM to the PIM, there is a gap to fix. The gap is to add the technical knowledge and transfer form the CIM to the PIM. After gathering technical knowledge, the lifecycle moves from the CIM to the PIM.The knowledge of the PIM contains technical functions of each partner. But technical functions are not web services. The technical functions have to be implemented or executed by web services. Semantic web service is the next gap to fix. Then the PIM is transferred to the PSM. The lifecycle moves from the PIM to the PSM. The PSM is deployed as mediation information system (MIS) at run-time (it is an ESB system to orchestrate BPEL file). Though the MIS is launched to invoke the whole collaborative process. There may be several kinds of failures and errors at run-time. This leads to the last layer of lifecycle: the controlling. The controlling is a layer to decide that which layers of design-time lifecycle should be redone to point against the specific failures or changes at run-time. The RCC defines two kinds of lifecycle:
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 1 FIGURE II -14 POSITION OF MISE 1.0 ABSTRACT LEVEL IN COLLABORATIVE SITUATION FRAMEWORK

FIGURE III - 1

 1 FIGURE III -1 ORGANIZATION MODEL, FUNCTION MODEL AND COLLABROATIVE PROCESS MODEL Please pay attention that this chapter just presents how to define the collaborative network model, the function model and the collaborative process model, but the transformation mechanism from the collaborative network model and the function model to the collaborative process model is not explained. The main goal of this chapter is to explain the input models and the output models of the transformation. Figure III-2 shows the position of the chapter III in the UJ picture.

FIGURE III - 2

 2 FIGURE III -2 POSITION OF CHAPTER III IN UJIn this chapter, an example, which covers the objective model, the function model and the process model, is used. This example helps to understand the modeling method of the objective model, the function model and the process model.As shown in FigureIII-3, this example has a collaborative network, which has four partners: client, assembler, supplier1 and a group of supplier (supplier 2 and supplier 3). The client buys product from an assembler. The assembler cooperates with suppliers 1, 2 and 3. Among them, supplier 1 is a long term and stable supplier.

  FIGURE III -4 MODELING PROCESS OF AN EXAMPLE (JIANG ET AL., 2011) (Bouslimi et al., 2009) defines an organization model in three levels of abstraction (OMOA). The First level, a Role Model (RM) is defined by a set of Typical Roles 1 and the Interactions Types, which exist between them. This level of description is the most abstract; it is independent of the task. They have defined the typical roles: the mediator, coordinators, information exchange manager, the matchmaker, user and translators. Figure III-5 represents the global view of typical roles, the interventions and the order of these interventions. At the second level they found Organizational Structures (OS). An OS is a specialization of the Role Model, which defines the structure of an organization specific to a task, which is linked to the defined Role Model. It is defined by a set of specialized roles and the interactions between these roles. At the third level: concrete level,

  FIGURE III -6 THE DEFINITION OF THE ORGANIZATION MODELOrganizational model definition rules are summarized as follows (using the collaborative network model as an example): The first step in building a collaborative network model is to define objectives of the whole collaborative network. A collaborative network could have general objectives of three types: strategy, operation and support.  A sub-network implements a general objective. The general objective also may contain small goals. So a sub-network could have several small goals/objectives.  For a strategy objective, an operation objective or a support objective, the objective could be implemented by a set of partners. All the objectives of partners must be of the same type as the objective (strategy, operation or support). Because they have to keep with the same type of the objective in higher level.  A partner could have a relationship (strategy, operation and support) with other partners. A partner could only have strategy objectives, operation objectives or support objectives (not general objectives).

  Figure III-7 and Figure III-8, the collaborative network model has four levels. The first level is to define the main objectives of the whole network. The main objectives could be strategy objectives, operation objectives, support objectives or objectives without specific type. Considering the network presented in Figure III-3, the first level of the collaborative network model in Figure III-7, 0 network, defines strategy objective: choose partner, objective: sell product and operation objective: sell component. Each objective has a sub-network to achieve the objective.

FIGURE

  FIGURE III -7 LEVEL 1 AND LEVEL 2 OF THE COLLABORATIVE NETWORK MODEL

"

  In this thesis, a function model in a collaborative situation is a graphical representation of shared functions of partners. The shared function must include the information about requirement (input) and result (output). The sufficient condition of the function model is to correctly present the function and in/out information of the function. Based on this need, a set of function models (activity models or process models) is studied (e.g. IDEF0, UML activity diagram, flow chart and EPC).

FIGURE

  FIGURE III -9 MODELING UNIT OF IDEF0 (PUBS, 1993) The IDEF0 language syntax is based on boxes and arrow segments. Boxes represent functions. Each box has a label: an active verb or verb phrase that describes the function. Arrows represent the inputs, controls, outputs, mechanisms and calls. The arrows may be separated into branches. The branches may represent either the same message or portions of the same message. Box and arrow segments are combined in various ways to form

  FIGURE III -12 RESULTS OF TRANSFORMATION RULE (1) After the transformation of main function model, users have to add control message for the main functions. As shown in Figure III-13, the A0 Network is completed. The control messages are added to the main functional model. The function Choose Partner triggers Sell Product by sending a control message named Wait for order trigger.If Wait for order trigger equals to true, it means that a partner has been chosen form Supplier 2 and Supplier 3, the whole collaborative network has been settled and the assembler could start to take order from client. In order to complete the Sell Product, a message is needed: Component sold feedback. If Component sold feedback equal to true, it means that all needed components have been bought, the assembler could start to assembly products and deliver them. These controlling messages are added manually. Combining with the business service selection in chapter IV, the controlling messages may be added automatically. For now in MISE 2.0, the controlling messages are added manually.

FIGURE

  FIGURE III -13 COMPLETED A0: NETWORK Figure III-14 shows the completed A2 Sell Product. The function Place Order launches with the control message: Wait for order trigger. If the main function: Place Order is proceeded, then an output message: Order taken trigger is sent to the function: Sell Component in A0 Network. The function: Deliver Product is triggered by the control message: Component sold feedback. If the function is finished successfully, the output message: Product delivered feedback is sent to the function: Pay Product to trigger the function: Pay Product.

   

Figure

  Figure III-15 and Figure III-16 represent the function model of example. The modeling method is really simple. The partners just list their shared business function with function name and the input/output/control messages. For example, in Figure III-15, the assembler provides the function: Receive application report's requirement with the input message: Application report's requirement, the function: Send decision with the output messages: Partner chosen decision and Wait for order trigger, the function: Wait for order with the control message: Wait for order trigger and the output message: Order and so on. In chapter V, the Mediator modeling 2ool is presented. The user can define the function model by using the Mediator modeling 2ool.

FIGUREIV. 2 .

 2 FIGURE III -17 COLLABORATIVE PROCESS MODEL OF MISE 1.0 To build the collaborative process cartography, the collaborative process model in Figure III-17 stills needs to be expanded. Figure III-18 shows the expanded collaborative process model, which is the collaborative process cartography. The collaborative process cartography can be seen as the main collaborative process model. It separates the collaborative process by strategy pool, operation pool, support pool and general pool. If one main function is strategy function, then it is in the strategy pool. If one main function is operation function, then it is in the operation pool. If one main function is support function, then it is in the support pool. If one main function includes two of strategy, operation or support function or all of them, the main function is in the general pool. The main functions of different pools communicate with objective message, feedback message and mean message. These messages have been introduced in chapter II section III.4. A strategy task in strategy pool sends objective message to operation pool and support pool. It receives feedback message from operation pool and mean message from support pool. An operation task in operation pool sends feedback message to strategy pool and support pool. It receives objective message from strategy pool and mean message from support pool. A support task in support pool sends mean message to strategy pool and operation pool. It receives objective message from strategy pool and feedback message from operation pool. A general task in general pool could send all three kinds of messages and receive all three kinds of messages. As the process cartography, all the functions of the process cartography can be decomposed to sub collaborative process or

  0. And how it is possible to deduce from it. The collaborative network model and IDEF0 based function model are defined to collect collaborative knowledge. The collaborative network model focus on the collection of information, which concerns partners, collaborative network and collaborative objectives. The collaborative network model is a pyramid model. It defines the collaborative objectives of the whole network, and decomposed the network into sub networks by the collaborative objective. The IDEF0 based function model mainly collects the information about the shared functions of partners. The IDEF0 is reused in two ways: the main function model and function model. The main function model is transferred from the collaborative network model. The main functions of the main function model come from the collaborative objectives of the collaborative network and sub network. The control message among the main functions can be added manually or completed after the business service selection in chapter IV. But for now, the message is added manually. The function model is just a list of functions of partners. So the input models (the collaborative network model and the function model) of the research work in the thesis are simple to define and easy to use. It decreases the user's workload.

  2, the relations of collaborative situation elements in the collaborative situation framework have been introduced (Figure II-12). The collaborative network model, function model and collaborative process model, which are presented in this chapter, can be located in the relations of collaborative situation elements. The positions of MISE 2.0 models are represented in Figure III-25. The collaborative network model presents the organizational elements. The IDEF0 based function model includes the functional elements. The knowledge of function model contains enough informational element (the input/output/control message). As the function model in business level, the detailed message information (e.g., attributes, entityrelationship, data types and so on) is not needed. The extra informational model is not defined here. The BPMN based collaborative process model is located in the process element. The goal of the thesis is to transfer the collaborative network model and the function model to into the collaborative process model. There are two questions: how to gather this knowledge? And how to present the target knowledge? They have been solved in this chapter. The next question would be how to transfer the gathered knowledge to the process model? And what are the ontology and the transformation rules? These two questions are answered in the next chapter.

FIGURE

  FIGURE III -25 POSITIONS OF MODELS IN MISE 2.0 FRAMEWORK

FIGURE IV - 1

 1 FIGURE IV -1 POSITION OF CHAPTER IV IN UJ But the metamodel cannot store instances inside. During the research of MISE 2.0 abstract level, a metamodel without instances can just transfer the gathered knowledge to a part of the collaborative process model. It cannot solve the following problems:

FIGURE IV - 2 1 II. 3 .

 213 FIGURE IV -2 GRAPHICAL REPRESENTATION OF THE MIT PROCESS HANDBOOK ONTOLOGY SCHEMA 1 II.3. Collaborative Network Ontology of MISE 1.0

FIGURE IV - 3

 3 FIGURE IV -3 THE COLLABORATIVE ONTOLOGY OF MISE 1.0 (RAJSIRI ET AL., 2010)

FIGURE

  FIGURE IV -5 PARTNER, NETWORK AND OBJECTIVES Figure IV-5 illustrates conceptual relations of that sub part of the ontology. The explanations of each relation are listed as following:  The relation: hasObjective between the Network and the Objective represents that the Network may have several Objectives. The Objectives is the collaborative objectives, which are the reasons to set up the collaboration.  The relation: achievedBy between the Objective and the Sub Network represents that the Sub Network can achieve the Objective. It means that the collaborative Objective can be accomplished by a small group of the whole Network. By this way, the collaborative network can be decomposed to small groups by different collaborative objectives. These small groups (sub networks) may have some partners in common, which means they may cross.  The relation: hasObjective between the Sub Network and the Objective represents that the Sub Network may have several Objectives. The Sub Network is a part of the collaborative network. It can be seen as a smaller collaborative situation, which may have its own collaborative objectives.  The relation: hasPartner between the Sub Network and the Partner represents that the Partners make up the Sub Network. It means the Sub Network may be decomposed to the Partners.  The relation: hasObjective between the Partner and the Objective represents that the Partner has its individual objectives.

  ) in chapter III section III.1 generates the Main Function from the Objective. The Main Function is similar to the "Abstract service" in CO of MISE 1.0.  The Function is the shared task, activity or business service of partner. It takes a set of inputs and provides a set of permissible outputs. The Function is similar with the "Business service" in CO of MISE 1.0. The Function also has the Same As and the Near By relations.  The Business Message is the input or output data of the Function. It is required or provided by the Function. The Business Message is similar with the "Resource" in CO of MISE 1.0. The difference is that the "Resource" can be data, machine, software, tool and so on. But the Business Message is just business data or abstract message, but not technical data. The Business Message also has the Same As and the Near By relations.

Figure

  Figure IV-6 illustrates the relations between the functional concepts. The explanations of each relation are listed as following:  The relation: owns between the Main Function and the Function represents that the Main Function have several Functions. The combination of several Functions can complete the Main Function.  The relation: In/out between the Main Function and the Business Message represents that there are input and output business messages for the Main Function.  The relation: In/out between the Function and the Business Message represents that there are input and output business messages for the Function.

Figure

  Figure IV-9 illustrates the relations between the concepts. The explanation of the relations are listed as following:  The relation: hasMediatorRelationship between the Mediator and the Mediator Relationship represents that one Mediator may relates to another one through one Mediator Relationship.  The relation: hasGeneratedFunction between the Mediator and the Generated Mediator Function represents that the Mediator may have several Generated Mediator Functions. This relation shows the Mediator can access to partners' functions by invoking the Generated Mediator Functions. It also shows that what are the functions in the mediator pool of collaborative process model?  The relation: achievedBy between the Mediator Relationship and the Event the Mediator Relationship can be realized by the Event. In section IV of chapter III, between different kinds of collaborative processes

1 .

 1 These transformation rules aim to transfer the collaboration concepts to the mediation concepts.The 6 groups of transformation rules deal with the deduction of mediation concepts. Due to the knowledge of the collaboration concepts is already collected by the collaborative network model and the function model, the objective of transformation rules is to transfer the un-known mediation concepts from the known collaboration concepts. The group 1, 2 and 3 create Mediator, Mediator Relationship and Generated Mediator Function. The group 4 creates the relation: hasGeneratedFunction to link Mediator with the deduced Generated Mediator Function. The group 5 transfers the Mediator Relationship to the Event. With the Event, the group 5 can recognize the Inter Mediator Function from the Generated Mediator Function.

Group 5 :

 5 Figure IV-15 defines an example for the equation (11). The Generated Mediator Function "Invoke wait for order" belongs to "Mediator 1" and has input Business Message "Order trigger", which generates the "Order trigger" of Mediator Relationship by equation (2) or (3). So the "Invoke wait for order" is also an Inter Mediator Function. The Event "Order trigger" is created to achieve the Mediator Relationship. Because "Order trigger" of Business Message is the input of "Invoke wait for order", the Event "Order trigger" is the input of "Invoke wait for order".

FIGURE

  FIGURE IV -15 EXAMPLE OF GROUP 5

Figure

  Figure IV-16 upper left part presents the initial collaborative situation of example. There are three partners: client, factory and subcontractor in the collaboration. The client places order to factory, which makes decision about outsourcing order for the subcontractor. Concerning product delivery, factory provides client and subcontractor a support service of transportation and storage. The first step of objective model is to model the common goals in this collaboration. As shown in Figure IV-16 upper right hand side, there are two main objectives (ellipses in Figure IV-16): selling products and outsourcing production are defined as the common goals of the whole collaborative network. Second step is to define the sub-networks to achieve each main objective. For example, for outsourcing production, partners: factory and subcontractor are grouped to cooperate as a sub-network. If the collaborative situation is complex, step 1 and step 2 could be repeated several times. Finally, we model the individual objectives of each partner (for example, on the collaborative network of Figure IV-16 the right hand side, subcontractor owns two objectives: delivery support and selling products).

  Figure IV-19 represents the example of deduction of process cartography. There are four rules in this part of deduction.  No.1-1: Network/Sub Network  Collaborative process cartography. If the Network or Sub Network has collaborative objectives, then there exists a correspondence collaborative cartography for the Network or Sub Network. In Figure IV-19, the "Main Network" is the instance of Network, which defines three main collaborative objectives. The "Main Network" is seen as a sign for the deduction of the collaborative process cartography, which means there exists the collaborative process cartography.  No.1-2: Objective  Strategy/Operation/Support/General pool. Based on rule No.1-1, rule No.1-2 fills the collaborative process cartography with different types of pools (strategy, operation and support). If the Network has strategy objective, then there is one strategy pool. If the Network has operation objective, then there is one operation pool. If the Network has support objective, then there is one support pool. If the Network has objective, then there is one general pool. In Figure IV-19, the "Main Network" has the strategy objective: "Outsourcing decision", the operation objective: "Sell products" and the support objective: "Delivery support". The deduced collaborative process cartography has the strategy, operation and support pool.  No.1-3: Main Function  Task. This rule fills the strategy/operation/support/general pool with tasks.

FIGURE

  FIGURE IV -19 DEDUCTION OF COLLABORATIVE PROCESS CARTOGRAPHY Part 2: Deduction of collaborative process Part 2 defines the rules of deduction of collaborative process (presented in section IV of chapter III). In the process cartography deduced as explained in Part 1, there are main tasks. For each task, there is a sub process, which presents the collaborative process of the task in detail. Part 2 shows how the sub collaborative process is transferred. Figure IV-20 represents the example of deduction of collaborative process. There are three rules in this part of deduction.  No.2-1: Main Function  Collaborative process. If there is a Main Function, which has been transferred to task in collaborative process cartography, then there is a detailed collaborative process. For example, in Figure IV-20, there is Main Function "Delivery support", which is transferred into the task of support pool in Figure IV-19. For this Main Function, there is a detailed collaborative process.  No.2-2: Partner  Partner pool. Based on rule No.2-1, rule No.2-2 fills the collaborative process with partner pools. If the Main Function is generated from one Objective, which is achieved by Sub Network, the Partners of the Sub Network are transferred as partner pools in the collaborative process. In Figure IV-20, the "Sub Network 1" contains Partners: "Subcontractor" and "Factory". The "Subcontractor" and "Factory" is transferred to subcontractor and factory pools in the Figure IV-20.  No.2-3: Mediator  Mediator pool. If the Sub Network has one Mediator, then the Mediator is transferred into the mediator pool in the collaborative process. In Figure IV-20, the "Sub Network 1" has Mediator "Support Mediator". The "Support Mediator" is transferred into the support mediator pool in the collaborative process of delivery support.

FIGURE

  FIGURE IV -22 DEDUCTION OF MEDIATOR POOLThe four parts of deduction rules deduce the collaborative process cartography from the collaborative ontology. But in the Figure IV-22, there are question marks on the sequence flow. In fact, the rules can't deduce the sequences. The sequences among the mediator tasks are still problems. In next section, the methodology of sequence deduction is presented.

  FIGURE IV -23 DEDUCE SEQUENCES BY INPUT/OUTPUT MESSAGESAs shown in Figure IV-24, there are a list of functions and a list of objectives. There is one main objective: "O1". The main objective has sub objectives. The "O2" and "O3" are the sub objectives of "O1". All the functions are linked to the objectives. These linkages tell the functions which can achieve the objectives. To achieve "O1", there must functions, which achieve "O1" directly, or the functions, which achieve "O2" and "O3". So to obtain "O1", the function "F6" or the functions "F3" and "F4" are needed (the equation in Figure. By this way, the clue of gateways is found.

  FIGURE IV -26 COMPARISONS OF COLLABORATIVE ONTOLOGIES OF MISE 1.0 AND MISE 2.0

I

  . Introduction ................................................................................................................................................................. II. Mediator modeling 2ool ........................................................................................................................................... II.1. Development ...................................................................................................................................................... II.2. Implementation.................................................................................................................................................. III. Example ..................................................................................................................................................................... IV. Conclusion ................................................................................................................................................................. I. Introduction This chapter aims to mainly introduce i) the software techniques, which implement the Mediator modeling 2ool of MISE 2.0 abstract level and ii) the usage and the functions of Mediator modeling 2ool through an example. In addition, the ontology definition tool, which is developed by Tiexin Wang doing his Master internship, is presented as a support tool of Mediator modeling 2ool. The position of this chapter in the UJ picture is represented in the dash-line box of Figure V-1. The main functions of Mediator modeling 2ool are i) define collaborative network model, ii) define function model, iii) link objectives with functions (business services selection), iv) transfer defined model to collaborative process model and v) update collaborative ontology. The ontology definition tool mainly deals with: i) insert or create instances to collaborative ontology in batch mode, ii) basic concepts mapping between two ontologies and iii) based on the mapping of concepts, inserts the instances of one ontology into another.
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 1 FIGURE V -1 POSITION OF CHAPTER V IN THE UJ

FIGURE V - 2

 2 FIGURE V -2 MAIN USE CASE DIAGRAM OF MEDIATOR MODELING 2OOL II.1. Development

  FIGURE V -5 MAIN INTERFACE (PALETTE AND PROPERTY)

  FIGURE V

FIGURE V - 9

 9 FIGURE V -9 ADDED NEW FOLDER AND FILESStep 2: Define the collaborative network modelThe main collaborative network model is represented in Figure V-10. The main collaborative network has three collaborative objectives: operation objective "design product", strategy objective "design offer strategy" and general objective "sell product".

  FIGURE V -15 SUB NETWORK OF "DESIGN OFFER STRATEGY" Step 3: Define the function model As shown in Figure V-16, the user could open the ExampleOfThesis.fun to define the function model. All the functions of partners are listed in the model. For each function, the user needs to define the property: name, partner and same as/near by. To define the same as/near by, the user could click on the button in the property window. The window of "Choose same/near elements" pops up (Figure V-17). The user could drag the instances of ontology to the same as/near by windows.
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  reconciliation. Nicolas Boissel-Dallier does this part of work in his PhD work(2009)(2010)(2011)(2012). The PhD work covers: the MIS deployment and the transformation from the process cartography to the MIS deployment. Going through the design-time of abstract level and concrete level, an ESB based MIS can be developed. Regarding the agility management, if the technical, logical or business errors occur in the run-time of the MIS, the MIS must know how to fix or avoid these errors. The PhD work of Anne-Marie Barthe is proposed(2010- 2013). The work includes the detection of errors and the adaption of knowledge gathering, process cartography and MIS deployment. Until now, all the work is focus on the functional requirements. For the non-functional requirement (e.g. security, time limits, weather limits, etc.), the PhD work of Sarah Zribi started in 2010. She adds the non-functional aspects to each shared function of partners. The work enriches the information of function. It improves quality of the business to technical transformation by refining the selection of web services. The MISE 2.0 project gathers collaborative knowledge, transfers it to collaborative process cartography, adds non-functional requirement to the business functions, transfers the collaborative process cartography to the technical collaborative process, deploys the technical process on the ESB to build the runtime MIS and finally defines the agility management (detection of errors and adaptation of solutions) for the run-time MIS.

FIGURE 1 GLOBAL

 1 FIGURE 1 GLOBAL VIEW OF MISE 2.0 The development of MISE 3.0 has been launched in our lab in 2011. The whole MISE project (MISE 1.0, MISE 2.0 and MISE 3.0) is summarized in Figure 2. The MISE 3.0 project covers the PhD subjects of Guillaume Macé-Ramete (2011-2014), Aurèlie Montarnal (2012-2015) and Loïc Bidoux (2012-2015). The MISE 3.0 improves the work of MISE 2.0 from following points: Characterization continuing: real time detection of events. In the whole design-time and run-time, the events can be detected and handle at the first time.

FIGURE 2 GLOBAL

 2 FIGURE 2 GLOBAL PICTURE OF MISE PROJECTThe research works of this thesis are the modules in the dash line boxes in Figure2. They deal with the characterization of generic metamodel, the definition of the collaborative process cartography and the model transformation between them.

FIGURE 2

 2 FIGURE 2 METAMODEL-FUNCTIONAL VIEW

TABLE 3 TRANSFORMATION RULES GROUP 3 Group 3 :

 333 partner activity  strategy/operation/support activity & partner activity  strategy/operation/support activity exchanged business message (x) ( in (m)(strategy activity (x 1 ), exchanged business message (x))) message (x) ( in (m)(support activity (x 1 ), exchanged business message (x)))(8)support message (x)process communication message (x) ( out (m 1 )(strategy activity (x 1 ), process communication message (x))) ∧ in (m 2 )(operation activity (x 2 ), process communication message (x)) ∨ in (m 3 )(support activity (x 3 ), process communication message (x)) m 1 )(operation activity (x 1 ), process communication message (x))) ∧ in (m 2 )(strategy activity (x 2 ), process communication message (x)) ∨ in (m 3 )(support activity (x 3 ), process communication message (x)) m 1 )(support activity (x 1 ), process communication message (x))) ∧ in (m 2 )(strategy activity (x 2 ), process communication message (x)) ∨ in (m 3 )(operation activity (x 3 ), process communication message (x))

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  1.0. The MISE 2.0 is presented to show how to fix the limits and improve the previous work in MISE 1.0. Finally, the global design of abstract level of MISE 2.0 (the research work of this thesis) is introduced.  Chapter II is the collaborative situation framework. This first part is the state of the art of enterprise architecture, enterprise integration framework and enterprise interoperability framework. The second part is the collaborative situation framework of MISE, which presents the main factors and elements and the relations of the factors in the MISE project.  Chapter III presents the input models and output models of the abstract level of MISE 2.0. This chapter helps the reader to clearly understand what are the needs of these research works? And what are their results?

  makes the following main assumption: linking business activities (from the BPMN model) and available technical services is always possible and computerizable. Unfortunately, this assumption is viable only if each activity has an existing technical service (and they have the same name). The potential semantic problems are avoided. Information brought from PSM is supposed to be correct and enough to match web services. But for the research work of Dr. Sébastien Truptil in IsyCri project, he did define the business activities based on the technical service.

TABLE I

 I 

	-1 CURRENT DOCUMENTATION OF PROCESSES (N=127, NA=3) (PATIG ET AL., 2010)
	Answers	Count C

i Percentage (C i / C i ) Percentage responses (C i /N)

  

	As text		71	36.2%	55.9%
	As tables		40	20.4%	31.5%
	As flow charts		2	1.0%	1.6%
	With languages	BPMN	27	13.8%	21.3%
		UML	19	9.7%	15.0%
		EPC	16	8.2%	12.6%
		BPEL	5	2.6%	3.9%
		IDEF	4	2.0%	3.1%
	Other		12	6.1%	9.4%
	Total (C i )		196	100.0%	154.3%

  1 Figure I-11. The global structure is explained answering all the questions. U presents the modules of the engineering approach of MISE 2.0 business level. Question 1, in the phase of knowledge gathering, what kinds of collaborative knowledge should be gathered? And how?  User provided model, for the input, we define the collaborative network model (chapter III, section II) and the function model (chapter III, section III) to collect basic collaborative knowledge from partners. The collaborative network model collects collaborative network/sub-network, collaborative objectives, partners' objectives and partners' relationships. The function model presents partners' business services and input/output messages exchanged between them. Question 3, which model transformation mechanism should be used? Is it the transformation mechanism of the BVR? Or is it the transformation mechanism of the BST?

  in 1987. Another early implementation of an Enterprise Architecture framework was the "Technical Architecture Framework for Information Management" (TAFIM)(DTIC, 1996). The first draft of TAFIM was completed in 1991 with the TAFIM Technical Reference Model (TAFIM TRM). This technical reference model wanted to use open systems and new technologies available in the commercial market, to develop a DoD-wide application. During 80s, researches were carried out in Europe and USA to develop enterprise architecture. Among them the most

known: the Purdue Enterprise Reference model: PERA (1991), Architecture of Integrated Information Systems: ARIS (1991), the Computer Integrated Manufacturing Open System Architecture: CIMOSA (1993). The Open Group Architecture Framework: TOGAF (1995) the GIM architecture (1996), Enterprise-Reference Architecture and Methodology: GERAM (1997) and Federal Enterprise Architecture Framework: FEAF (1999). In 2003, DODAF (Department of Defense Architecture Framework) was developed by the US Department of Defense. DODAF (Umheh et al., 2007) is an evolutionary upgrade of the C4ISR (Command, Control, Communications, Computers, Intelligence, Surveillance, and Reconnaissance) architecture framework (C4ISR, 1997) both of which prescribe three views of the architecture: Operational, Technical and System. In 2005, The British Ministry of Defense Architectural Framework (MODAF) v1.0 (Biggs, 2005) was developed by MOD from DODAF version 1.0, but has been extended and modified to meet MOD requirements.

The Zachman Framework

(Noran, 2003) 

is used for enterprise engineering and manufacturing. It provides the views from different members (e.g. planner, owner, designer, etc) and knowledge

(data, function, network, etc)

.

  of TOGAF aligns with the first four rows (what, how, where and who but without when and why) of the Zachman Framework.Enterprise-Reference Architecture and Methodology: GERAM (Force, 1999) provides a generalized framework for describing the components needed in all types of enterprise engineering/enterprise integration processes. The shining point of this framework is lifecycle. GERA (generalized enterprise reference architecture) classified generic concepts by human oriented, process oriented and technology oriented. The shining point is process oriented which detailed defines enterprise lifecycle into enterprise engineering, re-engineering and re-design.

And then, the framework even details views (model content, purpose, implementation and manifestation) and objects (customer service, software, hardware, information, function, machine, human etc.) on the lifecycle. The GERAM framework defines the minimal set of elements, which should be accompanied with, to build enterprise architectures. But these elements are abstract, for example, enterprise-engineering methodologies, modeling languages, modeling methodology and so on. Users have to develop their own specific methodology or choose a developed methodology.

Federal Enterprise Architecture Framework: FEAF

(Council, 1999) 

provides a common methodology for information technology acquisition, use and disposal in the Federal government. It provides performance reference model, business reference model, service component reference model, data reference model and technical reference model.

TABLE II

 II 

				-1 SUMMARY OF ENTERPRISE ARCHITECTURE
	Framework Type Update Completeness Practicability	Tool Support	Method Support	Summary
	Zachman	EA	2011	Middle	Low	No	No	A general framework
	(1987)		V3					without specification
	GIM	EA-	No	Middle	Middle	No	Yes Develop a useful decision
	(1988)	PM						making method-GRAI
	PERA	EA	No	Middle	Middle	No	No	Consider enterprise as
	(1991)							facility, organization and
								information system
	ARIS	EIA-	2011	Middle	High	Yes	Yes MDA and SOA based,
	(1991)	IS	V7.2					consider enterprise
								integration views as
								organization, data, function process and control
	CIMOSA	EIA	No	Middle	Middle	No	Yes Clear structured three
	(1993)							dimensions' framework which are views, models
								and levels
	TOGAF	EA-	2009	High	High	No	Yes Architecture of
	(1995)	IS	V9					architectures, each part is
								well detailed
	GERA	EA	No	High	Low	No	Yes Enterprise engineering
	(1997)							lifecycle is well detailed
	FEA (1999)	EA-IS	2012 V3	High	High	No	Yes Organize enterprise by levels: business, design,
								application and technology;
								contain as-is and to-be
								system modeling
	DoDAF	EA-	2009	High	Middle	No	Yes Separates enterprise by
	(2003)	IS	V2.0					viewpoints: all, data and
								information, standards,
								capability, operational,
								services, systems, project
	IDEAS	EF	No	Low	Low	No	No	Defines interoperability
	(2003)							levels: business, knowledge
								and application. The
								solution is semantics
	AIF	EF	No	Middle	Middle	No	No	Defines interoperability
	(2007)							levels: business, service,
								process and data. The solutions are ontology,
								semantics and model-driven
								interoperability
	EIF	EF	No	High	Middle	No	No	Defines interoperability
	(2008)							from: interoperability
								concerns, interoperability
								barriers and interoperability
								approaches
	Enterprise Architecture: EA; Enterprise Integration Architecture: EIA; Enterprise Interoperability Framework: EF
	Information System: IS; Product Manufacturing: PM				

TABLE III

 III 

		-1 SUMMARY OF IOCM, OMOA AND OMCK
		IOCM (Jiang et al., 2011)	OMOA (Bouslimi et al.,	OMCK(Rajsiri et al., 2010)
			2009)	
	Network	Yes, the network is defined	Yes, the network is defined	Yes, the network is defined
		by roles through three level of abstraction	with 6 typical roles by using Petri-net	by partners and roles of partners and completed by
				concepts of topology
	Collaborative objective	Yes, the role is considered as a set of objectives	No	Yes, the objectives are defined through common
				goals of collaborative
				situations
	Relations of	Yes, the relations are defined	Yes, the relations are defined	Yes, there are three kinds of
	Partners	by using role dependency	by interactions among roles	relations: competition, group
				of interest and customer-
				supplier
	Phases of Modeling process	Yes, there are three levels (from abstract to concrete): general specification,	Yes, there are three levels: role model, organizational structures and concrete	
		contextual specification and	organizations	
		operational specification		

TABLE III -

 III 

2 TRANSFORMATION RULE 1: OBJECTIVE TO FUNCTION Rule 1: Main Collaborative Objectives → Main Function CollaborativeNetwork

TABLE IV -

 IV 1 TRANSFORMATION RULES

	No.	Group Name	Description	Equation	Total No.
	Group 1 Create Mediator	Deduce Mediator from Sub Network	(1)	1
	Group 2 Create Mediator	Deduce Mediator Relationship through Sub		
		Relationship	Network, Objective, Main Function and		
			Business Messages		

  Deduce the relation: hasGeneratedFunction through Mediator, Objective, Main Function and Function. This group based on that the relation: owns exists.

				6
			)	
	Group 3 Create Generated	Deduce Generated Mediator Function and	(8) and (9)	2
	Mediator Function	In/out relation through Function		
	Group 4 Link Generated		(10)	1
	Mediator Function to			
	Mediator			
	Group 5 Create Inter Mediator	Deduce Event from Mediator Relationship,	(11)	1
	Function	Separate Inter Mediator Function from		
		Generated Mediator Function and link it to		
		Event		

TABLE IV

 IV 

	-3 GROUP 2 CREATE MEDIATOR RELATIONSHIP
	Group 2:

Create Mediator Relationship Strategy and Operation Objective

  

 Main Function  Business Message  Order

TABLE IV

 IV 

	-4 GROUP 3 CREATE GENERATED MEDIATOR FUNCTION
	Group 3:

Create Generated Mediator Function Function  In Business Message  Generated Mediator Function  Out Business Message

  

	Function (X) (In (Function (X), Business Message (m)))

TABLE IV

 IV 

	-5 GROUP 4 LINK GENERATED MEDIATOR FUNCTION TO MEDIATOR
	Group 4:

Link Generated Mediator Function to Mediator Main

  

Function  Function  Mediator  Generated Mediator Function

Table IV -

 IV 6 represent the equation (11) of the group 5. If Generated Mediator Function (X) of Mediator (Y) has the Business Message (m), which generates Mediator Relationship (m) of Mediator (Y) by equation (

  to L word[i] ;if A objective contains objective.keyword starts with word then

	L suggestion adds objective;
	end;
	if A objective contains objective.keyword contains word then
	L suggestion adds objective;
	end;
	end
	L 2words , list of 2 words contained in Objective key ;
	while L 2words has next element: word do
	if A objective contains objective.keyword contains word then
	L suggestion adds objective;
	end;
	end;
	end;
	return L suggestion ;

Objective-Function mapping: find correspondence business functions for each business objective and create relationship: achievedBy.

  If one business function: E function owns relationship: Same As/Near By with one ontology Function instance: O function .  Line 6-Line 7: if O function owns relationship: achievedBy with one ontology Objective instance: O objective , and if O objective owns relationship: Same As/Near By with business objective: E objective , then as result: E objective has relationship: achievedBy with E function .  Line 8: the relationship is added into the list: L achievedBy .  Line 13 and Line 16: if there is an E function , which doesn't find E objective , then a relationship: achievedBy from Null to E function is created. The relationship is added to L achievedBy .  Line 21: if an E objective is never achieved, then a relationship: achievedBy from E objective to Null is created. The relationship is added to L achievedBy . function .sameas/nearby!=null then O function = E function .sameas/nearby; O objective = O function .achievedby; if L objective contains element E objective .sameas/nearby = O objective then L achievedBy adds achievedBy(E objective , E function ); Ontology updating algorithm deals with inserting business objectives and functions in collaborative ontology as Objective and Function instances with relationship: Same As/Near By. Because algorithms of Objective and Function updating are similar, here Algorithm (3) uses objective updating as example. It creates new ontology instance for each E objective , creates relationship: Same As/NearBy and adds them in collaborative ontology. As shown in algorithm (3):  Line 2 and Line 3: for each E objecitve , if E objective owns relationship: Same As/Near By, then get O objective which is related to E objective .  Line 4 and Line 5: create new ontology instance: O new for E objective and add O new into collabroative ontology.  Line 6: creates new Relationship: Same As/Near By between O new and O objective , and adds the relationship to collaborative ontology also.

	ALGORITHM IV -2 OBJECTIVE-FUNCTION MAPPING Algorithm (2) Input: L objective , list of business objectives L function , list of business functions Data: Collaborative Ontology: CO Output: L achievedBy , list of relationship L achievedBy  Null; L relatedObjective adds E objective ; end; else L achievedBy adds achievedBy(null, E function ); end; else L achievedBy adds achievedBy(null, E function ); end; end; while L objective has next element: E objective do if L relatedObjective doesn't contain E objective then L achievedBy adds achievedBy(E objective , null); end; end; return L achievedBy ; Ontology Updating L if L relatedObjective doesn't contain E objective then ALGORITHM IV -3 ONTOLOGY UPDATING

relatedObjectives , list of objectives with achievedBy  Null; while L function has next element: E function do if E

Algorithm (3) Ontology Updating: insert business objectives into ontology as instances and created relationship: Same As/Near By.

  

	Input: L objective , list of business objectives
	Data: Collaborative Ontology: CO
	while L objective has next element: E objective do
	if E objective .sameas/nearby!=null then
	O objective = E objective .sameas/nearby;
	O new = change E objective to ontology instance;
	CO adds O new ;
	CO adds SameAs/NearBy(O objective , O new );
	end;
	end;

TABLE V -

 V 1 SUMMARIES OF PACKAGES

	Package Name	Class No.	Server/Client Function Description
	../client/	2	Client	Main frame and entry point class
	../client/customicons	2	Client	Information classes of icons in SVG and PNG format
	../client/ui/panel	8	Client	The creations of sub windows of main frame
	../client/ui/tree	9	Client	File tree and ontology tree
	../client/elements	22	Client	Configuration (symbol, linked property view,
				belonged canvas and so on) of modeling elements and
				syntaxes of modeling elements
	../client/connector	13	Client	Connector objective, e.g. partner relationship,
				objective relationship and in/out message flow
	../client/editormodel	11	Client	The properties views for modeling elements and
				connectors
	../client/template	1	Client	The template of property menu
	../client/submenu	4	Client	Mouse over popped up menu for creation of sub
				collaborative network
	../client/fileoperation	7	Client	Import and Export all XML files and creation of
				project
	../client/palette	14	Client	Definition of palette and drag proxies of modeling
				elements
	../client/view	2	Client	The factory of modeling elements (factory pattern of
				object-oriented design) and the canvas of the
				modeling elements
	../client/service	2	Client	Server RPC interface
	../server	5	S e r v e r	Import and export of XML files, the deduction of
				collaborative process and collaborative process
				cartography, and business service selection

TABLE 1 TRANSFORMATION

 1 model, IDEF0-based functional model and IDEF1 model. The gray and black classes need to be deduced by the transformation rules.FIGURE 6 TRANSFORMATION GROUPS Group 1: collaborative network functional model. Group 1 Transformation Rules are used to initialize the functional model (equation no.1 and no.2). For any collaborative network with a sub-network, one functional main model is initialized. For any collaborative network without a sub-network, one functional table is initialized. RULES GROUP 1 Group 2: partner activity strategy/operation/support activity (equation no.3, no.4 and no.5). This group of transformation rules helps the classification of partner activities. If one partner activity links to a strategy objective, then the partner activity is a strategy activity. If one partner activity links to an operation objective, then the partner activity is an operation activity. If one partner activity links to a support objective, then the partner activity is a support activity.

	Group 1: collaborative network  functional model

TABLE 2 TRANSFORMATION

 2 

RULES GROUP 2

Group 2: partner activity  strategy/operation/support activity implement (strategy objective (x), partner activity (x 0 ))

TABLE 6 TRANSFORMATION

 6 RULES GROUP 6

Group 6: collaborative activity  collaborative strategy/operation/support activity and sequence flow

  

TABLE V -

 V 1 CROSS-TABULATIO OF BUSINESS MODELS AND SAAS CRITERIA (MÄKILÄ ET AL., 2010)

Number of SaaS criteria filled Business Model

  

	(					
		Little or no SaaS	Web based	High SaaS	Pure SaaS	
		characteristics	solutions	characteristics		Total
	Software product	26.9%	35.5%	17.2%	10.0%	29.5%
	Deployment project	11.9%	14.9%	0.0%	0.0%	11.5%
	Development service	34.3%	21.5%	20.7%	20.0%	25.1%
	ASP and SaaS	4.5%	11.6%	37.9%	70.0%	15.4%
	Not software	11.9%	9.9%	17.2%	0.0%	11.0%
	Content and ads	0.0%	2.5%	3.4%	0.0%	2.8%
	Software consulting	6.0%	2.5%	3.4%	0.0%	3.5%
	Hardware	4.5%	1.7%	0.0%	0.0%	2.2%
	Total	100.0%	100.0%	100.0%	100.0%	100.0%

TABLE V -

 V 2 SUMMARIZATION OF SAAS SERVICE VENDORS (KANG ET AL., 2010)

	Vendor	Service Description	Business Model	Origin	Strategy
	Amazon	Computing Resource Providing	Amazon Web Service	Web Service	Service Infrastructure
	Salesforce	Web-based CRM	Force.com	Web service/CRM	Platform as a Service
	Microsoft	Personal/Office Tools	Microsoft Office Live	Package Software	Software+Service
	Google	Web Office Tools	Google Apps	Web-based Service	Service on the Web

  1 (build 1.0.20) was released on May 16, 2006. The most recent stable version is GWT version 2.4. The last version is GWT version 2.5 RC. In version 2.5 RC, the following new features are added:  Super Dev Mode 1 (experimental) is an experimental replacement for Development Mode.  Elemental (experimental) is an experimental new library for fast, lightweight, and "to the metal" web programming in GWT. It's intended for developers who are comfortable working with the browser API's that JavaScript programmers use.  New compiler optimizations 2 can optionally use the Closure compiler to provide additional JavaScript optimizations. The Closure compiler has a collection of Javascript optimizations that can benefit code size, including a graph-coloring-based variable allocator, comprehensive JavaScript function and variable inlining, cross-module code motion, statement fusing, name shadowing and many more.  Updated ARIA support, they added a new accessibility ARIA library that has a full coverage of the W3C ARIA standard. This makes it easier to correctly set ARIA roles, states, and properties on DOM elements. For more details have a look at the updated GWT accessibility documentation.  UIBinder Enhancements, GWT 2.5 adds extensions to UiBinder that allow it to support Cell rendering and event handling. In particular, this design enables UiBinder to generate a UiRenderer implementation to assist with rendering SafeHtml, and dispatching events to methods specified by @UiHandler tags. Several open-source plugins are available for making GWT development easier with other IDEs. E.g., GWT4NB for NetBeans, Cypal Studio for GWT, Eclipse and JDeveloper etc. The Google Plugin for Eclipse handles most GWT related tasks in the IDE, including creating projects, invoking the GWT compiler, creating

TABLE 5 CLASSES

 5 IN ../CLIENT/ELEMENTS Package Name: ../client/elements

	Class	Class Description
	OrganizationNetwork.java	Create symbols and dragging, dropping and
		connecting ability of network element in collaborative
		network model
	OrganizationNetworkSyntax.java	Add binding syntax for network element
	OrganizationObjective.java	Create symbols and dragging, dropping and
		connecting ability of objective element in
		collaborative network model
	OrganizationObjectiveSyntax.java	Add binding syntax for objective element
	OrganizationOperationObjective.java	Create symbols and dragging, dropping and
		connecting ability of operation objective element in
		collaborative network model
	OrganizationOperationObjectiveSyntax.java	Add binding syntax for operation objective element
	OrganizationStrategyObjective.java	Create symbols and dragging, dropping and
		connecting ability of strategy objective element in
		collaborative network model
	OrganizationStrategyObjectiveSyntax.java	Add binding syntax for strategy objective element
	OrganizationSupportObjective.java	Create symbols and dragging, dropping and
		connecting ability of support objective element in
		collaborative network model
	OrganizationSupportObjectiveSyntax.java	Add binding syntax for support objective element
	OrganizationPartner.java	Create symbols and dragging, dropping and
		connecting ability of partner element in collaborative
		network model
	OrganizationPartnerSyntax.java	Add binding syntax for partner element
	FunctionFunction.java	Create symbols and dragging, dropping and
		connecting ability of function element in function
		model
	FunctionFunctionSyntax.java	Add binding syntax for function element
	InformationInputMessage.java	Create symbols and dragging, dropping and
		connecting ability of input message element in
		function model
	InformationInputMessageSyntax.java	Add binding syntax for input message element
	InformationOutputMessage.java	Create symbols and dragging, dropping and
		connecting ability of output message element in
		function model
	InformationOutputMessageSyntax.java	Add binding syntax for output message element
	OthersNote.java	Create symbols and dragging, dropping and
		connecting ability of note element
	OthersNoteSyntax.java	Add binding syntax for note element
	ICoreElement.java	Abstract class for modeling element
	MyAbstractConnectableUIElement.java	

PetalsLink is a software company who provides open source software tools: http://research.petalslink.org/display/research/Petals+Link+Research+Home

Interopérabilité des Systèmes en situation de Crise: Interoperability of Systems in Crisis situation. http://www.irit.fr/isycri/

Object Management Group: http://www.omg.org/index.htm

Enterprise Software Application

ATL (Atlas Transformation Language) is a model transformation language and toolkit. In the field of Model-Driven Engineering (MDE), ATL provides ways to produce a set of target models from a set of source models.

The ARIS house is the ARIS framework, which looks like a house. The ARIS framework defines organization view, function view, data view, output view and control view. Each view includes concept, data processing concept and application.

http://www.opengroup.org/togaf/

TOGAF 8:

30%, TOGAF 9: 21%, Zachman: 24%, FEAF: 7%, DODAF: 7% and MODAF 2%3 Data architecture (what?), business architecture (how?), technical architecture (where?) and applications architecture (who?)

A typical role is a class of roles defined by Duties and Rights. The Duties are defined by a set of abstract Actions, a set of Interventions, their coordination rules, and the Invariants. The abstract Actions are the internal actions that the typical roles can perform without interacting with other roles. To preserve the autonomy of the agents, which play a role, the local actions are represented in an abstract way by giving their name but without referring to their implementation.

https://files.ifi.uzh.ch/ddis/oldweb/ddis/research/completed-projects/semweb/ph-owl/index.html

Petals BPM: http://research.petalslink.org/display/petalsbpm/Petals+BPM+-+Open+source+BPMN+2.0+modeler

Google web toolkit: https://developers.google.com/web-toolkit/?hl=zh-CN

Supper DevModel: https://developers.google.com/web-toolkit/articles/superdevmode

Elemental: https://developers.google.com/web-toolkit/articles/elemental

SmartGWT: http://code.google.com/p/smartgwt/

GXT: http://www.sencha.com/products/gxt

GeasyTools: http://research.petalslink.org/display/geasytools/GEasyTools+Overview

SVG: Scalable Vector Graphics

VML: Vector Markup Language
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(Force, 1999) Force, I.I.. (1999). GERAM: Generalised Enterprise Reference Architecture and Methodology. IFIP-IFAC Task Force on Architectures for Enterprise Integration, Tech. Rep. (Fox and Gruninger, 1998) Fox, M., and Gruninger, M. (1998). Enterprise Modelling. AI Magazine 19, 109. The collaborative metamodel of MISE 2.0 is shown in Figure 5. In the metamodel, there are four packages (organizational view, functional view, informational view and process view).

Each package manages one model. The organizational view (Figure 1) mainly stores the information concerning the collaborative network model (e.g. collaborative network, partners and objectives). The functional view (Figure 2) mainly manages activities, tasks or functions provided by partners and mediator. The informational view (Figure 3) is defined to confirm modeling elements in the IDEF1-based informational model. The process view (Figure 4) is used to present collaborative process model knowledge. We also define associations among packages. These packages tell us which functions are used to implement an objective, which messages are transferred among different functions, which mediator activities constitute collaborative process, and so on.

I.1. Classes in Organizational View

First of all, classes in the organizational view (Figure 1) of the collaborative metamodel are introduced as follows:

The class collaborative network defines the organizations' network in the collaborative situation. One collaborative network can have several objectives. A sub collaborative network can implement one objective, which is defined in a higher-level collaborative network. The class partner defines a partner who is involved in a collaboration situation. The class partner relationship is linked to the association partner relationship. This class is used to store and define the partner relationship value. The partner relationship can be strategy partner relationship, operation partner relationship or support partner relationship. The class objective defines the objectives of the partners. The objective can be strategy objective, operation objective or support objective.

FIGURE 1 METAMODEL-ORGANIZATIONAL VIEW

I.2. Classes in Functional View

In the functional view (Figure 2), the partner activities are functions provided by the partners. The collaboration activities are functions provided by a mediator. The collaboration activities are deduced from the partner activities by transformation rules (section II).

FIGURE 4 METAMODEL-PROCESS VIEW

I.5. Relations among Views

Associations between the Organizational view and the Functional view (Figure 5):

The association implement from collaborative network to functional model: with this association, functional main model and functional table can be initialized. The association implement from objective to activity: one partner activity achieves a goal, which is described by the objective.

Associations between Functional View and Informational View (Figure 5) These Links are defined to give input message and output message to each function:

The association in from message to receiving activity: one receiving activity only receives input message without output message. The association out from message to calling activity: one calling activity only sends one output message without input message. The association in and out from message to receiving and calling activity: one receiving and calling activity has to send and receive messages. The association in and out from strategy message to strategy activity: one strategy activity may have one input strategy message, one output strategy message or both. The association in and out from operation message to operation activity: one operation activity may have one input operation message, one output operation message or both. The association in and out from support message to support activity: one support activity may have one input support message, one output support message or both. The association in and out is from process communication message to partner activity. These links help identify messages, which are transferred between different types of activities (for example, between strategy activity and operation activity).

Associations between the Functional View and the Process View are used to identify supporting partner and mediator activities in a collaborative process:

The association represent from collaboration activity to collaboration strategy/operation/support activity: one collaboration strategy/operation/support activity can refer to one collaboration activity. The collaboration strategy/operation/support activity defines the size, position and symbol of collaboration activity in the process model. GWT launch configurations, validations, syntax highlighting, etc. GWT Maven plugin supports GWT compiler execution, generation of GWT internationalization, running tests, running or debugging DevMode from Maven Dev Mode, integration with Eclipse, etc. There is also GWT-based framework (Slender, 2009) that allows user to utilize the comprehensive widget library for the application UI (e.g., SmartGWT 1 , GXT 2 , etc.). In the development of Mediator Modeling 2ool, the GWT maven plugin (GWT SDK 2.0.4) and GXT are used.

I.2. GEasyTools

GEasyTools 3 is a set of libraries that aims to build rich interactive applications more easily with GWT. It is a GMF (Plante, 2006) like tool. It provides generative components and runtime infrastructures for developing graphical editors based on GWT. For example, the palette of modeling elements, the canvas and panel to draw the graphs of modeling elements, the property views of elements, the validation of models and the import and export of models.

GEasyTools actually contains the following main libraries (the details of libraries are summarized in Table V-3): i) GeasyUI deals with user interactions (drag & drop, resize handling, selection handling), ii) GeasySVG: the cross-browser SVG 4 /VML 5 library, iii) GeasyGraph deals with graph problematic: path-finding etc., iv) GeasyModelManager handles models on client side for undo/redo, methods observers and UIBinding and v) GeasyDiagramEditor: the project for editing diagrams based on OMG Diagram Definition standard. import com.extjs.gxt.ui.client.data.ModelData; import com.extjs.gxt.ui.client.data.ModelIconProvider; import com.extjs.gxt.ui.client.dnd.TreeGridDragSource; import com.extjs.gxt.ui.client.dnd.TreeGridDropTarget; import com.extjs.gxt.ui.client.event.DNDEvent; import com.extjs.gxt.ui.client.store.Store; import com.extjs.gxt.ui.client.store.TreeStore; import com.extjs.gxt.ui.client.util.IconHelper; import com.extjs.gxt.ui.client.util.Margins; import com.extjs.gxt.ui.client.util.Padding; import com.extjs.gxt.ui.client.widget.ContentPanel; import com.extjs.gxt.ui.client.widget.LayoutContainer; import com.extjs.gxt.ui.client.widget.MessageBox; import com.extjs.gxt.ui.client.widget.Window; import com.extjs.gxt.ui.client.widget.button.Button; import com.extjs.gxt.ui.client.widget.form.StoreFilterField; import com.extjs.gxt.ui.client.widget.grid.ColumnConfig; import com.extjs.gxt.ui.client.widget.grid.ColumnModel; import com.extjs.gxt.ui.client.widget.layout.FitLayout; import com.extjs.gxt.ui.client.widget.layout.HBoxLayout; import com.extjs.gxt.ui.client.widget.layout.HBoxLayoutData; import com.extjs.gxt.ui.client.widget.layout.RowLayout; import com.extjs.gxt.ui.client.widget.layout.TableLayout; import com.extjs.gxt.ui.client.widget.layout.BoxLayout.BoxLayoutPack; import com.extjs.gxt.ui.client.widget.treegrid.TreeGrid; import com.extjs.gxt.ui.client.widget.treegrid.TreeGridCellRenderer; import com.extjs.gxt.ui.client.event.ButtonEvent; import com.extjs.gxt.ui.client.event -------------------------------------------- -------------------------------------------- --------------------------------------------