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In the networked enterprise, the interoperability is seen as a requirement for ensuring the collaboration among partners. Therefore, an assessment for identifying the enterprise's strengths and weakness regarding interoperability is paramount. It involves determining the gaps between where enterprises envision themselves in the future and the enterprises' current states. Indeed, a variety of approaches were proposed in the literature. However, based on surveys, existing methods are assessing specific aspects of interoperability and focusing only on one kind of measurement. The objective of this work is, therefore, to propose a holistic assessment approach to support the interoperability development. To do so, the criteria regarding the interoperability aspects and measurements were identified and are being formalised. The enterprise systems associated with the criteria are being modelled based on Enterprise Architecture techniques. This modelling supports the identification of existing interdependencies between criteria. Finally, case studies will be used to validate the proposed approach.

Introduction

Nowadays, enterprises struggle to remain competitive in the fast changing environment in which they evolve. Socio-economic challenges such as globalization, the rise of new technologies and the increasing demand of customizable services [START_REF] Proper | Enterprise architecture: informed steering of enterprises in motion[END_REF] are forcing companies to adapt themselves in order to ensure their market shares. In certain cases, enterprises are shifting their boundaries and participating in the so-called Networked Enterprise (NE) [START_REF] Camarinha-Matos | Collaborative Networked Organizations -Concepts and Practice in Manufacturing Enterprises[END_REF]. Such a network can be created when (a) an enterprise settles up its business in a new environment and it seeks collaboration with existing partners, (b) when two or more business entities merge or (c) when two or more enterprises join forces to provide a service or product which they couldn't do individually. In all these cases, for ensuring the network's business performance, the partners have to collaborate. To do so, enterprises should be able to interoperate together to exchange and reuse information or functionalities of each other [START_REF] Vernadat | Interoperable enterprise systems: Principles, concepts, and methods[END_REF]. Thus, in such context, Interoperability (i.e. the ability to interoperate) is a requirement that any enterprise should meet [START_REF] Mallek | The application of interoperability requirement specification and verification to collaborative processes[END_REF]. Assessing this ability to interoperate is frequently the initial step toward a new collaboration development or an improvement program. An enterprise needs this kind of assessment to determine its strengths and weaknesses in terms of interoperability as well as the best capabilities that will help in reaching a target state.

In the past three decades, academics and practitioners proposed different frameworks to describe interoperability such as the IDEAS framework [START_REF]IDEAS 2003 -IDEAS Project Deliverables[END_REF], the Framework of Enterprise Interoperability (FEI) [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF], the ATHENA framework [START_REF]ATHENA: Specification of interoperability framework and profiles, guidelines and best practices[END_REF], the European Interoperability Framework [START_REF]Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of Regions 'Towards interoperability for European public services[END_REF], and also numerous approaches to assess and improve interoperability. So far, comparative studies have been conducted to analyse interoperability assessment approaches [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF], [START_REF] Panetto | Towards a Classification Framework for Interoperability of Enterprise Applications[END_REF], [START_REF] Ford | Interoperability measurement[END_REF], [START_REF] Leal | Towards a comparative analysis of interoperability assessment approaches for collaborative enterprise systems[END_REF]. Based on the analysis' results, existing methods are assessing specific aspects of interoperability (i.e. Organisational, Technical or Conceptual) [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF] and focusing only on one kind of measurement i.e. focusing on the potentiality, the compatibility or the performance measurement [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF]. In the interoperability assessment domain, the potentiality measurement assesses the interoperability between a system towards its environment [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF]. The compatibility measurement assesses the interoperability between two known systems [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF] and the performance measurement assess the cost, delay and quality of the interoperations [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF]. It is worth noting that the measurement referring to performance is out of the scope of this research because it is performed only during interoperations, meaning that it is too late to identify interoperability problems at this stage.

Taking into account the comparative analysis results [START_REF] Leal | Towards a comparative analysis of interoperability assessment approaches for collaborative enterprise systems[END_REF], we argue that the application of multiple approaches may hinder the design of the as-is (i.e. current enterprise architecture) and to-be (i.e. targeted alternatives) situations of the enterprise regarding interoperability, and it might cause redundancy and confusion when assessing the same aspect using different metrics and viewpoints. Thus, the research problem addressed by this thesis can be formulated as follows "There is a lack of an assessment approach dealing with multiple aspects of interoperability and considering the different kinds of measurements. Therefore, the dependencies of requirements related to the different measurements and aspects of interoperability are not explicitly defined. Besides, enterprises have little visibility on the impacts caused by a non-fulfilment of a requirement, and by changes for improving their interoperability."

The objective of this work is, therefore, to propose an assessment approach to support the interoperability development, covering multiple aspects of interoperability and considering the potentiality and compatibility measurements. We will also identify and formalise the different interoperability requirements interdependencies to support the proposed approach. We argue that knowing the interdependencies between requirements is paramount for assessing interoperability as well as for supporting decisions to conduct an improvement program.

The remainder of this paper is structured as follows: we first present the research methodology in Section 2. In Section 3 we proceed to an analysis of related work. The proposed contribution is presented in Section 4. Finally, Section 5 concludes the paper and discusses the current state of the thesis and future work.

Research Methodology

The research methodology which this thesis follows is based on the design science research (DSR) [START_REF] Hevner | Design Science in Information Systems Research[END_REF], [START_REF] Peffers | A Design Science Research Methodology for Information Systems Research[END_REF]. We chose this methodology as it aims at providing a valuable artefact (e.g. a model or a tool) to solve a particular problem. The DSR methodology adopts six iterative steps i.e. we may revisit previously steps based on results and feedbacks from other steps. For example, considering results of the proposed artefacts' evaluation or feedbacks from publications, we could improve the design and development of the artefact, refine the research problem, etc.

The fulfilment of the methodology steps is described in Table 1 and Fig. 1 illustrates the specific activities for this research. Table 1. DRS methodology's steps fulfilment.

DSRM step Fulfilement 1-Problem identification and motivation

Based on an exploratory research approach, we conducted interviews and workshops with a real NE. The questionnaire used in the interviews was semi-structured, and the questions were used to initiate discussion on identified issues. During the interviews, we discussed the network adopted strategy, their services proposals, the different relations between the network partners and existing and potential problems regarding collaborations. We conclude that NE have difficulties in assessing the interoperability among their partners, and they have little visibility on the impacts caused by changes for solving interoperability problems. Further, based on the interviews, the limitations found in the literature and the comparative analysis' results [START_REF] Leal | Towards a comparative analysis of interoperability assessment approaches for collaborative enterprise systems[END_REF], we raised the research problem cited in Section 1 and the following research question: "How can we assess coherently the interoperability criteria and their interdependencies, when dealing with different kinds of measurements and interoperability aspects, in the NE context?"

2-Definition of objectives for a solution

Based on the problem identification and the research question, we aim at proposing as a solution, a holistic assessment approach based on criteria dependencies for supporting the interoperability development in a NE, and at developing a prototype tool to endorse the proposed approach.

3-Design and Development

Based mainly on literature review, we intend to identify the interoperability requirements (i.e. the evaluation criteria from the potentiality and compatibility measurements) for ensuring and improving interoperability and its dependencies. Further, using the formalisation process proposed in [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF], we intend to formalise the identified requirements and their relations. Considering that, we intent to build the assessment approach based on a maturity model. (i.e. a framework that describes the stages through which systems should evolve [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF]). After that, a prototype tool will be developed for implementing the proposed approach.

4-Validation

The proposed approach will be applied in three case studies based on real NE located in Luxembourg.

5-Evaluation

We will evaluate: (a) the research conducted by doing a critical analysis. According to Österle et al. [START_REF] Österle | Memorandum on design-oriented information systems research[END_REF], scientific research in general needs to be characterised by "abstraction", "originality", "justification", and "benefit" for distinguishing itself from the manner solutions are developed in the practitioners' community or by commercial providers. (b) The assessment approach by checking the requirements for the development of maturity models proposed by Becker et al. in [START_REF] Becker | Developing Maturity Models for IT Management -A Procedure Model and its Application[END_REF]. (c) The prototype tool by checking the requirements for the elaboration of a maturity model tool proposed by Krivograd et al. [START_REF] Krivograd | Development of an Intelligent Maturity Model-Tool for Business Process Management[END_REF].

6-Communication

Participation in international conferences and publications in well ranked journals. This step is useful for gathering feedback from the scientific community interested in interoperability within networked enterprises.

Fig. 1. The research method

In this section, topics concerning this thesis' scope are brought up and discussed.

A systemic approach to addressing the interoperability is adopted in this research work. Undoubtedly, having a systemic view is paramount and widely used in Enterprise Modelling [START_REF] Vernadat | Enterprise Modeling in the context of Enterprise Engineering: State of the art and outlook[END_REF] because it provides a component-oriented view, which reflects closely the reality of enterprise functioning. Accordingly, we consider an enterprise as a complex system comprised of processes, people, organisations, information and communication technologies (ICT), with interdependencies and interrelationships across their boundaries [START_REF] Nightingale | Principles of enterprise systems[END_REF], [START_REF] Giachetti | Design of Enterprise Systems: Theory, Architecture, and Methods[END_REF]. Taking into account these considerations, we present the different aspects of interoperability and the enterprise concerns where potential barriers can be found. Moreover, we investigate the interoperability assessment domain and existing approaches. The Enterprise Architecture (EA) [START_REF] Zachman | A Framework for Information Systems Architecture[END_REF], [START_REF]The Open Group Architectural Framework (TOGAF) Version 9[END_REF], domain is also highlighted as it is considered to provide a good steering medium to analyse the as-is state of the enterprise, identify and describe alternative to-be states, guard the coherence and alignment between the different concerns of an enterprise such as business processes and their ICT support [START_REF]The Open Group Architectural Framework (TOGAF) Version 9[END_REF]. Finally, techniques for requirements formalisation are brought forward.

Enterprise Interoperability frameworks

In the past years, researchers and practitioners have proposed many frameworks for interoperability [START_REF]IDEAS 2003 -IDEAS Project Deliverables[END_REF], [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF], [START_REF]ATHENA: Specification of interoperability framework and profiles, guidelines and best practices[END_REF] and [START_REF]Communication from the Commission to the European Parliament, the Council, the European Economic and Social Committee and the Committee of Regions 'Towards interoperability for European public services[END_REF]. Among those frameworks, the FEI [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF] is the only one highlighting the barriers related to the interoperability aspects. Hence, we are adopting FEI in this thesis for describing the interoperability domain.

The framework defines three dimensions which are: (1) the enterprise interoperability (EI) concerns referring to the levels of an enterprise where interoperations can take place (i.e. Business, Process, Service and Data) [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF], (2) the interoperability barriers (Organisational, Technical and Organisational) which are incompatibilities that obstructs the exchange of information or functionalities between systems [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF] and (3) the interoperability approaches to allow categorising knowledge and solutions relating to interoperability according to the ways of removing various barriers [START_REF] Chen | Deliverable DI.2, INTEROP NoE[END_REF].

In this thesis, we are interested mainly in the problem space proposed by FEI which is the cross-section between the concerns and barriers dimensions. The problem space forms the twelve areas of interoperability containing the criteria (i.e. requirements) that an EI concern should meet to prevent interoperability barriers. In this work, we will adopt the term "interoperability criteria" to represent requirements composing the areas of interoperability. A limitation of FEI is the fact that it does not explicitly define the relations between the areas of interoperability.

Interoperability assessment approaches

In order to support enterprises to better interoperate with their partners, the interoperability between their systems requires being assessed and continuously improved. Numerous methods have been proposed in the literature regarding interoperability assessment. Some of them are defining a maturity model such as the Levels of Information System Interoperability maturity model [START_REF]Levels of Information System Interoperability (LISI). C4ISR Architecture Working Group Final Report[END_REF], the Organizational interoperability maturity model [START_REF] Clark | Organizational interoperability maturity model for c2[END_REF], the Levels of conceptual interoperability model [START_REF] Tolk | The levels of conceptual interoperability model[END_REF] and the Maturity Model for Enterprise Interoperability (MMEI) [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF]. Besides the maturity models, there are other approaches such as the interoperability assessment method [START_REF] Leite | Interoperability Assessment[END_REF], the Interoperability score [START_REF] Ford | The Interoperability Score[END_REF] and the formal measures for semantic interoperability assessment [START_REF] Yahia | Formal measures for semantic interoperability assessment in cooperative enterprise information systems[END_REF], that are not defining levels of maturity but rather characterising the interoperability by attributing numeric or linguistics values. Among these methods, we chose MMEI [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF] as reference model because it (1) defines a common framework for assessing and measuring potential interoperability maturity, (2) covers the three aspects of interoperability and (3) it provides 'best practices' that allow enterprises to improve their interoperability potential [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF]. The model defines five maturity levels: Un-prepared, Defined, Aligned, Organised and Adaptive. Each maturity level is an instantiation of the main elements of an interoperability aspect with an evolution of the elements regarding the development of the level. However, MMEI cannot guarantee that enterprises having the same maturity levels can interoperate without problems (i.e. it does not provide measurements of compatibility). Also, it does not define the dependencies of the interoperability criteria within and between each maturity level.

Enterprise Architecture

Regarding the interoperability assessment, we argue that the representation of the relationships among the enterprise components are essential for identifying the potential barriers in the overall system. Indeed the alignment of different levels of a company such as the business/IT [START_REF] Henderson | Strategic alignment: a model for organizational transformation through information technology[END_REF], [START_REF] Goepp | An Extended-Strategic Alignment Model for technical information system alignment[END_REF], business models and process [START_REF] Solaimani | A framework for the alignment of business model and business processes: A generic model for trans-sector innovation[END_REF], and process and data architecture [START_REF] Castellanos | A framework for alignment of data and processes architectures applied in a government institution[END_REF] are crucial for enterprises performing their business. However, the different relationships between the enterprise components are not covered by the EI frameworks or assessment approaches. To tackle this limitation, we address to EA frameworks such as the Zachman framework [START_REF] Zachman | A Framework for Information Systems Architecture[END_REF] and The Open Group Architectural Framework [START_REF]The Open Group Architectural Framework (TOGAF) Version 9[END_REF] for studying the enterprise component relations.

A variety of EA modelling languages were proposed in the literature such as the Unified Enterprise Modelling Language (UEML) [START_REF] Panetto | A unified enterprise modelling language for enhanced interoperability of enterprise models[END_REF], the Design & Engineering Methodology for Organizations (DEMO) [START_REF] Dietz | Enterprise Ontology -theory and methodology[END_REF], the Business process model and notation (BPMN) [START_REF] Omg | Business process model and notation[END_REF] and ArchiMate [START_REF]The Open Group, ArchiMate® 2.1 Specification[END_REF]. Compared to other EA languages, ArchiMate is successfully used and applied in many industries and easy to understand and learn [START_REF] Lankhorst | Enterprise Architecture at Work -Modelling, Communication and Analysis[END_REF]. Thus, we propose in this thesis to adopt ArchiMate as it offers an architectural approach that describes and visualises the different architecture domains and their underlying relations and dependencies [START_REF]The Open Group, ArchiMate® 2.1 Specification[END_REF]. ArchiMate defines three layers of an EA which are the Business, the Application and Technology layers; and two extensions which are the Motivation and Implementation extensions to support the EA steering [START_REF]The Open Group, ArchiMate® 2.1 Specification[END_REF].

Requirements formalisation

In general, natural languages (e.g. English or Portuguese) are usually used for writing requirements, either because requirement engineers do not know formal languages, or because it is too early to use such a specification structure [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF]. Requirements written in natural language can cause ambiguities, misinterpretation and they cannot serve as inputs for automated verification techniques [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF]. To cope with this issues, numerous methods have been developed over the years to model and formalise requirements and their relationships. For example, the formal framework for the formalisation of informal requirements [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF], the Goal-oriented Requirement Language (GRL) [START_REF] Giorgini | Goal-oriented requirements analysis and reasoning in the Tropos methodology[END_REF] and the techniques for writing and verifying interoperability requirements proposed in [START_REF] Daclin | Writing and verifying interoperability requirements: Application to collaborative processes[END_REF].

To address the interoperability criteria formalisation, we adopt the methodology proposed by Peres et al. [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF]. The formalisation process follows a top-down approach: it starts from the high-level requirements (i.e. requirements directly taken from the requirements' document) and ends with directly formalised requirements. We do not describe the process entirely because of space constraints. Thus, please refer to [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF] for a more detailed view of the formalisation process.

In this section, we present the proposition of a new interoperability assessment approach. It will be defined based on the interoperability criteria interdependencies. Hence, the hypothesis that we are considering in this proposal is: There are interdependencies between interoperability criteria.

The following sections describe the design and development, validation and evaluation of our proposal.

Design and Development

Two preliminary works were conducted regarding the NE and EI relations, as well as the current EI assessments approaches. The first allowed us to model the existing relationships between the concepts from the NE and EI domains. The results were published in [START_REF] Leal | Towards a Meta-Model for Networked Enterprise. In 21st EMMSAD, Slovenia[END_REF] as the Networked Enterprise Meta-Model, where we stated that to be part of an NE and perform an effective collaboration, enterprises should meet requirements regarding interoperability. The Meta-Model was evaluated using a case study based on a real NE.

Afterwards, we conducted a comparative analysis considering the main approaches. The evaluation criteria and the complete results can be found in [START_REF] Leal | Towards a comparative analysis of interoperability assessment approaches for collaborative enterprise systems[END_REF]. Our main finding from this analysis is that MMEI is the only model that sufficiently covers the three aspects of interoperability. Although, it performs only the EI measurement when the partner is unknown, and it does not explicitly define the interoperability criteria dependencies.

Further, for representing the different relations between enterprise components that are relevant for the interoperability assessment, we first map the MMEI objects of evaluation (e.g. Business Models, Organisational structure and storage devices) [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF] using the ArchiMate notation [START_REF] Lankhorst | Enterprise Architecture at Work -Modelling, Communication and Analysis[END_REF] as depicted in Table 2. Concepts such as "Actor", "Goal", "Requirement", "Interface", and "Function" were also mapped, but they are not represented in this paper because of space restriction.

Table 2. MMEI and ArchiMate concepts mapping.

MMEI concept

ArchiMate concept Notation Role: A set of responsibilities, Activities and authorities granted to a person or team. One person or team may have multiple Roles Business role: the responsibility for performing specific behaviour, to which an actor can be assigned IT Infrastructure: All of the hardware, software, networks, etc. that are required to Develop, Test, deliver, Monitor, Control or support IT Services. The term IT Infrastructure includes all of the ICT but not the associated people, processes and documentation Device: a hardware resource upon which artefacts may be deployed for execution System software: a software environment for specific types of components and objects that are deployed on it.

Network: a communication medium between two or more devices

Business Process: A Business Process contributes to the delivery of a product or Service to a Business Customer. Many Business Processes rely on IT Services.

Business Process: A behaviour that groups behaviour based on an ordering of activities. It is intended to produce a defined set of products and services. IT Service: is not directly used by the Business, but is required by the IT Service Provider so they can provide other IT Services.

Infrastructure service: provided by one or more nodes, exposed through well-defined interfaces, and meaningful to the environment Based on this mapping, we design the areas of interoperability and their relationships. The identified components' relations will serve as the basis for identifying the criteria interdependencies. The relations used are those already defined in ArchiMate. A summary of the adopted relations notation is illustrated in Table 3. More details about the relations' semantics can be found in [START_REF] Lankhorst | Enterprise Architecture at Work -Modelling, Communication and Analysis[END_REF] and [START_REF]The Open Group, ArchiMate® 2.1 Specification[END_REF]. In this paper, we present only the modelling of the business-organisational (BO) area. Based on the criteria defined by MMEI, the purpose of the BO is to ensure that the organisational structure is defined, put in place, flexible and agile [START_REF] Guédria | A contribution to enterprise interoperability maturity assessment[END_REF]. It is also concerned with ensuring that human resources are trained for performing interoperations. It means that the organisational structure including the different entities and their relations are the object of evaluation when considering the interoperability assessment. In the case of a NE, the members of the network are also seen as business entities. Fig. 2 illustrates the BO area modelling. In Fig. 2, the enterprise, NE and their different entities are represented by the "Actor" notation. The "Business Object" notation is used to illustrate the organisational chart, the job descriptions, the work methods and the interoperability guidelines. Roles, responsibilities, authorities and competencies are represented by the "Business Role" notation. Regarding the relations between components, we assert that the Business Role is composed by Responsibility, Authority and Competency. A Business Role is associated with a Job description and it is assigned to an Actor (i.e. entities). An enterprise/NE is composed of Actors and represented by an associated Organisational Chart. For dealing with interoperability issues, Actors can access work methods and interoperability guidelines (which are specialisations of work methods).

Afterwards, we move for the criteria formalisation using the methodology proposed in [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF]. The adopted criteria are those defined based on the MMEI best practices. A list containing the criteria for each area of interoperability and each maturity level can be found in [START_REF] Guédria | A contribution to enterprise interoperability maturity assessment[END_REF]. So far, we have formalised the twelve criteria from the first maturity level and their fifty-nine atomic criterion (i.e. a criterion which cannot be broken down into smaller criteria). The formal language used in this study is a combination of suitable temporal connectors from the CTL* (Computer Tree Logic) [START_REF] Nienhuys-Cheng | Foundations of inductive logic programming[END_REF] and the usual logical connectors from the first-order logic [START_REF] Leal | An approach for interoperability assessment in networked enterprise[END_REF]. For respecting the space constraints, Fig. 3 illustrates only the formalisation steps of the PO1 criterion i.e. the high-level criterion refinement to the formalisation of its atomic criteria. Table 4 describes the main concepts and symbols that we are adopting to formalise the PO1 criteria. F[] An expression which is a sentence or which contains variables and becomes a sentence upon appropriate substitutions for these variables Connectors ∪ "until" Let consider A and B as requirements of a system. Then, A∪B means that A has to hold (i.e. be valid) at least until at some position B holds.

ω "weak until" Let consider A and B as requirements of a system. Then, AωB means that A has to hold until B holds. The difference with ∪ is that there is no guarantee that B will ever be verified.

Fig. 3. Formalisation of the PO1 criterion

In Fig. 3, the dashed square represents the Interoperability Criterion extracted directly from the document of reference [START_REF] Guédria | A contribution to enterprise interoperability maturity assessment[END_REF]. It contains its identification (i.e. PO1) and its description. The rounded rectangles represent the types of refinement (Abstractions, Decomposition, Precision or Correction) [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF] and contain the "Why" property (which it explains why the refinement is helpful) [START_REF] Peres | A formal framework for the formalization of informal requirements[END_REF]. The ordinary squares represent the results of the criterion refinement. And finally, the squares with thick lines represents the atomic criteria. Both ordinary and tick lined squares contain the criteria/atomic criteria descriptions. Having the criteria formalised, we can identify the same terms that are used by different formulas or even formulas that are used by different criteria. Therefore, combining the enterprise components relations and the criteria similarities, we can define the dependencies of the interoperability criteria.

Further in [START_REF] Leal | An approach for interoperability assessment in networked enterprise[END_REF], we proposed ten general steps, as depicted in Fig. 4, to be used in our assessment approach. The first step (S1) concerns with the definition of the purpose, application context and the interoperability aspects to be assessed. It is followed by the data gathering (S2) regarding the defined assessment scope. Having these steps validated, we move forward to the enterprise as-is design (S3) and assessment (S4). Regarding the interoperability assessment, a first evaluation is performed to evaluate the individual maturity of the enterprises within the network. It is done based on the current version of MMEI [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF]. Further, an assessment comparing the interoperability criteria fulfilment of two particular enterprises is done i.e. the compatibility measurement. As mentioned before, the current version of MMEI was not proposed for this kind of measurement. To tackle this limitation, we intend to extend MMEI for the compatibility assessment context. We argue that it is possible as MMEI is based on a systemic approach. The compatibility assessment will be done by checking if the criterion fulfilled individually during the potential evaluation, is met in the same or similar way by the enterprises. The process for criterion checking based on the criteria interdependencies is still under development, and the information concerning the incompatibilities will be extracted from knowledge stored using an ontology based on the Ontology of Enterprise Interoperability (OoEI) [START_REF] Naudet | Towards a systemic formalisation of interoperability[END_REF]. With this assessment, we do not intend to give a precise percentage of the compatibility of standards, data formats, etc. but rather highlights the potential EI barriers. After step four is completed, a report is generated (S5). The next step will be the design of the NE future situation (S6) for reducing the negatives impacts from the identified EI barriers. Once the to-be situation is defined and modelled, a gap analysis (S7) can be performed to determine the possible transformations to achieve the target state. Further, a report is generated (S8) with the gap analysis results and recommendations. Based on this report, decision-makers should prioritise the identified recommendations (S9) and define an action plan (S10). The prototype which we intend to develop will support the approach, mainly in the data gathering (S2), as-is assessment (S4) and the gap analysis (S7) steps. 

Validation

As part of the research methodology, this section illustrates a real case study based on an active NE in the field of marketing and communication in Luxembourg. First, we describe a business scenario and the NE perceived problems. Further, we design the NE using EA components considering the EI relevant concepts.

The MMEI assessment of two enterprises from the network is briefly presented. The information used to define the scenario were gathered through interviews and analysis of provided documents by the enterprises. The selected interviewees are members of the board of directors of each enterprise. The name of the network and its members as well as the identity of the customer remains classified for security reasons. Thus, we will refer to them as "TheNetwork", "EntA", "EntB" and "Customer". Scenario description. In general, entrepreneurs do not know what the steps to follow for developing their brand image are. They turn to business development and marketing agencies such as TheNetwork. Hence, the Customer objectives are to request information concerning what is required to develop their business image and to request the agencies to handle all the development process. To offer any combination of the network's services, TheNetwork promises a single point of contact for their customers. It implies that one of the members assumes the role of mediator between the Customer and the rest of the network. In this scenario, EntA supposed to be the mediator. However, it is not what happened in reality. EntA does not fulfil its role as mediator. It means that after contacting the Customer, EntA requests EntB their services and put EntB in direct contact with the client. EntB keeps touch with the Customer until the delivery of their services. The perceived problems in this configuration are (a) that information is not centralised, (b) the members do not have a "one voice" when handling customer relationships, and (c) participants faced information exchange barriers such as lack of linguistics skills and documents in different formats.

Modelling TheNetwork. Fig. 5 illustrates the part of TheNetwork model which represents the components involved in the Client information exchange. For instance, project manager from EntA sends an email to a project manager from EntB containing the Client File (which is all documents containing key data from the client). This view can help us to identify the component that may be the source of the EI barriers. Assessing TheNetwork interoperability. Here, we assessed the interoperability maturity of EntA and EntB applying the assessment methodology described in [START_REF] Guédria | Maturity model for enterprise interoperability[END_REF]. Both enterprises had scored a global maturity level equal to 0 which means that companies do not have an appropriate environment for developing and maintaining interoperability. It is important to note that a lower interoperability maturity for a company does not systematically mean a dysfunction at all levels and for all functions of the enterprise. The maturity is only evaluated from the interoperability point of view and cannot be applied for another purpose. Based on the assessment, we identified some EI potential which are: (a) the syntax incompatibilities i.e. heterogeneous formats to describe and represent the Client File. (b) The semantics incompatibilities of the exchanged information as the enterprises uses multiples languages (e.g. English, German and French) and the fact that for both enterprises it holds that not all employees have the needed linguistics skills. (c) The differences in the respective companies' goals and (d) that collaboration rules are not defined (i.e. no interoperability guide is defined).

Recommendations. It worth noting that with the current state of this thesis, we are not yet able to plan interoperability transformation, but we can recommend some actions for improving the NE interoperability based on the assessment results and the best practices proposed in MMEI. Thus, TheNetwork could take the following actions: (a) Formalise and document information related to collaborative business processes; (b) Standardise administrative documents (e.g. client files, contracts, etc.); (c) Share the employees' Job description to allow employees identify who does what within the group; and (d) Implement an integrated project management tool.

Evaluation

In this section, we evaluate the thesis proposal. Critical analysis. The thesis's fulfilment of the Österle et al. [START_REF] Österle | Memorandum on design-oriented information systems research[END_REF] principles are the following: Abstraction -The thesis proposes a holistic interoperability assessment approach based on the interoperability criteria formalisation and their relations; Originality -There is no explicit representation of interoperability criteria interdependencies in the literature; Justification -The literature limitations mentioned in Section 3 justify the proposed contribution; Benefit -Knowing the relations between interoperability criteria, helps enterprises to decide and plan EI improvements.

Requirement for maturity model development. The proposed artefact fulfilment of Becker et al. in [START_REF] Becker | Developing Maturity Models for IT Management -A Procedure Model and its Application[END_REF] requirements are the following: R1) Comparison with existing maturity models -Published in [START_REF] Hevner | Design Science in Information Systems Research[END_REF]; R2) Iterative Procedurethe relations between requirements and the compatibility measures are done iteratively, starting from literature reviews followed by group discussion. Case studies will also be used to identify missing relations; R3) Evaluation -Fulfilment of the Becker et al. requirements and qualitative feedback from practitioners. R4) Multi-methodological Procedure -Literature review, exploratory research and case study; R5) Identification of problem relevance -The use of different approaches for covering all aspects of interoperability may hinder the as-is and to-be design and the maturity determination as they use different metrics and viewpoints. R6) Problem definition -Cited in Section 1; R7) Target Presentation of results -Scientific community and practitioners who have the need to assess enterprise interoperability; R8) Scientific documentation -Covered by the DSR methodology Communication step.

Requirements for developing a maturity model tool. The prototype tool is under development. However, we intend to meet the requirements for the development of a generic tool for the application of maturity models as proposed by [START_REF] Krivograd | Development of an Intelligent Maturity Model-Tool for Business Process Management[END_REF]. They are divided into two types: Functional (e.g. Connectivity and Compare assessments) and Non-Functional (e.g. ease to use, and assistance function) requirements.

Conclusion

Enterprises within NE have difficulties in identifying existing and potential interoperability barriers that may impact negatively their business. Hence, the primary objective of this research is to propose an approach for assessing the interoperability within a network of enterprises and for providing improvements guidance. We also aim at identifying and formalising the interdependencies between the interoperability criteria as we argue that knowing these interdependencies is essential for supporting a comprehensive assessment. To do so, we propose to design the objects of evaluation (e.g. business process models, data storage devices, etc.) defined by MMEI using the ArchiMate modelling language. It gives an overall view of the enterprise components and their relations regarding interoperability. Further, we intend to formalise the interoperability criteria extracted from the MMEI and the literature for strengthening the identified criteria relationships. The criteria relationships will be used to enrich the current version of MMEI. In addition, a prototype tool is being developed to endorse the proposed assessment approach. Following the research methodology, we illustrate the approach using a real scenario provided by a real NE. Preliminary evaluations of our contribution were made and presented in Section 4.

As future work, we intend to (i) finish the interoperability requirements formalisation; (ii) use the Analytical Network Process [START_REF] Saaty | Fundamentals of the Analytical Network Process[END_REF] for representing through its super matrix, the outcome of interoperability criteria dependencies within and between maturity levels; (iii) extend the MMEI to cover the compatibility measures; and finally, (iv) finalise the prototype tool architecture development.
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Table 3 .

 3 ArchiMate relations

	Relation	Association	Access	Uses	Realises	Specialises	Assignment	Composition
	Notation							
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 4 Formal language symbols.

	Type	Symbol	Semantics
	Term	PO1.2 e.g.	It is a binary variable
	Formula		
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