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THÈSE En vue de l'obtention du

The concept of collaborative networks is encountered very frequently these days as a response to the need to adapt and enhance business performance in this tremendously competitive commercial environment. A considerable body of knowledge has been gathered in the field of collaborative networks so far, from defining types of network and partnership levels to proposing models for partnership developments. But most of these efforts have not addressed a very vital obstacle, which is the difficulty of detecting and predicting collaboration possibilities between enterprises. There is a need for enterprises to outline, assemble and build their collaborations and optimize their partnership choices for as much mutual benefit as possible. Thus, the aim of this research is to propose a solution for suggesting potential collaboration candidates between enterprises to help improve their businesses and to benefit from each other as much as possible. This solution is based on a periodic table of industrial types. This table contains KPI classifications as well as defined collaboration types. An explanation of the characterization of an enterprise/organization profile, collaboration benefits, limitations and types of collaboration networks is also included. Finally, an illustrative case is used to formulate and discuss the steps for collaboration detection.

ACKNOWLEDGMENTS

Firstly, I would like to express my sincere gratitude to my advisors Prof. Frederick BENABEN and Prof. Juanqiong GOU for their continuous support of my Ph.D study and related research, for their patience, motivation, and immense knowledge. Their guidance helped me in all the time of research and writing of this thesis. I could not have imagined having a better advisors and mentors for my Ph.D study.

Besides my advisor, I would like to thank the rest of my thesis committee: Prof. Luis CAMARINHA-MATOS, Prof. David CHEN, Prof. Jean-Pierre BOUREY and Prof. Chihab HANACHI for their insightful comments and encouragement, but also for the hard questions which incented me to widen my research from various perspectives.

Last but not the least, I would like to thank my friends, family: my parents and my brothers for supporting me spiritually throughout writing this thesis and my life in general. Examples of some benefits for collaboration as in [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF] and [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF] 

TABLE OF CONTENTS

LIST OF TABLES

Résumé étendu en français

Au cours des années précédentes, les entreprises pouvaient travailler seules, dans un environnement stable et prévisible. La mondialisation de l'économie, la diffusion de l'information et le développement de nouvelles technologies ont tous affecté la stabilité de cet environnement. Si travailler dans un tel environnement est devenu de plus en plus difficile, cela a également créé de nombreuses nouvelles opportunités, comme mentionné dans [START_REF] Bastin | Williams Managing uncertainty in integrated environmental modelling: the UncertWeb framework[END_REF] et [START_REF] Medini | SCOR-based enterprise architecture methodology[END_REF].

Le marché est aujourd'hui mondialisé et plus ouvert. Les entreprises, en particulier les petites et moyennes entreprises (PME), sont confrontées à une concurrence féroce de la part des grandes organisations en termes d'augmentation et d'amélioration de leur part de marché et de leurs bénéfices. La menace vient non seulement des grandes organisations, mais également du comportement instable du marché qui s'est développé au fil du temps. Les tendances du marché obligent les entreprises à s'impliquer dans de nombreux types de réseaux industriels pour maintenir leur efficacité commerciale. La capacité des entreprises à interagir ou à collaborer avec leurs partenaires est un facteur vital pour leur évolution et leur capacité à survivre dans cet environnement hautement concurrentiel. Il ne fait aucun doute que les entreprises ont besoin d'une grande agilité pour fonctionner sous de telles pressions et assurer ainsi leur survie.

Le besoin urgent d'agilité a eu une influence majeure sur le mode de fonctionnement traditionnel des entreprises. En réponse à divers défis, les entreprises ont commencé à établir et à développer des projets plus collaboratifs qui incluent des partenaires, des plateformes d'achats groupés, des entreprises du même marché, etc. Différentes formes de réseaux collaboratifs émergent continuellement et progressivement et leurs structures deviennent plus flexibles. Le défi peut être résumé comme suit : L'environnement socio-économique n'est plus aussi solide qu'auparavant. C'est maintenant plus fluide. Dans cet environnement instable, les organisations doivent trouver des moyens de bénéficier de ce mouvement continu, sinon elles ne pourront pas survivre, comme indiqué dans [START_REF] Benaben | A TentativeFramework for Risk and Opportunity Detection in A Collaborative Environment Based on DataInterpretation[END_REF].

En raison de l'environnement instable du marché, les organisations doivent trouver des moyens de profiter de ce mouvement continu afin d'être en mesure de rivaliser et de survivre sur le plan commercial. Si les organisations ne parviennent pas à créer ou à saisir des opportunités, leur activité disparaîtra avec le temps. Au cours des 10 à 20 dernières années, de nombreuses organisations n'ont pas compris cela et ont été victimes de l'écosystème. Deux exemples célèbres seraient Nokia et Yahoo. Nokia était la marque de téléphones portables la plus vendue au monde. Cependant, peu de temps après le lancement de l'iPhone par Apple, Nokia n'a pas pu faire face à l'énorme changement de marché qui a suivi. Les smartphones sont apparus et Nokia n'était pas prêt à répondre à cette demande. La valeur marchande de Nokia a baissé d'environ 90% jusqu'à son acquisition par Microsoft en 2013. Yahoo fournit un exemple similaire. Yahoo en 1998 valait plus de 40 milliards de dollars et surfait sur la vague de la bulle technologique. Ils ont atteint leur valeur maximale en 2000 à plus de 125 milliards de dollars.

Mais dès que Google et Facebook sont devenus bien connus, Yahoo a fait une descente jusqu'à ce qu'ils ne valaient que 10 milliards de dollars environ. Cela était dû au changement rapide du marché que Yahoo n'avait pas prévu.

Dans le marché concurrentiel actuel, les entreprises devraient essayer d'en profiter au maximum avant de faire face au même destin que Nokia et Yahoo. La complexité et la mondialisation du marché nécessitent une collaboration. La collaboration est la réponse à la manière dont les organisations peuvent bénéficier d'un environnement instable.

Cette réponse peut être confondue avec le concept d'adaptation, dans lequel les entreprises disparaîtront si elles ne s'adaptent pas aux changements du marché. Cependant, la collaboration est considérée comme l'une des propriétés de l'adaptation. Une entreprise peut éviter ce sort si elle considère la collaboration comme une solution à la complexité du changement du marché. À l'heure actuelle, les entreprises préfèrent travailler ensemble plutôt que d'investir dans leurs propres ressources, qui peuvent à peine être utilisées lorsque l'occasion se présente. Par exemple, Airbus a récemment gelé le processus d'embauche de nouveaux employés et, au contraire, étendu le réseau de ses sous-traitants. Par conséquent, les entreprises ont commencé à s'associer et à compter les unes sur les autres si des avantages mutuels peuvent être trouvés, comme mentionné dans [START_REF] Bititci | Creating and managing value in collaborative networks[END_REF]. Cependant, les entreprises ont toujours été des organisations verticalement intégrées, ce qui rend les partenariats difficiles à former. De nos jours, des changements majeurs se produisent dans l'économie qui conduisent à des organisations de réseau plus flexibles qui se consacrent à aider à améliorer la flexibilité et la capacité à établir et maintenir rapidement des partenariats, comme indiqué dans [START_REF] Soares | Modeling the Structure of Collaborative Networks: Some Contributions[END_REF], [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF] and [START_REF] Divitini | Inter-Organizational Workflows for Enterprise Coordination[END_REF]. Le travail collaboratif pourrait contribuer de manière significative au succès de l'entreprise, offrant un certain nombre d'avantages commerciaux, notamment des économies de coûts, une augmentation des ventes, un transfert de connaissances, l'accès à de nouveaux marchés, une capacité accrue et des améliorations de l'efficience et de l'efficacité.

Les membres d'un réseau participeront souvent au partage d'informations et travailleront ensemble sur des mesures de réduction des coûts afin de maximiser leur compétitivité. Cela permet de transformer l'activité normale de partage d'informations en relations dynamiques qui aident toutes les parties du réseau de collaboration, comme décrit dans [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF], [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF].

Cependant, il peut y avoir des limites à cette collaboration. Imposer un style d'entreprise spécifique à d'autres parties, soit en raison de différences de culture, de conflits dans les pratiques de travail, ou d'une entreprise éclipsant l'autre, pourrait s'avérer un aspect négatif s'il n'est pas traité correctement. En outre, le timing pourrait être un problème. Recueillir des informations ou vérifier avec d'autres parties sur chaque décision peut ralentir le processus. Cela peut aussi faire avancer les choses plus vite qu'elles ne le devraient, afin de répondre aux attentes du réseau. Par conséquent, avoir un équilibre entre ces aspects est une condition préalable à la création d'un bon réseau collaboratif, comme indiqué dans [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF].

Bien que les organisations reconnaissent la nécessité de collaborer pour survivre sur des marchés concurrentiels, la plupart des organisations ne connaissent pas réellement le meilleur partenaire avec lequel collaborer. Connaître les besoins et les avantages de la collaboration est une chose, mais comprendre le meilleur type de collaboration et choisir le meilleur partenaire avec lequel collaborer, en fonction des besoins de l'entreprise, en est une autre. Ainsi, le vide de recherche qui a conduit à ce travail de recherche est la question de trouver et de proposer le meilleur partenaire potentiel de collaboration, en fonction des besoins de l'entreprise.

Toutes les organisations ont tendance à mesurer leurs performances en utilisant des indicateurs de performance clés (KPI). Ces KPI indiquent si une organisation spécifique se porte bien, du point de vue commercial ou non. Ainsi, si les KPI d'une entreprise montrent une faiblesse quelque part, alors cette entreprise doit améliorer ces KPI afin de se remettre sur la bonne voie. Ainsi, la question sociale derrière le concept décrit ci-dessus peut être posée comme suit.

Comment les entreprises peuvent-elles définir, assembler et construire leurs collaborations et comment optimiser leurs choix de partenariat et profiter les unes des autres autant que possible en fonction de leurs besoins en termes de KPI? Nous pourrions analyser cette question en la divisant en deux parties. La première partie traite de la manière de créer, de maintenir et de développer des réseaux de collaboration et de définir les critères nécessaires pour y parvenir. La deuxième partie explique comment les entreprises peuvent améliorer leurs performances commerciales, en fonction de leurs indicateurs de performance clés, en étant dans des réseaux collaboratifs.

Des travaux ont été réalisés concernant l'aide à la décision pour les organisations dans des réseaux collaboratifs, comme dans [START_REF] Hajlaoui | UNICOMP: Identification of Enterprise Competencies to Build Collaborative Networks[END_REF] où les auteurs ont introduit un système de support et de construction de réseaux collaboratifs utilisant un système d'extraction d'informations inspiré de l'ontologie et des modèles sémantiques. De même, dans [START_REF] Huang | Decision model for partnership development in virtual enterprises[END_REF], les auteurs présentent un modèle de décision du point de vue de l'entreprise pour aider à préciser sa stratégie de partenariat actuelle et déterminer sa future stratégie de partenariat avec une autre entreprise. Cependant, la grande majorité des études n'ont pas abordé la situation où les organisations ne connaissent pas réellement le meilleur partenaire avec lequel collaborer en fonction de leurs besoins en KPI.

Les avantages mutuels obtenus par la collaboration sont classés ci-dessous, comme indiqué dans [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF] et [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF]:

• Avantages financiers -les avantages financiers de faire partie d'un réseau peuvent inclure une augmentation des ventes nationales ou à l'exportation, la soumission d'une offre conjointe pour remporter des contrats plus importants ou une réduction des coûts grâce au partage des ressources.

• Capital humain -les avantages pour le personnel peuvent inclure le développement des compétences et des capacités des employés, la sauvegarde de l'emploi, l'augmentation de l'emploi et l'encouragement de la motivation du personnel.

• Capital physique -les avantages de faire partie d'un réseau de collaboration peuvent avoir un impact sur le capital physique de l'entreprise en soutenant le partage des installations, des matières premières et des équipements.

• Capital intellectuel -le capital intellectuel d'une organisation peut bénéficier du partage d'informations, de l'assurance dans la recherche et le développement collaboratifs et des activités de conception. Ils peuvent expliquer les forces et capacités complémentaires d'autres entreprises et partager les meilleures pratiques.

• Développer de nouveaux processus -rejoindre un réseau collaboratif peut aider une entreprise à développer des produits, processus ou services nouveaux ou innovants. Cela peut aider à accroître la connaissance de l'entreprise d'un marché pour aider à identifier de nouveaux clients potentiels et leur permettre de rivaliser plus efficacement.

• Durabilité -rejoindre un réseau pourrait aider à développer le concept de durabilité d'un système. Par exemple, pour augmenter le nombre d'entreprises vertes Limitations de la collaboration :

Cependant, il existe des limites et des risques à la collaboration en réseau, comme indiqué dans [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF].

• Conflits dans les styles de travail -Cela peut être un problème majeur lorsque différentes organisations collaborent à un projet. Il peut y avoir un conflit dans le style de travail au sein du réseau. Cela peut finir par retarder les progrès dans l'accomplissement du travail à accomplir, tandis que les organisations ne sont pas d'accord et provoquent des conflits par les différentes manières dont elles abordent le travail. Cela peut être très réel dans le cas d'un groupe collaboratif, où vous pouvez parfois vous retrouver avec trop d'entreprises essayant de diriger le réseau. Il en résultera un nombre insuffisant de membres prêts à faire ce qu'il faut pour faire le travail.

• Diversité culturelle -Cela pourrait être vu comme un aspect positif si nous essayions de profiter de cette diversité en mettant toutes les expériences des parties sur la table, mais en même temps, cela pourrait être négatif s'il n'est pas abordé correctement, comme essayer de forcer une manière de travailler sur le reste des parties dans un réseau.

• Personnalité éclipsée -Un autre conflit peut survenir lorsque l'entreprise la plus forte est tellement plus influente que les autres parties du réseau qu'elle parvient à reprendre la discussion et à forcer ses idées en conséquence. De plus, il peut être difficile pour les entreprises d'être à l'aise dans une situation où elles sentent que leurs idées sont partagées au sein d'un réseau.

• Timing -Les collaborations peuvent signifier que votre campagne avance plus lentement parce que vous avez besoin de recueillir des informations, de parvenir à un accord ou de vérifier avec les autres joueurs concernant chaque décision. D'un autre côté, la collaboration peut vous obliger à faire les choses plus rapidement ou plus tôt que prévu en raison des exigences du réseau, ce qui vous oblige à le faire. Pour cette raison, il devrait y avoir une bonne compréhension des niveaux d'autosuffisance que vous avez. Travailler en groupe peut aussi signifier que parfois les gens peut ne pas être aussi efficace dans le chronométrage que vous ou quelqu'un d'autre. L'organisation et le chronométrage sont très importants dans les tâches avec une date limite; si les gens ne font pas leur poids dans les tâches, vous risquez de prendre du retard.

La solution proposée dans cette recherche vise à aider les organisations à être plus flexibles lorsqu'il s'agit de former des collaborations et les évite d'être des organisations verticalement intégrées. Cela contribuera à offrir plusieurs avantages commerciaux tels que des économies de coûts, une augmentation des ventes, un transfert de connaissances, l'accès à de nouveaux marchés, une capacité accrue et des améliorations en termes d'efficience et d'efficacité, comme indiqué dans [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF] et [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF].

Comme indiqué ci-dessus dans la section 1.3, dans cette recherche, nous nous concentrons sur la manière de proposer des partenaires de collaboration potentiels pour les entreprises en fonction de leurs besoins de collaboration. Sur la base de cette question sociale, nous pouvons élaborer 5 grandes questions scientifiques directement liées à cette recherche. La première question scientifique est considérée comme la question fondamentale, et le reste des questions scientifiques y sont liées, comme le montre la figure 2. SQ1: Quels sont les types de réseaux collaboratifs?

Cette question est soulevée afin de classer le réseau de collaboration potentiel résultant de partenaires en types qui peuvent avoir des propriétés différentes. Dans cette question, nous essayons de déterminer quels types de réseaux collaboratifs existent. Le tableau périodique des types industriels comportera des types industriels sous forme de colonnes et des types de collaboration sous forme de lignes. Mais pour construire cette table, nous devons accumuler des données réelles sur les collaborations existantes. Ainsi, nous avons construit une matrice de base de données qui comprenait de vrais exemples de collaboration existants pour différents types industriels et avons utilisé cette matrice pour la lier au type de collaborations afin de construire le tableau périodique des types industriels. En raison de la complexité de la création d'une telle matrice de base de données, nous supposerons que ce tableau est rempli d'exemples de collaboration réelle existants pour tous les types industriels classés. Cela sera discuté en détail au chapitre 4.

La vue d'ensemble de la conception de la thèse est présentée dans la figure 7. Elle montre la question sociale de savoir comment détecter et proposer des partenaires de collaboration pour les entreprises. Cette question sociale peut être décomposée en deux sous-questions. La première sous-question traite des critères d'accompagnement des entreprises dans la création, le maintien et le développement de réseaux collaboratifs. La deuxième sous-question traite des avantages qu'une entreprise peut tirer de son appartenance à un réseau collaboratif pour aider à améliorer ses indicateurs de performance clés. La première question d'analyse peut être décomposée en quatre questions scientifiques, comme le montre la figure 7. La première question scientifique traite des types de réseaux collaboratifs. La deuxième question scientifique traite des caractéristiques d'un profil d'entreprise qui aidera à suggérer le partenaire potentiel. La troisième question scientifique traite des types de besoins collaboratifs associés à la collaboration. La quatrième question scientifique traite des types de collaboration qui peuvent être réalisés au sein d'un réseau collaboratif. Enfin, la cinquième question scientifique, qui est liée à la deuxième sous-question, traite des dimensions des KPI qui sont liées à une situation de collaboration. Les réponses à ces cinq questions scientifiques peuvent être combinées, comme le montre la figure ci-dessous, pour montrer l'idée d'une synthèse résultante (le tableau périodique des industries) basée sur un cube tridimensionnel. Cette question sera examinée en détail au chapitre IV.

La variété des types de réseaux, des avantages et des limites crée une difficulté pour une entreprise qui tente de trouver la collaboration qui convient à ses besoins, et de même les membres avec lesquels elle a besoin pour former un réseau. Comme indiqué dans [START_REF] Koura | A Theoretical Approach for Detecting and Anticipating Collaboration Opportunities[END_REF], un profil d'entreprise doit être défini en premier. Les caractéristiques utilisées pour définir un tel profil sont les performances, la taille, le type d'industrie, le type d'avantage souhaité et la capacité de collaboration. Pour se concentrer sur une preuve de concept, un critère spécifique, qui est le type d'industrie (code NACE), a été utilisé. Selon un critère spécifique, ce code est caractérisé en 4 niveaux principaux. Le premier niveau est constitué de sections, qui spécifient principalement le titre de l'industrie. Chaque section est divisée en divisions, chaque division est divisée en groupes et chaque groupe est divisé en classes. La figure 12 présente un exemple de la section B (fabrication) et seulement 2 divisions (7 et 9) et leurs groupes et classes, respectivement.

Les critères de regroupement de ces divisions, groupes et classes sont discutés dans le document officiel de la Commission européenne [START_REF]NACE Rev.2: statistical classification of economic activities in the European Community[END_REF]. Cela a aidé à développer une hypothèse qui affirmait qu'un lien de collaboration potentiel pouvait être suggéré entre les codes industriels au sein d'une même division. Ces critères de regroupement dans le code NACE (ainsi que d'autres concepts encore à expliquer) forment les critères de classification sur lesquels le tableau périodique de l'industrie sera construit.

En se basant également sur [START_REF] Huang | Decision model for partnership development in virtual enterprises[END_REF], [START_REF] Sockett | Levels of partnership[END_REF] et [START_REF] Koura | A Theoretical Approach for Detecting and Anticipating Collaboration Opportunities[END_REF], les types de partenariat sont utilisés pour décrire le type de collaboration entre partenaires. Ce sont les suivants:

1. Partenariat marketing -Ce type de partenariat implique soit un référent avec lequel vous partagez une base de clients, soit une entreprise opérant dans un domaine connexe qui peut commercialiser vos produits ou des services à de nouveaux clients. Ceci est courant dans l'industrie automobile, comme le Toyota IQ commercialisé sous le nom d'Aston Martin Cygnet. 

General Introduction

English Title: Approach for detecting and anticipating potential collaboration partners based on periodic table of industrial types.

Today's businesses face considerable difficulties in responding to increasingly competitive worldwide market conditions. Collaboration between organizations is a promising way to help companies widen the capabilities they can offer and reinforce their competitiveness [START_REF] Bititci | Creating and managing value in collaborative networks[END_REF]. The development of new organizational structures and support for innovation provides an enabling environment for business collaboration. Significant changes are currently occurring in the economy that require progressively adaptable system associations devoted to improving adaptability, set-up speed and partnership maintenance, as discussed in [START_REF] Soares | Modeling the Structure of Collaborative Networks: Some Contributions[END_REF] and [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF]. Collaborative working could contribute fundamentally to the accomplishments of businesses, conveying various business benefits including cost savings, increased sales, knowledge transfer and access to new markets, as well as increasing capacity and improving efficiency and effectiveness. [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF].

Nonetheless, any collaborative network may have limitations on its effectiveness. Cultural diversity, conflicts in style or the effects of one partner overshadowing the others could have a negative impact if not managed properly. Likewise, timing could be an issue. Gathering information or checking each decision with other collaborators can slow down the process. It also can cause things to go too quickly in order to bend to the needs of the system. There is thus a need to achieve a degree of harmony between these perspectives, so as to develop an effective collaboration, as demonstrated in [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF]. Furthermore, enterprises will want to measure the success of their collaboration and decide whether or not this collaboration is worth developing and enhancing.

In this research we propose a solution that uses KPI classifications, collaboration types, and an industrial type classification (NACE code) created by the European Union to define two main approaches. The first approach is to create a five-step model for detecting and anticipating potential collaboration partners. The second approach is to create a general matrix. This matrix contains various relationships between different industrial types and acts as a basic pillar to the periodic table of industrial types, which is the main result of this research.

Introduction générale

Titre Français : Détection et anticipation des partenaires de collaboration potentiels basée sur un tableau périodique des types industriels.

De nos jours, les entreprises sont confrontées à de nombreuses difficultés pour répondre avec succès à un marché mondial toujours compétitif. La collaboration entre organisations est une manière prometteuse d'aider les entreprises à élargir leurs capacités d'offre et à renforcer leur compétitivité [START_REF] Bititci | Creating and managing value in collaborative networks[END_REF]. Ce modèle est rejoint par le développement de nouvelles structures organisationnelles et le soutien de l'innovation fournissant des environnements propices à la collaboration commerciale. Ces jours-ci, des changements significatifs se produisent dans l'économie vers des associations de système progressivement adaptables qui sont consacrées à aider à améliorer l'adaptabilité, la capacité à établir et maintenir rapidement des partenariats comme discuté dans [START_REF] Soares | Modeling the Structure of Collaborative Networks: Some Contributions[END_REF] et [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF]. Travailler en coopération pourrait contribuer fondamentalement à la réalisation de l'entreprise, en apportant divers avantages commerciaux, notamment des économies de coûts, une augmentation des ventes, un transfert de connaissances et un accès à de nouveaux marchés, une capacité accrue et des améliorations de l'efficience et de l'efficacité comme indiqué dans [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF].

Néanmoins, il peut y avoir des limitations au réseau. La diversité culturelle, les conflits dans le style de travail ou la dissimulation peuvent être une perspective négative s'ils ne sont pas gérés avec précision. De même, le timing pourrait être un problème. Recueillir des informations ou vérifier avec d'autres collaborateurs sur chaque décision peut vraiment modérer le processus. Cela peut également accélérer les choses pour répondre aux désirs du système. De cette manière, il est important d'avoir une harmonie entre ces perspectives pour avoir une collaboration décente comme présenté dans [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF]. En outre, les entreprises souhaiteraient mesurer le succès de leur collaboration et déterminer si cette collaboration vaut la peine d'être développée et renforcée ou non.

Dans cette recherche, nous proposons une solution qui utilise des classifications KPI, des types de collaboration et une classification de type industriel (code NACE) créée par l'Union européenne pour définir deux approches principales. La première approche consiste à créer un modèle en cinq étapes pour détecter et anticiper les partenaires de collaboration potentiels. La deuxième approche consiste à créer une matrice générale. Cette matrice contient diverses relations entre les différents types industriels et sert de pilier de base au tableau périodique des types industriels qui est le principal résultat de cette recherche.

Research context and approach

Research context and approach 

I.1. Introduction

During previous years, enterprises could work on their own, in a stable and predictable environment. The globalization of the economy, the spread of information and the development of new technologies have all affected the stability of this environment. While working in such an environment has become increasingly difficult, it has also created many new opportunities, as mentioned in [START_REF] Bastin | Williams Managing uncertainty in integrated environmental modelling: the UncertWeb framework[END_REF] and [START_REF] Medini | SCOR-based enterprise architecture methodology[END_REF].

The market today is globalized and more open. Enterprises, particularly small and medium-sized enterprises (SMEs), are encountering fierce competition from large organizations in terms of increasing and improving their market share and profit. The threat comes not only from large organizations but also from the unstable market behavior that has developed over time. Market trends are forcing businesses to be involved in many types of industrial networks to maintain their business efficiency. The capacity of enterprises to interact or collaborate with their partners is a vital factor for their evolution and ability to survive in this highly competitive environment. Undoubtedly, enterprises need considerable agility in order to operate under such pressures and thus ensure their survival.

The urgent need for agility has had a major influence on the traditional way enterprises operate. In response to various challenges, enterprises have started to establish and develop more collaborative projects that include partners, platforms for group buying, enterprises in the same market, etc. Various forms of collaborative networks are continuously and progressively emerging and their structures are becoming more flexible. The challenge can be summarized as follows:

The social-economic environment is not as solid as it used to be. It is now more fluid. In this unstable environment, organizations need to find ways to benefit from this continuous movement, or they will not be able to survive, as pointed out in [START_REF] Benaben | A TentativeFramework for Risk and Opportunity Detection in A Collaborative Environment Based on DataInterpretation[END_REF]. This chapter is dedicated to describing the context of this research study and presenting the research developed in this thesis. The following sections will discuss the background of the social question, formulate a problem statement where we will define the research gap arising from the social question, describe the purpose of this study where we will reflect on the problem statement, and indicate how this study will be accomplished. After that, we will discuss the scientific questions arising from the social question and then outline the research design, where we will define the research methodology, as seen in fig 1 . Finally, a summary of the key points discussed in this chapter will be presented in the conclusion and a thesis structure will be presented in the thesis roadmap. 

I.2. Background of the social question

Due to the unstable environment of the market, organizations need to find ways to benefit from this continuous movement in order to be able to compete and survive business-wise. If organizations fail to create or seize opportunities, their business will fade over time. During the past 10-20 years, a lot of organizations failed to understand this and fell victim to the ecosystem.

Two famous examples would be Nokia and Yahoo. Nokia was the best-selling mobile phone brand in the world. However, soon after Apple launched the iPhone, Nokia could not cope with the huge market shift that ensued. Smartphones appeared and Nokia wasn't ready to meet this demand. The market value of Nokia declined by around 90% until it was acquired by Microsoft in 2013. Yahoo provides a similar example. Yahoo in 1998 was worth more than 40 billion dollars and riding the tech bubble wave. They reached their peak value in 2000 at more than 125 billion dollars. But as soon as Google and Facebook became well known, Yahoo went on a downhill slide until they were worth only around 10 billion dollars. This was due to the rapid market change that Yahoo did not anticipate.

In the current competitive market, enterprises should try to benefit as much as possible before they face the same destiny as Nokia and Yahoo. The complexity and globalization of the market require collaboration. Collaboration is the answer to how organizations can benefit from an unstable environment. This response can be confused with the concept of adaptation, in which enterprises will disappear if they do not adapt to the changes in the market. However, collaboration is considered to be one of the properties of adaptation. An enterprise can avoid this fate if it considers collaboration as a solution to the complexity of market change.

Right now, enterprises prefer to work together rather than investing in their own resources, which may scarcely be used when the opportunity goes away. For example, Airbus has recently frozen the process of hiring new employees and, on the contrary, extended the network of its subcontractors. Hence, enterprises have begun to partner up and rely on each other if mutual benefit can be found, as mentioned in [START_REF] Bititci | Creating and managing value in collaborative networks[END_REF]. However, companies have historically been vertically integrated organizations, making partnerships hard to form. Nowadays, major changes are taking place in the economy that are leading to more flexible network organizations that are devoted to helping to improve flexibility and the ability to quickly set up and maintain partnerships, as stated in [START_REF] Soares | Modeling the Structure of Collaborative Networks: Some Contributions[END_REF], [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF] and [START_REF] Divitini | Inter-Organizational Workflows for Enterprise Coordination[END_REF]. Collaborative working could significantly contribute to the success of the business, delivering a number of business benefits including cost savings, increased sales, knowledge transfer, access to new markets, increased capacity, and improvements in efficiency and effectiveness.

Members of a network will often participate in information-sharing and work together on cost-reduction measures to maximize their competitiveness. This allows the transformation of normal information-sharing activity into dynamic relationships that helps all parties in the collaboration network, as described in [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF], [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF].

However, there might be some limitations to this collaboration. Forcing one specific business style on other parties, either because of differences in culture, conflicts in working practices, or one company overshadowing the other could prove to be a negative aspect if not dealt with correctly. Also, timing could be an issue. Gathering information or checking with other parties on each decision can slow down the process. It also can make things go faster than they should, in order to meet the expectations of the network. Therefore, having a balance between these aspects is a prerequisite for creating a good collaborative network, as said in [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF].

I.3. Problem statement and purpose of the study

Although organizations recognize the need for collaboration in order to survive in competitive markets, most organizations do not actually know the best partner to collaborate with. Knowing the needs and benefits of collaboration is one thing but understanding the best type of collaboration and choosing the best partner to collaborate with, in line with the needs of the enterprise, is another matter. Thus, the research gap that led to this research work is the question of finding and proposing the best potential partner for collaboration, based on the needs of the company.

All organizations tend to measure their performances by using key performance indicators (KPIs). These KPIs indicate whether a specific organization is doing well, business-wise, or not. So, if a company's KPIs show a weakness somewhere, then this company needs to improve these KPIs in order to get on the right track again. So, the social question behind the concept described above can be stated as follows.

How can enterprises outline, assemble and build their collaborations and how can they optimize their partnership choices and benefit from each other as much as possible based on their KPIs needs?

We could analyze this question by dividing it into two parts. The first part deals with how to build, maintain, and develop collaboration networks and what the necessary criteria are for doing that. The second part discusses how enterprises can improve their business performance, based on their KPIs, by being in collaborative networks. Some work has been done regarding decision support for organizations in collaborative networks, as in [START_REF] Hajlaoui | UNICOMP: Identification of Enterprise Competencies to Build Collaborative Networks[END_REF] where the authors introduced a system to support and build collaborative networks using an information extraction system inspired by ontology and semantic patterns.

Similarly, in [START_REF] Huang | Decision model for partnership development in virtual enterprises[END_REF], the authors present a decision model from the company's point of view to help specify its current partnership strategy and determine its future partnership strategy with another company. However, the vast majority of studies have not addressed the situation where organizations do not actually know the best partner to collaborate with based on their KPI needs.

The purpose of this study is to provide a solution that helps enterprises in forming collaborations based on their collaboration needs, which will affect the KPIs of the enterprise directly. This research targets both individual enterprises from their own point of view and enterprises from a collective standpoint, as viewed by governments. For enterprises individually, as seen from their own point of view, it will help them to improve their business flow by detecting the most suitable partner or partners to collaborate with, based on a KPI improvement criteria. It could also be useful for governments, as it will help them to offer partnerships that will, in return, improve business environments and have a positive effect on the economic ecosystem.

The solution proposed in this research aims to help organizations to be more flexible when it comes to forming collaborations and pushes them away from being vertically integrated organizations. This will help in delivering several business benefits like cost savings, increased sales, knowledge transfer, access to new markets, increased capacity, and improvements in efficiency and effectiveness, as said in [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF] and [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF].

I.4. Scientific questions

As stated above in section 1.3, in this research we focus on how to propose potential collaboration partners for enterprises based on their collaborative needs. Based on this social question, we can draw up 5 main scientific questions that are directly related to this research. The first scientific question is considered to be the root question, and the rest of the scientific questions are related to it, as shown in fig 2. 

SQ1: What are the types of collaborative networks?

This question is elevated in order to classify the resulting potential collaboration network of partners into types that can have different properties. In this question, we try to determine what types of collaborative networks exist.

SQ2: What are the characteristics of an enterprise profile that correlate with a Collaboration Network?

This question is identified in order to create a standard enterprise profile with specific characteristics that will help in recognizing the suitable potential partner for each enterprise.

The answer to this question is considered to be the first contribution to the approach of this research.

SQ3: What are the types of collaboration?

This question is proposed in order to identify the various types of collaboration that the organizations can maintain inside the collaborative network. This question is not to the same as SQ1, as here we are trying to find the type of collaboration between partners within a collaboration network, as seen in fig 3. The answer to this question is considered to be the third contribution to the approach of this thesis. 

SQ4: What types of collaborative needs are associated with collaboration?

This question arises when we try to identify the collaborative needs of organizations associated with types of collaboration. A collaborative need is a lack of collaboration, thus any collaboration is an answer to a collaborative need, even if it is an unknown or unobvious collaboration, which also indicates that collaborative need types have a direct relation with the collaboration types described in SQ3. The answer to this question is considered to be the second contribution to the approach of this thesis.

SQ5: What are the KPIs that are related to a collaborative situation?

This question is proposed in order to identify the KPIs that can influence the collaboration decision of an organization. A link between KPIs and type of collaboration will be proposed and explained in detail in chapter III. The answer to this question is considered to be the fourth contribution to the approach of this thesis

I.5. Research design

The main idea of this research is to create a table of industrial types that imitates the periodic table of elements. The reason for choosing the periodic table was because it identifies all elements and classifies them by 2 main classifications. The first is the column or group classification, where all elements in the same column share the same "X" property, which is having the same number of electrons in the last shell. For example, all elements in group 1 have one electron in the last shell. The second is the row or period classification, where all elements in the same period share the same "Y" property, which is having the same number of atomic orbitals. For example, all elements in period 1 have one atomic orbital for all their electrons. The goal of this research is to suggest potential collaborations based on the organization and property concepts of the periodic table. So, if an element in group 1 is known to collaborate with an element in group 4, thus any element in group 1 is considered to be a potential partner to form a collaboration network with any element in group 4.

In this research, we look at enterprises as elements of the periodic table and try to imitate this table of elements and its classification criteria, to suggest a way to detect and anticipate potential partners for enterprises.

The first step was to build a table exactly like the periodic table of elements by using the same method of classification. This method groups together similar industrial types by applying standard attributes of enterprises and thus attempts to create a standard profile that defines each enterprise individually. These attributes may include the number of employees, industry type, number of branches, etc. In this methodology we used Principal Component Analysis (PCA) and we tried to link some examples of existing collaborations with the enterprise profile defined from the attributes mentioned above.

After gathering enough information about a large number of enterprises in order to perform the PCA, the target was to analyze the result clusters so as to find a standard pattern that defines each class of industrial type. However, this approach did not work out as expected. There were no similar clusters for the same industrial type, as seen in figs 4 and 5.

As shown in figs 4 and 5, we analyzed about 36 enterprises using PCA, with five criteria.

The data of these enterprises were taken from the partners database of Ecole des Mines D'Albi, and they were categorized as follows: type of industry, production revenue, fast moving consumer goods (FMCG), number of sites and number of employees. If our approach was right, we would have seen similar clusters of enterprises and the same biplot figures. The results of this approach were not a success, because there were no clusters of enterprises that were obvious or which we could consider to be a pattern. Thus, we thought about trying another approach. 

Active variables Active observations

Since the previous approach did not work, we thought about defining a new enterprise profile instead of the five properties defined previously. Also, we thought about how to find the connection between the new enterprise profile and the collaboration types and needs. The methodology used in this research is shown in fig [START_REF] Bastin | Williams Managing uncertainty in integrated environmental modelling: the UncertWeb framework[END_REF].

In this research, we analyze the research question by taking two approaches in parallel.

The first point is how to characterize enterprises. The second point is how to link the collaboration types and needs to this enterprise characterization. So, for characterizing an As said before, the initial hypothesis for this methodology is that it would be useful to create a periodic table of industrial types that imitates the periodic table of elements. This table would have columns as types of enterprises and rows as a specific aspect of enterprise that changes in scale when you move along the rows. So, in order to have an idea about types of industrial classifications and types of collaboration, we decided to research these aspects in parallel and investigate the domain of enterprise characterization for industrial classification for KPIs attributes, etc., and the domain of collaborative networks for types of collaborative networks, types of collaboration, etc. The next step was to map all this information and create the structure of the periodic table of industrial types and finally to evaluate and test this approach by a use case.

The periodic table of industrial types will have industrial types as columns and types of collaboration as rows. But in order to build this table, we need to accumulate real data about existing collaborations. Thus, we built up a database matrix that included real existing collaboration examples for different industrial types and used this matrix to link it with the type of collaborations to build the periodic table of industrial types. Due to the complexity of creating such a database matrix, we will assume that this table is filled with existing real collaboration examples for all industrial types classified. This will be discussed in detail in chapter 4. we can detect and propose collaboration partners for enterprises. This social question can be broken down into two sub-questions. The first sub-question discusses the criteria of supporting enterprises in creating, maintaining, and developing collaborative networks. The second subquestion discusses the benefits that an enterprise can gain from being in a collaborative network to help improve their KPIs. The first analysis question can be broken down into four scientific questions, as seen in fig [START_REF] Medini | SCOR-based enterprise architecture methodology[END_REF]. The first scientific question discusses the types of collaborative networks. The second scientific question discusses the characteristics of an enterprise profile that will help in suggesting the potential partner. The third scientific question discusses the collaborative need types associated with collaboration. The fourth scientific question discusses the types of collaboration that can be done within a collaborative network. Finally, the fifth scientific question, which is related to the second sub-question, discusses the KPI dimensions that are related to a collaborative situation. The answers to these five scientific questions can be combined, as seen in the figure below, to show the idea of a resulting synthesis (the periodic table of industries) based on a 3-dimensional cube. This will be discussed in detail in chapter IV. 

I.6. Conclusion and Thesis roadmap

This chapter explored the concept of the market environment changing from solid status to liquid. The market starts to change rapidly, and the demands are somehow impossible to fulfill by one organization. Hence the need for collaboration. Organizations need to collaborate to overcome these market changes and to cope with the unstable environment. The social question was presented. It is broken down into two analysis questions. The first analysis question is divided into four scientific questions. The second analysis question discusses the fifth scientific question. The purpose of this study was also presented along with the research design. The basic outline of the thesis is shown in fig 8 . As can be seen from the figure, the thesis consists of six chapters.

The current chapter is an introduction to the main research concept of collaboration and collaborative networks including research problematics, the objectives of the research, and the questions that need to be answered throughout the research.

In chapter 2 we discuss the literature review of collaborative networks. In this literature review, we will talk about the types and levels of collaborative networks. Also, we will discuss the benefits and limitations of an organization being part of a collaborative network. Topologies of networks and comparisons with existing collaborative models are also discussed. We present the concept of enterprise knowledge and its types and discuss how this knowledge can be helpful for collaboration.

In chapter 3 we discuss the first part of the approach, in which we propose a method for enterprise profile characterization as well as collaboration types. These are the two main pillars that we will base our approach on. This chapter answers the first and third scientific questions presented in chapter 1.

Chapter 4 demonstrates the second part of the approach in which we present the collaborative need types and propose five KPI dimensions. Furthermore, a list of five steps for detecting and ranking collaboration partners is proposed. This is considered as the answer to the second and fourth scientific questions.

In chapter 5 we provide an illustrative example to demonstrate the applicability of the method outlined in the previous chapters. The conclusion is presented in the last chapter (chapter 6). Discussion of the results and the findings, the limitations of the approach and the recommended future perspectives are given and discussed in this last chapter. 

II.1. Introduction

This research aims to build an approach that will detect and suggest potential collaboration partners. To understand how an enterprise could be capable of any collaboration, several issues need to be discussed. First, we need to know what collaboration is in the context of our research, as well as its benefits and limitations according to previous work done. Also, we need to know the types and levels of collaboration networks as well as the knowledge needed for enterprises to interact in such networks. Moreover, we need to study existing models that proposes collaboration partners and discuss the differences between their approach and the approach presented in this work. Therefore, we have divided the literature review study into six sections.

The first section will show a summary of some related work that has been carried out regarding the concept of this research. The second section discusses collaboration networks and their background, types and levels, the benefits and limitations of collaboration, and network topologies. The third section discusses the enterprise knowledge that is needed for such collaboration. The fourth section shows a summary of useful work done which shows some related models used for suggesting potential collaboration partners and compares them to the idea behind this research. The fifth section discusses the concept of the Mendeleev table of elements and the adopted idea for creating a table of industrial types that imitates the periodic table of elements. Finally a conclusion serves to summarize the chapter as well as to compare the current literature review concepts with the idea of the research presented in this thesis.

II.2. Related work

In this section, we shall list a summary of some studies related to the concept of this research. This section provides an overview of the research areas involved forms a response to the scientific and social issues raised in chapter I. The literature review articles are divided into two categories: Competitor research work and contribution and Inspirational research work and contribution. The Competitor research work and contribution, which discusses the characteristics and types of collaborative networks as well as the creation and maintaining of these networks, mainly answers the social question. Also, it discusses some previous models that propose partnerships for enterprises and provides a comparison between their objective and the objective of this thesis. Inspirational research work and contribution mainly analyses the scientific questions, like performance indicators and their relationship with collaboration networks. It also inspired the idea behind this thesis of using the impact of KPIs on the collaboration networks to propose the best partnerships for enterprises. The classification of these articles is based on the area of interest regarding the social and scientific issues discussed earlier.

II.2.1. Competitor research works and contributions

In this subsection, we shall discuss some previous studies that are aligned with the first social question analysis regarding the creation, maintenance, and development of collaborative networks.

The authors in [START_REF] Bititci | Creating and managing value in collaborative networks[END_REF] discuss the cooperation between collective and individual capabilities, competencies, and value transactions in collaborative environments. They introduced a model that consists of value transactions and they also compare the characteristics of different types of collaborative networks.

In [START_REF] Soares | Modeling the Structure of Collaborative Networks: Some Contributions[END_REF], the authors present the integration between graph theory and scientific disciplines.

This integration enables the modeling of complex, non-tangible factors and dynamics tradeoffs between individual and common objectives, resulting in the building and management of Virtual Organizations.

The purpose of [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF] is to analyze different methods for synchronizing supply chains and processes between organizations, such as Electronic Data Integration (EDI). In addition, the cost/ benefits framework for this issue is discussed. It also provides a framework for organizations who investigate collaborative supply chain management to examine the anticipated benefits and costs of other systems.

The authors in [START_REF] Shevtshenko | Enhancing the partner selection process in a Sustainable Partner Network[END_REF], introduce an undivided business process demonstrating the approach for collaborative enterprise modeling, which involves the use of lean concepts for partner selection. The authors created a method for business process modeling of companies in the machinery and manufacturing sectors in order to form a sustainable partner network.

In [START_REF] Camarinha-Matos | Roots of Collaboration: Nature-inspired solutions for Collaborative Networks[END_REF], a set of organizational models, collaborative behavior patterns, and collaboration facilitation mechanisms are identified and classified based on nature-related disciplines. Also, analysis results on the potential contribution of such aspects to more intelligent and optimized collaborative networks are presented.

The aim of [START_REF] Appio | Collaborative network of firms: antecedents and state-of-the-art properties[END_REF] is to propose a bibliometric review on collaborative networks (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015) regarding the domains of innovation and operations management. This paper describes the origins and evolution of collaborative networks over time by analyzing the references from the most important academic contributions.

In [START_REF] Camarinha-Matos | The virtual enterpise concept[END_REF] the concepts of collaboration, background concepts of virtual enterprises, and the requirement of collaboration are all discussed. However, in this article [START_REF] Martinez | Virtual enterpriseorganisation, evolution and control[END_REF] the authors discuss the main characteristics on which the Virtual enterprise structure depends, in alignment with environmental constraints, production processes, and strategic objectives. [START_REF] Botta-Genoulaz | Supply Chain Performance: Collaboration, Alignment, and Coordination[END_REF] discusses the opportunities for collaboration and the effects and benefits of collaborative working practices and their impact on supply chain performance while [START_REF] Sockett | Levels of partnership[END_REF] discusses the concept of collaborations through an examination of different levels of trust and complexity.

[20] aims to present an approach based on the analytic network process to manage collaborative relationships under an integrated approach by considering factors that influence collaboration and the inter-enterprise performance elements. The purpose of [21] is to present a literature review of factors affecting collaborative relationships in order to perform a comparative study of the works for identifying strengths and gaps for future research.

However, there is some existing work that discusses decision models or systems that aim to help in choosing partners in collaborative networks.

• In [START_REF] Hajlaoui | UNICOMP: Identification of Enterprise Competencies to Build Collaborative Networks[END_REF] the authors introduced a system to support and build collaborative networks using an information extraction system inspired by ontology and semantic patterns. This system (UNICOMP) uses company web sites as an information source, as well as a general ontology of competencies as a semantic resource. This may seem the same as the approach proposed in this research but actually, it is different. The main difference is that we do not use the semantic patterns but base our approach on the companies' KPIs. future partnership strategy with another company. Four factors are considered in the model: the format of the relationship with suppliers, the number of suppliers, the type of service provided by suppliers, and the method of delivery from suppliers. In this research, a use case for the collaboration between IBM and ACER was presented to test this decision model.

• [22] proposes a simulation model to support enterprises in decision-making on which proactive strategies are triggered in order to achieve alignment from a collaborative perspective. However, the authors in [23] present the application of a methodology that allows the generation of business scenarios based on the performance of the collaboration network. It also defines the KPIs as well as designing a business scenario based on the timely evolution that the collaboration network should have according to its business models and the operational results achieved.

In this subsection, we have presented some articles that discuss concepts of collaborative networks that are related to the social question. These articles will be used in the coming sections to provide more details when discussing types and levels of collaborative networks, benefits and limitations of collaborative networks, and network topologies.

II.2.2. Inspirational research works and contributions

In this subsection, we focus more on the analysis of the second social question, which discusses the benefits of performance indicators as a factor and their impact on organizations in a collaborative environment. Here are some articles that discuss these aspects.

The purpose of [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF] is to survey potential contributions concerning the assessment of collaborative benefits and performance. The analysis also determines the strengths and weaknesses of current proposals regarding the establishment of suitable performance indicators for collaborative business ecosystems.

The authors in [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF] discuss a possible perspective on future research in the area of networked organizations, given its evolution during the past 10 years. Also, an abstract of the challenges that researchers might face regarding this area is presented. The issues that companies face when forming strategic alliance are discussed in [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF].

In [24], areas of performance indicators are examined along with collaboration benefits, value systems, supply chain collaboration, and social network analysis. This paper also discusses the strengths and weaknesses of proposals regarding the establishment of suitable performance indicators for collaborative business ecosystems.

The goal of the authors in [25] is to investigate factors affecting the causal relationship of the supply chain collaborative model as well as the supply chain performance measurement model for the Thai frozen shrimp chain.

In [26] the authors focus on the study of the evolution of the agents of a collaborative business ecosystem. This study depends on performance indicators to assess their performance and considers their level of responsiveness. The authors in [27] propose a set of performance indicators to measure some collaboration benefits. The results presented are based on simulation models. [28] presents the literature review of collaborative networks, business ecosystems, enterprise performance indicators, social network analysis, and supply chains. The main aspect that the authors address in this paper is the identification of performance indicators to motivate and measure sustainable collaboration.

Also in [29] and [30], the authors focus on the relation between KPIs and collaboration. In [29] the authors present the dimensions of KPIs that are helpful for collaborative networks as well as individual enterprise measurements. However, in [30] the authors aim to understand the impact of collaborations on a company's innovation performance. A use case from Turkey is also presented.

In [31] a simulation model is formed to show organizations how to self-adjust using system dynamics and agent-based modeling. This happens by improving their profile in response to an assessment through a chosen set of performance indicators. Also, the natural reaction of organizations towards improving their performance is modeled.

The purpose of [32] is to test and improve an indicator instrument for real-time assessment of collaborative and dynamic innovation processes. The paper presents an indicator tool resulting from successful long-term collaborative innovation across organizational and international borders and releases initial tests to validate five performance indicators for flexible innovation.

A decision-support system is proposed in [START_REF] Andres | Supporting the Strategies Alignment Process in Collaborative Networks[END_REF], consisting of a mathematical model, a system-dynamics method and a simulation tool, with the aim of aiding the process of analyzing aligned strategies among the enterprises of the collaborative network.

A system is proposed in [START_REF] Andres | A decision support system for the collaborative selection of strategies in enterprise networks[END_REF] to support the process of collaboratively selecting the strategies in enterprise networks with the aim of achieving higher alignment levels in the selection of strategies. The proposed system considers the impacts that each strategy formulated in each enterprise has on performance in meeting the objectives defined by each network partner. [START_REF] Da | Using Key Alignment Indicators for Performance Evaluation in Collaborative Networks[END_REF] proposes an approach that leads to the exploration of the performance prediction paradigm. It also develops tools to estimate and evaluate performance and the degree of alignment by creating instances of future performance in collaborative networks.

In [START_REF] Vereecke | Performance improvement through supply chain collaboration in europe[END_REF] the analytical modeling of the relationship between supply-chain collaboration and performance improvement is discussed. The study also offers industry-based empirical results on consolidated practical and theoretical insights.

In this sub-section we have presented some articles that discuss the performance indicators in collaborative networks, and how can they influence the strategy of forming partnerships. Decision models and support systems regarding collaborative networks have also been presented. These works have helped in answering the scientific questions, which discuss the collaborative need types that are associated with collaborative networks as well as the key performance indicators that are related to a collaborative situation. This will be explained in detail in chapters III and IV, where we shall demonstrate how they can be used in building the industrial periodic table. We can represent the relationship between the articles mentioned in this sub-section and the big picture discussed in chapter I, as seen in Table 1.

Reference

Big Picture relationship [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF] SQA2, SQ2 and SQ5

[4] SQA2 and SQ4

[6] SQA2 and SQ4 [START_REF] Botta-Genoulaz | Supply Chain Performance: Collaboration, Alignment, and Coordination[END_REF] SQA2 and SQ5 [START_REF] Sockett | Levels of partnership[END_REF] SQA2 and SQ5

II.2.2.1. Collaborative networks

In this sub-section we shall use the summary of the literature review to explain the pillars used to create the approach of this research. First, the concept of collaboration will be discussed along with types and levels of collaboration. Network factors and inter-enterprise relationships, as well as the benefits and limitations of being in a collaborative network are presented and finally the different types of network topologies are reviewed.

Concept of collaboration

In the literature review, there are many definitions of collaboration. Speaking generally, [START_REF] Jacobs | Gartner's Collaboration Glossary[END_REF] discusses collaboration as requiring shared goals, environment, and language. Actors in this collaboration network perform various activities in order to achieve these shared goals. The collaboration can be in three forms: the joint achievement of tasks, the coordination of distributed components involved in the collaboration, and a social component including notions of trust and expertise. This definition indicates the notions of common goals and achievement of tasks that partners must accomplish together. [START_REF] Pollard | Collaboration -The Cure-All in New Economy Competitiveness?[END_REF] states that collaboration can be considered as a set of tasks that demand decisions across the boundary of the enterprise and the technology for the sake of obtaining a mutual competitive advantage. This definition narrows the collaboration to the exchange of information and includes collective decision-making.

[39] sees collaboration as a network of value. A network that collaboratively creates value implies a relation between organizations allowing them to share the risks and benefits, and to reach a higher level of performance than when the organizations work without collaboration.

Another definition of the concept of collaboration is given in [START_REF] Kak | RosettaNet E-Business Standards Provide Better Supply Chain Collaboration and Efficiency[END_REF]. Collaboration here is a process in which many independent actors coordinate their strategies and decisions. [41] states that collaboration is defined as the interaction between two or more individuals and can include a variety of behaviors, including coordination, cooperation, communication, problem solving, information sharing, and negotiation. This definition shows the different kinds and levels of collaboration between at least two individuals. We will discuss the different levels of collaboration in the next section.

[42] defines collaborative systems within the context of a system of systems and claims that a system that passes two criteria is considered to be a system of systems. These two criteria are the following:

• Operational independence of the component -If the system of systems is divided into its component systems, this divided component can work independently.

• Managerial independence of the component -Not only can the divided components work independently, but they must be able to.

From the previous definitions, collaboration between enterprises has the following characteristics:

• Group of at least two enterprises • Interactions and relationships within enterprises that include the following elements:

➢ Common goals that are decided collectively or shared ➢ Collaborative decision-making ➢ Process of activities that involved partners carry out in order to create value and achieve common goals.

➢ Exchanges or flows of information between activities

To summarize the above, collaboration between enterprises has human and organizational forms. The human form concerns actors who work together in order to accomplish specific tasks. The organizational form is related to organizational structure and processes, as well as common strategies.

Levels and types of collaboration network

After defining collaboration and the concept of collaboration networks, we must discuss the different types and levels that can occur between collaboration partners. [START_REF] Bouzguenda | Coordination multi-agents pour le Workflow interorganizationnel lâche[END_REF] [44] [START_REF] Benaben | Conception de Système d'Information de Médiation pour la prise en charge de l'Interopérabilité dans les Collaborations d'Organisations[END_REF] and [START_REF] Touzi | Aide à la conception de Système d'Information Collaboratif support de l'interopérabilité des enterprises[END_REF] discussed types and levels of collaboration and they can be classified into four levels where each level extends its preceding level.

1. Communication -This first level allows organizations to exchange or share information in order to optimize their individual objectives (example: sending goods from a customer to a supplier). At this stage of collaboration, the organizations are said to be communicating (they have basic communication interfaces that allow asynchronous communication).

2.

Coordination -This second level provides the possibility of organizing tasks that are to be carried out (in terms of results but also in terms of timing) and impact their partners in their individual performance (and vice versa). This level of collaboration seems to reveal an embryo of collaborative processes (sharing and task synchronization).

However, the focus remains on the individual performance of the organization. The absence of a common goal reflects the impossibility of sharing a collaborative process;

only skills (applications, functions, services, resources) are shared. At this level of collaboration, organizations are said to be open (bilateral sharing of functionalities).

3.

Cooperation -This third level is based on one (or several) collective objective(s) pursued by the network of partners, which is (are) its fundamental purpose. It is the implementation of a collaborative process (processes) to meet a specific goal(s). The organizations which can take part in this level of cooperation are known as 'cooperators' (masters of their own processes and capable of integrating into shared processes).

4. Fusion/Integration -This fourth level does not bring any real development in the quality of collaboration, but instead implies the transparent ownership of the organizations of the same entity (virtual or real). At this level of collaboration, the requirements with regard to the exchange of information, the sharing of tasks and the pursuit of common objectives are, however, assisted, supported and facilitated by the fact that organizations belong to the same global structure. At this level, the organizations are described as inter-operable -able to interact with foreign parties to establish harmonious collective behaviors without having to change the depth of their structure or behavior.

[47] also discusses enterprise interoperability and defines four types of interoperations that can take place at enterprise levels. The four types are as follows:

• Interoperability of data -this type refers to the ability to make different data models and query languages work together. The interoperability of data involves finding and sharing information from heterogeneous bases, and which can moreover reside on different machines with different operating systems and data base management systems.

• Interoperability of servicesthis type refers to the ability to allow various applications to be identified and composed, and to function together. The term service is not restricted to PC-based applications, but also applies to functions of companies and networked enterprises.

• Interoperability of processesthis type refers to the ability to make multiple processes work together (a process can be defined as the progression of services (functions) according to some specific needs of a company). In a networked enterprise, it is important to study how to connect the internal processes of two companies to create a common process.

• Interoperability of businessthis type refers to the ability to work harmoniously at the organization and company level despite, for example, the different modes of decision making, methods of work, legislations, company cultures and commercial approaches etc., so that business between companies can increase.

Depending on the collaboration objective of each industry, there are different types of networks that can be formed to provide different types of benefits. Business networks may offer their members access to resources that would be difficult for a single business to obtain. Individual businesses can confront various constraints when attempting to contend in worldwide markets, and this may incorporate scale and ability. There are diverse examples of network types which can be an output of a collaboration process [START_REF] Luis | Collaborative networks: a new scientific discipline[END_REF], [START_REF] Bacquet | An outlook of future research needs on networked organizations[END_REF], [START_REF] Camarinha-Matos | The virtual enterpise concept[END_REF], [START_REF] Martinez | Virtual enterpriseorganisation, evolution and control[END_REF]. Figure 9 presents how these different types of network examples relate to each other.

• Extended Enterprise -an association that dominates an industry and extends its limits to all or a portion of its suppliers. • Virtual Enterprise (VE)a temporary partnership of industries that collaborate to share abilities to react to business openings. An extended enterprise is a case of a VE. • Virtual Organization (VO)like a VE, a set of autonomous associations that share resources and skills in order to achieve a goal, but still is not constrained to a revenuedriven partnership venture. A VE is a specific instance of a VO.

VO Breeding Environment (VBE)a group of organizations and their related supporting parties that have both the potential and the will to collaborate with one another. A subset of these associations can be chosen and subsequently form a VE or VO. According to [START_REF] Browne | Extended and virtual enterprise-similarities and differences[END_REF], the most common types of collaboration network are the extended enterprise and the virtual enterprise. [START_REF] Browne | Extended and virtual enterprise-similarities and differences[END_REF] summarized the differences in the characteristics of virtual and extended enterprises based on 7 different criteria, as seen in Table 2.

Serial

No. In comparison with the four levels of collaboration discussed above, extended enterprise and virtual enterprise collaboration network types can be considered to be in the integration and the cooperation levels respectively. The extended enterprise is a long-term collaboration in which an enterprise maintains stable interoperability with its partners and extends its boundaries. This can be seen as an integration of enterprises into a single system. The virtual enterprise is established in order to respond to a specific goal in a short period of time. This is the same as cooperation where enterprises follow a collaborative process in order to achieve a certain goal.

Criteria

Network factors and inter-enterprise relationships

The definition given by [START_REF] Camarinha-Matos | COLLABORATIVE NETWORKS -Value creation in a knowledge society[END_REF] refers to a collaborative network as being an alliance created by a variety of entities (e.g. organizations and people) that are geographically distributed, largely autonomous, and heterogeneous in terms of their operating culture, environment, social capital, and goals. However, they collaborate to achieve common or compatible goals. Most models of collaborative networks involve some kind of organization over the activities, identifying roles for the participants, and some governance rules.

[50] described and defined networks in terms of their constituent components, as follows:

a network is a set of nodes and links between these nodes. The following explains the components of a network:

• A node can be an individual, a tool, a service, a department, an enterprise, or even a group of enterprises. Each node has its own characteristics. • Links regulate the way in which different nodes are connected. Each link can be seen as a flow vector. • The scope in which partners of a network interact is defined by the relations between partners. It is described by their common goals, type of partnership, and governance rules. • The movement of materials defines flow (e.g. information, product, control flows, etc.) between nodes.

Different forms of network develop in terms of objectives, principles of functionality, organization, and duration. [START_REF] Zaidat | Spécification d'un cadre d'ingénierie pour les réseaux d'organizations[END_REF] suggested characterizing the networks of organizations by using configuration factors. It also defines a network of organizations as an exchange of products or services through collaboration in order to achieve a common objective. It also embraced the enterprise modeling approach to define the networks of organizations. Some configuration factors have been distinguished from a number of studies, like that of an inter-firm network described in [START_REF] Grandori | Interfirms Networking, Antecedents, Mechanisms and Forms[END_REF], and its function as described in [START_REF] Strategor | Politique générale de l'entreprise, stratégie, structure, décision, identité. STRATEGOR est l'équipe des professeurs du département stratégie et politique de l'entreprise[END_REF]. We present some of these configuration factors, which may be useful in our approach, discussed in chapters III and IV.

• Common goal: A common goal expresses the reason why the network is created in terms of products or services to deliver to customers. • Levels and types of collaboration: Expresses the creation of strategy between partners, as described in subsection II.2.2.1. • Partner: A partner can be an enterprise, organization, or individual person. It is expressed by the following attributes: competencies, capacity, culture, motivation (learning, transferring of knowledge, improving competitiveness, etc.), objectives, localization, and roles in the network.

• Duration: A network can have a short or long life and this can be predefined or not.

• Stability: A network is static when the same partners form the network throughout its life cycle. It is dynamic when some partners can join or leave the network whenever they want.

[54] and [START_REF] Fombrun | The telecommunication community: an institutional overview[END_REF] categorize possible relationships of inter-enterprise collaboration, including relationships between an enterprise and its customers, suppliers, competitors, service providers, complementary enterprises, and, indeed, universities. These possible relationships can be described as follows:

• Competition or horizontal relationship: This type concerns the collaboration between enterprises in the same business or industry. A network that contains partners in this type of relationship is in the situation of substitutability in terms of offers. The partners in such a network are competing for similar resources or producing similar products in order to increase negotiation power. This type of relationship relies on the strategic management domain. • Subcontracting, supplier-customer, or vertical relationships: this type concerns the collaboration between an enterprise and its suppliers. The enterprises in such a network are related to each other by an essential interdependence. This type of relationship is frequently found in the manufacturing industry where the enterprises are situated in different hierarchies of the production chain. • Group interests or transversal relationships: This type concerns enterprises which are neither substitutable nor essentially interdependent but add reciprocal value. The partners in such a network provide services that would be of benefit to each other. The partners create their relationship in order to achieve the same interests, such as shared technology development.

These relationships influenced the creation of the types of collaboration, as will be discussed in sub-section II.2.2.4.

Benefits of collaboration

The mutual benefits that are achieved by collaboration are categorized below, as stated in [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF] and [START_REF] Mclaren | Supply chain collaboration alternatives: understanding the expected costs and benefits[END_REF]:

• Financial benefits -the financial benefits of being part of a network can include an increase in domestic or export sales, submitting a joint tender to win larger contracts, or a reduction in costs by sharing resources. • Human capital -the benefits to staff can include developing employee's skills and abilities, safeguarding jobs, increasing employment, and encouraging staff motivation.

• Physical capital -the benefits of being part of a collaboration network can have an impact on the physical capital of the business by supporting the sharing of facilities, raw materials, and equipment. • Intellectual capital -the intellectual capital of an organization can benefit through information-sharing, assurance in collaborative research and development, and design activities. They may account for other companies' complementary strengths and capabilities, and share best practices. • Develop new processes -joining a collaborative network can support a business in developing new or innovative products, processes, or services. It may help in increasing company knowledge of a marketplace to help identify potential new customers and allow them to compete more effectively. • Sustainability -joining a network could help develop the concept of sustainability of a system. For example, to increase the number of green enterprises.

Limitations of collaboration

However, there are some limitations and risks to network collaboration, as stated in [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF].

• Conflicts in working styles -This can be a major problem when different organizations collaborate in a project. There may be a conflict in the style of working within the network. This can end up holding up progress on accomplishing the job at hand, while organizations disagree and cause conflicts by the different ways they approach the work. This can be very real in the case of a collaborative group, where you may sometimes end up with too many enterprises trying to lead the network. This will result in not enough members that are willing to do what it takes to get the job done.

• Cultural diversity -It could be seen as a positive aspect if we tried to benefit from this diversity by putting all the experiences of the parties on the table, but at the same time, it could be a negative one if not approached correctly, like trying to force one way of working on the rest of the parties in a network.

• Personality overshadowing -Another conflict could occur when the stronger enterprise is so much more influential than other parties in the network that they manage to take over the discussion and force through their ideas as a result. In addition, it can be difficult for enterprises to be comfortable in a situation where they feel that their ideas are shared within a network.

• Timing -Collaborations can mean that your campaign moves more slowly because you need to gather information, reach agreement, or check with the other players regarding every decision. On the other hand, collaboration may force you to have to do things faster or earlier than expected because of the requirements of the network, which forces you to do so. For this reason, there should be a good understanding of the levels of selfsufficiency that you have. Working in a group can also mean that sometimes people may not be as efficient in timekeeping as you or someone else may be. Organization and timekeeping are very important in tasks with a deadline; if people do not pull their weight in tasks you may fall behind.

Network topologies

The structure of networks can be described using the concept of topology. It also consists of the duration, stability, and decision-making aspects. [START_REF] Burn | Managing Changes in the Virtual Organization[END_REF] and [START_REF] Katzy | Reference Models for Virtual Organizations[END_REF] suggest that the characterization of networks can be based on three topologies, as seen in fig 10: chain, star, and peer-to-peer (where the nodes represent the network partners and the lines between these nodes show whether there is a relation with a specific partner or not). They describe the main coordination structure that manages the flow of information, as well as the decision-making within the network. Some of the characteristics of these three topologies are briefly stated below:

• A chain or process-oriented topology can be defined as a coordinated system of organizations, people, processes, and resources that allows information or services to flow from one end (e.g. supplier) to the other (e.g. customer). Chain topology contains several partners who are collaborating to achieve a specific goal. Based on their hierarchy, the direction of the resource movement is defined and the partners are connected in the right order. The architecture of the chain network is generally fixed and long term. This kind of network is embraced mostly in manufacturing, such as production, and distribution chains. It is designed to deal with, for example, a restaurant, where certain steps should be performed for serving food and these steps are carried out by waiters and cooks (network partners) in order to fulfill the needs of the end customer.

• A star topology or hub-and-spoke network topology consists of one central partner managing the whole network. All other members are related directly to the central partner. This type of topology corresponds to an extended enterprise in which each member provides key functionalities, and a distinguished member who plays the role of leader. The star topology is a good solution for large-scale enterprises like automobile manufacturing industries. The central partner organization holds the decision-making power and coordinates the tasks by different methods. It can direct and change the entire network based on its strategies, competencies, and political power. In the automotive industry, the structure of this network is a stable hierarchy of suppliers that are led by one original equipment manufacturer [START_REF] Laubacher | Flexible Work Arrangements and 21st Century Worker's Guilds[END_REF]. However, the centralized management structure may cause bottleneck problems.

A peer-to-peer topology is project-oriented. It involves mutual relationships between all partners. It is outlined by the lack of hierarchy where any peer may interact directly with any other peer. The management of this type is usually based on self-organization. The management capabilities are scattered within the members and the decision-making power is equal for every member. Such networks seem to be appropriate in industries where access to knowledge and expertise is of primary concern. Examples for this type of topology include the biotechnology industry, the academic community, and the film industry in Hollywood. However, creating such networks needs careful member selection, enforcing strong codes of behavior and developing as well as investing in building trust amongst each other. 3. 

Topologies

II.2.2.2. Enterprise knowledge

After discussing collaboration networks and their types and levels, now we need to discuss the types of knowledge that are needed for an enterprise in a collaboration situation. But before discussing the collaboration knowledge, first we need to examine the concept of knowledge generally, as well as its types. First of all, we must clear up the difference between data, information, and knowledge, as these three terms are so closely related to each other. [START_REF] Kaliban | Ontology From AI to IS, C02: Ontology for Interoperability[END_REF] described the differences between data, information, and knowledge as follows. Data is raw; it exists and has no significance beyond its existence. It can be useful or not in any kind of state. However, Information is data that has been given meaning by way of a relational connection. It exists when the relationships between data are identified within a specific context. Finally, knowledge is a relevant collection of information. It must be useful, and it describes what actions to take when certain information exists.

Enterprise knowledge [START_REF] Liao | Knowledge management technologies and applications -literature review from 1995 to 2002[END_REF] specifies that knowledge is the most valuable asset regarding any enterprise. It is particularly important for solving problems, learning new things, creating core competencies, and initiating new situations for both individuals and enterprises now and in the future, as argued in [START_REF] Liao | Knowledge management technologies and applications -literature review from 1995 to 2002[END_REF]. Knowledge expresses why and how things are done within an enterprise. It also involves the production of new facts or new knowledge.

According to [START_REF] Aamodt | Different roles and mutual dependencies of data, information, and knowledge -an AI perspective on their integration[END_REF], we can summarize the role of knowledge as playing the active part in the process of:

• Transforming data into information (Data interpretation)

• Deriving new information from existing information (Elaboration)

• Acquiring new knowledge (Learning) As said in [START_REF] Milton | Knowledge Technologies[END_REF], knowledge technologies have emerged during the last two decades in order to deal with knowledge in an enterprise. In order to provide a richer and more intelligent use of information technology, the use of computer-based techniques and tools has increased. They are associated with a number of subject areas, as follows:

• Knowledge Engineering: appeared from work in Artificial Intelligence. It involves the building of computer systems that solve problems in the way human beings do. • Knowledge-Based Engineering: appeared from the world of Computer-Aided Design (CAD). It involves the building of computer systems that help engineers to work more accurately. • Knowledge Management: appeared from a number of business initiatives. It involves the use of tools and techniques to make better use of assets in an enterprise. As said in [START_REF]Deliverable D1.1 State of the Art and As-Is Analysis[END_REF], this subject area consists of the identification and analysis of required knowledge assets and knowledge asset-related processes, subsequent planning, etc.

Types of enterprise knowledge

According to [START_REF]Deliverable D1.1 State of the Art and As-Is Analysis[END_REF] and [START_REF] Nonaka | The knowledge creating company: how Japanese companies create the dynamics of innovation[END_REF], enterprise knowledge can be classified into three categories as follows:

• Explicit knowledge: It is both formalized and abstract. It is expressed easily, transferred, and shared in the form of data, facts, figures, rules, or formulas. This type can be transmitted between individuals in formal and systematic ways. It is more stable when the knowledge is more accurate. For example, textbooks, software code, etc. Generally speaking, clear knowledge is associated with data through business processes, which can lead it to be implemented in an enterprise through creating, reading, updating, and deleting operations.

• Tacit knowledge: It is often referred to as knowledge-in-practice. It is a highly personal knowledge developed from direct experience. It is not easily expressible. It can be shared through interactive conversations. Examples could be experience, ideas, emotions, intuitions, and insights; these are the foundation of innovation and creativity. This type of knowledge has two dimensions: technical and cognitive. The technical dimension is expressed as know-how which is dependent on experience. The cognitive dimension consists of schemas, values, and beliefs. • Social knowledge: It is shared and may be either explicit or tacit. For example, scientific knowledge which is shared and explicit, communal knowledge which is shared and tacit, etc.

II.2.2.3. Collaboration knowledge

In this section, we will discuss the knowledge that can drive and support collaboration. According to [START_REF] Li | Enterprise Interoperability: A concerted research roadmap for shaping business networking in the knowledge-based economy[END_REF], this knowledge includes the following:

• Information of the enterprise • Shared and public information of the enterprise network • Information about how to find, approach and recover the above information • Expertise and processes to effectively apply the above The above knowledge is available within enterprises, as well as in networks to enlarge and develop products in collaboration. Users of knowledge are contributing to the content of knowledge on collaboration. Some knowledge may be shared freely within enterprises or some networks. Some of it may be commercially valuable knowledge like product information.

[65] classifies enterprise knowledge into four categories regarding the formation and operation of collaboration networks, as follows:

• Enterprise core competence 

•

II.2.2.4. Industrial classification and types of collaboration

In this section we shall present some useful studies regarding the classification of industrial types and how this can be used in creating the industrial periodic table. In addition, a table of types of collaboration is proposed as well as existing models for proposing partners in a collaborative network and a comparison between these models and the approach model of this research.

The variety in network types, benefits, and limitations creates a difficulty for a company trying to find the collaboration that suits its requirements, and similarly the members that it needs to form a network with. As stated in [START_REF] Koura | A Theoretical Approach for Detecting and Anticipating Collaboration Opportunities[END_REF], an enterprise profile should be defined first.

The characteristics used to define such a profile are performance, size, type of industry, type of desired benefit, and collaboration capability. To focus on a proof of concept, one specific criterion, which is the type of industry (NACE code), has been used. According to a specific criterion, this code is characterized into 4 main levels. The first level is sections, which mainly specify the industry title. Each section is divided into divisions, each division is divided into groups, and each group is divided into classes. The criteria for grouping such divisions, groups, and classes are discussed in the official European commission document [START_REF]NACE Rev.2: statistical classification of economic activities in the European Community[END_REF]. This helped in developing a hypothesis which stated that a potential collaboration link can be suggested between industrial codes within the same division. These grouping criteria in the NACE code (along with other concepts yet to be explained) form the classification criteria that the periodic table of the industry will be built on. Also based on [START_REF] Huang | Decision model for partnership development in virtual enterprises[END_REF], [START_REF] Sockett | Levels of partnership[END_REF], and [START_REF] Koura | A Theoretical Approach for Detecting and Anticipating Collaboration Opportunities[END_REF], partnership types are used to describe the type of collaboration between partners. They are the following:

1. Marketing partnership -This type of partnership involves either a referrer that you share a customer base with or a company operating in a related field that can market your goods or services to new customers. This is common in the automotive industry, like the Toyota IQ being marketed as the Aston Martin Cygnet.

Supply chain partnership -This type of partnership is the most obvious relationship

between any two or more enterprises. It includes buying or selling services, products, or even outsourcing some of the business activities (subcontracting) to another enterprise. Companies usually enter supply chain partnerships to simply buy and sell products or to cut costs, streamline processes, or improve quality. Examples of supply chain partnerships in technology would include Intel, who make processors for many computer manufacturers, or Toyota in the automotive sector, which make engines for Lotus sports cars.

3. Technological partnership -This type of partnership involves working with IT companies to keep your business afloat. This may be a partnership between a web design company and a specific computer repair service that always calls in exchange for a discounted rate on services. It could also include partnering with a cloud-based storage platform to handle all your file storage needs. Basically, any kind of technological expertise that is necessary for your business and that you cannot provide in-house can be relegated to a technology partnership.

4. Sharing partnership -This type of partnership involves sharing information, products, or resources whether they are human, physical, or any other type of business resource. An example of information sharing could be sharing a customer where one company is unable to fulfill a certain demand. Another example could be collaborative purchasing, where two different companies buying a certain product could benefit from a discount.

Based on the partnership types and the types presented in sub section II.2.2.1, a relation can be proposed which defines the type of exchange between elements in a collaboration relationship. There are five exchange types: resources, information, intermediate product (I Product), final product (F Product) and service. These five exchange types can be involved in three types of activities, which are selling, buying or sharing. Table 4 shows this relationship.

Resource Information I Product F Product Service

Given/Sold by This relationship along with KPI classification will be used in chapters III and IV as part of the approach to suggest potential collaboration for enterprises.

II.3. Mendeleev periodic table

In this section we shall discuss the periodic table of elements, since we are using it as a model to create the periodic table of industrial types. We shall discuss the method of classification of the elements and the criteria behind that, as well as the type of relation between the elements.

As seen in fig 13, the Mendeleev periodic table of elements is well known in chemical studies. It contains chemical elements that are classified by atomic number, electron number, and chemical properties. The way that these chemical elements are classified influenced the idea of this research to imitate this table and create a periodic table of industries. This table consists of industrial sectors that are classified based on a specific criterion which will help in detecting and proposing potential collaboration, as will be explained in chapters III and IV.

The first characteristic of the periodic table is that each element in the same row or column shares the same physical and chemical characteristics. For example, all elements in the first column have one electron in their last shell. Hydrogen and lithium, for example, share this property. The second characteristic of the periodic table is that if one element in a group is favored in a chemical reaction over another element in another group, then based on the criteria of classification of the periodic table, all elements will behave similarly regarding this reaction.

For example, it is well known that sodium (group 1) and chlorine (group 7) react together to form sodium chloride. Thus, based on the criteria of classification of the periodic table, lithium or potassium can have a reaction with chlorine. Moreover, sodium, lithium or potassium can have a reaction with any element that exists in group 7, such as bromine. These two characteristics are the main properties of the proposed periodic table of industries. The method of classification will be explained in detail in chapter III. 

II.4. Conclusion

To be able to survive in today's liquidized market, companies need to form partnerships in a collaborative network in order to respond to the frequently changing market conditions. This justifies the usefulness of exploring new ways to maintain and improve the partnerships in a collaborative network. Most of the work that has already been carried out concerns the development or evaluation of a current partnership, or even creating models that use semantic concepts to retrieve information about enterprises through their website, for example, then use this information in proposing partnerships. However, the difference between the previous work done and our proposal in this research is significant. The idea is to create a model that proposes partners for enterprises that the latter are not aware of, and which would help them improve their performance. The model is based on measuring improvements in the KPIs of the enterprise, which in return will help select and rank partners that are suitable for such an enterprise.

In this chapter we have presented a literature review discussing collaborative network concepts. First of all, we listed some articles on the topic of creating, maintaining and developing collaborative networks, which were then examined to highlight the concepts of types and levels of collaboration, the benefits and limitations of collaboration, network factors and inter-enterprise relationships, and finally network topologies.

We also discussed the approaches for inter-enterprise collaboration, including their definitions, classification, and characteristics. We also discussed the main criteria for characterizing and configuring a collaborative network, including the competences and roles of each partner, common goals to be achieved, relationships, and network topologies. The knowledge we can retrieve from the partners will determine the precision of collaboration characterization. Most knowledge can be reclaimed from previous collaboration experiences and best practices. The more knowledge captured, the more accurate the characterization of the collaboration will be.

We discussed the literature review based on the social question and scientific questions mentioned in chapter I, which showed the steps to be taken for creating the model and approach of this research. We also discussed the concept of the Mendeleev table of elements and the idea behind imitating its concept in creating the periodic table of industrial types.

In the next chapter, we shall discuss a theoretical approach for suggesting and anticipating potential partners for collaboration based on the classification criteria used in the document of [START_REF]NACE Rev.2: statistical classification of economic activities in the European Community[END_REF]. We shall explain how we can characterize an enterprise profile and on what bases we can use this profile in our model. Also, we shall discuss the types of collaborations that will be used in our model. 

III.1. Introduction

In this research we propose an approach that detects potential collaborative partners for enterprises. This approach depends on various pillars like the types of collaboration, industrial types, type of collaborative need, etc. In chapter II we explored the concepts of collaboration and collaborative networks that are related to our approach. In this chapter we shall map them to the scientific questions mentioned in chapter I. In chapter I we discussed five scientific questions and the summary of these questions is as follows.

1. What are the types of collaborative networks? -The answer to this question can be found in chapter 1, where we discussed the concept of VE, VBE, VO, etc.

2. What are the characteristics of an enterprise profile that are correlated with CN?the answer to this question will be in this chapter where we will list several characteristics that can define an enterprise in a collaborative network that will help in suggesting collaboration partners.

3. What are the collaborative need types associated with collaboration?the answer to this question is in this chapter where we will present three different types of collaboration needs and examine the relation between those needs and the collaboration types presented in question 4.

4. What are the types of collaboration? -the answer to this question is in this chapter where we will present 12 different types of collaboration that exist between enterprises.

5. What are the KPIs that are related to a collaborative situation?the answer to this question is in this chapter where we will present five dimensions that combine all KPIs and explain how these KPIs can be used to suggest potential collaboration partners.

The first section of this chapter discusses the characterization of an enterprise profile, which answers the second scientific question. The second section of this chapter discusses collaboration types, which answers the fourth scientific question. The third section of this chapter discusses the KPI dimensions, thus answering the fifth scientific question. The sixth section of this chapter discusses the collaborative need types for enterprises, which answers the third scientific question, and finally a conclusion to this chapter can be found in section 7. This chapter will answer 4 scientific questions independently, but they will be assembled together in a way that will help understand the creation of the periodic table of industries in chapter IV, illustrated in a use case presented in chapter V.

III.2. Characterization of enterprise profile

The first step in this theoretical approach is to define a profile for each enterprise. There are a lot of characteristics that can distinguish and define an enterprise. These may include the number of sales, the number of employees, the number of sites, and so on. Let us take company A as an example to understand how we can characterize an enterprise profile. Company A is a manufacturer of computers. They create the electronic chips, but also subcontract other activities to sell their computers to customers. Around 5000 employees work for this company which has 10 sites around the world, but their headquarters is in the United States. At the end of every year, company A shares its balance sheet with the public in order to attract more investors and to reassure their stakeholders with regard to their performance. At the start of this year, the CEO of this company announced that they would be taking all environmental issues into consideration in the production of their electronic chips and the management of their production waste. Company A's vision for the next ten years is to participate in developing and improving self-driving cars and to be one of the leading companies in this project.

The above information is available for company A on their website, and from this information we can build a profile for this company. Due to the lack of literature in enterprise characterization that could be used in detecting potential collaboration, in this research we propose to use the following characteristics as the principal components of any enterprise profile. Some of these characteristics can be measured numerically, like performance, size and industrial type, while some are not quantifiable, like the type of benefit desired, collaboration capability and non-tangible characteristics.

1. Performance -This characteristic is more about the method and quality of the performance of the company. It focuses on the liquidity and solvency ratios of the company. It also covers the quality of the product, customer satisfaction and so on. It can be described by revenue, cash flow, assets, market share, etc. For example, the performance of company A can be valued by its revenue, which is $10,000,000 per year, or by its market share, which is 25% of the whole market in the US.

2. Size -This can be analyzed by various criteria like the number of employees, number of sites, outsourcing activities, and existing links with other enterprises. For instance, company A has 10 sites and 5000 employees around the world. Thus, company A can be considered to be somewhere between a large and a medium-size organization.

3. Industrial type -This is an industrial classification criterion to differentiate all industrial types for any organization. For example, the NACE code (industry standard classification system used in the European Union). For company A, its NACE code is 26.11.

Type of benefit desired -

The goals behind such desired collaboration. For example, company A wants to participate in a large project to help develop self-driving cars in order to be the leader in such products and sell these products in the future, as well as making the whole production process green (environmental health).

Collaboration capability -What can an enterprise offer for such collaboration and what

are the perspectives for such a contribution? For example, company A has resources that can contribute in creating new electronic chips that can be used in communicating with the satellite in a very efficient way.

A profile for any enterprise will be using these five characteristics. This profile will be used in identifying the potential collaboration partner/s in a network. Any sub-sets of these five characteristics could be a significant way to characterize organizations. In this research we will only consider one specific characteristic, which is the type of industry (NACE code). Because the industrial type is related to the business of an enterprise, this characteristic is highly significant to collaboration properties. Also, information on the other characteristics is not easily available due to several obstacles, such as legal issues. We know that considering only the type of industry is not a perfectly accurate way to create a model proposing potential partners. However, we see this as a start to a more complex and inclusive work that could consider more characteristics for creating such a model. However, we do claim that the proposed model is usable, as will be demonstrated in this chapter, chapter IV and chapter V.

This NACE code classifies all industry types into 4 levels (sections, divisions, groups, and classes). The criteria for grouping such divisions, groups and classes are discussed in the official European commission document [START_REF]NACE Rev.2: statistical classification of economic activities in the European Community[END_REF]. If we consider the classification criteria of groups, a hypothesis can be proposed as follows.

If the type of business of any enterprise can be identified as one or more industrial classes from the NACE code, a potential collaboration link can be suggested within the same group of this class.

This claim can be made because if two organizations exist in the same group, they can naturally be considered as potential collaboration partners because they may share the same type of supplier or both can respond to a market need for a certain project. Also, if they are both competitors they can have a better opportunity to work together as they share the same production process, for example to bring a new product to the market or agree on a specific selling strategy that will better serve both of them.

Normally there can be a lot of different collaboration network types, but if we take the virtual enterprise (VE) as an example, we can consider the collaborations that would involve similar companies looking to increase their workforce. So, we will first consider that enterprises in the same division are good candidates for collaboration.

According to this approach and the hypothesis defined earlier, the first and basic step for this enterprise could be to seek potential collaboration with other classes within the same group.

The following example will explain this idea. Fig 14 shows all the industrial types of section A. The dots are considered to be the codes of the classes of section A. The classes that are connected together are considered to be in the same group. The lines connecting the classes are considered to be potential collaboration opportunities. Thus, all the class dots in green are in group 01.2 and all the class dots in red are in group 01.1, and so on. Enterprise X's industrial activity is the growing of tropical and subtropical fruits as well as other perennial crops. Thus, Enterprise X is considered to be in Section A (Agriculture, forestry and fishing). The class codes for this enterprise are considered to be in the first group in division 01, specifically 0122 and 0129. According to our approach, enterprise X could have a potential collaboration with all the industry types in the same group of class codes 0121, 0122, 0123, 0124, 0125, 0126, 0127, 0128 and 0129. In other words, all class dots in the green division can be a collaboration opportunity for enterprise X, as shown in fig 14. Of course, collaboration is more common and obvious and even more valuable if both collaborators are from different groups or even different sections. This is because it opens up various types of collaboration and not only the outsourcing collaboration type. There could be a potential collaboration between two divisions or groups in different sections, such as manufacturing of machinery (section C) and construction (section F).

Collaborations are more applicable if they exist between two or more compatible sections, groups, or divisions. Based on a specific criterion we can claim that classes in the green group can collaborate with the classes in the red and yellow groups. However, the classes in the blue group can collaborate with the classes in the yellow group only as seen in fig [START_REF] Appio | Collaborative network of firms: antecedents and state-of-the-art properties[END_REF]. This is actually the main goal behind building the periodic table of industries, to suggest and propose collaboration partners between compatible sections, groups or divisions. We believe that this compatibility can be achieved by studying the type of collaborations that can exist between partners, type of collaboration needs, impact of KPIs on specific collaboration types, etc. which will be explained and studied in detail in this chapter and chapter IV. A company can sell its resources, information, intermediate product, final product or perform a service to another company. So, if a company rents a resource from another company, this is a type of collaboration. Or if a company sells its service to another company, this is also a type of collaboration. Thus, we have created a table based on the literature review in chapter II and all the relational possibilities that can exist between enterprises, as shown in Table 5.

Table 5. The relation between exchange types

In Table 5, there are five types of elements that can be exchanged between enterprises. These elements are resources, information, intermediate products (I Product), final products (F Product) and services. These elements are either given, received or shared by enterprises in their business. Due to the nature and type of relation between the cells, there is a two-way direction between 'given/sold by' cells and 'received/bought by' cells. If there is a supplier then for sure there is a customer and if there is a renter for a resource then there is an owner, and so on. However, in the 'shared' row, the two-way direction is within the cell itself as it requires parties with the same role.

Types of collaborations between organizations in a collaborative environment are based on the relation in Table 5. We can extract 12 types of relations that are considered to be the types of collaborations that we base our research on. These types of collaborations are one of the pillars of the periodic table of industries. 

III.4. KPI dimensions

For any company, collaboration will affect its KPIs. Obviously, when a company sells its products, it will earn more money, thus affecting its sales KPIs positively. However, if a company buys something, this will reduce the amount of money and thus affect its liquidity KPIs negatively. Of course, it is more complicated than that, and can involve more than just money. If company X has a collaboration with company Y (auditing company), company X is paying company Y for its services, thus affecting its liquidity KPIs negatively but at the same the service given by company Y increases the quality of company X's products, thus affecting company X's product KPIs positively.

As a result, any type of collaboration with any type of industry will have an impact (either positive or negative impact) on the company's KPIs. If we take two KPIs as an example, like market share and customer satisfaction, as in fig [START_REF] Camarinha-Matos | The virtual enterpise concept[END_REF], and the collaboration partner is an auditing company, this will affect the quality in a way that improves customer satisfaction, which in return will increase the sales and improve the market share of the company. At the same time, however, it will decrease the amount of cash the company has, thus decreasing the liquidity KPIs. Therefore, depending on the type of collaboration, the company KPIs are impacted in different ways. One of the major objectives of enterprises is to improve their performance through the measurement and analyzing of their KPIs. Various KPIs can be used by enterprises, but based on [START_REF] Luis | Performance indicators for collaborative networks based on collaboration benefits[END_REF], [29] and [69] we can combine and create five KPI dimensions that can define the measurement of an enterprise. This means that any KPI can be allocated in one of the five KPI dimensions stated below.

1. Financial (F) -a measurable value that indicates how well a company is doing in generating revenue and profits (ex. Liquidity ratio).

2. Resources (R) -measures the efficiency and effectiveness of human resources processes or machinery (ex. Employee Productivity Rate).

3. Knowledge (K) -measurement of an organization's knowledge development (ex. R&D expenses)

4. Product (P) -measurement of product quality (ex. safety and reliability) [START_REF] Catalina | Need and potential risks of strategic alliances for competing successfully[END_REF]. Market (M) -measurement of product effectiveness on customers and market (ex.

customer satisfaction and market share percentage)

Each enterprise can have different measurement characteristics within these five dimensions, depending on the nature of the activity of the enterprise. For example, a manufacturer of jets would be more interested in achieving an extremely high result in product KPIs (such as quality, safety, reliability…) than in HR KPIs. However, an educational center or a university would be more interested in improving their knowledge KPIs rather than focusing on financial KPIs, and so on. Of course, one or more of the dimensions could be less of an interest or not even interesting at all for some organizations, depending on the type of relation and the type of industry. For example, for a provider-receiver relationship, the receiver KPIs that a provider might focus on in the financial dimension could be cash flow, current ratio or accounts payable turnover, to be able to estimate the time that the receiver would take to pay invoices. For knowledge, the KPIs might be average years of service, accidents, or R&D expense/total expenses. For example, company X (customer) buys products from company Y (vendor). Thus, this is a customer-vendor relation that has an impact on each of the collaborators' KPIs (the customer and the vendor). As an example, this collaboration affects company Y's KPIs as shown in fig 17 . If the vendor's priority is to improve customer satisfaction rather than increasing revenue or improving any other KPI, it will be more convenient to collaborate with a company that has a positive impact on the market KPI dimension in general and the customer satisfaction KPI specifically, rather than focusing on any other KPI dimension. These are just examples of many KPIs that could be defined for each dimension, as set out in section III.2 on the topic of collaboration between different sections, different groups or different divisions. As has been said, it is not obvious to detect and specify which type of industries are more interested in collaboration but based on a compatibility classification we can claim that it can be possible to connect two or more groups, divisions or section together.

The idea underlying this research is to answer the question of how we can define which group is more compatible by studying the individual KPIs of the beneficiaries of the collaboration.

Because any collaboration has an impact on the KPIs of its parties, we can work backwards and study the relationship between the KPIs of the company and the relation or the collaboration the company can have.

Using this idea in a collaboration network to sell, buy or share helps enterprises to detect the best match to fulfill the goal behind their collaboration.

III.5. Collaborative need and types

According to the Oxford dictionary, a need is something required because it's important rather than just desirable. The same definition is mentioned in Merriam-Webster, which specifies that a need is a lack of something. However, from a business point of view, a need is a motivating force that compels action for its satisfaction, as defined in [70]. From these three definitions of a need, we can deduce that there is a relation between a subject that lacks something, and an action that must be taken to fulfill a need. This relation is presented in fig 18. As stated in the introduction, due to market competitiveness, one of the most common business needs for enterprises nowadays is to pursue a collaborative relationship in order to develop and improve their businesses. Therefore, keeping in mind the definition of need and its relations in fig [START_REF] Botta-Genoulaz | Supply Chain Performance: Collaboration, Alignment, and Coordination[END_REF], we can define a collaborative need as follow:

Collaboration can be an answer to a business need, which concerns something that an organization lacks. This indicates that need types have a direct relation to collaboration types (described in Table 5)

Of course, it is not mandatory to collaborate in order to answer any business need. But one of the actions that can satisfy this need is collaboration, and that is what we are focusing on in this research. We can present the need for collaboration in the context of the need definition shown in fig 18, as follows: In this research we propose to classify the need that can be satisfied by collaboration into three types of needs. These are Obvious need, Projected need and Unknown need.

• The obvious need is a business need required by an organization to fulfill its current business activity.

• The projected need is a business need required by an organization to fulfill its current and predictable business activities based on the projected market trend.

• The Unknown need is a business need required by an organization to fulfill a new unknown business activity that uses a new business process to introduce a brandnew invention to the market.

In this research we are going to suggest three types of actions that can be defined for such needs, as seen in fig 20. Any type of action can satisfy any type of need. However, we should specify that for the expected action, it is more likely to meet an obvious need but also can satisfy any other need. Also, for the emerging action, it is more likely to answer to a projected need but at the same time can satisfy any other need. Finally, the unexpected action is more likely to answer to an unknown need but also can satisfy any other need. This will be explained in detail below.

Continuing the assumption of considering collaboration as a need, we can define the three collaboration actions as follows. The first type of collaboration action is called expected action. This type of action basically satisfies an obvious need related to the current activity of the company. An example to this action could be a restaurant that buys its raw materials like meat and fruits and so on from its suppliers.

The second type of collaboration action is an emerging action. In this type, an organization wants to follow market trends and probably add some activities or introduce new business processes to their business core but still be encapsulated by the market trend. An example of this would be a restaurant having collaboration with a transportation company to deliver to its customers.

The third type of collaboration action is the unexpected action. This type of action deals with collaborations that can invent new products or introduce new technology to the market outside the market trend perspective. An example of this type of need is a restaurant having a collaboration to produce intermediary products for cars: Recently Ford has developed a collaboration with McDonalds to produce headlights from coffee waste, as reported on CNN [START_REF]Ford is turning McDonald's coffee waste into headlights[END_REF]. From MacDonald's point of view, this can be an example of an unexpected collaboration action because this activity is outside the market trend perspective. However, from Ford's point of view, this can be an example of an emerging action because the same product (headlights) is produced but with a new business process introduced. However, the emerging action (red circle 2) tends to change and adjust the business activity of the enterprise in line with the general direction of the market trend. In this case, the enterprise is sticking to the market trend trajectory as it is seen in the future while also adjusting to the future needs of the market and preparing to meet them.

Finally, the unexpected action (green circle 3) tends to define a new market trend as it creates new business processes and introduces new business activities to the enterprise. In this case, the expected and the emerging trajectories are not followed, and a new market trend trajectory is defined from scratch. An example for this action could be the invention of the iPhone. To invent this new product, new collaboration was formed based on an innovation need.

When everyone was expecting the mobile phone design to be smaller, Apple defined a new product which tended to oppose the market trend at that time. The new phones created by Apple were bigger in size with a touch screen property, as well as integrating a previous device (iPod) and adding an internet browsing tool. As shown in fig 23, the blue circle is divided into sections, which represent the different business sectors of the company. A company can have several departments with several business activities, thus different NACE code classifications for the company. A department can collaborate with a partner that is suitable only for this department and not suitable for the others. Thus, each department or NACE code is dealt with individually. The business sectors of the enterprise activity are encapsulated within the market trend where the departments of the company are expected to grow. This means that all collaboration types (involving any of the current enterprise activities for any department in the company) that this enterprise may have are within the market trend. This implies that this enterprise is performing an expected collaboration action type, such as buying raw materials for production. As shown in fig 24, the red circle is divided into sections, representing the extended business sectors of the company (extended from the blue circle). A company can also have several new departments with several business activities, thus different NACE code classifications for the company. These new departments can collaborate with a partner that is suitable only for this department and not suitable for the others. Thus, each department or NACE code is dealt with individually. Emerging collaboration action (red circle 2) is performed when one or several new business sector/s is/are introduced to the current enterprise activity, but still within the market trend area where the departments of the company are expected to grow. Examples might be a home-delivery service or an event planning and hosting service in a restaurant. As shown in fig 25, the unexpected collaboration action (green circle 3) is being performed when one or several new business sector/s is/are introduced to the enterprise activity but outside the market trend area where the new departments are expected to grow. This collaboration action type, as described earlier, is mainly for innovative processes. The green circle is divided into sections, which represent the new different business sectors of the company. A company can have several new departments with new business processes, thus different NACE code classifications for the company. A department can have a collaboration with a partner that is suitable only for this new department and not suitable for the others. Thus, each department or NACE code is dealt with individually. 

III.6. Five steps for detecting and anticipating collaboration partners

For any potential opportunity there are KPIs that are affected by the collaboration type, as mentioned in section III.4. Tables 7 and8 define the relation between the KPIs and the collaboration type. They show how the enterprise's KPIs are affected when undertaking such collaboration with other parties. The letters in the tables represent the KPIs while the "+" and "-" represent the effect on the KPIs from such collaboration types, whether the KPIs are affected positively "+" or negatively "-". Both tables display the type of collaboration regarding the KPI effect, but we have added two more types, which are hiring new employees and distributing directly to the customers, as both of these types concern individuals directly and not companies.

When an enterprise is hiring a new employee

• This affects the financial KPI negatively as the employee is going to get a salary.

(F-)

• However, the resources KPI is affected positively because now there is new manpower or machinery to be used. (R+)

When an enterprise is going to rent a resource or buy a product from another enterprise

• Then the financial KPI will be affected negatively as they are going to pay for this rent/product. (F-)

• At the same time the resource KPIs will be affected positively as the resources will have increased. (R+)

If an enterprise is going to buy information

• Then the financial KPIs are affected negatively because the information has to be paid for. (F-)

• But the knowledge KPIs are affected positively as the information will be improved. (K+)

The same applies for buying intermediate products

• The financial KPI is affected negatively because of the payment. (F-)

• But the product KPI is affected positively as new products are being introduced by the company. (P+) Also, for buying an endorsed product (final product)

• This will affect the financial KPI negatively because of the payment. (F-)

• But the product KPI will be affected positively as new products are being introduced by the company. (P+) Also, for buying a product from a vendor (final product)

• This will affect the financial KPI negatively because of the payment. (F-)

• But the product KPI will be affected positively as new products are being introduced by the company. (P+)

Finally, when having another enterprise perform a service

• This will affect the financial KPI negatively when paying for this service. (F-)

But will affect the knowledge, product, resource or market KPIs positively depending on the nature of this service. (K+, P+, R+ and M+) The same concept is applied for Table 7. When an enterprise is renting its own resource to another company

0 1 2 3 4 5 Hiring Resource Inf I Product F Product Service KPI affected F- F- F- F- F- F- R+ R+ K+ P+ P+ R+ P+ K+ M+
• This effects the financial KPI positively as money is going to be paid to the owner. (F+)

• However, the resources KPI is affected negatively as there will be less manpower or machinery to use. (R-)

If an enterprise is going to sell information

• Then the financial KPIs are affected positively because it is been paid for. (F+)

Same for selling intermediate products

• The financial KPI is affected positively because of the payment. (F+)

• But the market KPI is also affected positively due to the increase in sales. (M+) Also, for selling a product to a customer (final product)

• This will affect the financial KPI positively because the customer will pay for the product. (F+)

• But the market KPI is also affected positively due to the increase in sales. (M+)

For selling an endorsed product (final product)

• This will affect the financial KPI positively because the customer will pay for the product. (F+)

• The market KPI is also affected positively due to the increase in sales. (M+)

When performing a service for another company

• This will affect the financial KPI positively because the customer will pay for the service. (F+)

• The market KPI is also affected positively due to the improvement in the sales. (M+)

Finally, when distributing to customers

• This will affect the financial KPI positively because the customer will pay for the service. (F+)

• The market KPI is also affected positively due to the increase in sales. (M+) As for the sharing situation between companies, we argue that this situation is the same as that in the input table (table III.3). Sharing any type of exchange types will increase this exchange type's KPI. For example, sharing a resource will increase the resource KPIs for both companies, and sharing information will increase the knowledge KPIs for both, and so on for the rest of the types. However, if both companies decided to give away or sell any of the exchange types, this would affect their financial KPI positively but the KPI of this exchange type will be affected negatively. For example, if both companies wanted to sell the resource that they share, both of them would feel a positive effect on their financial KPI, as they would earn money, and the resource KPI of both companies would be affected negatively as it will decrease, and so on for the rest of the types.

For every opportunity to be seized there must be certain needs to fulfill and benefits to gain. These needs can be fulfilled by introducing new resources to the company, having a consultancy service, etc. depending on the nature of the industry as well as the opportunity itself. A satisfactory status must be reached based on the predicted benefits and predicted costs of needs. So, in order to determine and rank potential collaborations, the following 5 steps should be followed.

In step 1, the company will determine which KPI(s) dimension(s) they want to improve. Then in step 2 based on the selected KPI(s), the company will determine all divisions and their corresponding collaboration types that are related to the KPIs selected in step 1. In step 3, the effect on the KPIs of each collaboration type will be compared with the desired KPIs identified in step 1 to determine which collaboration type is more suitable. In step 4, the divisions that are not related to the objective of the desired KPI will be filtered. And finally, in step 5, a multi criteria decision making process (dealt with like a black box) is applied in order to rank and choose the best suggested collaboration partner based on the KPI(s) desired at the beginning.

Step 1

• Determine which KPIs the company wants to improve

Step 2

• Determine all divisions and their collaboration types that are affected by the KPIs identified in step 1

Step 3

• Compare the KPI affect of each collaboration type with the desired KPI identified in step 1

Step 4

• Filter out the divisions that are not related to the objective of the desired KPI

Step 5

• Decision making process

III.7. Conclusion

In this chapter we have explained the concept of this research by discussing a theoretical approach for detecting and anticipating collaborative partners. The first point that was discussed was the characterization of an enterprise profile. We introduced five enterprise characteristics that are used to classify an enterprise profile, but for this research we chose one characteristic to build our approach on, which is the industrial type. The industrial type classification chosen was the NACE code, which is a European industrial classification that classifies all industrial types into four levels, sections, groups, divisions, and classes. This classification is based on three main criteria that are discussed in the document itself which we based our theoretical approach on, as described in section III.2.

After that, we introduced a table that showed the relation of five exchange types between enterprises that was based on the literature review done in chapter II, which was subsequently considered as twelve collaboration types. The III.4 subsection discussed the importance of KPIs in our approach and how this can benefit the enterprises in detecting collaborative partners. Also, five dimensions of KPIs were introduced based on the literature review. These dimensions form one of the main pillars that the periodic table of industries is created on and will be used and explained in detail in chapter IV.

A concept of need types and collaboration actions was discussed, which showed that there are three types of needs. Each of these needs was defined as well as compared regarding time and market trend. It was also specified that in this research work we only focus on the first need type which is the expected need. Based on the collaboration types and KPI concept that were introduced earlier, three tables were shown to demonstrate the relation between the collaboration types as input, output and shared for a company with the KPI effect. Each type of collaboration has an effect on one or several KPI(s) dimensions(s). These tables are also considered to be one of the main pillars that the periodic table of industries is created on and will be used and explained in detail in chapter IV. Finally, the main contribution of this chapter was discussed, introducing five steps of detecting and ranking collaborative partners based on all the sub-sections discussed earlier. The next chapter will show how this theoretical approach influenced the creation and the building of the industrial matrix which in return was the main database that created the periodic table of industries. 

IV.1. Introduction

In the previous chapter we discussed the theoretical approach that was built on several elements. These elements were the type of collaboration, type of collaborative needs and actions, KPI dimensions and finally the five steps for detecting and ranking potential collaborative partners for enterprises. We also specified that the industrial classification that we are considering in this research is the NACE code industrial classification which is one of the pillars of building the periodic table of industries along with the types of collaboration and the KPI dimensions.

In this chapter we will discuss the concept of the matrix of industrial types, which is considered to be the source of the periodic table. This database is built based on real collaboration examples. It consists of 99 x 99 cells; each cell consists of a relation between the types of collaboration and KPIs that are affected by such collaboration types. This matrix has two benefits that will be discussed in this chapter. The first benefit of the matrix of industrial types is that it supports enterprises in choosing their best collaboration partner based on the previous knowledge of their desired KPI improvement. In other words, the company already knows which KPI dimensions they want to improve and they will search for the best division (industrial type) to collaborate with on that basis. This concept will be explained under the title of the 3D cube system. The second and most important use of the matrix of industrial types is the creation of the periodic table of industries. In this table, a visual representation that imitates the Mendeleev table will be presented, showing the relationship between the division, the potential collaboration division and the type of this collaboration.

Section IV.2 discusses the matrix of industrial types, while section IV.3 uses this matrix to present the 3D cube system for enterprise support. Section IV.4 discusses the concept of the periodic table of industrial types as well as the visual representation. Also, an example that includes all the concepts discussed in chapter III has been integrated with the concept of the periodic table of industries. Finally, section IV.5 summarizes the ideas contained in this chapter.

IV.2. Matrix of industrial types

In the approach of this research we will use the KPI dimensions mentioned in [START_REF] Koura | A Theoretical Approach for Detecting and Anticipating Collaboration Opportunities[END_REF] to infer potential collaboration opportunities between enterprises. As a first step in creating the periodic table of industries, a general matrix of industrial types was built that shows the type of collaboration between sections (of the NACE code), as shown in Table 8. This table consists of sections as columns and rows. The industries that are in the columns are considered to be the source to the industries in the rows which will be referred to as beneficiaries. To elaborate more, section A (first row) will collaborate with all the sections in the columns (from A to U), specifying (within the cell) the type of this collaboration with each of the sections. The next step of creating the periodic table of industries is to break down the columns and rows into divisions instead of sections. The advantage of this is that it allows the type of industry to be analyzed in a more detailed way, which helps in distinguishing between different types of businesses within one section. We also introduced details of the kind of KPIs that would be affected positively or negatively by such types of collaboration. 

. Relation between industrial types and exchange types

In Table 8, an example of some divisions is shown as rows and columns. It also shows the collaboration type between divisions with the KPI effect on the collaboration types. We will consider F to be financial, K to be knowledge, R to be resources, M to be market and P to be product KPIs, as mentioned in [START_REF] Koura | A Theoretical Approach for Detecting and Anticipating Collaboration Opportunities[END_REF]. That means that a relation between a company of division 01 and another company of division 99 can be of collaboration types 1/2/3/4/5/6. The KPI row shows which KPIs are impacted by such relation. Further detail is given in Fig 27. horizontally and vertically. The divisions in the columns act as sources to the beneficiaries (divisions in the row). That is why there are KPI lines shown for each row and column from its own perspective. If we take for example the first row, division 49 can collaborate with divisions 01, 02 and 03 with type 1 or 6. This will affect division 49's Financial and Market KPIs.

However, this collaboration, from the perspective of divisions 01, 02 and 03, will affect their Financial KPIs only. This general matrix database is built using real existing collaboration examples along with their collaboration type and their KPI effect. For each cell, the internet was searched to find at least one real existing partnership. Based on the details of this partnership stated on the web, we deduced the type of collaboration. For each type of collaboration deduced, we stated what kind of KPI dimension would be affected through such a type of collaboration.

As we know, the NACE code consists of 99 divisions, so this database is a 99 x 99 matrix, which makes it hard to build it manually. Only 8 divisions in the rows and five in the columns are completely defined along with their KPI affect while the rest are not defined, due to the complexity of filling each cell. Filling the whole matrix by building a program that searches the internet looking for real examples of collaborations for each division is considered to be a limitation. So, for example, the collaboration between division 05 (mining of coal and lignite) and division 13 (manufacturing of textiles) is missing in the matrix. The web will be searched for any existing example of two companies that have a collaboration of any type between these two division types and the matrix will be filled along with the KPIs affected by such collaboration.

IV.3. 3D cube system

Therefore, for a global explanation, let us assume that the general matrix of industries is complete. A decision support 3D cube can be proposed from this matrix, which includes the following three dimensions as seen in fig 28. In this support system, we assume that the company already wants to collaborate; the company just does not know what type of collaboration it needs. So, the company already knows what KPI or KPIs it wants to improve, and the division number their company is classified under is known. Therefore, the missing information would be which division they can collaborate with and its related collaboration type. If we take division 01 in section A as an example, table IV.2 contains all divisions that can be considered as potential collaboration partners for division 01 (Crop and animal production, hunting and related service activities) as well as their KPI effect and their collaboration type. This will be shown in the 3D cube in fig 29: if we take, for example, the market KPI and collaboration type 6, then we have divisions 01, 36 and 70. management consultancy activities) of type 6 (service) and so on, as seen in table IV.2.

KPI dimension

IV.4. Periodic table of industrial types

The previous idea of the 3D cube is to support the company in choosing what type of collaboration they want to have in relation to the KPI they want to improve. So, it is simply a way to support their decision of choosing the best collaboration type and partner. However, what if the company does not know that they need collaboration, and that being involved in such a collaboration network would affect their KPIs positively? This question led to the second idea of creating a periodic table of industrial types that can suggest potential collaboration between enterprises. This table will have sections and divisions as columns and type of collaboration as rows. Each cell will contain all the divisions that are related to a certain collaboration type for such a division. For example, for section A there are two divisions. Each division will be considered as the head of a column. Both divisions will be intersected by 5 collaboration types (rows), as seen in Table 9. Let us assume that the original database matrix is full. According to the number of divisions related to another section, both divisions will be moved so that they are beside each other. Basically, we will be using all the information of the original database matrix and presenting it in another visual form that can be used as an industrial periodic table for suggesting potential collaboration partners based on industrial types (Divisions) and collaboration types.

In order to make this visual representation more like the periodic table of elements, we can show the periodic table of industrial types as follows. As seen in the figure 30, the division will be represented in the middle of the square, and the potential collaboration division will be shown on the top right corner of the square, and the type of this collaboration will be shown in the bottom right corner of the square. The rows refer to the potential collaboration division (M) and the type of collaboration (N). Both will vary as you go down the row. The potential collaboration division will vary from 01 to 99. The collaboration type will vary from 1 to 6. So, as an example, the first column represents division 01. The first cell in the column shows that there is potential collaboration with division 01 of type 1. The second cell in the column shows that there is a potential collaboration with division 48 of type 1 also. Thus, the potential collaboration division will vary first, then comes the type of collaboration. As seen in fig 33, the second column starts from division 02 and the third column starts from division 03. This does not mean that division 01 will not act as a source to division 02, but this cell will be shown in column 1 as it will be explained.

As said before in the concept of the general matrix that the divisions in the columns will act as sources to the divisions in the rows (beneficiaries), in the periodic table of industrial types we represent this concept by splitting each cell into two sub cells. We will refer to this idea as zooming in. If we go a further level deep in one of the cells of the periodic table, we will see that the sub cells describe the relation between two divisions and their collaboration type as well as their KPI effect on each relation respectively as seen in fig 33. So to summarize this concept, the cells shown in the periodic table of industrial types represent the possible potential relation between a division and its collaboration type, but do not represent the source and beneficiary type of relation between the divisions unless the zooming-in idea is applied.

The following example illustrates the idea of the five steps and the periodic table of industries. We will consider company A, which is in division 49 (Land transport and transport via pipelines) section H (Transportation and Storage). Company A wants to improve the Market KPI (M). In fig 34, division 49, which represents company A, is in the middle. The left part consists of all the input collaboration types possible (from 1 to 6) and their corresponding KPI effect, described in table III.3. The right part consists of all the output collaboration types possible (from 1 to 6) and their corresponding KPI effect, described in table III The 5 th and last step would be to use a decision-making process to compare the various division options and determine the best one. The company should calculate the general benefits and compare them to the general cost of the need to apply such collaboration. Accordingly, this will help in choosing, ranking and defining whether this opportunity is worth taking or not. For this example, we will consider division 70 to be ranked as the first collaboration opportunity, as it could improve the desired KPI (M) significantly more than the other potential collaboration divisions. Division 70 (Activities of head offices, management consultancy activities) includes the provision of advice and assistance to businesses and other organizations on management issues, such as strategic and organizational planning; financial planning and budgeting; marketing objectives and policies; human resource policies, practices and planning; production scheduling and control planning. A company in division 70 can provide consultancy services, which in this example can be considered as consultation to increase the efficiency of delivery by decreasing the time needed to complete one order or optimizing the route of delivery. 

IV.5. Conclusion

In this chapter we have talked about the main result of our research contribution which is the general matrix of industrial types. This matrix is built using real examples of collaboration between divisions. It is a 99 x 99 matrix that consists of the type of collaboration between those divisions as well their KPI affect. The main law of this matrix is that the divisions in the columns are the input of the collaboration with the divisions in the rows.

The first use of the general matrix is the creation of the 3D cube system which supports enterprises in choosing their best collaboration type and partner based on two givens. The first given is the KPI dimension/s that the enterprise wants to improve, and the second given is the division number that the enterprise is considered to be. With both these givens, the 3D cube system suggests several divisions that are suitable for collaboration and indicates the type of collaboration they can offer.

The second use of the general matrix is the creation of the periodic table of industrial types. This is considered to be the main contribution of this research work. This table consists of cells that show all the divisions in the NACE code. These cells contain three numbers; the first number in the middle of the cell represents the division. The potential collaboration division will be shown in the top right corner of the cell, and the type of this collaboration will be shown in the bottom right corner of the cell. The number that represents the collaboration type and the potential collaboration division changes when you go down the table. Also, as you go from left to right, the main division in the middle of the cell, the potential collaboration division as well as the collaboration type all vary horizontally. Each cell is divided into two sub-cells. These sub-cells contain the opposite division and the potential division of the other cell. Also, a KPI effect is described for each sub-cell respectively.

In the next chapter, we shall present a use case that integrates all the concepts described in chapter III and in this chapter, so as to explain and demonstrate how this method can help choose the best collaboration partner for enterprises.

CHAPTER V.

ILLUSTRATIVE USE CASE

CHAPTER V. Illustrative use case V.1 Introduction V.2 Scenario

V.1. Introduction

In this chapter we will build a simulated case study to demonstrate the concept of the 5 steps mentioned in section III.6 and show how we can propose potential collaboration partners based on the periodic table of industries discussed in chapter IV. This use case is inspired by the big car manufacturing company, Toyota, whose data was used to build this use case. In [START_REF] Kito | The Structure of the Toyota Supply Network: An Empirical Analysis[END_REF], the Toyota supply chain network was presented along with other information from their official website about their partnerships [START_REF]CSR Management[END_REF]. These two sources inspired our case study through analysis of the types of partnerships, relationships with Toyota partners, Toyota subsidiaries, etc. In this case study we will not refer to Toyota and its partners and suppliers by their actual names, but with anonymous variables like company X, Y, etc.

As any company in a business ecosystem, it has a supply chain network. The manufacturer in this case has its suppliers that provide it with raw materials, dealers who distribute the products to the retailers, and finally a customer who receives the final product either directly from the manufacturer or, in most cases, from the retailers. Company X does not only manufacture cars, but also produces textile machinery and handles its sales. The structure of the relationship between company X and its suppliers is defined as 'vertical keiretsu', where a tiered pyramid consists of several suppliers, and company X interacts with, and only with, its suppliers in the tier directly below. The dependence of peripheral firms on their direct clients creates a chain that ultimately makes all suppliers dependent on the main assembler (in this case, Company X), which, as a result, energizes the suppliers by giving them reasons to work together for the common good, and indeed to ensure their own survival.

Company X has several types of partnerships. As described in fig 38, we will consider company X as the manufacturer that deals with its supplier to buy raw materials. They then produce the cars using these materials. Then the products are sent to the dealer who distributes them to the retailer who finally sells them to the consumer. Therefore, we can divide the types of activities of company X into 4. The first activity type is with suppliers. The second activity type is with customers/dealers. The third activity type is with any company -whether a competitor or any other type of company -that can provide any kind of service to company X. The fourth activity type is with any other company that can share information and knowledge to help improve quality, sales or even to sell the same product to customers. Company X's main activity is to assemble parts of the car that are purchased from subcontractors or suppliers. 75% of these sub-contractors or suppliers are located in Japan and 25% are located all around the world between America, Europe and Asia. Another activity for company X is taking part in projects with other companies or subsidiaries to produce a new product. The projects that the company can be involved in include manufacturing working vehicles like trucks and diesel engines, which requires more powerful industrial machinery. Another project may be participating with another company to produce and develop electric vehicles, which requires a new technology. Another project for company X is manufacturing compact vehicles and bicycles, which requires a different production line than that used in the production line of normal cars. Another type of partnership for company X is to provide services for its customers like repair and yearly check-ups for the cars, as well as receiving services from other companies. A final example would be the sales of spare parts to customers or repair centers.

Company X may receive information from a company that provides consultancy services, for example, or may receive any other form of service from any other company. Company X can buy raw materials or receive a service or even receive information from suppliers. Company X can share information with a competitor or act as endorser for another company in a new market, or be an endorsee to a competitor. Company X can sell finished products or provide a service like check-ups to the customer. Based on our approach, discussed in chapters III and IV, as well as the 4 types of activity discussed earlier, we have modeled the types of collaboration for company X, as seen in fig 39 .   Figure 39. Relationship between company X and four types of entity As seen in fig [START_REF] Lambert | Building successful logistics partnerships[END_REF], company X has 9 types of collaboration with four different types of entities: customers, suppliers, service providers, and other companies (competitors or not). The types of collaboration where company X interacts with a customer are:

• Vendor/Customer -Customer buys finished product (car) from vendor (Company X or retailer that is related to Company X)

• Provider/Receiver (provide service) -Customer receives service from company X like routine check-ups.

The types of collaboration where company X interacts with a supplier are:

• Supplier/Integrator (sub-contracting) -Supplier provides Company X with intermediate products used for car manufacturing.

• Provider/Receiver (provide service) -Supplier provides Company X with services used for car manufacturing.

• Co-informers (e.g. share information for new technology) -Supplier provides Company X with information used for car manufacturing.

The types of collaboration where company X interacts with a service provider are:

• Provider/Receiver (provide service) -Service provider provides Company X with services used for car manufacturing or any other domain.

• Co-informers (share information for new technology) -Service provider provides information for Company X used for car manufacturing or any other domain.

The types of collaboration where company X interacts with other companies in the same division (competitors) are:

• Co-vendors (subsidiary) -Company X will act as endorsee, endorser or subsidiary to another company (competitor) to sell finished products (cars).

• Co-informers (e.g.. share information for new technology) -Company X receives or gives information to another company (competitor) used for car manufacturing or any other domain.

Company X has a lot of suppliers around the world who provide them with different parts to build the car. Table 15 shows the product categories (P1…P12) needed for car manufacturing from suppliers around the world.

Table 15. Product categories as in [START_REF] Kito | The Structure of the Toyota Supply Network: An Empirical Analysis[END_REF] Note. A superscript (*) indicates that the value is statistically significantly high, and a subscript (*) indicates that the value is significantly low, both at the 1% level.

Table 15 shows some of the parts that company X needs to build a car from suppliers from Japan (JP), Northern America (NA), Central and Southern America (CSA), Northern Europe 

V.2. Scenario

Every Every time normal gasoline is pumped into a car, this slightly depletes the world's supply of fossil fuels. These fuels, which include petroleum and coal, are the condensed remains of living organisms from prehistoric times. The supply of these fuels is limited and will eventually expire. Also, much of this supply of petroleum is controlled by a few nations blessed with an abundance of oil and these nations can "influence" both the petroleum supply and its price. This may not be the case, but it can be considered as a theoretical factor. Fossil fuels have met much of the world's energy needs for several centuries, but there is a limit to how long they can continue to do so in the future. Thus, renewable energy has become a subject for research in order to optimize the use of such ideas and produce vehicles that use renewable resources instead of normal petroleum. According to [START_REF] Gregory | Hydrogen: The car fuel of the future?[END_REF], hydrogen gas might be one of the future energy sources that we can depend on for cars. Some of the reasons for this are as follows:

• Less pollution (maybe zero) -One of the most important benefits of a hydrogen economy is that fuel cells are nonpolluting. When electricity is generated in a fuel cell, no carbon emissions are produced. A hydrogen fuel cell produces two byproducts, heat and water.

• No more oil dependency -Because so much oil comes from a few countries that can independently change the price of the fuel whenever they want, this actually causes a lot of political issues around the world.

• High reliability -Hydrogen can be produced using a wide variety of resources.

Hydrogen can be renewable and produced by waste, biomass, wind, solar, tidal, wave, and geothermal. That is why it can be more reliable than natural fuel sources.

Given all the above-mentioned advantages of hydrogen gas as a fuel, Company X wants to create a car engine that uses hydrogen gas as a fuel and the same time has the same performance as oil and petroleum engines regarding distance and time. To meet this objective, company X wants to improve its knowledge of hydrogen engine manufacturing, which in return affects the knowledge KPIs of our model. We will analyze and suggest potential partners for company X using the steps mentioned in section III.6.

Step 1. Determine which KPI the company wants to improve

In order to manufacture the hydrogen fuel engine, there should be a special kind of technology to do this. For such technology to exist, there should be a certain knowledge which Company X already has or would import from outside. Thus, the desired KPI that has a direct relationship with manufacturing hydrogen fuel engines is the knowledge KPI.

Knowledge KPI (K)

Step 2. Determine all divisions and their collaboration types that are affected by the KPIs identified in step 1

In this step all potential partner divisions and their collaboration types for division 29 that are affected by the Knowledge KPI from the periodic table of industrial types are determined as seen in fig 40: This is supposed to be one column but due to lack of space we cannot show it as one column, thus the dotted lines indicate that there is a sequence. As said in the explanation of the periodic table in chapter IV, the cells start from the same number of the division and after zooming-in there will be two cells that will show the direction of collaboration (whether the division will act as a source or beneficiary) and for each cell, there will be its KPI effect. But as we are concerned with all possible collaboration opportunities for division 29 that are affected by the knowledge KPI (K), there are two cells that are in division 28. After zoomingin, four cells will be shown, but only two of these four acts as a source to division 29. 16.

The takeaway from this step is the final divisions and their corresponding collaboration types. As seen in Table 17, there are two collaboration types that are concerned with improving the knowledge KPI. These are collaboration types number 2 and 6, as they are the only collaboration types that have an influence on the knowledge KPI (K). Also, according to the explanation in section III.6, we can add another two collaboration types regarding the sharing types which are co-informers for information and co-providers for services. So, at the end we have four collaboration types for company X which influence the knowledge KPI:

Division

• Informer/Advisorrecipient

• Providerreceiver

• Co-informers • Co-providers
For every division that was selected as a potential partner for collaboration based on the desired KPI (K), we compared the four types of collaboration and stated what the collaboration context between company X and such a division could be. This is shown in Table 18.

Division Informer-Recipient / Co-informers Provider-Receiver / Co-providers 28

Collaborating with this division will help Company X improve its knowledge by learning from companies that manufacture:

• Steam turbines.

• Gas turbines.

• Other vapor turbines.

• Fluid power equipments Collaborating with this division will help Company X improve its knowledge by receiving services from companies that manufacture:

• Steam turbines.

• Gas turbines.

• Other vapor turbines.

• Fluid power equipments The takeaway from this step is the four collaboration types that are related to the desired KPI (knowledge). Also, the divisions that were selected in step 2 are replaced in the context of the four collaboration types.

Step 4. Filter out the divisions that are not related to the objective of the desired KPI As seen in Table 18, not all collaboration contexts can be considered as a direct improvement for the knowledge KPI between company X and the selected divisions. We only need to take into consideration the need to improve the knowledge required to manufacture an engine that uses hydrogen gas as fuel. Thus, we will have to filter out the unrelated divisions from the divisions that are related to the main objective (improving the knowledge KPI in order to create an engine that uses hydrogen as fuel). This filtering process is shown in Collaborating with this division will help Company X improve its knowledge by learning from companies that manufacture:

• Steam turbines.

• Gas turbines.

• Other vapor turbines.

• Vacuum pumps

• Gas compressors

• Cooling and ventilation equipment

• Gas generators and steam cleaning machines

Collaborating with this division will help Company X improve its knowledge by receiving services from companies that manufacture:

• Steam turbines.

• Gas turbines.

• Other vapor turbines.

• Vacuum pumps The takeaway from this step is the four collaboration types that are filtered out to match the desired objective which is to improve the knowledge for manufacturing the hydrogen fuel engine.

Step

Decision making process

The last step is to decide which division is best for company X to collaborate with. To do that there should be a justification for each division and why collaborating with such a division would contribute to improving the knowledge for the manufacture of the hydrogen fuel engine. This justification is presented in the either sell this information of manufacturing hydrogen fuel engine to company X, perform a service to company X (outsourcing), or participate in a project together to share such information.

72 Division 72 is a good candidate for collaboration as its organizations have good information and practical experience in research fields. This information can be used to create a research project to manufacture the hydrogen fuel engine, and this would either be sold to company X as information, performed as a service (outsourcing) or shared in a project between company X and a research center.

85

Division 85 is a good candidate for collaboration as its organizations have good information and theoretical experience in research fields. This information can be used to create a research project to manufacture the hydrogen fuel engine. Also, educational centers could have new ideas for improving the hydrogen engine like efficiency, and this would either be sold to company X as information, performed as a service (outsourcing) or shared in a project between company X and a research center. Of course, there are external factors that can influence the decision-making process, like choosing a division to collaborate with because it will increase company X's market reputation.

Based on the justifications mentioned in Table 20 and other criteria, the decision-maker would be able to choose which division is most appropriate to collaborate with. For example, in this case Company X wants to collaborate with a division that has previous experience in using gas fuel engines and also has a good safety record. The decision-maker can choose division 30 (Manufacture of other transport equipment) due to their practical experience and good technical information in manufacturing engines for missiles that perform long journeys in space and the fact that it has a really small percentage of accidents.

The takeaway from this step is that the decision maker will choose a division to collaborate with based on several justifications and criteria related to the objective of the collaboration.

Conclusion and perspectives 1. Reminder of the objective

To be able to survive in today's competitive market, companies need to partner in collaborative networks to overcome the frequently changeable market conditions. Hence the interest in conducting more research on how to maintain and improve the partnerships in a collaborative network. Most of the work undertaken so far has discussed the development or evaluation of a current partnership or creating models that use semantic concepts. However, the difference between our proposal in this research and other work done is significant. Our idea is to create a model that proposes potential partners for enterprises to collaborate with to help them improve. The model is based on the KPIs of the enterprise which, in return, help propose and rank partners that are suitable for a particular enterprise.

The scientific questions raised in this research were as follows: The first question examines the relevance of the types of collaboration network, like Virtual Organization, Virtual Breeding Environment, etc. The second question concerns the characteristics of an enterprise profile that are correlated with collaborative networks. In this research we focus on one of these characteristics, which is the industrial type. The third question discusses the three types of collaborative needs and their corresponding actions. The fourth question looks at the types of collaboration that could be deduced from the literature review, such as the vendor-customer relation. Finally, the fifth question discusses the five KPI dimensions and how they are affected by the collaboration types.

Summary of the dissertation

In chapter I we discussed the social question and the scientific questions as well as the relation between them. We also discussed the methodology followed in this research as well as the big picture that summarized the concept and aim of this research. In chapter II we presented a literature review discussing collaborative networks concepts. We listed some articles regarding creating, maintaining and developing collaborative networks which then were explained concerning the concepts of types and levels of collaboration, benefits and limitations of collaboration, network factors and inter-enterprise relationships, and finally network topologies. We also discussed the approaches for inter-enterprise collaboration including their definitions, classification, and characteristics. We also examined the main criteria for characterizing and configuring a collaborative network, showing the partners' competences and roles, common goals to be achieved, relationships, and topology. The literature review was discussed based on the social question and scientific questions mentioned in chapter I, which showed the steps taken for creating the model and approach of this research. We also discussed the concept of the Mendeleev table of elements and the idea behind imitating its concept in creating the periodic table of industrial types.

In chapter III we tackled the theoretical approach for detecting and anticipating collaborative partners. The first point that was discussed was the characterization of an enterprise profile. We introduced five enterprise characteristics that are used to classify an enterprise profile, but for this research we chose one characteristic to build our approach on, namely the industrial type. The industrial type classification chosen was the NACE code, which is a European industrial classification that classifies all industrial types into four levels: sections, groups, divisions, and classes. This classification is based on three main criteria that are discussed in the document itself which we based our theoretical approach on, as seen in section III.2.

After that, we discussed the relation of five exchange types between enterprises that was based on the literature review described in chapter II, which was thereafter considered as a relationship of twelve collaboration types. We then discussed the importance of KPIs in our approach and how using KPIs can benefit enterprises in detecting collaborative partners. Thus, five dimensions of KPIs were introduced based on the literature review. These KPIs are considered to be one of the main pillars on which the periodic table of industries is built.

A concept of need types and collaboration actions was discussed, which showed that there are three types of needs. Each of these needs was defined as well as compared to each other regarding time and market trend. It was also specified that in this research work we only focus on the first need type which is the expected need. Based on the collaboration types and KPI concepts that were introduced earlier, three tables were shown to demonstrate the relation between the effect on KPIs and the collaboration types (input, output and shared). Each type of collaboration has an effect on one or several KPI(s) dimensions(s). These tables are considered to be one of the main pillars that the periodic table of industries is created on. The main contribution of this chapter was to introduce the five steps of detecting and ranking collaborative partners based on all subsections discussed in this chapter.

In chapter IV we talked about the main source of our research contribution which is the general matrix of industrial types. This matrix is based on real examples of collaboration between divisions. It is a 99 x 99 matrix that consists of the type of collaboration between those divisions as well their KPI affect. The main law of this matrix is that the divisions in the columns are the source to the divisions in the rows.

The first use of the general matrix is the creation of the 3D cube system, which supports enterprises in choosing their best collaboration type and partner based on two givens. The first given is the KPI dimension(s) that the enterprise wants to improve, and the second given is the division number that the enterprise is considered to have. With both these givens, the 3D cube system suggests several divisions that are suitable for collaboration with their type of collaboration.

The second use of the general matrix is the creation of the periodic table of industrial types. This is considered to be the main contribution of this research work. This table consists of cells that show all the divisions in the NACE code. These cells contain three numbers, the first number in the middle of the cell represents the division, and the potential collaboration division will be shown in the top right corner of the cell, and the type of this collaboration will be shown in the bottom right corner of the cell. The number that represents the collaboration type and the potential collaboration division changes when you go down the table. Also, as you go from left to right, the main division in the middle of the cell changes, and the potential collaboration division as well as the collaboration type also varies horizontally. Each cell is divided into two sub-cells with a KPI effect described for each sub-cell respectively.

In chapter V we created a case study for a company that wants to manufacture hydrogen fuel engines and use them instead of normal petrol engines. For this case study we applied the five steps mentioned in chapter III to detect and propose the best partners for company X to collaborate with to manufacture the hydrogen fuel engine.

Limitations and Perspectives

As for the perspectives of this research, the first objective would be the completion of the general matrix which would result in the completion of the periodic table of industrial types. The general matrix reveals the relation between the divisions from the NACE, the KPI effect and the collaboration types. This matrix is considered to be the basic pillar of the periodic table of industrial types. If this matrix could be filled automatically for all division types, this would provide a large database able to create the whole periodic table of industrial types.

The second perspective concerns the enterprise profile characteristics. As mentioned earlier, in this research we only focus on one of these characteristics, which is the industrial type. If we included the rest of the characteristics mentioned in this research, the profile of the enterprise would be improved, which would help in classifying enterprises in a way that would improve the collaboration-suggestion process.

The next step would be to adjust this model in order to introduce the second and third types of needs, which are the emerging and unexpected. Including these two new need types would enrich the model to suggest more suitable potential partners for companies which would, in turn, help in improving the market vision of these companies by introducing more opportunities and creating new products.

Another perspective would be to semi-automate the five steps for suggesting potential partners. While excluding the first step, which is identifying which KPI(s) the company wants to improve, we could automate the other four steps. We could start from automatically determining the divisions and their corresponding collaboration types that are affected by the KPI(s) identified in step 1. Then move on to automatically comparing and selecting the KPI(s) effect on each collaboration type with the desired KPI(s) identified in step 1. The filtering process to exclude the divisions that are not related to the objective of the desired KPI(s) identified in step 1 could also be automated. And finally the decision-making process could be supported, either by experience like following previous results or by introducing new results to the database, thus enriching the information needed to help in future decision-making.

The concept presented in this research could be adapted to be used in the research domain, with a view to optimizing the selection of research partners. An individual researcher would act as an enterprise that is looking for collaboration. Each researcher has some criteria, like research interests, that could act in the same way as KPIs for enterprises. A big database (like the general matrix of industrial types) that contains different domains (that act like the division numbers from the NACE code) would contain existing collaboration between research partners in different domains. By imitating the five steps (mentioned in chapters III and IV), the best research collaboration partner could be suggested. Also, by applying all these perspectives, we could envisage building a website that imitates websites that are used for job searching, like LinkedIn. The LinkedIn website provides the ability for two beneficiaries to interact, namely individuals who are searching for jobs and enterprises who are looking for employees. We can apply the same concept and create a website that imitates these websites, but instead of individual beneficiaries, the participants would be enterprises. Job searching websites like LinkedIn act as a mediator between enterprises who are searching for employees with a certain profile and individuals with specific qualifications that are seeking positions that match these qualifications. Based on the profile of the individual and other criteria like location, several enterprises will be suggested. Also, based on the qualifications the enterprise needs, several potential employees would be suggested.

The new website that would imitate this idea (let us call it a website for collaboration), would suggest potential collaboration partners based on the enterprise profile as well as the desired KPI that the company wants to improve. A big database containing the periodic table of industrial types, based on the general matrix, would be the pillar on which the website for collaboration was based. Each enterprise would have its own unique page which would act as its specific profile. This profile would be based on the enterprise characteristics discussed earlier, like size and performance. Using this profile, and other criteria like location, a list of potential partners would be suggested.

In the following figures we will show the periodic table of industrial types as well as the general matrix that this table was build on. The periodic table of industrial types is not full due to complexity issues as mentioned earlier, also the general matrix. The industrial divisions that are not completed in the general matrix are shown as empty cells as well as the periodic table of industrial types.

PhD Thesis -Ibrahim koura

Caractérisation des organisations et des réseaux émergents pour détecter et anticiper les opportunités de collaboration

Le concept de réseaux collaboratifs est très fréquemment rencontré ces jours-ci en réponse à la nécessité d'adapter et d'améliorer la performance des entreprises dans cet environnement commercial extrêmement concurrentiel. Un corpus considérable de connaissances a été accumulé jusqu'à présent dans le domaine des réseaux collaboratifs, de la définition des types de réseaux et des niveaux de partenariat à la proposition de modèles de développement de partenariats. Mais la plupart de ces efforts n'ont pas abordé un obstacle très vital, qui est la difficulté de détecter et de prévoir les possibilités de collaboration entre les entreprises. Il est nécessaire que les entreprises définissent, assemblent et construisent leurs collaborations et optimisent leurs choix de partenariat pour autant d'avantages mutuels que possible. Ainsi, le but de cette recherche est de proposer une solution pour suggérer des candidats potentiels de collaboration entre entreprises pour aider à améliorer leurs activités et à profiter au maximum les unes des autres. Cette solution est basée sur un tableau périodique des types industriels. Ce tableau contient les classifications des KPI ainsi que les types de collaboration définis. Une explication de la caractérisation d'un profil d'entreprise / organisation, des avantages de la collaboration, des limites et des types de réseaux de collaboration est également incluse. Enfin, un cas illustratif est utilisé pour formuler et discuter des étapes de détection de collaboration. 

Characterization of organizations and emerging networks to detect and anticipate collaboration opportunities

The concept of collaborative networks is encountered very frequently these days as a response to the need to adapt and enhance business performance in this tremendously competitive commercial environment. A considerable body of knowledge has been gathered in the field of collaborative networks so far, from defining types of network and partnership levels to proposing models for partnership developments. But most of these efforts have not addressed a very vital obstacle, which is the difficulty of detecting and predicting collaboration possibilities between enterprises. There is a need for enterprises to outline, assemble and build their collaborations and optimize their partnership choices for as much mutual benefit as possible. Thus, the aim of this research is to propose a solution for suggesting potential collaboration candidates between enterprises to help improve their businesses and to benefit from each other as much as possible. This solution is based on a periodic table of industrial types. This table contains KPI classifications as well as defined collaboration types. An explanation of the characterization of an enterprise/organization profile, collaboration benefits, limitations and types of collaboration networks is also included. Finally, an illustrative case is used to formulate and discuss the steps for collaboration detection. 
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SQ2:

  Quelles sont les caractéristiques d'un profil d'entreprise en corrélation avec un réseau de collaboration? Cette question est identifiée afin de créer un profil d'entreprise standard avec des caractéristiques spécifiques qui aideront à reconnaître le partenaire potentiel approprié pour chaque entreprise. La réponse à cette question est considérée comme la première contribution à l'approche de cette recherche. SQ3: Quels sont les types de collaboration? Cette question est proposée afin d'identifier les différents types de collaboration que les organisations peuvent entretenir au sein du réseau collaboratif. Cette question n'est pas la même que SQ1, car nous essayons ici de trouver le type de collaboration entre partenaires au sein d'un réseau de collaboration, comme le montre la fig 3. La réponse à cette question est considérée comme la troisième contribution à l'approche de cette thèse. SQ4: Quels types de besoins collaboratifs sont associés à la collaboration? Cette question se pose lorsque nous essayons d'identifier les besoins collaboratifs des organisations associés à des types de collaboration. Un besoin collaboratif est un manque de collaboration, donc toute collaboration est une réponse à un besoin collaboratif, même s'il s'agit d'une collaboration inconnue ou non évidente, ce qui indique également que les types de besoins collaboratifs ont une relation directe avec les types de collaboration décrits dans SQ3. La réponse à cette question est considérée comme la deuxième contribution à l'approche de cette thèse.SQ5: Quels sont les KPI liés à une situation collaborative? Cette question est proposée afin d'identifier les KPI qui peuvent influencer la décision de collaboration d'une organisation. Un lien entre les KPI et le type de collaboration sera proposé et expliqué en détail au chapitre III. La réponse à cette question est considérée comme la quatrième contribution à l'approche de cette thèse.L'idée principale de cette recherche est de créer un tableau des types industriels qui imite le tableau périodique des éléments. Le choix du tableau périodique a été motivé par le fait qu'il identifie tous les éléments et les classe selon 2 classifications principales. La première est la classification des colonnes ou des groupes, où tous les éléments de la même colonne partagent la même propriété «X», qui consiste à avoir le même nombre d'électrons dans la dernière couche. Par exemple, tous les éléments du groupe 1 ont un électron dans la dernière coquille.La seconde est la classification par ligne ou par période, où tous les éléments de la même période partagent la même propriété «Y», qui a le même nombre d'orbitales atomiques. Par exemple, tous les éléments de la période 1 ont une orbitale atomique pour tous leurs électrons.Le but de cette recherche est de suggérer des collaborations potentielles basées sur les concepts d'organisation et de propriété du tableau périodique. Ainsi, si un élément du groupe 1 est connu pour collaborer avec un élément du groupe 4, donc tout élément du groupe 1 est considéré comme un partenaire potentiel pour former un réseau de collaboration avec n'importe quel élément du groupe 4. Dans cette recherche, nous considérons les entreprises comme des éléments du tableau périodique et essayons d'imiter ce tableau d'éléments et ses critères de classification, pour proposer un moyen de détecter et d'anticiper des partenaires potentiels pour les entreprises. La première étape a été de construire un tableau exactement comme le tableau périodique des éléments en utilisant la même méthode de classification. Cette méthode regroupe des types industriels similaires en appliquant les attributs standard des entreprises et tente ainsi de créer un profil standard qui définit chaque entreprise individuellement. Ces attributs peuvent inclure le nombre d'employés, le type d'industrie, le nombre de branches, etc. Dans cette méthodologie, nous avons utilisé l'analyse en composantes principales (PCA) et nous avons essayé de lier quelques exemples de collaborations existantes avec le profil d'entreprise défini à partir des attributs mentionnés ci-dessus. Après avoir rassemblé suffisamment d'informations sur un grand nombre d'entreprises pour réaliser l'ACP, l'objectif était d'analyser les clusters de résultats afin de trouver un modèle standard définissant chaque classe de type industriel. Cependant, cette approche n'a pas fonctionné comme prévu. Il n'y avait pas de grappes similaires pour le même type industriel, comme le montrent les figures 4 et 5. Comme le montrent les figures 4 et 5, nous avons analysé environ 36 entreprises utilisant l'ACP, avec cinq critères. Les données de ces entreprises ont été extraites de la base de données des partenaires de l'Ecole des Mines d'Albi et ont été classées comme suit: type d'industrie, chiffre d'affaires de la production, biens de grande consommation, nombre de sites et nombre d'employés. Si notre approche avait été correcte, nous aurions vu des grappes d'entreprises similaires et les mêmes chiffres biplot. Les résultats de cette approche n'ont pas été un succès, car il n'y avait pas de grappes d'entreprises évidentes ou que nous pourrions considérer comme un modèle. Ainsi, nous avons pensé essayer une autre approche. L'approche précédente n'ayant pas fonctionné, nous avons pensé définir un nouveau profil d'entreprise au lieu des cinq propriétés définies précédemment. Nous avons également réfléchi à la manière de trouver la connexion entre le nouveau profil d'entreprise et les types et besoins de collaboration. La méthodologie utilisée dans cette recherche est illustrée à la figure 6. Dans cette recherche, nous analysons la question de recherche en adoptant deux approches en parallèle. Le premier point est de savoir comment caractériser les entreprises. Le deuxième point est de savoir comment lier les types et les besoins de collaboration à cette caractérisation d'entreprise. Ainsi, pour caractériser une entreprise, nous avons essayé de déterminer comment nous pourrions classer les types industriels et quels types d'indicateurs de performance clés pourraient être utilisés par une entreprise dans un réseau collaboratif. De plus, nous avons examiné comment ces KPI pourraient être améliorés en suggérant les meilleurs partenaires de collaboration. Pour les réseaux collaboratifs, nous avons tenté de déterminer quels types de réseaux collaboratifs existent, quels sont les types de besoins collaboratifs dans le contexte de la collaboration d'entreprise et quels types de collaboration pourraient exister entre les partenaires au sein d'un réseau collaboratif. Comme indiqué précédemment, l'hypothèse initiale de cette méthodologie est qu'il serait utile de créer un tableau périodique des types industriels qui imite le tableau périodique des éléments. Ce tableau aurait des colonnes comme types d'entreprises et des lignes comme un aspect spécifique de l'entreprise qui change d'échelle lorsque vous vous déplacez le long des lignes. Ainsi, afin d'avoir une idée sur les types de classifications industrielles et les types de collaboration, nous avons décidé de rechercher ces aspects en parallèle et d'étudier le domaine de la caractérisation d'entreprise pour la classification industrielle pour les attributs de KPI, etc., et le domaine des réseaux collaboratifs pour types de réseaux collaboratifs, types de collaboration, etc. L'étape suivante a été de cartographier toutes ces informations et de créer la structure du tableau périodique des types industriels et enfin d'évaluer et de tester cette approche par un cas d'utilisation.
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  enterprise, we tried to determine how we could classify industrial types and what kind of KPIs could be used by an enterprise in a collaborative network. In addition, we looked at how these KPIs could be improved by suggesting the best collaboration partners. For collaborative networks, we tried to determine what types of collaborative networks exist, what the collaborative need types are in the context of enterprise collaboration, and what types of collaboration could exist between partners within a collaborative network.
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 9 Figure 9. Network types examples from[START_REF] Luis | Collaborative networks: a new scientific discipline[END_REF] 
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•

  Formation knowledge Partner selection knowledge • VO operations management knowledge As shown in Fig.11, there is a relation between the collaboration knowledge sources and the knowledge required for collaboration. The left part shows all possible sources of collaboration knowledge for an enterprise and the right part shows the four different categories of collaboration knowledge.

Figure 11 .

 11 Figure 11. Enterprise benefits knowledge-oriented collaboration as in[START_REF] Rajsiri | Knowledge-based system for collaborative process specification[END_REF] • Enterprise core competence: This type of knowledge describes the enterprise's own capabilities and capacities, strengths, and weaknesses. It also discusses the internal experience of the enterprise which can come from formal and informal sources. • Process knowledge for VO formation: This type of knowledge is considered to be the best practice in the formation of a VO, critical factors in VO development, legal issues, risk analysis, and application of tools such as maturity gate planning. It consists of knowledge about collaboration and interoperability issues likely to be critical to partners. The enterprise experience of current and previous collaboration, as well as knowledge of collaboration practices in the industrial sector, are the sources of this type. • Process knowledge for partner selection: This type of knowledge is potential partners' core competencies, collaboration and interoperability capability, and reliability in collaboration. It can be reclaimed from the knowledge of potential and actual partners from previous collaborations and from ISUs (Interoperable Service Utility), as well as from the current and previous enterprise experience. • VO operations management knowledge: This type of knowledge includes the VO enterprise model for supporting decision making. The knowledge of interoperability issues within the VO is applied to establish communication. This kind of knowledge can be fetched from different sources like enterprise experience, and best practices from ISUs.

  Fig 12 presents an example of section B (Manufacturing) and just 2 divisions (7 and 9) and their groups and classes, respectively.
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 12 Figure 12. NACE levels example for one single section (Manufacturing)
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  Fig 26 shows a visual representation for this conclusion.
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 26 Figure 26. Research Methodology

  Where 1,2,3,4,5 and 6 are types of collaboration; 1: Resource, 2: Information, 3: Intermediate Product, 4: Final Product, 5: Endorsee/Endorser, 6: Service Table 8
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 27 Figure 27. Example of general matrix of industries
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 28 Figure 28. 3D cube support system
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 32 Figure 32. Representation of the periodic table of industries

Figure 33 .

 33 Figure 33. Zooming in level of the industrial periodic table

  .4. The numbers on the arrows represents the collaboration types described in tables III.3 and III.4.
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 34 Figure 34. Collaboration types possibilities and their corresponding KPI effect
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 35 Figure 35. Possible collaboration partners for division 49 as an input to the company
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 36 Figure 36. Zoom in level for desired collaboration for division 70 to 49

  Fig 37 represents this process.

Figure 37 .

 37 Figure 37. Simple supply chain cycle Fig 38 shows a simple supply chain network. In this example we shall consider a car manufacturing company. Company X is a well-known car manufacturer located in Japan which has more than 65000 employees around the world and about $755 million as its capital.

  Fig 38 describes the network of company X based on the first three activity types.

Figure 38 .

 38 Figure 38. Company X supply network

Figure 40 .

 40 Figure 40. Division 29 as shown in the periodic table

Figure 41 .

 41 Figure 41. After adding the two cells shown in fig 41 to the cells shown in fig 40, we have all the possible potential partners and their corresponding collaboration types and KPI effect, as shown in Table16.
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pour aider à améliorer leurs activités et à profiter au maximum les unes des autres. Cette solution est basée sur un tableau périodique des types industriels. Ce tableau contient les classifications des KPI ainsi que les types de collaboration définis. Une explication de la caractérisation d'un profil d'entreprise / organisation, des avantages de la

  2. Partenariat dans la chaîne d'approvisionnement -Ce type de partenariat est la relation collaboration, des limites et des types de réseaux de collaboration est également incluse. Enfin, un cas illustratif est utilisé pour formuler et discuter des étapes de détection de collaboration

	produit intermédiaire (produit I), produit final (produit F) et service. Ces cinq types
	d'échange peuvent être impliqués dans trois types d'activités, qui sont la vente, l'achat
	ou le partage. Le tableau 4 montre cette relation.
	Le but de cette étude est de fournir une solution qui aide les entreprises à former des
	collaborations en fonction de leurs besoins de collaboration, ce qui affectera directement les
	KPI de l'entreprise. Cette recherche cible à la fois les entreprises individuelles de leur propre
	point de vue et les entreprises d'un point de vue collectif, tel que le voient les gouvernements.
	Pour les entreprises individuellement, vu de leur propre point de vue, cela les aidera à améliorer
	leur flux d'affaires en détectant le ou les partenaires les plus appropriés pour collaborer, sur la
	base d'un critère d'amélioration de KPI. Elle pourrait également être utile pour les
	gouvernements, car elle les aidera à proposer des partenariats qui, en retour, amélioreront
	l'environnement des affaires et auront un effet positif sur l'écosystème économique.
	Le concept de réseaux collaboratifs est très fréquemment rencontré ces jours-ci en réponse
	à la nécessité d'adapter et d'améliorer la performance des entreprises dans cet environnement
	commercial extrêmement concurrentiel. Un corpus considérable de connaissances a été
	accumulé jusqu'à présent dans le domaine des réseaux collaboratifs, de la définition des types
	de réseaux et des niveaux de partenariat à la proposition de modèles de développement de
	partenariats. Mais la plupart de ces efforts n'ont pas abordé un obstacle très vital, qui est la
	difficulté de détecter et de prévoir les possibilités de collaboration entre les entreprises. Il est
	nécessaire que les entreprises définissent, assemblent et construisent leurs collaborations et
	optimisent leurs choix de partenariat pour autant d'avantages mutuels que possible. Ainsi, le but
	de cette recherche est de proposer une solution pour suggérer des candidats potentiels de
	collaboration entre entreprises
	2.2.1,
	une relation peut être proposée qui définit le type d'échange entre les éléments d'une
	relation de collaboration. Il existe cinq types d'échange: ressources, informations,

la plus évidente entre deux ou plusieurs entreprises. Cela comprend l'achat ou la vente de services, de produits ou même l'externalisation de certaines activités commerciales (sous-traitance) à une autre entreprise. Les entreprises concluent généralement des partenariats de chaîne d'approvisionnement pour simplement acheter et vendre des produits ou pour réduire les coûts, rationaliser les processus ou améliorer la qualité.

Parmi les exemples de partenariats de la chaîne d'approvisionnement dans le domaine de la technologie, citons Intel, qui fabrique des processeurs pour de nombreux fabricants d'ordinateurs, ou Toyota dans le secteur automobile, qui fabrique des moteurs pour les voitures de sport Lotus. 3. Partenariat technologique -Ce type de partenariat implique de travailler avec des sociétés informatiques pour maintenir votre entreprise à flot. Il peut s'agir d'un partenariat entre une société de conception Web et un service de réparation informatique spécifique qui appelle toujours en échange un tarif réduit sur les services. Cela pourrait également inclure un partenariat avec une plate-forme de stockage basée sur le cloud pour gérer tous vos besoins de stockage de fichiers. Fondamentalement, tout type d'expertise technologique nécessaire à votre entreprise et que vous ne pouvez pas fournir en interne peut être relégué à un partenariat technologique. 4. Partenariat de partage -Ce type de partenariat implique le partage d'informations, de produits ou de ressources, qu'ils soient humains, physiques ou de tout autre type de ressource commerciale. Un exemple de partage d'informations pourrait être le partage d'un client où une entreprise est incapable de répondre à une certaine demande. Un autre exemple pourrait être l'achat collaboratif, où deux entreprises différentes achetant un certain produit pourraient bénéficier d'une remise. 5. Sur la base des types de partenariat et des types présentés dans la sous-section II.

Table 2 .

 2 Characteristics of extended enterprise and virtual enterprise from[START_REF] Browne | Extended and virtual enterprise-similarities and differences[END_REF] 

			Extended enterprise	Virtual enterprise
	1	Strategic issues	Long term objectives	Relatively short term
	2	Partnership purposes	Business cooperation	Project collaboration
	3	Organization stability	Stable collaboration of firms	Dynamic organization of companies, each with their core competencies
	4	Partner relationships	Trust and mutual dependence `	Temporary and dynamic
	5	Coordinator	Generally the manufacturer or any other	Managed by broker
			strong body	
	6	Information technology (IT)	Facilitated and enabled by IT	Enabler for the Cooperation
	7	Organization type	Dependent on Coordinator	Legally independent bodies cooperating for a particular mission

Table 3 .

 3 Characteristics of network topologies

		Stability	Decision-making power	Duration
	Chain	Static	Hierarchic	Long term
	Star	Static	Central	Long term
	Peer to Peer	Dynamic	Equal	Short term

Table 4 .

 4 The relation between exchange types

					Vendor	
		Owner	Informer/Advisor	Supplier	Endorsee	Provider
	Received/bought by	Renter	Recipient	Integrator	Customer Endorser	Receiver

Table 6 .

 6 Relation between KPI effect and exchange types (Input)

	Where Inf: Information; I Product: Intermediate Product; F Product: Final Product

Table 7 .

 7 Relation between KPI effect and exchange types (Output)

		1	2	3	4	5	6
		Resource	Inf	I Product	F Product Service	Dist.
	KPI affected	F+ R-	F+	F+ M+	F+ M+	F+ M+	F+ M+

Where Inf: Information; I Product: Intermediate Product; F Product: Final Product

Table 9 .

 9 Example for static periodic table

		SECTION A		SECTION B	SECTION F
		Division 01	Division 02	Division 05…09	Division 41
	Collaboration type 1	01, 49,50,51,52,77	02,05,08		49,51,52,77
	Collaboration type 3	01	-		01
	Collaboration type 4	20,28,46,47	62,64		21,28,45,46,47
	Collaboration type 5	01	46		-
	Collaboration type 6	01,49,50,51,52, 35,36,43, 53,64,65,66,69,70,72,73,75	19,20,22,53		31,32,33,49,50,51,52, 53,64,65,66,69,70,72,75

Table 10 .

 10 Table 10 shows step 1. Step 1/5 of detecting collaboration partner

	Step	Description	Output
	1	improved Determine KPIs that need to be	M

Table 14 .

 14 Step 4/5 of detecting collaboration partner

Table 16 .

 16 All possible collaborations for company X

Step 3. Compare the KPI effect of each collaboration type with the desired KPI identified in step 1

  In this step we compare the KPI effect of each collaboration type to the desired KPI decided by company X which is improving the knowledge KPI (K).

	Collaboration type	KPI affect	KPI desired
	1 (Resource)	F-, R+	
	2 (Information)	F-, K+	
	3 (Intermediate product)	F-, P+	
			K+
	4 (Final product)	F-, P+	
	5 (Endorsee)	F-, P+	
	6 (Service)	F-, R+, P+, K+, M+	

Table 17 .

 17 Comparison between KPI effect of each collaboration type and the desired KPI

Table 18 .

 18 Context of collaboration between company X and divisions selected for collaboration

	• Vacuum pumps	
	• Gas compressors	
	• Industrial taps and valves
	• Bearings, gears and driving
	elements		
	• Ovens, furnaces, and furnace
	burners		
	• Lifting	and	handling
	equipments	
	• Office	equipment	and
	machinery		
	• Power-driven hand tools
	• Cooling	and	ventilation
	equipment		
	• Gas generators and steam
	cleaning machines	
	• Agriculture and forestry
	machinery		
	• Metal forming machinery
	• Machinery	for	mining,
	quarrying and construction
	• Machinery for food, beverage
	and tobacco processing

Table 19 :

 19 

	Division Informer-Recipient / Co-informers	Provider-Receiver / Co-providers
	28	

Table 19 .

 19 Filtered divisions for potential collaboration partners

  Table 20 below. Division 28 is a good candidate for collaboration as its companies have good information for the manufacture of gas turbines which is what company X wants. Companies in division 28 can either sell this information on manufacturing hydrogen fuel engine to company X, perform a service to company X (outsourcing), or participate in a project together to share such information. 30 Division 30 is a good candidate for collaboration as its companies have good information and experience in manufacturing engines that are used in missiles for space journeys and exploration. Companies in division 28 can

	Division	Collaboration Benefit
	28	

Table 20 .

 20 Justification for the filtered divisions

• The authors in[START_REF] Huang | Decision model for partnership development in virtual enterprises[END_REF] propose a decision model from a micro viewpoint. This model can be used to specify a company's current partnership strategy and determine its

The next step is to determine from the periodic table of industrial types all divisions and their corresponding collaboration types that are affected by the KPI identified in step 1 which is M. After moving to the zooming in level for each cell, the final divisions and their corresponding collaboration type that are affected by the M KPI are shown in Table 12. The next step is to compare the KPI effect of each collaboration type to the desired KPI identified in step 1. This is shown in Table 13. The next step is to filter out the unrelated divisions that are not aligned with the objective of the desired KPI. So, from the previous information we can conclude that only collaboration type 6 is aligned with desire to improve the Market KPI. This is shown in Table 14. 

Division Potential collaboration division

Step

Step