Xuan Wu 
email: xuan.wu@ensam.eu
  
Virginie Goepp 
email: virginie.goepp@insa-strasbourg.fr
  
Ali Siadat 
email: ali.siadat@ensam.eu
  
  
THE INTEGRATIVE LINK BETWEEN CYBER PHYSICAL PRODUCTION SYSTEMS AND ENTERPRISE INFORMATION SYSTEMS

Keywords: Cyber Physical Production Systems, Enterprise Information Systems, Industrial Engineering, Meta Model, 5C Architecture

In the era of industry 4.0, an extremely promising technology is the Cyber Physical System (CPS), which makes the fusion of the physical and the virtual world. The application of CPS in the production environment leads to the development of Cyber Physical Production Systems (CPPSs). CPPSs hold great potential to make production systems become intelligent, resilient and self-adaptive. The number of articles on CPPSs has been growing very fast, but largely detached from industry practices. One of the main obstacles is to make the integrative link between CPPSs and Enterprise Information Systems (EISs). Therefore, the purpose of this paper is to propose a meta model to formalize this link. First, the definitions of CPPSs and EISs are given, and the meaning of the integrative link between CPPSs and EISs is illustrated from an informational dimension, a technological dimension and an organizational dimension. Then, after analyzing the existing studies of linking CPPSs and EISs in the literature, we can conclude that none of the research conceptualizes the integrative link between CPPSs and EISs. Therefore, at last, a meta model that conceptualizes this link is proposed. The meta model describes the main classes that constitute CPPSs and EISs, and clearly highlights the links between these classes. It is a first step to conceptualize the integrative link between CPPSs and EISs, although in a coarse way.

INTRODUCTION

The manufacturing industry is facing well-known trends, such as highly customized products, increasing product complexity and shorter product lifecycles. To succeed in, Industry 4.0 and smart factory appear on the scene, as the most widespread industrial paradigms. Industry 4.0 is an umbrella term comprising an array of different high-tech technologies and is characterized by the Cyber-Physical System (CPS) in the context of industrial production [START_REF] Longo | Smart operators in industry 4.0: A humancentered approach to enhance operators' capabilities and competencies within the new smart factory context[END_REF]. Smart factory shares the attributes of CPS for monitoring physical processes by creating a virtual copy of the physical world and making decentralized decisions [START_REF] Lee | A cyber-physical systems architecture for industry 4.0-based manufacturing systems[END_REF]. Therefore, we can note that the common enabler behind Industry 4.0 and smart factory is essentially CPS. The concept of CPS can be applied to different disciplines, resulting in multiple definitions of what the CPS is. The core idea of CPS is the interaction between physical components and software components in intertwined networks, thereby fusing the real and the virtual world. Researches and applications of CPS have become active in numerous fields like transportation, healthcare, smart home, civil infrastructure and so on [START_REF] Giraldo | Security and privacy in cyberphysical systems: A survey of surveys[END_REF]. In this paper, we focus on the specific application of CPS in the production domains, resulting in so-called Cyber-Physical Production Systems (CPPSs).

The concept of CPPSs

Since the notion of CPPSs is relatively new, a conclusive definition has not been agreed upon yet. Most of the researchers just simply described the concept of CPPSs as the application of CPSs in the field of the production environment.

The most cited, detailed definition of CPPSs was given by Monostori et al. [START_REF] Monostori | Cyber-physical systems in manufacturing[END_REF]: "CPPSs consist of autonomous and cooperative elements and sub-systems that are getting into connection with each other in situation dependent ways, on and across all levels of production, from processes through machines up to production and logistics networks". In this definition, we can conclude several points: (i) CPPSs are systems of systems, more than just isolated systems because of complex interactions among them; (ii) These systems consist of autonomous and cooperative elements and can be connected or decoupled depend on different situation, which means subsystems are independent and reconfigurable; (iii) The connection between systems impacts all levels of production lifecycle from manufacturing to logistics. However, in this definition, two important concepts are missing: knowledge management and human resources. On the one hand, knowledge is key for decision making and an automated continuous improvement of CPPSs' operations. On the other hand, although CPPSs can work in an automatic way, humans should have a central and crucial role instead of being replaced by technologies. Humans are the only ones who can govern the systems, address anomalous situations and provide flexible solutions in case of need.

The following definition, suggested by Ribeiro [START_REF] Ribeiro | Cyber-physical production systems' design challenges[END_REF], emphasized these missing points: "A CPPS is a composition of human resources, production equipment and aggregated products towards which it establishes one or several cyber-physically formulated interaction interfaces. These interfaces are used for monitoring and control of the CPPS operations as well as to tap into the knowledge generated both by the human resources, and the equipment, during the production process as well as knowledge generated by its aggregated products throughout their life-cycle." These two definitions can complement each other to form a clear synthesis of the various aspects of this large concept.

The notion of CPPSs is very wide and brings many different fields of research together. Its development can be categorized into three distinct communities in parallel: (i) The industrial engineering community, predominantly is interested in CPPSs engineering and implementation approaches. They adopt fundamental systems engineering concepts and methods; (ii) The computer science community, mainly concentrates on information technologies required by CPPS and development methods of software systems; (iii) The electrical engineering community, mainly focuses on hardware in CPPSs, such as sensors. In this paper, we study CPPSs in view of industrial engineering.

Difficulties in industrial practices

There has been a great deal of efforts toward CPPSs in literature, however, the application of CPPSs in industrial practices is still at its infancy.

Orzes et al. [START_REF] Orzes | Industry 4.0 Implementation Barriers in Small and Medium Sized Enterprises: A Focus Group Study[END_REF] conducted focus group studies in four countries (USA, Italy, Austria, and Thailand) to investigate the main difficulties faced by small and medium-sized enterprises in Industry 4.0 implementation. A set of obstacles were identified and were classified into six categories: economic-financial, cultural, competencies/resources, technical, legal, and implementation process. Among these categories, the technical one mainly concerns the lack of support by Enterprise Information Systems (EISs). EISs rely on software such as Manufacturing Execution Systems (MES) and Enterprise Resource Planning (ERP) for implementing business processes, information flows, data visualization and analysis. This is consistent with the studies in [START_REF] Vogel-Heuser | Current status of software development in industrial practice: Key results of a large-scale questionnaire[END_REF] and [START_REF] Telukdarie | Enterprise Definition for Industry 4.0[END_REF], which showed that the implementation of MES and ERP in Industry 4.0 context was limited. Vogel-Heuser and Sarda-Espinosa [START_REF] Vogel-Heuser | Current status of software development in industrial practice: Key results of a large-scale questionnaire[END_REF] gave a survey to 16 German companies in the areas of machine and plant manufacturing which showed that the involvement of MES was only 4%. Telukdarie and Sishi [START_REF] Telukdarie | Enterprise Definition for Industry 4.0[END_REF] conducted a thorough analysis from respective vendors (e.g. Siemens, Rockwell, Honeywell), which showed that MES and ERP had a lack of support on Industry 4.0 paradigms, such as big data, Augmented Reality (AR), cloud, smart device and integrated supply chain.

From the results presented in these surveys, it is clear that the Industry 4.0 paradigm is a difficult conundrum in practice. One of the major obstacles lies in the integrative link with EISs. To promote wide-spread industry adoption, it will be necessary to study the integrative link between EISs and CPPSs.

The concept of EISs

EISs are Information Systems (ISs) in the enterprise context. The benefits of EISs are increased efficiency and productivity, reduced time and cost, zero errors and optimized inventory [START_REF] Manavalan | A review of Internet of Things (IoT) embedded sustainable supply chain for industry 4.0 requirements[END_REF]. EISs have key roles in an organization to support the execution of managerial, operational, and executive-level processes. Generally, a common definition of EISs is the focus on its technological dimension, in other words, it concerns the software on which EISs rely. As defined by Rashid, Hossain and Patrick [START_REF] Rashid | The evolution of ERP systems: A historical perspective[END_REF], "EISs are software systems for business management, encompassing modules supporting organizational functional areas such as planning, manufacturing, sales, marketing, distribution, accounting, financial, human resources management, project management, inventory management, maintenance, transportation and e-business". But according to Reix et al. [START_REF] Reix | Information systems and management, 7 th Edition[END_REF], ISs are not only software, but can be defined as multidimensional information processing objects, including 3 main dimensions: (1) An informational dimension. ISs are the representations of the environment through a set of data. (2) A technological dimension. ISs are not only computer systems, but any systems that make it possible to carry out the processes of collecting, storing and processing information. The technical means would therefore be concerned to accomplish the tasks related to these different processes. The main bases are hardware (computers) and software. (3) An organizational dimension. The majority of ISs operate within organizations, therefore they can be analyzed from the functional and structural perspectives. From the functional perspective, ISs should support business processes and decision making processes. From the structural perspective, the execution of processes requires actors and technological resources. As such, EISs also include these three dimensions.

The integrative link between CPPSs and EISs

According to the concept of EISs, the integrative link between CPPSs and EISs can be considered through the three dimensions of EISs: (1) An informational link, which deals with exchange of data and information between EISs software and CPPSs, (2) A technological link, which uses the information technologies provided by EISs to achieve processes of collecting, storing and processing data in CPPSs, and (3) An organizational link, which deals with the way CPPSs impact business processes and decision making processes supported by EISs.

The integrative link has long been, and often still is, confused with its technological link due to the bias of the computer science community. While it is true the link in its broad sense is surely first of all a technological one which leverages the latest information technologies to combine the digital and physical world, more importantly is an organizational link to better support the decision making processes and business processes. Therefore, the integrative link is the integration of all elements including data, information technologies (IT), people and business processes to achieve the optimal fulfilment of the business mission. This link is not a main research focus in the EISs field, because, as far as we know, in this field the focus is mainly on EISs design and engineering methods, enterprise architectures, enterprise integration and enterprise interoperability approaches. For example, Avila, Goepp and Kiefer [START_REF] Avila | Addressing alignment concerns into the design of domain-specific information systems[END_REF] presented an extended-strategic alignment model for the design and development of domain-specific EISs. Mamoghli, Goepp and Botta-Genoulaz [START_REF] Mamoghli | Aligning ERP systems with companies' real needs: an 'Operational Model Based'method[END_REF] proposed an 'Operational Model Based' method to address alignment between the processes desired by the company and the ERP system's standard processes.

However, since the term CPPSs describes primarily information and communication technologies (ICT) driven changes in production systems, the informational and technological dimension link are already embedded in the CPPSs research area. Therefore, we can get the way the informational and technological links are treated in literature of CPPSs. Motivated by this need, section II introduces existing studies of linking CPPSs and EISs in the literature and analyses the challenge of linking them. Then section III proposes a meta model to conceptualize the integrative link between CPPSs and EISs. Section V concludes this paper.

EXISTING STUDIES AND CHALLENGES OF LINKING CPPS AND EIS

Existing studies of linking CPPSs and EISs in the literature

Lee, Bagheri and Kao [START_REF] Lee | A cyber-physical systems architecture for industry 4.0-based manufacturing systems[END_REF] proposed a 5C architecture for implementing CPSs, which provided a step-by-step guideline from the initial data acquisition to the final value creation, and it can be extended to CPPSs. As shown in Figure 1, it consists of five levels: smart connection, data-to-information conversion, cyber, cognition and configuration level. The smart connection level (level I) represents the physical space, levels II-IV represents the ''pure'' cyber space, while the configuration level (level V) realizes the feedback from the cyber space to physical space. We can use the 5C architecture to get the way the informational and technological links between CPPSs and EISs are treated in the literature of CPPSs. As we described in subsection 1.4, the informational link achieves the exchange of data and information between CPPSs and EISs software. The connection level acquires data from machines and their components by sensors or controllers or EISs software such as ERP and MES [START_REF] Silva | Universal parser for wireless sensor networks in industrial cyber physical production systems[END_REF]. The data-to-information conversion level infers meaningful information from the CIE49 Proceedings, October 18-21, 2019, Beihang University

[PaperNr]-5 large amount of data and show it in the EIS software. The cyber level acts as a central information hub. Information is being pushed to EIS software from every source and compiled to establish a cyber space [START_REF] Lu | Resource virtualization: A core technology for developing cyberphysical production systems[END_REF]. Therefore, we can found that the informational link was implemented from the connection level to the cyber level.

As we described in subsection 1.4, the technological link uses the information technologies provided by EISs to achieve processes of collecting, storing and processing data in CPPSs. In the connection level, considering various types of data, data acquisition technologies are required where specific protocols such as MTConnect are effectively useful. For example, Urbina et al. [START_REF] Urbina | Cyber-physical production system gateway based on a programmable SoC platform[END_REF] established communication with different elements by integrating different interfaces (e.g. Profinet), and connections to sensors (e.g. Modbus series). In the data-to-information conversion level, data processing technologies [START_REF] Lee | Implementation of cyber-physical production systems for quality prediction and operation control in metal casting[END_REF] are required. In the cyber level, having massive information gathered, information analyzing technologies have to be used to extract additional information. With the current trend of increased connectivity to external networks, CPPSs are increasingly targeted by cyber-attacks. There should be technologies to monitor and detect abnormal behaviors [START_REF] Sándor | Cross-layer anomaly detection in industrial cyber-physical systems[END_REF]. In the cognition level, proper presentation technologies of the acquired knowledge to expert users are required for better decision making, as in [START_REF] Pujo | Wireless Holon Network for job shop isoarchic control[END_REF]. Therefore, we can found that the technological link was implemented from the connection level to the cognition level.

The challenge of linking CPPSs and EISs

As we described before, we can found that there have been a number of studies on the informational link and technological link between CPPSs and EISs. For the informational link, the research focus and challenge is to build a digital twin, which is the virtualization of physical entities of CPPSs. Research on the technological link mainly deals with the technical issues of connecting systems, devices, applications and services, including aspects such as communication protocols, interconnection services, specific data formats, data integration and middleware, accessibility and security, and information presentation. The challenges include data acquisition, big data processing and cyber security technologies.

The informational link and technological link have been addressed in the literature, but the organizational link has not, as far as we know. However, the organizational link, which deals with the people involved, the way to process data in EISs, is the most complex and challenging for CPPSs. The challenge is bidirectional, one is what useful data should be retrieved from CPPSs, the other is what impacts the decision made in the EISs will have on CPPSs. We can retrieve all the data thanks to the ICT capabilities of CPPSs, but it makes no sense as we should only retrieve the useful data which can support the business processes and contribute to the overall performance of the organization. It means we should provide the right data to the right person at the right time to make the right decision, which is implemented in the cognition level. Then the configuration level can apply the corrective decisions to have a feedback and make the adjustment in the physical space of CPPSs. If we want CPPSs to work sustainably, we have to implement the organizational link to better support the business processes and decision making processes.

A META MODEL

As previously discussed, none of the research within the CPPSs field addresses the organizational link and conceptualizes the three levels of links between CPPSs and EISs. In order to achieve a common understanding of these links, this section proposes a meta model, serving as a reference to show the interrelationship between the classes in the CPPSs and EISs fields, using an UML class diagram. So, we design the meta model, as shown in 

Classes in the CPPSs field

In the CPPSs field, we can extract the classes and their relationships according to the 5C architecture as we described in Section 2.1. To set up these classes, we extract a set of keynouns (in bold) to become classes in the meta-model, from the description of each level of the 5C architecture. For example, the target of the connection level is "acquiring data from machines and their components is the first step and the data might be directly measured by sensors or obtained from controllers or EIS software". Form this sentence we get the following classes for our meta-model: data, machine, component, sensor, controller and EIS software, the results of this analysis for the five levels of the 5C architecture is as follows. In the cyber level, two classes can be extracted: Information Hub and Information Analysing Technology. The class Information Hub is made up of Information. Therefore, there are aggregate relationships between them. The Information Analysing Technology are need in the information hub. There are dependency relationships between them.

In the Cognition level, four classes can be extracted: Knowledge, Presentation Interface, Expert User and Decision. This level generates a thorough knowledge according to aggregated information. There are multiplicity associations between the class Knowledge and the class Information. Expert users get the Knowledge through presentation interfaces and then make decisions. Therefore, there are dependency relationships between the class Knowledge, the class Presentation Interface and the class Expert User, and directed association relationships between the class Expert User and the class Decision.

The Configuration level is the feedback from a cyber space to a physical space, so there are no new classes in this level. The class Decision will control the class Production System in the physical space.

Classes in the EISs field

In the EISs field, we can extract the classes and their relationships according to the enterprise modelling standards ISO 19439 [START_REF]Enterprise Integration-Framework for Enterprise Modelling[END_REF] and ISO 19440 [START_REF]Enterprise Integration-Constructs for Enterprise Modelling[END_REF]. The ISO 19439 serves as a common basis for modelling enterprises and provides four enterprise model views to describe the various aspects of the enterprise, including the information view, the resource view, the function view and the organization view. According to the definition of EISs described in Section 1.3, the four enterprise model views can be partially mapped to the three dimensions of EISs as follows.

(1) Information view, which represents the information used in an enterprise, can be partially mapped to the informational dimension of EISs;

(2) Resource view, which represents the enterprise assets (e.g. human and technological components) that are needed for carrying out the enterprise operations, can be partially mapped to the technological dimension of EISs;

(3) Function view, which represents the business processes in an enterprise, can be partially mapped to the functional perspective of the organizational dimension of EISs;

(4) Organization view, which represents the organization, organizational relationships and the decision-making responsibilities in an enterprise, can be partially mapped to the structural perspective of the organizational dimension of EISs.

The ISO 19440 defines a set of enterprise modelling constructs conforming to the four enterprise model views of ISO 19439 as follows.

• Information view: Enterprise Object, Enterprise Object View, Order, Product;

• Resource view: Resource, Functional Entity, Capability, Operational Role;

• Function view: Domain, Business Processes, Enterprise Activity, Event;

• Organization view: Person Profile, Organizational Role, Organization Unit, Decision Center.

[PaperNr]-8 Among these constructs, we can select the constructs that can represent EISs as the classes of the EISs field of our meta-model.

In the information view of enterprise modelling, the corresponding four constructs are all used to represent the information used in an enterprise, not in the EISs, so we will not use them to represent the informational dimension of EISs. We use the class "Data" and the class "Information" that already exist in the CPPSs.

In the resource view of enterprise modelling, we use the constructs "Resource", "Functional Entity" and "Capability" to represent the technological dimension of EISs. We will not use the construct "Operational Profile" which represents the human skills and responsibilities that are not relevant to the technical part of EISs. So, the construct "Resource" can describe the capabilities all material and informational aids in the EIS, including the software and hardware. The construct "Functional Entity" can represent a special type of resource which is a self-sufficient part of the manufacturing system, including all need ICT capabilities. The construct "Capability" can describe the functionality which is needed to support the execution of the task to be performed by an enterprise activity, and to identify constraints determined by the things to be processed (such as security aspects, data processing/storing capacity, etc.).

In the function view of enterprise modelling, we use the constructs "Domain", "Business Processes" and "Enterprise Activity" to represent the organizational dimension of EISs. We will not use the construct "Event" which represents the initiation of a state change in the enterprise that is not relevant to EISs. So, the construct "Domain" can represent the boundary and the content of EISs. The relations between inputs and outputs of the domain identify the required functionalities -the business processes of the domain. The construct "Business Process" can represent a partially ordered set of business processes and enterprise activities, or both, that can be executed to realize given objectives of an enterprise to achieve some desired end-result. The constructs "Enterprise Activity" are the lowest level of process functionality that is needed to realize a basic task within a business process.

In the organization view of enterprise modelling, we use the constructs "Person Profile" to represent the organizational dimension of EISs because it can describe the human skills available to serve the assigned operational tasks. We will not use the constructs "Organizational Role", "Organization Unit" and "Decision Center" because they all describe the organizational relationships in the enterprise which are not relevant to the EISs.

In conclusion, according to the enterprise modelling standards, we extract three classes to represent the technological dimension of EISs, including Resource, Functional Entity and Capability, and four classes to represent the organisational dimension of EISs, including Domain, Business process, Enterprise Activity and Person Profile. For the informational dimension of EISs, we will use the class Data and Information that already exist in CPPSs.

Link between CPPSs and EISs

After identifying and defining all the classes in the CPPSs and EISs fields, we describe the integrative link between CPPSs and EISs as the relations between the classes belonging to the three dimension of EISs and CPPSs, so they can be described as follows.

In the informational link, the EISs and CPPSs share the same classes Data and Information, these two classes have relationships with other classes from the connection level to the cyber level in the CPPSs as we already described in Section 3.1. These relationships show that data and information can be obtained and shared between CPPSs and EISs software. Processing Technology and Information Analysing Technology in the CPPSs field. These relationships show that EISs can provide the software, hardware and ICT capabilities to enable CPPSs to collect, store and process data and information.

In the organizational link, the decision made in the cognition level of CPPSs will have impacts on business processes and improved business processes will result in material entities (such as industrial products), or the information entities (such data), or newly designed processes. Therefore, the class Decision has directed association with the class Business Process and the class Business Process has directed association with the classes Production system and Data. The person profile can be assigned to more than one person and conversely a person can fulfil more than one-person profile. Therefore, the class Expert User in the cognition level of CPPSs have multiplicity associations with the class Person Profile in the EISs.

According to the above description, the meta model comprehensively describes all the essential classes within the CPPSs and EISs field, and clearly conceptualize the integrative link between CPPSs and the three dimensions of EISs using red lines in Figure 2.

CONCLUSION

CPPSs can be considered as an extremely important step in the development of production systems. There has been a great deal of efforts toward CPPSs in literature. However, the application of CPPSs in industrial practices is still at its infancy. To promote wide-spread industry adoption, our aim is to make the integrative link between EISs and CPPSs. Key highlights from this study are, [START_REF] Longo | Smart operators in industry 4.0: A humancentered approach to enhance operators' capabilities and competencies within the new smart factory context[END_REF] The definitions of CPPSs and EISs are given, and the meaning of the integrative link between CPPSs and EISs is illustrated.

(2) Through analyzing the existing studies on the integrative link between CPPSs and EISs in the literature, we found the challenge of linking CPPSs and EISs.

(3) A meta model, that conceptualizes the integrative link between CPPSs and EISs, is proposed based on the 5C architecture [START_REF] Lee | A cyber-physical systems architecture for industry 4.0-based manufacturing systems[END_REF] and the enterprise modelling standards ISO 19439 [START_REF]Enterprise Integration-Framework for Enterprise Modelling[END_REF] and ISO 19440 [START_REF]Enterprise Integration-Constructs for Enterprise Modelling[END_REF].

The meta model gives a big picture of the classes that compose CPPSs and EISs. The objective of the model is not to be implemented because it is only a conceptual model that conceptualize the links between the classes in the CPPSs and EISs field in a coarse way. But it is the first step to identify what should be linked to deal with the three dimensions of the integrative link between CPPSs and EISs.

In the future, we will study how to address the organizational link between CPPSs and EISs, including what kind of data to extract from CPPSs, how to structure these data, what useful information can be integrated effectively into EISs, and how these data have impacts on business processes and improve decision-making efficiency.
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  In the Connection level, thirteen classes can be extracted: Data, Data Source, Component, Machine, Production System, Sensor, Controller, EIS software, Protocol, Data Acquisition Technology, Data Storage Technology, Data Transferring Technology and Central Server. The class Data Source includes the class Sensor, Controller and EIS Software. Therefore, there are inheritance relationships between these four classes. A Component has at least a Sensor, a Machine has at least a Controller and a Production System has at least an EIS software. Therefore, there are directed association relationships between these six classes. The class Production System is made up of one or more Machines, the class Machine is made up of one or more Components. Therefore, there are aggregate relationships between these three classes. The Data can be acquired from the Data Source and transfer to the Central Server. There are directed association relationships between these three classes. In this process, the Protocol, Data Acquisition Technology, Data Storage [PaperNr]-7 Technology and Data Transferring Technology are used. Therefore, there are dependency relationships between these four classes and the class Data. In the Data-To-Information Conversion level, two classes can be extracted: Information and Data Processing Technology. The central server needs to use data processing technology to have meaningful information. Therefore, there are dependency relationships between the class Central Server and the class Data Processing Technology, and the directed association relationships between the class Central Server and the class Information, and association relationships between the class Data and the class Information.

  In the technological link, the class Resource in the EISs field includes the software and hardware, therefore it has inheritance relationships with the classes EIS Software, Central Server and Presentation Interface. The class Functional Entity in the EIS field describes ICT capabilities, therefore, it has inheritance relationships with the classes Protocol, Data Acquisition Technology, Data Storage Technology, Data Transferring Technological, Data [PaperNr]-9