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Modelling Cyber-Physical Systems using Data-driven Patterns

). The idea behind data-driven patterns is to permit the re-use of predefined functional patterns for designing digital models based on the specific application. The approach makes the shared knowledge more easily reusable, and it is the basis of some standardization efforts.

Fig. 4: SysML Representation (Semeraro et al. 2019a) In view of the above, a list of data-driven patterns has been presented in [START_REF] Semeraro | Contribution to the Formalization of Data-Driven Invariant Modelling Constructs of Cyber-Physical Systems[END_REF]) according to the methodology described in (Semeraro et al. 2019a). The detected data-driven patterns are listed as follow: Filling pattern (P1); Re-start machine pattern (P2); Clamping force pattern (P3); Pression control pattern (P4); State pattern (P5). The filling pattern (P1) can be used whenever it is necessary to model the behaviour of a plunger or an injection system. The re-start machine pattern (P2) can be applied for describing the machine restart after machine downtimes.

The clamping force pattern (P3) can be instantiated for describing the behaviour of a clamping system (e.g., the clamping of a mould) or for describing and preventing mechanical breakdowns. The pression control pattern (P4) can be useful for modelling hydraulic systems (e.g., the clamping of a mould) and related problems. The state pattern (P5) can be instantiated for simulating different states of the machine based on the evaluation of a set of parameters (Semeraro et al. 2021b).

The idea has been explored and validated on a real case study Master Italy s.r.l by using a set of patterns to create a digital twin model prototype to control and optimize a die casting aluminium process (Semeraro et al. 2019b). A Digital Twin (DT) is a "virtual" image of the reality constantly synchronized with the real operating scenario [START_REF] Negri | A Review of the Roles of Digital Twin in CPS-Based Production Systems[END_REF]. The digital twin has received strong interests from researchers and industries since it allows the predictive manufacturing by integrating the cyber and the physical space. The digital twin requires the building and the applying digital models representing the set of resources and processes knowledge. A generic DT can be thought as consisting of several components organised into three main layers above recognised:

1.

The physical layer, consisting of entities identified based on the stage of the product life cycle. 2.

The network layer, connecting the physical domain to the virtual one. It shares data and information. 3.

The computing layer, consisting of virtual entities emulating the corresponding real entities, including data-driven models and analytics, physic-based models, application, and user. The design criteria of a Digital Twin are not well assessed or even standardised. In our approach, the digital twin prototype is implemented as shown Figure 5 applying three data-driven patterns: filling pattern (P1), re-start machine pattern (P2) and the clamping force pattern (P3) to create the digital model of the die casting process. The resulting tool can exploit the existing knowledge and the information from the real process to emulate its behaviour and thus diagnose and even predict problems and propose potential improvements. The prototype can analyse the online data collected from the physical line for searching the optimal solution to the physical line. It can evaluate the production line real-time and optimize the resource allocation autonomously [START_REF] Rosen | About the Importance of Autonomy and Digital Twins for the Future of Manufacturing[END_REF]. With our approach, the physical settings interact with the digital space, according to specific properties and rules, to understand the behaviour of the process and the correlations between technological parameters. The digital twin has been designed to support the employees in decision-making process to identify autonomously the several quality problems of the components, compared to the standards (dimensions, tolerances, finishes, quantity), alert operators through proper alarm systems about abnormal or out of tolerance situations and support the choice of corrective actions to eliminate the detected failures and defects. It is currently being used by the company, which now wants to extend it to other manufacturing systems in its plant. Compared with existing approaches with a barrier of high design complexity, this study proposes a modular solution for designing cyber-physical systems. Fig. 5: Digital Twin Prototype [START_REF] Semeraro | Contribution to the Formalization of Data-Driven Invariant Modelling Constructs of Cyber-Physical Systems[END_REF] The core idea of the present work is to extract patterns automatically from data and model these to design CPSs. The contribution has been tested trough a real implementation on an industrial case-study. A web platform and a digital twin prototype have been presented for showing how to instantiate and use a pattern. The future research direction is to enrich the pattern' semantics to create a comprehensive library of formalized data-driven patterns. It means to select different production lines to apply the same patterns for designing digital models for different applications and scopes. Other sets of data need to be selected such as logistic data, product data, customers' data to extract new datadriven constructs. In this way it is possible to create a consistent library of patterns.
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