Figure 4. Representation of the relations between the parts of the mecPro? Architectural
Framework based on the example of the Context Level of the Model Framework

4.2 Relation between the mecPro2 Process Framework and the mecPro2 Architectural
Framework

The integration of the Process Framework and the Architectural Framework is realised by the people in
the development process, more precisely via their process roles. These process roles execute the
activities in the development process by using or creating information from the architectural framework.
Through their acquired process role, they have a defined perspective (viewpoint) on the system model.
Depending on the process activity, they require defined views on the Architectural Framework, more
specifically on the ontology. Figure 5 shows the relationship between the terms used in the Process
Framework and the Architectural Framework. There is a defined viewpoint for each process role.
Corresponding views conform to the rules of the viewpoints and represent an ontology section.
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Figure 5. Relation between the mecPro? Process Framework and the mecPro? Architectural
Framework

If a system has been described based on the Model Framework of the Architectural Framework once, a
system breakdown results. The information transfer between the levels of the system breakdown takes
place via the layers of collaboration. As seen in Figure 6, the solution space of the system of interest and
the requirement/ problem space of the next lower level overlap.

Requirements Space

Solution Space

Requirements
Space

Solution
Space

Figure 6. Relation between requirements space and solution space

While the outer level of the Model Framework (Context Level and Technical Solution Level) are used
for the formal and model-based description of the requirements, the inner level serve the development
of a solution. The information of the Technical Solution Level represents the sum of information of the
Context Levels of all the solution elements (respectively their requirements). So, this means that the
solution of one system breakdown level is the context for the next lower level. In other words, the
solution elements of one breakdown level are the systems of interest of the following system breakdown
level.

At this point, it can also be seen that a continuity in a model-based development process along the system
breakdown to a discipline-specific partitioning can only be realized if the system model itself is used as
requirements specification. In the case of a translation of the model-based information of this level back
to natural language requirements, it would inevitably lead to a media break. This would hinder the
continuity of the model-based development process. At this point the questions arise: how the transition
from system development to discipline-specific development can be accomplished and how is it possible
to describe discipline-specific solutions in a model-based way. Model-based approaches in these areas
are scarcely present and still in the research phase like the FAS4M approach for mechanical engineering
(Grundel et al., 2014), the INCONIX approach for electronic engineering (Rosenberg and Mancarella,
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2010) or the SPES 2020 Methodology for embedded software systems (Pohl et al., 2012; Pohl et al.,
2016).

Therefore, a pragmatic approach is to propose the Architectural Framework also for the discipline-
specific development. Due to linking the disciplines to the system development through the
collaboration layers, the levels of solution finding are encapsulated and therefore can be changed in the
future without any fundamental adaptations to the Architectural Framework. The entire concept of
collaboration is shown in Figure 7.
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Figure 7. Concept of collaboration during the development process (Eigner et al., 2015)

5 CONCLUSION AND OUTLOOK

This article provides a consistent and integrated approach for developing and managing system lifecycle
information based on SysML models. Two concepts work together as an integrated approach: on the
one hand the mecPro? Process Framework provides a tailorable process for system development; on the
other hand the mecPro? Architectural Framework provides an approach for describing a system using
SysML. Compared to existing concepts, one essential improvement of this integrated and model-based
approach is that requirements and system information will be highly formalized based on the conversion
from the natural language into a model-based one. On the one hand, this allows a smooth transition from
the requirements to the solution finding process and on the other hand, it improves the collaboration and
consistency from the specification of a system to the specification of its components on system level as
well as on discipline-specific level.

This holistic concept for the model-based development of cybertronic systems was developed together
with OEMs, suppliers and system and consulting companies from the German automotive industry and
has been verified and validated using two automotive-specific application scenarios. Furthermore,
implementations by PLM software vendors have shown that model management with PLM and SysLM

ICED17 387



solutions can be implemented (Kirsch et al., 2016). Future work will concentrate on iteratively
improving this approach with feedback of practitioners. For example collaboration and handover to
discipline-specific models need deeper examination. Other work will focus on managing variability
(Schulte et al., 2016a) and configuration (Schulte et al., 2016b) in a model-based manner and consider
how to integrate these concepts with the approach described in this article.
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