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Motivation 
 The construction of a cyber-physical system (CPS) is a hard 

and complex engineering process due to the nature of 
integrating a large number of heterogeneous subsystems. 

 Trial-and-error approach and ad-hoc processes are not able to 
deal with the increasing complexity of CPS construction. 

 Model-driven approaches are regarded to be systematic and 
effective in engineering CPS. 

 Extensive research has been conducted on model-driven 
development (MDD) of CPS; however, there are few surveys 
that perform systematic analysis and discussion about the 
MDD methods, techniques, and tools in particular. 
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Main idea 
1. We aim to present a survey on the state-of-the-art model-

driven approaches from a system engineering perspective, 
which  

 summarizes key technical challenges related to CPS construction, 

 introduces the most representative MDD techniques and tools, and 

 discusses their features and solutions to the challenges they support 

2. Based on the above, we try to provide an overview of MDD 
techniques and tools for CPS researchers, and a guidance for 
CPS builders on how to apply these techniques and tools. 
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CPS challenges 
The following CPS challenges are especially concerned: 

1. C-I: challenges in modeling 
Complex heterogeneity is the major source of the following challenges in 
CPS modeling 

2. C-II: challenges in verification 
CPS is in general mission-critical and has safety requirements for 
realtime, concurrency, etc. 

3. C-III: challenges in system evolution 
CPS requires continuous evolution, while dynamically integrating various 
kinds of systems into the CPS is difficult. 

4. C-IV: challenges in meeting diverse QoS requirements 
Diverse QoS attributes and constraints should be well captured and 
modeled for developing diverse CPS applications. 
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MDD tools 
We survey 10 representative tools: 

1. Architecture Analysis and Design Language (AADL) 
2. UML/SysML/MARTE 
3. Ptolemy 
4. SCADE 
5. Simulink/Stateflow 
6. Modelica 
7. Business Process Model and Notation (BPMN) 
8. KeY/KeYmaera X 
9. Event-B/Hybrid Event-B 
10. Hybrid system related tools 
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Analysis of tools for CPS 
1. Comparing modeling languages for CPS construction 
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Analysis of tools for CPS (Cont’d) 
2. Comparing functionalities for CPS construction 
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Analysis of tools for CPS (Cont’d) 
3. Support for coping with CPS challenges 
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Major results 
1. Although CPS is still in its infancy, the realms of embedded 

systems and hybrid systems are strongly CPS-related. 
Through analysis in this survey, we found that many model-
driven techniques and tools that have been working well in 
the above realms, still work in CPS construction. 

2. CPSs are typically multidisciplinary and highly complex, 
such that we have to carefully choose a set of mature 
techniques and tools. These tools are heterogeneous 
themselves, which puts forward the urgent demand for a 
unified modeling platform. 
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Conclusions 
1. We present a survey of research on model-driven development of 

CPSs from a system engineering perspective, in which: 
 the widely used techniques and tools are introduced 

 comparative analyses are presented from various perspectives, including 
their modeling languages, functionalities, and the challenges which they 
address in CPS design.  

2. We believe that model-driven approaches are an inevitable choice in 
building CPSs, and further research effort is needed in the 
development of model-driven theories, techniques, and tools. 

3. We argue that a unified modeling platform is needed. Such a 
platform would benefit research in the academic community and 
practical development in industry, and improve the collaboration 
between these two communities. 
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