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Abstract. It popularly uses Simulink to design embedded system on Model
oriented design platform, and to simulate dynamic system for multi-domain
simulation. So, Electrics Telecommunication Research Institute (ETRI) is
researching for model transformation from Simulink model to ECML model for
Cyber Physical Systems Project. This paper shows how to transform Simulink
model to ECML model. We propose an automatic transformation method to
transform ECML model from Simulink model based on model transformation
technique that is very useful mechanism for heterogeneous model. And, we also
design each metamodel of Simulink and ECML. With these metamodels of
them, it easily execute model transformation even with models of any vendor’s
tools.

Keywords: Cyber Physical Systems(CPS), Metamodel, Meta Object Facility
(MOF), Electrics Telecommunication Research Institute(ETRI) CPS Modeling
Language (ECML).

il Introduction

ETRI CPS Modeling Language (ECML) is modeling language developed for Cyber
Physical Systems (CPS) environment in Electronics and Telecommunications
Research Institute (ETRI) [1]. ECML is modeling language for hybrid systems that
contains continuous elements such as the physical, electrical, electronic analog and
discrete element such as digital electronics, software [2].

Simulink for multi-domain simulation of dynamic system and model-based design
provides a set of interactive graphical environment and customizable block libraries.
Simulink is also very useful to support a decision of design concept with minimum of
effort on some software phase such as developing and testing rapid virtual prototype.
Many engineers are repeatedly design and execution using Simulink before prototype
development [3]. Because of the advantages of Simulink, ETRI is researching to use
the Simulink model in ECML [4].
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To be able to use the Simulink model in ECML, we suggest applying model
transformation. Model transformation is transforming heterogeneous different models
based on metamodels [5]. But this model transformation requires model
transformation method and design of each metamodel between model of Simulink and
ECML. This paper shows our proposed transformation method from Simulink to
ECML and design of metamodels between them. This proposed method has three
steps: first, translates file of Simulink model into file of XML, then translates file of
XML into file of XMI, and finally transforms XMI of Simulink into XMI of ECML.
But metamodel of Simulink is not existed for model transformation. Therefore, we
design metamodel based on XML file of Simulink, and provide foundation for model
transformation.

This paper consists of the following chapters. Chapter 2 explains a related study.
Chapter 3 explains about method of model transformation from Simulink to ECML.
Chapter 4 explains about metamodel design of Simulink model. Chapter 5 provides
conclusion and future works.

2 Related Work

Metamodel is model to express model. In other words, this is mechanism for
definition to express abstract model of actual worlds. Therefore, metamodel clearly
describes necessary constructs and rules to organize specific models in concern
domain. Metamodel is shown from three different perspectives: First, in order to build
a model that is used building blocks and a set of rules, Second, model of concern
domain, Third, instance of other model. Metamodel of Simulink and ECML
represents to use Meta Object Facility (MOF)[6] as expressive method of
metamodeling.

MOF that is establishing OMG standard consists of definition language of
metamodel and framework for repository management of metadata. This MOF is used
such as metamodel of UML, Common Warehouse Metamodel (CWM)[7], Model
Driven Architecture (MDA)[8], and other metamodels. MOF ensures interoperability
within the scope, which is defined metamodel on standard.

3 Model Transformation from Simulink to ECML

In order to transform model of Simulink, we propose one method as Figure 1. This
method consists of two phase. First, to use a command name that is “save_system’ in
Matlab translates file of MDL of Simulink into file of XML. Translated file of XML
includes all information of Simulink. In other words, this includes a Simulink model
in addition to information such as solver, structure, editor, GUL Therefore, we
remove unnecessary information. In addition, XML-based Metadata Interchange
(XMD)[9] that is input file used model transformation is translated by XMI translator
because Simulink XML is not match to XML




58 H.S. Son et al.

" iTools [ | Metamodel (I File

{‘"/Simuiink Model S;muilnk - | use | use ECML
: File(*.mdl) / ~ Metamodel Metamodel
save_sysiem instance of 1 instance of

- ¥ __ .

' File(*xml) '—“~XME Translator —

iy o Model e o )
© 07 \Transformations N

Fig. 1. Method of Model Transformation from Simulink to ECML

Second, to use model transformation transforms translated file of XMI of Simulink
into file of XMI of ECML. But, in order to model transformation technique,
metamodel is designed by designer. Metamodel of Simulink is not existed for model
transformation. So, we design metamodel based on XML file of Simulink. Metamodel
of ECML just is used with the contents of our previous research [1]. Model
Transformation is writing transformation rules with analyzing similarities and
differences of Simulink and ECML.

4  Metamodel Design for Simulink Model

In order to design metamodel of Simulink, we can choose two ways as follows: The
way is newly to define with ignoring the structure of existed file of XML of Simulink
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Fig. 2. Metamodel of Simulink Model
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or to define the metamdoel based on file of XML of Simulink. The first method is
useful to define structure of metamodel more semantically. But there is a problem that
file of XML must be translated once more. The second method is useful to reuse
existed file of XML of Simulink without almost converting. But metamodel based on
file structure is very difficult to understand the meaning of the metamodel at model
transformation. Because the existing file structure of XML of Simulink is originally
not designed as a metamodel perspective, and just purpose for saving the file.

But this paper designs metamodel with the second method. The reason is why it
easily understands and is organized simple structure for file of XML of Simulink. So
we can simply design structure of metamodel for Simulink model. Also it should do
unnecessary works to translate the existed file of XML of Simulink into form of
metamodel, and has not advantage even through redesigning metamodel of simulink.
As a result, we did reverse design based on the existed file of XML of Simulink.

Figure 2 is metamodel designed with reverse engineering based on file of XML of
Simulink. Modellnformation as a root node has a Model. Model consists of
BlockParameterDefaults, System, and Property. BlockParameterDefaults and System
are shared with Block. Block includes Subsystem. System consists of Block, Line, and
Annotation. Model, Line, Annotation, List, and Block share with Property.

5 Conclusion

This paper shows our proposed model transformation method, and designs metamodel
of Simulink. This proposed model transformation is translating designed model of
Simulink into file of XML, and then translating file of XML into file of XML So,
model transformation executes to use metamodel of Simulink and ECML. But in
order to execute this model transformation, metamodel is required. Metamodel of
Simulink is not existed for model transformation. So, we design metamodel based on
XML file of Simulink and provide a foundation for model transformation.

Further research on modeling transformation involving language and engine should
be conducted in the future, which is not dealt in this study.
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