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1. Introduction  

1.1 Overview 

The problem addressed is the capturing of knowledge for the Electrical CAD (ECAD) domain and enabling 

its use between the systems modeling language SysML in Magic Draw and the ECAD tool EPLAN.  The 

example of an electrical system involving a motor and overload protection will be used to demonstrate 

the capture of electrical system knowledge in SysML and the use of a Domain Specific Language (DSL) to 

check the model in SysML and create a corresponding model in the DSL.   

The areas of focus involved in this problem include the use of profiles in SysML, creation of meta-models 

for a particular domain, and the mappings between the two.    

1.2 Problem 

With the accelerated progress in technology the distinctions between domains, engineering or 

otherwise, is blurring.  The various domains ς mechanical, electrical, software, management, and others 

ς are not independent of one another.  Systems are becoming increasingly complex and the interaction 

between different systems is increasing.  The electrical engineer cannot make changes without affecting 

the mechanical or software engineer and vice versa.   

This problem of communication between domains increases exponentially with the scale of the 

system being considered.  The common practice of spawning variant designs from a product platform 

results in dynamic interfaces between domains. In current practice, when fundamental requirements of 

a system are adjusted, domain-specific designers must be notified by a systems engineer. They must 

then reanalyze the system, make necessary changes, and find and update applicable documents. This 

not only wastes time and money but opens up the process for significant opportunities of human error. 

Additionally, it is a huge roadblock for synthesizing the documentation to accompany a system design. 

On top of this, stakeholders from the various domains prefer to view and modify applicable 

information in modeling tools with familiar domain-specific languages. Consequently a method for 

bidirectional data exchange between the system language and domain-specific languages is crucial. A 

mechanism must be in place to preserve the consistency between the different views. This method must 

remain sound throughout the design process ς from the specification of system requirements to the 

latest stages of detail design.   

 

1.3 Motivation  

In an ideal world, not too far in the future, all of the domains involved in a system are seamlessly 

connected and viewable in a complete model based product lifecycle.  This involves complex interaction 

between the system-level and various domain-specific design languages. Stakeholders can see their 

design changes ripple across all the other domains.  The decisions made at even the lowest levels of 
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abstraction can be traced back to initial requirements.  By changing a few parameters, new variants of a 

design can be generated with all supporting models and documentation. 

At present there are a number of hurdles to overcome before this lofty goal of a unified design 

environment can be realized.  Problems of tool specificity, incompatibility of programming languages, 

computation requirements, model transformation, and the need for a centralized and uniform design 

modeling method that can handle all of the various aspects is lacking. 

The systems modeling language, SysML, is useful for describing a product from the system level. It is 

used to portray many levels of abstraction through all the stages of a design in one tool. In an ideal 

world, once the system design is created in SysML using a tool like Magic Draw, there is a mechanism to 

share this design information with various stakeholders who use domain-specific languages. Design-

oriented stakeholders use these languages to describe detailed design of the various components and 

subsystems.  This is one direction in which transfer of information is useful, but in order to complete the 

circuit, feedback is needed at the systems level so that changes can be made early in the design stage 

before things progress too far in any one particular decision strategy.  This requires a transfer of 

information from the languages of domain-specific tools like EPLAN back to systems-level languages like 

SysML.  Thus a bidirectional information exchange is crucial to making better decisions and minimizing 

risk for systems and products. 

 

 

Figure 1Φ ά±ŜŜέ [ƛŦŜŎȅŎƭŜ 5ŜǾŜƭƻǇƳŜƴǘ aƻŘŜƭ (1) 
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Domain Specific 

Model for EPLAN 

SysML EPLAN 

The problem of multi-domain integration and requirement of multiple view consistency can be seen fro 

m Figure 1 which shows the Vee Lifecycle development model.  The process of design is iterative 

involving multiple steps and various domains. 

1.4 Goals and Purpose 

The goal of this project is to give a proof of concept example for transforming between SysML and 

the ECAD domain.  The larger goal is to transform data from SysML to EPLAN, an ECAD tool.  There are 

two aspects to achieving this goal: the transfer of data from SysML to a Domain Specific Model (DSM) of 

ECAD and the subsequent transfer to EPLAN from the DSM.  Any model or interface that is developed 

should be repeatable and scalable, i.e. the models should be reusable and easily scaled. The graph 

transformation based approach is one way to realize this vision.  

1.5 Approach 

As discussed in the previous section, there are two aspects involved in the data interchange between 

SysML and EPLAN.  The first is the data exchange between SysML and the ECAD meta-model, while the 

second is between the ECAD meta-model and EPLAN. 

 

The following approach has been taken in this project: 

¶ An introduction to the problem is provided in Chapter 1. 

¶ Chapter 2 provides a brief background on the various terminology and techniques used in this 

project. 

¶ Chapter 3 details the work carried out in this project for achieving the integration between 

SysML and EPLAN.  Following is a brief overview of the steps taken: 

-  Select an example of a system in ECAD that can be modeled in EPLAN and be used as a 

demonstration model. 

- Create a profile in SysML for the ECAD domain (that represents the EPLAN structure) 

- Create a meta-model of ECAD (as per the EPLAN structure) in MOFLON to represent the 

Domain Specific Model 

- Create a correspondence model for data exchange between the SysML meta-model and 

the EPLAN Meta-model 

- Create story diagrams to create and represent the transformations that are supposed to 

take place between the two models. 

Figure 2. Proposed information flow between SysML and EPLAN 
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- Create a Java-.Net interface that allows control of the .Net API of EPLAN from Java. 

¶ Results and conclusions are discussed in Chapter 4 

¶ Closure is provided to this project in terms of the future work possible and the lessons learnt in 

Chapter 5. 

¶ The references cited are included in Chapter 6, while the appendices A, B and C provide a more 

detailed description of the source code, story diagrams, and other implementation related 

information. 
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2. Background 

2.1 SysML ς Magic Draw 

SysML is a graphical modeling language used to support the design of complex systems in a top-down 

approach.  This includes the process of analysis, requirements specification, structural composition, 

system and sub-system interaction through behavior diagrams, verification and validation to name a 

few.  The complex systems described by SysML may include various systems like software, hardware, 

managerial, manufacturing, electrical, mechanical, and all other elements involved in a system.   

System-level architecture allows the designer to manage the entire system without digging 

through a cluttered collection of single domain views.  The integration of domain-specific detailed 

designs is easier to manage when the systems perspective is defined.   

Through the use of diagrams and modeling elements, it is possible to describe systems, 

components and other entities using SysML.  SysML has nine diagram types: 

¶ Structural diagrams ς Package Diagram, Block Definition Diagram, Internal Block Diagram 

¶ Behavioral diagrams ς Activity Diagram, Sequence Diagram, State Machine Diagram 

¶ Parametric diagram to represent constraints 

¶ Functional diagrams ς Use Case Diagram, Requirements Diagram 

wŜŦŜǊ ǘƻ ǘƘŜ ōƻƻƪ ά! tǊŀŎǘƛŎŀƭ DǳƛŘŜ ǘƻ {ȅǎa[έ (2) for more detailed information regarding SysML. 

2.2 ECAD ς EPLAN Electric P8 

Electrical Computer-Aided Design tools, or ECAD, are software solutions for designers of power and 

control systems. In ECAD, electrical components such as motors, switches, PLCs, relays, and cables are 

represented by connected symbols on wiring diagrams. This is in contrast to electronic-CAD which is 

used to describe and analyze the topology of printed circuit boards in two or three dimensions, or 

mechanical-CAD which is used to create solid models of mechanical components and group them in 

assemblies. ECAD tools evolved from the use of mechanical 2D drafting tools to draw wiring diagrams. 

This superseded to use of pencil, paper, and a drafting board. 

The power of modern ECAD tools comes from the ability to store vast quantities of component 

data and logical connections in an easily accessible format. This data is presented in various data 

managers and diagrams depending on the situation. The diagrams are formatted to support the 

installation or manufacture of the electrical systems.  

Some of the diagrams available are schematics, single-line diagrams, and multi-line diagrams. 

Schematics are simple drawings of a shop floor or a control cabinet. Single-line diagrams are high-level 

representations of the logical connections of components. Multi-line diagrams are similar to single-line 

diagrams but give more information about the specific connections between components. Some 

managers common to ECAD tools are bill of material lists, device lists, and connection lists, which are 

essentially the same database sorted by different fields. 
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Users of ECAD tools are usually concerned with preparing diagrams that most accurately reflect 

field conditions and keep in mind the needs of electricians when deciding on the layout of components. 

For this reason, these designers not only need details about the components and their logical 

connection but also geometric and topographic information about the mechanical system that will be 

supported by this electrical system. 

The ECAD tool used in this project is EPLAN Electric P8. This latest version of EPLAN is both more 

powerful and faster than its predecessors by combining the benefits of relational and object oriented 

databases. The company is in the process of developing EPLAN into a multidiscipline platform. The first 

stage of this was the extension of EPLAN beyond electrical CAD into other similar engineering domains 

such as hydraulics and pneumatics. Modeling in these domains still requires ways to represent the 

logical connections between components and a strong information database behind the components.  

 

 

Figure 3. EPLAN Platform 

2.3 Meta-model ς MOFLON  

According to the dictionary of computing (3) άƳŜǘŀέ ƳŜŀƴǎ: 

άA prefix meaning one level of description higher. If X is some concept then meta-X is data 

about, or processes operating on, XΦέ 

Meta-model means a model of a model.  A meta-model represents a description of the model 

itself and is used to define the structure of a model.  In the context of computing and programming, a 

meta-model describes the language in terms of constructs and rules that define how a language can be 

used.  MOFLON is a tool used to create meta-models for a particular domain.  A meta-model is the 
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model used by tools, databases, etc. to describe the structure and meaning of models and data 

described within them.  Section 2.4 will discuss the use of meta-models for defining the language for a 

particular domain, ECAD in this case.  

As previously discussed there is a limitation on data exchange between applications, domains to 

be more precise, because of the incompatibility of the models and meta-models of the associated 

domains and tools.  Meta Object Facility (MOF) is a standard adopted by the OMG to provide a 

methodology and framework for the development and interoperability of model and meta-model driven 

systems (4).  It is a standard specification for άŘŜŦƛƴƛƴƎΣ ƳŀƴƛǇǳƭŀǘƛƴƎΣ ŀƴŘ ƛƴǘŜƎǊŀǘƛƴƎ ƳŜǘŀ-data and 

Řŀǘŀ ƛƴ ŀ ǇƭŀǘŦƻǊƳ ƛƴŘŜǇŜƴŘŜƴǘ ƳŀƴƴŜǊέ (5). 

MOFLON is a meta-modeling and graph transformation environment that closely prescribes to 

the MOF 2.0 standard as well as JMI (Java Metadata Interface), OCL 2.0 (Object Constraint Language) 

and QVT (Query / Views / Transformations) standards.  MOFLON will be used to develop the meta-

model for the ECAD system as related to the application EPLAN.  The graph transformations facility in 

MOFLON can be used to define transformations and rules in the meta-models, essentially defining the 

rules that will be followed when creating the model.  This will be discussed in the section below on 

Graph Transformations. 

 

2.4 Domain Specific Language (DSL) 

A Domain Specific Language (DSL) is the term given to a specification (model / language) targeted for a 

particular defined domain.  This is in contrast to a general purpose modeling language like UML / SysML 

that allow the description of almost any system.  DSLs are useful if there is a high demand for problems 

in that particular domain and if there is sufficient repeatability to offset the time spent in creating the 

DSL.  Relations and constraints can also be expressed more clearly in DSLs than in general purpose 

modeling languages. 

DSLs can simplify the use of lower level constructs to specify certain aspects that are unique to 

the domain being modeled.  For the ECAD domain, there are different components like motors, 

ǎǿƛǘŎƘŜǎΣ ŜǘŎΦ  !ƭƭ ǘƘŜǎŜ ŜƭŜƳŜƴǘǎ ǿƻǳƭŘ ōŜ ŎǊŜŀǘŜŘ ǳǎƛƴƎ ŀ ƎŜƴŜǊŀƭ ŎƻƳǇƻƴŜƴǘ άōƭƻŎƪέ ƛƴ {ȅǎa[ ǿƛǘƘ 

the differentiation done through the use of lower level elements like value properties.  The same 

components can be defined as different elements in the DSL, thus removing the need for lower level 

elements like value properties.   

The ability to define relationships between concepts in the domain makes the DSL a very 

powerful tool (6).  Relationships allow for precise definitions but with a scope limited to that particular 

ŘƻƳŀƛƴΦ  !ƴ ŜȄŀƳǇƭŜ ƻŦ ǘƘƛǎ ƛǎ ŀƴ ŜƭŜƳŜƴǘ ǎǇŜŎƛŦƛŎŀƭƭȅ ŘŜǎƛƎƴŀǘŜŘ ŀǎ ŀ άŘŜǾƛŎŜέ ƛƴ ŀƴ 9/!5 5{[ ǿƘƛƭŜ ƛƴ 

SysML it would be represented as a block with a property defining it as a device. 

There is a drawback to DSLs and it involves issues of implementation with specific tools.  A new 

DSL may not have sufficient tool support and the resources required to create a new tool for the DSL 

may be very extensive and complex (7).  In addition to tool support, implementing a DSL to work with 

existing components in the domain adds complexity. 
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The combination of UML profiles and meta-model based technologies is suggested as a way to 

implement DSL without sacrificing the extensive tool support available for UML (7).  This is the approach 

that will be taken for this project.  This will be discussed in detail in the section 2.6. 

2.5 Model Transformations 

Model transformation is an integral part for establishing communication and interoperability between 

the meta-models of different domains and tools.  A transformation is the process of generating a target 

model from a source model (8).  The source and target models may be based on the same or different 

meta-models. 

As projects and systems continue to grow more complex the number of developers and tools 

used also increase.  The entire project is spread over multiple different systems and as a result there are 

problems associated with keeping the data consistent and updated over multiple tools and developers.  

Using graph transformations it is possible to create MOF-compliant meta-models and rules that are 

interoperable with each other making it easier to maintain traceability, perform consistency checking as 

well as update propogation (5). 

Model-to-ƳƻŘŜƭ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛǎ ŀ ŎƻǊŜ ŎƻƴŎŜǇǘ ƛƴ haDΩǎ aƻŘŜƭ 5ǊƛǾŜƴ !ǊŎƘƛǘŜŎǘǳǊŜ όa5!ύΦ  

Platform Independent Models (PIMs) and Platform Specific Models (PSMs) are used in MDA to 

distinguish between the functionality and behavior of a system from the details specific to the 

implementation platform.  The design of the system is therefore independent of the implementation 

technology used.  Therefore the design of the system does not have to be redone if a new technology is 

to be implemented (e.g. from Visual Basic to .NET and from .NET to Web Services) (9).  Automatic code 

generation is an important feature in MDA and model transformation plays a key role in this.  PIM-to-

PIM transformations and PIM-to-PSM transformations are used to perform automatic updates, 

consistency checks and maintain data integrity between models belonging to the same meta-model 

(PIM-to-PIM or horizontal transformations) or different meta-model (PIM-to-PSM or vertical 

transformation). 

Graph transformations are used to specify and apply model transformations in MDA.  As 

discussed by Grunske (10), graph transformations are used because: 

1. Graphs are a natural representation for models, since most modeling languages are 

formalized by a visual abstract syntax definition 

2. Graph transformations provide a formal theory and some established formalisms for the 

automatic application 

3. Graph transformation rules can be easily and intuitively specified (unfortunately there 

are currently no empirical studies to prove this)  

4. The complexity of the graph transformation rules and the application formalisms can be 

hidden for the end user. 
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Figure 4. Example of graph transformation rule (10) 

MOFLON is built on top of the Fujaba platform (11) that uses story diagrams to specify the 

transformation and behavior rules of the meta-model.  Story diagrams are a combination of activity 

diagrams and collaboration diagrams, and the semantics of story diagrams are based on programmed 

graph rewriting rules (10).  Patterns are used to specify the source and target models, while the 

execution of the transformations creates the target model (12).  

2.6 SysML / DSL Integration 

!ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘŜ ǇǊŜǾƛƻǳǎ ǎŜŎǘƛƻƴ ƻƴ άSysML ς Magic DrawΣέ SysML is an extension of UML through 

the use of profiles.  For the integration of SysML and a DSL, a meta-model must be created for the DSL 

and a profile created in SysML to represent the domain in SysML.  Profiles and not meta-models are 

used in order to retain the tool support that is readily available for UML (7).  Some of the concepts of 

triple graph grammars are applied and graph transformations in the form of story diagrams are created 

to enable the interoperability between the two models, i.e. SysML and the DSL. 

As proposed by Schurr in 1994 (13), model transformations can be specified by two alternative 

approaŎƘŜǎΣ ƴŀƳŜƭȅ άpair graph grammarsέ ŀƴŘ άtriple graph grammarsέ ό¢DDǎύΦ  !ǎ ǘƘŜ ƴŀƳŜ 

suggests, pair graph grammars consists of two rules (a source and target) that are restricted to context-

free productions and one-to-one correspondences between objects in related data structures.  TGGs on 

the other hand extend pair graph grammars to specify context-sensitive productions with complex right 

hand models and left hand models (for bidirectional transformations (8)).  This involves the use of an 

ŀŘŘƛǘƛƻƴŀƭ ƎǊŀǇƘ ŎŀƭƭŜŘ ǘƘŜ άcorrespondence graphέ ǘƻ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ƛƴǘŜǊ-graph relationships.  TGGs 

allow for the specification of complex interdependencies between both separate and different meta-

models (13).   

The approach taken in this project is to use the concept of correspondence graphs to serve as a 

bridge between the two different tools, namely SysML and the DSL (ECAD in this case).   
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 Figure 5 shows one part of the interoperability between the two tools, namely SysML and 

EPLAN.  This involves the connection between the DSL for ECAD and the internal structure (meta-model) 

of EPLAN.   

 

 

 
  

Figure 5 and Figure 6 represent the complete flow of data between the two different models 

and their relationship with one another through the Domain Specific Model of ECAD. 

 

  

Figure 6. DSL / EPLAN interoperability 
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3. Domain Specific Model for ECAD 

3.1 Approach and Steps involved 

!ǎ ŘƛǎŎǳǎǎŜŘ ƛƴ /ƘŀǇǘŜǊ н άBackgroundέ ǘƘŜ ŀǇǇǊƻŀŎƘ followed in this project is to create a meta-model 

of EPLAN in MOFLON, a profile for EPLAN in SysML and a correspondence model that connects the two 

together.  Graph transformations in the form of story diagrams will be created in MOFLON that will be 

automatically converted into Java code that can be used as a plugin in Magic Draw.  The SysML meta-

model created by Alek Kerzhner (14) will be used for the correspondence model in MOFLON.  Figure 7 

shows the sequence in which the various steps must be performed. 

 

  

 

SysML Profile for EPLAN EPLAN Meta-model in 

MOFLON 

Correspondence Meta-model 

in MOFLON 

Story Diagrams / Operations 

for SysML2EPLAN 

Story Diagrams / Operations 

for EPLAN2SysML 

Generate Java code 

automatically 

Create Magic Draw Plugin 

Use EPLAN Plugin for data 

interoperability with DSM 

SysML Side Domain Specific Model (DSM) 

Figure 7. Flow chart detailing the steps to be taken  
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3.2 Example Problem ς Motor with Overload Protection 

We have decided to use an example of a motor with its associated overload protection device as an 

example on which to show the demonstration of a domain specific model for EPLAN and ECAD.  Figure 8 

shows the schematic view of the system as defined in EPLAN.   

 

 

Figure 8. EPLAN window with Motor and Motor Overload Protection 

aƻǘƻǊ ŀƴŘ ƻǾŜǊƭƻŀŘ ǇǊƻǘŜŎǘƛƻƴ ŀǊŜ ƻŦ ǘȅǇŜ άŘŜǾƛŎŜέ ƛƴ EPLAN.  A device is a general definition of 

ŀ ǇŀǊǘƛŎǳƭŀǊ ŎƻƳǇƻƴŜƴǘΦ  ¢ƘŜ ά{ȅƳōƻƭ κ ŦǳƴŎǘƛƻƴ Řŀǘŀέ ŦƻǊ ǘƘŜ ŘŜǾƛŎŜ ƳƻǘƻǊ ǎƘƻǿƴ ƛƴ Figure 9 provides 

details like description, library, variant type, etc. that are common to all devices of type motor.  A part 

number is used to assign more detailed properties like technical characteristics, model picture, and 

other properties specific to that particular usage of device.   The part number can be assigned either 

from a predefined library within EPLAN or a custom user created library.  As shown in Figure 10 the part 

number of SIE.1LA7113-4AA10-ZA11 ƛǎ ŀǎǎƛƎƴŜŘ ǘƻ ǘƘŜ ŘŜǾƛŎŜ άaƻǘƻǊέ ŦǊƻƳ ǘƘŜ ǇŀǊǘ ƭƛōǊŀǊȅ ǇǊƻǾƛŘŜŘ 

with EPLAN shown in Error! Reference source not found.. 

Pages in a Project 

Overload Protection 

Three phase Motor 

Conductor 

Pages in a Project 

Project Full Device Tag: =EB1+ET1-Q1 
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Figure 9. Symbol / Function data for Motor device 

 

Function Definition: Description 



Domain Specific Model for ECAD 

 
Domain Specific Modeling of an ECAD System 18 

 

  

Figure 10. Part data for Motor device 

Part number from 

Parts Library 

Device Library 
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Figure 11. Part library for device Motor provided by EPLAN 

This system has been chosen because of it represents a commonly used system and at the same 

time provides details to the structure of EPLAN and the use of devices and parts to create practical 

circuits.  A motor and overload protection system is common and therefore could be bundled into a 

model library element so that the system designer does not need to worry about specifying a protection 

device along with the motor each time.  This decoupling of lower level detail from the system 

architecture allows the designer to concentrate on the system from a top level and worry about detailed 

design at a later stage. 

  


