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Introduction

1.Introduction

1.10verview

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 ECARLANIThe
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 LD§uage

check the model in SysMind create a corrggnding model in the DSL

The areas of focus involved in this problem include the use of profiles in SysML, creatieta-afiodels

for a particular domain, and the mappings between the two

1.2 Problem

With the accelerated progress in technology the idistions between domains, engineering or
otherwise, is blurring. The various domagwechanical, electrical, software, management, and others

¢ are not independent of one another. Systems are becoming increasingly complex and the interaction
between dfferent 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 casidered. 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, domaspecific designers must be notified by asteyns 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 raliblock 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 domaspecific languages. Consequently a metifod
bidirectional data exchange between the system language and despaicific 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 procesdrom 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 produahfdke. This involves complex interaction
between the systemevel and various domaigpecific design languages. Stakeholders can see their
design changes ripple across all the other domains. The decisions made at even the lowest levels of

Domain Specific Modeling of an ECAD System 5



Introduction

abstraction carbe 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 aspés 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 SysMhgua tool like Magic Draw, there is a mechanism to
share this design information with various stakeholders who use dosmegific languages. Design
oriented stakeholders use these languages to describe detailed design of the various components and
subsytems. 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 partimudecision strategy. This requires a transfer of
information from the languages of domaspecific tools likeePLANback to systemdevel languages like
SysML. Thus abidirectional informationexchange is crucial to making better decisions and minignizin
risk for systems and products.
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Introduction

The problem of multdomain 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.

1.4Goals and Purpose

The goabf 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 SysERLt&Nan ECAD tool. There are
two aspects to achieving this goal: the transfer of data fronMEy® a Domain Specific Model (DSM) of
ECAD and the subsequent transferBBLANrom 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 base@pproach is one way to realize this vision.

1.5Approach

As discussed in the previous sectitimere are two aspects involved in the data interchange between
SysML andEPLAN The first is the data exchange between SysML and the E@tsBnodel while the
second is between the ECAfztamodelandEPLAN

SysML Domain Specific EPLAN
Model for EPLAN

Figure2. Proposed information flow between SysML and EPLAN

The following approach has been &akin this project
9 Anintroductionto the problem is provided i€hapter 1.
1 Chapter 2providesa brief background on the various terminology and techniques used in this
project.
1 Chapter 3details the work carried out in this project for achieving the grtion between
SysML an&PLAN Following is a brief overview of the steps taken:
- Select an example of a system in ECAD that can be modeiRLidsNnd be used as a
demonstration model.
- Create a profile in SysML for the ECAD donthat (epresents theEPLANtructure)
- Create anetamodelof ECAQas per theEPLAMNtructure)in MOFLON to represent the
Domain Specific Model
- Create a correspondence model for data exchange betwherSysMImeta-modeland
the EPLANVeta-model
- Create story diagrams to creaand represent the transformations that are supposed to
take place between the two models.

Domain Specific Modeling of an ECAD System 7
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- Create a Java\et interface that allows control of the .Net APIEFLANrom Java.

1 Results and conclusions are discussed in Chapter 4

1 Qosureis providedto this project in terms of the future work possible and the lessons learnt in
Chapter 5.

1 The references cited are included in Chapter 6, while the appendices A, Bpaodde a more
detailed description of the source code, story diagrams, and other implementatlated

information.

Domain Specific Modeling of an ECAD System 8



Background

2.Backqground

2.1SysMI¢ Magic Draw

SysMLis a graphical modeling language used to support the design of complex systems i@viop
approach. This includes the process of analysis, requirements specification, structural composition,
system and suisystem interaction through behavior diagramwrification 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.

Systemlevel architectire allows the designer to manage the entire system without digging
through a cluttered collection of single domain views. The integration of dospsnific detailed
designs is easier to manage when the systems perspective is defined.

Through the use fodiagrams and modeling elements, it is possible to describe systems,
components and other entities using SysML. SysML has nine diagram types:

9 Structural diagramg Package Diagram, Block Definition Diagram, Internal Block Diagram

1 Behavioral diagrams Adivity Diagram, Sequence Diagram, State Machine Diagram

1 Parametric diagram to represent constraints

1 Functional diagramg Use Case Diagram, Requirements Diagram

WSTFSNJ (12 GKS 0221 a&l2)fdr Ndredétaied InformadiaizkeBagding ysML.e a a [ €

2.2ECAL EPLANElectric P8

Electrical ComputeAided Design tools, or ECAD, are software solutions for designers of power and
control systems. In ECAD, electrical components such as motors, switches, PLCs, relays, amg cables a
represented by connected symbols on wiring diagrams. This is in contrast to elec@@®bDiavhich is

used to describe and analyze the topology of printed circuit boards in two or three dimensions, or
mechanicalCAD which is used to create solid modelsnafchanical 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 thetghidi 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 manufature of the electrical systems.

Some of the diagrams available are schematics, slimgediagrams, and multine diagrams.
Schematics are simple drawings of a shop floor or a control cabinet. 8imgltiagrams are higlevel
representations of thedgical connections of components. Mditie diagrams are similar to singiee
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 connts, which are
essentially the same database sorted by different fields.

Domain Specific Modeling of an ECAD System 9
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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 onytbetlaf 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 E@D tool used in this project IEPLANElectric P8. This latest version BPLANs 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 develdpiigANNnto a multidiscipline platform. The first
stage of this washe extension ofEPLANbeyond electrical CAD into other similar engineering domains
such as hydraulics and pneumatics. Modeling in these domains still requires ways to represent the
logical connetions between components and a strong information database behind the components.

Figure3. EPLANPlatform

2.3Meta-model¢ MOFLON

According to the dictionary of computif@a YS G ¢ : YSI y &

0A prefixmeaning one level of description higher. If X is some concept then-Keasadata
about, or processes operating ornpX

Meta-model means a model of a model. Metamodelrepresents a description of the model
itself and is used to define the structure ofreodel. 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 createta-modek for a particular domain. Aetamodel is the

Domain Specific Modeling of an ECAD System 10
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model used by tools, databases, etc. to describe the structure and meaning of models and data
described within them.Section2.4 will discuss the use afhetamodek 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 arda-modek of the assciated
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 modelmete-modeldriven
systems(4). It is a standard specification frRSFA YA Y 3T Y| YA Llz | dtayaBE | Y R
RFGF Ay | LIXIFGF2N®. AYRSLISYRSY{(d YI yySNE

MOFLON is a metaodeling 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 devetoptahe
model for the ECAD system as related to the applicatihtL AN The graph transformations facility in
MOFLON can be used to define transformations and rules imétte-modelks, essentially defining the
rules that will be followed when creating the modeThis will be discussed in the section below on
GraphTransfornations

2.4Domain Specific Language (DSL)

A Domain Specific Language (OSlthe 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 exgaeswre 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
a6 A00KSas SGoOo 'ttt GKSaS StSYSyita ¢2dzZ R 0S ONBL
the differentiation done through the use of lower level elements like value properties. The same
components can be defined as different elements in tH&.Pthus 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 definitiobut with a scope limited to that particular
R2YlIAYy ® ly SEFYLXS 2F (GKA& A& |y StSYSyid aLISOATA
SysML it would be represented as a block with a property defining it as a device.

There is a drawback to9Dhs and it involves issues of implementation with specific tools. A new
DSL may not have sufficient taslipport and the resources required to create a new tool for the DSL
may bevery extensive and complgx). In addition b tool support,implementing a DSL to work with
existing components in the domain adds complexity.

Domain Specific Modeling of an ECAD System 11
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The combination of UML profiles amdeta-model based technologies is suggested as a way to
implement DSL without sacrificing the extensive tool support available for(@MIThis is the approach
that will be taken for this projectThis will be disussed in detail in #section2.6.

2.5Model Transformations

Model transformationis an integral part for establishing communication and interoperability between
the meta-modek of diffeent domains and tools. A transformation is the process of generating a target
model from a source mod€B). The source and target models may be based on the same or different
meta-modek.

As projects and systems continue goow 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 mkgelo
Using graph transformations it is possible to create MOpliant meta-modek and rules that are
interoperable with each other making it easier to maintain traceability, perform consistency checking as
well as update propogatio(d).

Modekto-Y2 RSt (NI yaF2NXYIF A2y A& I O2NB 02y OSLIi Ay
Platform Independent Models (PIMs) and Platform Specific Models (PSMs) are used in MDA to
distinguish between the functionality and behavior of a eystfrom 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 €.g. from Visual Basic to .NET and from .NET to Web Sei@e#jutomatic code
generation is an important feature in MDA and model transformation plays a key role in thistoPIM
PIM transformations and PHb-PSM transfanations are used to perform automatic updates,
consistency checks and maintain data integrity between models belonging to the sataemodel
(PIMto-PIM or horizontal transformations) or differenmeta-model (PIMto-PSM or vertical
transformation).

Graph transformations are used t®pecify and apply model transformations in MDA. As
discussed bgrunskg10), graph transformations are used because:

1. Graphs are a natural representation for models, since nmstleling languages are
formalized by a visual abstract syntax definition

2. Graph transformations provide a formal theaapd some established formalisms for the
automatic application

3. Graph transformation rules can be easily and intuitively specifietfortunately there
are currently no empirical studies to prove this)

4. The complexity of the grapinansformation rules and the application formalisms can be
hidden for the end user.

Domain Specific Modeling of an ECAD System 12
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List::addAfter (afterElem: ListElement, valueToAdd: String): Void

g

«destroy» >
afterElem |& oSiroy next nextElem :ListElement [=

A next
«creafe»

«create»

newElem :ListElement

value :=valueToAdd =

V
®

Figured. Example of graph transformationle (10)

MOFLON is built on top of the Fujaba platforhl) that uses story diagrams to specify the
transformation and behavior rules of thmetamodel 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 mo(l?).

2.6 SysML/ DSL Integration

a4 RA&O0dzZA&ASR AY (SMIcIMdgcDiad EisMLaiSan éxiedsion at YML dhrough
the use of profiles. For the integration of SysML and a D®letamodelmust be created for the DSL
and a profile created in SysMa represent the domain in SysML. Profiles and meta-models are
used in order to retain the tool support that is readily available for YF)L Some of the concepts of
triple graph grammars are applied and graph transfaiores 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 19643), model transformations can be specified by two alternative
approdD K S & = \pairYg@phegrammars | ¥fifle géaph grammars 6 ¢ DD& 0 @ ra 0K
suggests, pair graph grammars consists of two rules (a source and target) that are restricted to-context
free productions and or#o-one correspondences between objectsrétateddata structures. TGGs on
the other hand extend pair graph grammars to specify congextsitive productions with complex right
hand models and left hand models (for bidirectional transformati(8)s This involves #huse of an
FRRAGAZ2Y I 3 dbirdsiiondeddefgfaghR (i # K 85 BINS-gré&pk felationkhips. ATE@sS NJ
allow for the specification of complex interdependencies between both separate and differeta
modelk (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).

Domain Specific Modeling of an ECAD System 13
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)
[
©
@)
_ =
SysML Profile o
e
ECAD (<} ECAD Domain
Profile in SyML g Specific Model
@)
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~—

Figureb. SysML / DSL interoperability

Figure5 shows one part of the interoperability between the two tools, namely SysML and
EPLAN This involves the connection beterethe DSL for ECAD and the internal structoretémodel)
of EPLAN

)
[
©
@)
=
o EPLAN
-
ECAD Domain O EPLAN
Specific Model -8 Internal API
o
o
)
)
=
O
@
—

Figure6. DSL / EPLAN interoperability

Figure5 and Figure6 represent the omplete flow of data between the two different models
and their relationship with one another through the Domain Specific Model of ECAD.

Domain Specific Modeling of an ECAD System 14
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3.Domain Specific Model for ECAD

3.1 Approach and Steps involved

' & RA&aOdza a S Backgrngund Kit KI5 S IfallowiddEnlthi foroject iso createa meta-model

of EPLANN MOFLONa profile for EPLANN SysMland a correspondence model thebnnects 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 DnawSysMImeta-
model created by Alek Kerzhnét4)will be used for the correspondence model in MOFL®#ure7
shows the sequence in which the various steps must be performed.

SvysML Side Domain Specific Model (DSM

SysML Profile faEPLAN EPLAN Metanodel in

v

Correspondence Metaodel
in MOFLON

v

Story Diagrams / Operations
for SysML2EPLAN

y

Story Diagrams / Operations
for EPLAN2SysML

y

Generate Java code
automatically

v

Create Magic Draw Plugin

A 4
Use EPLAN Plugin for data
interoperability with DSM

Figure7. How chart detailing the steps to be taken
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3.2Example Problermg 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 mad&RPLANNd ECADFigure8
shows the schematic view of the system as defineRh. AN

" <System 79> - SysMLProject - [=EB1+ET1/1] [ e =)
[ Project Page Edit View Insert Projectdata Find QOptions Utilities Window Help _|=][=
BHEHS S ] 1B |0 gO000® |0 Al oI h k&
| Project | | Full Device TagEB1+EFQ1 [#% ==& %¢ S

- I

- V 1 3 5 N

s L
QU J
® | =
- Frodibusicoalil | A0 A gl dl Overload Protection||
otor Protection Page
N LI> [ I> [ I> .
Pages in &roject 2 4 6 i
"
j[J; =
ad %,
&

- \ Conductor

" e [ ui vi W1

Graphical preview M
-M1 3 Three phase Motor
~J
1 4kw ’S
PE !
‘O -EB1E.

RX: 2607 RY: 1810 ON: 400 mm Legic 11
e T —— T

Figure8. EPLANvindow with Motor and Motor Overload Protection

az2zi2N) YR 2@0SNI 21 R LINE EBLAN A deyice is dgenetTefinitdnidd d RS
I LI NIGAOdz I NJ O2Y LRy Sy (o ¢CKS a{ @Yo 2 fFigue9pFoaime® (i A 2 Y R
details ke 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, piotiee, and
other properties specific to that particular usage of ev The part number can be assigned either
from a predefined library withifEPLANT a custom user created libranAs shown irFigurel0the part
number of SIE.1LA7118AA10ZA11A 4 | AaA 3y SR (2 GKS RSQOAOS Gaz2i2NE
with EPLANhown inError! Reference source not found.
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|_§ Properties (components): General device * X

M.;.t.;.rl Display éS}rmbol / function data l Parts]

Symbol data (graphic)

Library: IEC_symbol

Murmber / name: 62 f M3 E
Variant: Variant A v]
Description: Three-phase asynchronous moter, one rotation speed

FunctionDefinition: Description

Function data (legic)

Categony: Electrical engineering: Motor Main function
Group: Motor with PE, 4 cennection peints [Tl Intrinsically safe
Definition: Three-phase motor E [¥] With signal isolation
Description: Three-phase motor with PE (conn. point 4 == PE)

Connection points: 4

o ) [ Gna | [ ey

Figure9. Symbol / Function data for Motor device
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Properties (components): General device® S — ﬁ

Motorl Display] Symbol / function dat:

Category: Part reference data -
Part number Number of uni « Property Value =
SIE1LAT113-4AA10-ZA11 1 Part variant 1
0 Part type Component
E Function group
Part type
Part number from Part allocation Main part
Parts Library Assembly
Item number
0 Wearing part
0 Spare part |
i] Lubrication / maintenance 3
0 Service time
0 Stress
0 Procurement
) ) Suppress in bill of materials (if fil
Device Library Suppl. field: Text O
\ 0 Supplementary field Yes/No |}
\ 0 i External placement |l
1 i n o Mounting surface Mot defined
Order number I
Supplier
Data source: E Manufacturer
Subset / length
[ Settings vl [ D cectecting ] Subset / lenath in unit of project i
[ OK ] [ Cancel ] l Apply

FigurelO. Part data for Motor device
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Figurell. Partlibrary for device Motor provided bgPLAN

This system has been chosen because of it represents a commonly used system and at the same
time provides details to the structure &PLANand 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 elemenso that the system designer does not need to worry about specifying a protection
device along with the motor each time. Thikcouplingof 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.
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