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ABSTRACT

Currently, system engineering problems are solved using a
wide range of domain-specific models and corresponding
languages. It is unlikely that a single unified modeling
language will be able to model in sufficient detail the large
number of system aspects addressed by these domain-
specific languages. Instead, a model integration framework
is needed for managing the various modeling languages
used to solve systems engineering problems. The Systems
Modeling Language (OMG SysML™) can provide an
answer to this need for model integration. Using SysML, a
modeler can abstract a domain-specific language to a level
that permits its interaction with other system models. In
addition, graph transformation approach can be use to
accomplishing automated, bidirectional transformation
between SysML and the domain specific language. In this
paper, a generic approach for defining such graph
transformations is presented.

1 INTRODUCTION

Contemporary systems engineering projects are becoming
increasingly complex as they are handled by
geographically distributed design teams, constrained by the
objectives of multiple stakeholders, and inundated by large
quantities of design information. Accordingly, problems
encountered during the system development process
generally have more to do with the organization and
management of complexity than with the direct
technological concerns that affect individual subsystems
and specific physical science areas (Sage 2000). If
engineers cannot efficiently manage project complexity,
they might overlook important design details and
dependencies. Such mistakes can compromise stakeholder
objectives and lead to costly design iterations or system
failures.

According to the principles of model-based systems
engineering (MBSE) (Fisher 1998), engineers can
overcome these problems by replacing document-centric
design methods with model-based approaches for
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representing and investigating their knowledge during
system decomposition and definition. Models can be used
to represent formally all aspects of a systems engineering
problem, including the structure, function, and behavior of
a system (Gero 1990). Additionally, experiments can be
performed on models to eliminate poor design alternatives
and to ensure that a preferred alternative meets the
stakeholders’ objectives. Models also facilitate collabora-
tion by providing a common, unambiguous protocol for
communicating design information.

Although the current focus of MBSE has been on
describing the structure, function and behavior of systems,
there is an important opportunity to extract from these
formal descriptions executable models — i.e., simulations.
In this paper, we explore a method based on graph
transformations to translate — or compile — structural
descriptions of a system into corresponding simulation
models ready to be executed in a simulation tool.

2 A GRAPH TRANSFORMATION APPROACH
Assume that the dynamic behavior of a system is described
in a particular modeling and simulation tool. Since this
simulation model is only one aspect of the overall system
description, it is important to define formally how the
different parameters in the simulation model relate to the
parameters used in other system descriptions. Without such
formal relationships, it is difficult to maintain consistency
among all the system descriptions. In addition, the results
of the simulation should also be mapped back to the system
requirements and objectives.

To achieve such an integration between the behavioral
system model and the rest of the system information, we
propose to use the following generic integration approach:

1. Create a meta-model for the specific domain that
is being integrated.
Create a SysML profile in which the domain
specific constructs are mapped to stereotypes,
which extend closely resembling, existing SysML
modeling elements.

2.



Paredis and Johnson

3. Create graph transformations relating the domain
specific meta-model and the corresponding
SysML profile

4. For each of the transformations that update the

domain-specific model, include the corresponding
API calls to the domain specific tool.

So far we have demonstrated this approach for integrating
the Modelica language (Mattsson, Elmqvist, and Otter
1998) with SysML (Johnson, Paredis, and Burkhart 2008).
Modelica is a formal language for describing the energy
flow through systems in terms of differential-algebraic
equations and discrete events. We are currently in the
process of applying this same graph transformation
approach for integrating with SysML Matlab Simulink
models and discrete event models in eM-Plant.

2.1 The Meta-Models

When capturing the information in a particular domain, it
is best do so formally by first defining a meta-model — a
model that defines a language that defines the types of
information that are relevant in the domain and the
relationships between these types of information. Many
domains have already been characterized by such formal
meta-models, but in other domains meta-models may be
lacking or are encoded implicitly in a domain-specific tool
(e.g., a modeling or simulation tool). Even if a meta-model
does not exist explicitly it is often not difficult to define
one and to relate it through API calls to the data that is
implicitly organized in a domain specific tool. A
simplified example of such a meta-model for the Modelica
language is shown in Figure 1.

To enable a mapping between the domain-specific
meta-model and SysML, we establish a corresponding
meta-model in SysML. However, rather than modifying
the SysML meta-model directly, we use the UML profiling
mechanism. Profiles have the advantage that they do not
modify the underlying meta-model so that SysML tool
support is maintained (Weisemdller and Schiirr 2008).
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Figure 1: A simplified meta-model for Modelica
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2.2 The Graph Transformations

Once the domain-specific meta-models and the
corresponding SysML profile have been defined, a
mapping or transformation between the two needs to be
defined. Many methods exist for completing model
transformations between two or more modeling languages
or meta-models. Two common transformation approaches
are OMG’s Queries/Views/Transformations (QVT) (Object
Management Group 2007) and Triple Graph Grammars
(TGG) (Schiirr 1994). We propose using Triple Graph
Grammars.

TGGs are similar to QVT in intent but are declarative
by nature. Accordingly, TGGs are particularly useful for
completing complex, bidirectional model transformations.
In a TGG, the metamodels for the source and target
languages are defined as graphs. The mapping between the
two languages is then represented as a set of graph
transformation rules applied to a third graph: a
correspondence graph, as is illustrated in Figure 2. Due to
the declarative, bidirectional nature of TGGs, one set of
graph transformation rules can be used to transform
SysML models into the domain-specific language and
vice-versa. Although a TGG is wused for this
transformation, others have shown that QVT is equally
expressive and capable (Greenyer 2007).
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Figure 2: A simplified TGG between Modelica and SysML

3 DISCUSSION AND SUMMARY

We have outlined an approach for integrating domain-
specific models into SysML, and have illustrated this
approach for an integration between SysML and Modelica
— for a more detailed overview refer to (Johnson 2008).
Although we have only demonstrated this approach for
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Modelica, we believe that it is more generally applicable,
and we are currently in the process of illustrating this same
approach for integrating Matlab Simulink and eM-Plant
into SysML.

Note that when integrating modeling and simulation
tools, it may be necessary to distinguish clearly between
the models and the simulations. The models describe the
behavior while the simulations are experiments performed
on the model. It may be necessary to define separate meta-
models and model transformations for both the models and
the simulations.

ACKNOWLEDGMENTS

The authors would like to acknowledge Lockheed Martin
Corporation, and Deere and Company for their support of
this research. The ideas in this paper further benefited from
constructive criticisms from Roger Burkhart, Sandy
Friedenthal, and Russell Peak.

REFERENCES

Fisher, J. 1998. Model-Based Systems Engineering: A
New Paradigm. INCOSE Insight 1(3): 3-16.

Gero, J. S. 1990. Design Prototypes: A Knowledge
Representation Schema for Design. Al Magazine
11(4): 26-36.

Greenyer, J., and E. Kindler. 2007. Reconciling TGGs with
QVT. Model Driven Engineering Languages and
Systems, MoDELS 2007. Berlin/Heidelberg,
Springer.

Johnson, T. A. 2008. Integrating Models and Simulations
of Continuous Dynamic System Behavior into
SysML. M.S. Thesis. G.W. Woodruff School of
Mechanical Engineering, Georgia Institute of
Technology. Atlanta, GA.

Johnson, T. A., C. J. J. Paredis, and R. M. Burkhart. 2008.

Integrating Models and  Simulations of
Continuous  Dynamics into SysML. In
Proceedings of the 6th International Modelica
Conference, 135-145. Bielefeld, Germany,

Modelica Association.

Mattsson, S. E., H. Elmqvist, and M. Otter. 1998. Physical
System Modeling with Modelica. Control
Engineering Practice 6: 501-510.

Object Management Group. 2007. Meta Object Facility
(MOF) 2.0 Query/View/Transformation
Specification.

Sage, A. P., and J. E. Armstrong Jr. 2000. Introduction to
Systems Engineering. New York, NY, John Wiley
& Sons, Inc.

Schiirr, A. 1994. Specification of Graph Translators with
Triple Graph Grammars. WG'94 Workshop on
Graph-Theoretic Concepts in Computer Science.

2352

Weisemboller, 1., and A. Schiirr 2008. A Comparison of
Standard Compliant Ways to Define Domain
Specific Languages. In Models in Software
Engineering: 47-58, Berlin/Heidelberg: Springer.

AUTHOR BIOGRAPHIES

CHRIS PAREDIS Ph.D., is an Associate Professor in the
G.W. Woodruff School of Mechanical Engineering at
Georgia Tech. He received his M.S. degree in Mechanical
Engineering from the Catholic University of Leuven
(Belgium) in 1988, and his M.S. and Ph.D. in Electrical
and Computer Engineering from Carnegie Mellon
University in 1990 and 1996, respectively. From 1996 to
2002, he was a Research Scientist at the Institute for
Complex Engineered Systems at Carnegie Mellon
University. Dr. Paredis has a broad, multidisciplinary
background. In his research, he combines aspects of
information technology, simulation, and systems theory to
support the design of mechatronic systems, focusing in
particular on decision making under uncertainty in
conceptual design. In these areas, he has published more
that 80 refereed journal articles and conference papers. Dr.
Paredis received the 2007 CETL/BP Junior Faculty
Teaching Excellence Award and the 2007 SAE Ralph R.
Teetor Educational Award. In 2007-2008, he was the Chair
of the ASME Computers and Information in Engineering
(CIE) Division. His email address is
<chris.paredis@me.gatech.edu>.

THOMAS JOHNSON is a graduate research assistant at
the Systems Realization Laboratory at Georgia Tech,
where he is working towards his Master’s degree in
Mechanical Engineering. His research is focused on formal
modeling for model-based systems engineering, combining
SysML and Modelica. His email address is
<gtg378klprism.gatech.edu>.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


