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SysML-Modelica Transformation Specification: ==
Context & Objective I@C\OS‘E
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» Two complementary languages for Systems Engineering:
— Descriptive modeling in SysML

— Formal equation-based modeling for
analyses and trade studies in Modelica

» Objective:

— Leverage the strengths of both SysML and Modelica by
Integrating them to create a more expressive and formal MBSE
language.

— Define a formal Transformation Specification:

* a SysML4Modelica profile
* a Modelica abstract syntax metamodel

* a mapping between Modelica and the profile
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What is SysML?
(www.omgsysml.org)

1. Structure 2. Behavior
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What is Modelica?
(www.modelica.org)

» State-of-the-art Modeling Language
for System Dynamics
— Differential Algebraic Equations (DAE)
— Discrete Events

» Formal, object-oriented language

» Standardized by the Modelica Association
— Open language specification — tool independent

» Multi-domain modeling

» Ports represent energy flow (undirected) or
signal flow (directed)

» Acausal, equation-based, declarative (f-m*a=0)




Modelica: Active and Mature Community

International Symposium

» Modelica association — 20+ free libs (www.modelica.org)

» 6 commercial solvers, 3 open-source solvers
(Dymola, MapleSim, SimulationX, OpenModelica,...)

» EUROSYSLIB project — 20+ libs under development
(http://www.itea2.org/public/project_leaflets’fEUROSYSLIB profile _oct-07.pdf)

Modelica vehicle system model




A Robot Example in Modelica
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Modelica Semantics and Textual Syntax —.
INCOSE

]ni‘quﬁ‘aitinalﬁ.iifﬁfﬁposium

model Spring "Linear 1D translational spring”
extends Translational.Interfaces.PartialCompliant;
parameter SI.TranslaticnalSpringConstant c¢(final min=0, start = 1)
"spring constant ";
parameter SI.Distance s_rel0=0 "unstretched spring length";

equation
f = c*(s rel - s rell);
end Spring;

massi springl \. = Graphical symbols
"I:I_DT"\/\/\‘DTD‘§ @ definedas
—— \J P annotations in
- ;S T textual models

/ -

» Connections represent Kirchhoff semantics
— Across variables (voltage, pressure,...) are equal
— Through variables (current, flow rate,...) add to zero
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A Robot Example in Modelica
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SysML-Modelica Robot Example:
UseCases & Requirements
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SysML-Modelica Robot Example:
Robot Domain BDD & IBD
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SysML-Modelica Robot Example:

Robot BDD & IBD
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SysML-Modelica Robot Example:
Robot Arm BDD

bdd [Package] &rm[ Arm BDD LJ

shlocks '
- Arm -
zhlocks: ghlock: zhlock: shlock: zhlock: shlock: shlock: shlock:
Base UpperArm EndEffector LowerArm WristJoint3DOF Elbowe Joint Shoulder Joint BaseJoint

5

shlocks ks
Link Joint1 Ams_
LY
zhlocks
Joint




SysML-Modelica Robot Example:
Analysis and Trade Study
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Refined by
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Analysis models depend on descriptive models
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SysML4Modelica Analytical Model:
Compose Model from SysML Standard Library
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SysML4Modelica Analytical Model:
Detailed IBD
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SysML4Modelica Analytical Model:
Detailed IBD |®E
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SysML4Modelica Analytical Model:
Relation to Modelica Native Model

ibd [ModelicatModel] Robot&nalyticalDomain [ ModelicaRokbot ]J
«modelicaPorts .
controlBus : ControlBus | smodsiicaParts
? el :
modelicaConnection:
amodeicaPorts «modelicaPorts amodeicaPorts L smodelicaPars
smodelicaConnection: axizControlBus © AxisCortrolBus smodelicaParts | flange : Flange_b axish : Flange_a e et
{ ] axist: AxisType2 - smodelicaconnections !
«modelicaPorts — «modelicaPorts «modelicaPort:
smodelicaConnection: auisControlBus : AxisCortrolBus | emodelicaPart: J-|1Iangs : Flange_h axis5 | Flange_a
1 | axiss : AxisType2 | - - ’—J
T emodelicaConnections
«modelicaPorts — «modelicaPorts «modelicaforts:
smodelicaConnections sxsContralBus : AxisControlBus ’J: fmﬂde“ﬁ_ﬁpa"‘x flange : Flange_b axis4 : Flange_a
‘—e axisd: AnisType2 lTI amodeicaConnections \_J
pathFlanning
«modelicaPorts . amodelicaParts emodelicaPorts
Fmodel\cacunnectwon» axisControlBus : AxisCortrolBus -1, emodelicaParts | flange : Flange_b avis3: Flange_a
anied : AxisTypel D F
| «modelicaConnections
emoflelicaPorts
corfrolBus amodeicaPorts «modelicaPorts amodeicaPorts
emodslicaConnections  ayistortralBus - AxisCantrolBus smodelicaParts flangs - Flange_b axis?: Flange_a 0
L1 axis2: AxisTypel smodelicaConnactions L
anish
smodelicaPorts o «modelicaPort: «tmodslicaPort: WolEuss
smodelicaConnections axisCortrolBus | AxisControlBus “; s flange : Flange_b axis1 : Flangs_a =
aig! : AxieTypet smodelcatonnections. m e C h a n I CS

anish
axisCantroBuss

axsCankrolBusd

anisd

(o T I - S 3 3 B =

controlBus

axECantroual

-

asialantrofBusd

masContralust




SysML4Modelica Analytical Model: Allocation
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SysML-Modelica Robot Example:
Modelica model with simulation results
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SysML-Modelica Robot Example: i
Analysis and Trade Study I}‘E
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Refined by
madelicaRobot

Analysis results are incorporated in Trade Study
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SysML-Modelica Transformation Specification

~L
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SysML4Modelica Profile —.
INCOSE

]nt'éfr!ﬁétienalés;j@posium

pkqg [Package] Clazzes [ Modelica Class Stereatypes ],J

smetaclasss smetaclasss
Classifier FunctionBehavior
- izPartial is derived from isAbstract T *
- izFinal iz derived from isLeaf
- _ satereotypes
- Nbdelica Classiefinition

+izFinal : Boolean [1] = falze

+hzPartial . Boolean [1] = falze
+izModelicaEncapsulated ; Boolean [1] = false
+izReplaceakble | Boolean [1] = falze
+framLibrary : String [0..1]

_f‘ll
zstereotypes waterectyvpes waterectypes waterectypes waterectyvpes
ModelicaModel ModelicaRecord ModelicaConnector ModelicaType ModelicaFunction
+izExpandable : Bodlean [1] = falze +zcope - ModelicaScopekind [1] = nane
+externallibrary ;- String [0..%]
+externalinciude ;. String [0..1]
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ModelicaClass ModelicaBlock ModelicaOperator ModelicaPackage
I
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bdd [Package] Components| @ ModelOverview U

<<ModelicaPort>> <<ModelicaPort>>

flange a : Flange flange b : Flange
q—l g g -0 g
L | L

SysML4Modelica
A

Formal
mapping

A\
Modelica

<<ModelicaModel>>
ModelicaStandardLibrary::Mechanics::Translational::Interfaces:
PartialCompliant
{s_rel = flange_b.s - flange_a.s;
flange_b.f =f;
flange_a.f = -f;}

<<ModelicaValueProperty>>+s_rel : Distance
<<ModelicaValueProperty>>+f : Force

<<ModelicaPort>>

<<ModelicaPort>> . ;
<<ModelicaExtendsRelation>> flange b: Flange
|

flanqe_la : Flange
L]

<<ModelicaModel>>
ModelicaStandardLibrary::Mechanics::Translational::Components::
Spring
{f = c*(s_rel - s_rel0);}

<<ModelicaValueProperty>>+c : TranslationalSpringConstant{variability = parameter}
<<ModelicaValueProperty>>+s_rel0 : Distance{variability = parameter}

model Spring "Linear 1D translational spring™
extends Translatiocnal.Interfaces.PartialCompliant;

parameter SI.TranslationalSpringConstant c¢(final min=0, start =

"spring constant ";
parameter SI.Distance s rel0=0 "unstretched spring length";

equation
f =c*(s rel - s rell):;
end Spring;

1)




Reference implementation:
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Transformations in Systems Modeling

®* Model Object

D

Model Dependency

System Model

INCOSE
Integnational Symposium

28




Transformations in Systems Modeling F&

®* Model Object
D| Model Dependency

g =5 System Model

29



Transformations in Systems Modeling Ao
INCOSE

CNA_ A S T
InfegnationallSymposium

®* Model Object
D| Model Dependency

B

e

SysML [P

/Profile
D\—/&
’ Profile D

g System Model

30




Descriptive to Analytical Transformation
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Timeline of Specification Adoption —~

» SysML
— SysML RFP: March 2003
— 1.0 Specification: September 2007
— Currently: Revision Task Force 1.3

» Modelica
— 1.0 Specification: September 1997
— 3.1 Specification: May 2009

» SysML-Modelica

Initial idea: July 2005

INCOSE MBSE Challenge Project: August 2007 — now

OMG Working Group established: December 2008

Approved for public comment (RFC): June 2010

Future: Adoption as OMG Specification in September 2010 (?)




Summary —.
NCOSE

nternational'Symposium

» Objective:

— Leverage the strengths of both SysML and Modelica by
integrating them to create a more expressive and formal MBSE
language.

Descriptive Modeling in SysML
+

Formal Equation-Based Modeling for
Analyses and Trade Studies in Modelica

http://doc.omg.org/syseng/2010-6-8
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