The Impreciseness of UML and
Implications for ModelicaML

EOOLT, Paphos
2008-07-08

Jorn Guy Suss, Peter Fritzson, Adrian Pop

Presentation by Peter Fritzson




Outline

« Whole Product Modelling (Software/Hardware)
implies Tool Integration

« Why UML is Bad (for Integration)
* Meta-Models and Frameworks
* An Example of Whole Product Modelling
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Notations for Whole-Product Modeling

UML is widely adopted as a software modeling
notation

Modelica is very useful for hardware modeling

Problem: Size and imprecise semantics of UML

Possibility: Eclipse offers a minimal and well
defined UML-like base platform:
EMF (Eclipse Modeling Framework)
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UML Suitability Problems

* Model Exchangeability

« Specification Size

« Semantics

« Sub-Languages (OCL, Action Language)
* Incompatible Children (SysML, xtUML)
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UML is not Exchangeable

The MOF Philosophy (M4

------
---------
.

lllllllllllllllllllll
.

UML 1.4 model UML 2.0 model
of HTTP server of HTTP server

Rational Rose

Rose model
of HTTP server
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UML Specification Growth (Pages)
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What is Metamodelling?

A Software Engineering approach
to cheaply build interactive editors
for engineering languages that are
described in the form of class diagrams

using diagrams to specify/code compilers.

7

© Peter Fritzson

MO DmA pelab---



UML (Meta-Object Facility) MOF Pyramid

M3 layer
MOF Model meta-metamodel
i 1
M2 layer
UML IDL
Metamodel Metamodel metamodels
1
| | M1 layer
| |
.. models
UML Models | IDL Interfaces

MO layer

[UML1.4.2]
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Structure and Consistency Based on MOF

« Classes

« Attributes

« References

« Multiplicities

« Well-formedness Rules

« Eclipse Ecore
MOF Model Instance
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MOF Advantages

High-level Semantics (Boxes and Lines)

» Less (visible) technology

 FEasier to understand for client
Generic Builder Tools (Graphical Editors)

Large Provided Infrastructure / Framework

 Reduced cost to build solution

« Simplified integration between solutions

Report Generators

 Produce Work Items

 Produce Documentation
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Defining the MOF Language in MOF

EModelElement

+etdodelElement
‘getEAnnotation(source : String) : EAnnotation

0..% | +eAnnotations A
[ | |

- 1
Ei.\nnotahon ENamedEiement EFactory —
@source © String

@details : EStringToStringMapEntry I £ S

+eFactorylnstance

%create(eClass | EClass) : EObject
createFromString(eDataType : EDataType, literalvalue : String) : ElavaObject

Z% ®convertToString{eDataType | EDataType, instanceValue : EJavaObject) : String
| +eFackage | 1
ETypedElement EClassifier EPackage
aordered : boolean = true instanceClassMame : String onsURI : String
@unique : boolean = true +eType | @instanceClass : EJavaClass &nsPrefix : String
GlowarBound ; int pdefaultvalue | ElavaObject
<uppetBound :int =1 0.1 . ) ) ‘getECIassiﬂer(name : String) : EClassifier
@rmany : boolean %isinstance(object : EJavaObject) : boolean *
reqguired : boolean ‘getCIassiﬂerIDO: int L ! +eSubpackages | U
A +eExceptions| 0.+ 0.*|  +eClassifiers +ePackage +eSuperPackage
I 1
EOQperation EParameter ‘
Q +eperation 0. EClass EDataType
0 oo @abstract : boolean @serializable  boolean = true
=R +eParameters ginterface : boolean
+e0perations +eContainingClass ¥isSuperTypeOfisomeClass | EClass) : boolean A
> ‘getEStructuraIFeature(featureID: int) : EStructuralFeature 0. 1 -
+eAllOperations ®yetEStructuralF eature{featureMame : String) : EStructuralFeature EEnumLiteral
| » o gwalue @ int
. +eRef T ginstance : EEnumerator
+eAIIStructuraIFeaturesiﬂ.. - +aContainingClass 1| +eReferenceType +eSuperTypes
EStmciaiTess +eLiterals | 0.*
ru-? uralfea f-’e +eStructuralF eatures +eAllContainments +eAllsuperTypes
¢changeable : boolean = true 0
volatile : boolean EReference = +edttributeType
gtransient : boolean goontainment ; boolean o
gdefaultvalueliteral : String goontainer © boolean Al +eEnum
gdefaultvalue ; EJavaObject gresolveProxies | boolean = true e elerences EEnum MOFl 4
gunsettable : boolean n.* .
Culaitiod ; wole +elpposite 8.1 +eReferences ®getEEnUmLiteral(narme : String) : EEnurnLiteral
yatFeaturelDf  int 0 +edllAttributes ®getEEnumLiteral(value © int) | EEnumLiteral
‘getContainerCIassO . EJavaClass EAttribute 0.x +eAttributes
¢iD : boolean 0.1 +elDAttribute
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MOF Translation Process
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MOF Framework Offerings

Ecore

Eclipse Modeling Framework (EMF)
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Ongoing Work:
ModelicaML — UML Profile for Modelica

» Extension of SysML subset

* Features:

« Supports Modelica constructs
Modelica generic class modeling
Modelica syntax in definitions
Equation-based modeling
Simulation modeling
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ModelicaML Diagrams — Overview

ModelicaML Diagram

Behavior Requirement Structure Simulation
diagram diagram Diagram diagram
Class Class Internal Fackage
diagram diagram diagram
Farametric
Activity Sequence Equation | | State Machine Use Case disgram
diagram diagram diagram diagram diagram
MNew diagram type bodified from SyshdL Same as Syshil
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ModelicaML Class Internal Diagram

« ModelicaModel »
Circuit

. i g AC - VSourceACHP—H] - Resistor H}H—H] R2 - Resistor H}n
Qs [F VErsus ﬁ R=10 "l R=100
_L ? % \_H] C:Capaistor H]n_ H; L - Inductor Elj
= A%p G : Ground o oo n o P
« Modelica Connection « Class Internal diagram
diagram + Nested models
« Better visual comprehension * Top-model parameters and
« Predefined connector variables
locations * Flow direction

e Other ModelicaML elements
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Simulation Diagram
Introduced by ModelicaML

«ModelicaModel »
aParameters _ MoonLanding
asimParameters
force! =37000 |- = Parameters
Real force1 = 36350
«Parametery - t Real force? = 1308
asimParameters .
thrustEndTime =200 |- Real thrustEndTime = 210 « requirement »
Real thrustDecreaseTime = 43.2 MoonLandingGravity
«F'a.rarne_tern <simParameters Parts GLavitthhnuIE be graduﬁll‘f ir;jcrtlaased
moon radius = 1.73886 |- ———-———— -~~~ = py ket apollo(name = "Apollo13", mass(start=1038.358) ) gur?zr:ctee rocket approches the lunar
CelestialBody moon(name = "moon”, mass = 7.382e22 ) g
£
Fa I s
e I !
{apollo_altitude[t], {t, 0, 208} } - : . .
f’f : apollo_gravity[t], {t, 0, 208} 7 satisfyn
asimResults - «simResults | ¢
i | 4
- fa
& V K
—(apelle.altitude) [£] — {apelle.gravity) [&] ;,r
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Saab Bofors Example Application

Executable & Translatable
Specifications
(Models)

Model Compiler Model Compiler

High-Level
Language

High-Level
Language

Compiler Synthesizer

Placer &

Assembler Router

Programming
File

Object Code

[SAAB BOFORS]
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Future Tool Integration Example
(Saab-Bofors application)

/Bridgepoint UML Too?

.

xtUML of
Control Program

R

/

Control Program
(Ada)

SB Link

———— e — = —_—_—— e —— —

Micro Controller
Link-Model

/ Modelica Developer\

Tooling (MDT)

ModelicaML of
Environment

~— e (L~

Micro Controller
Environment €——
Connector (?)

Environment
Simulator (C)
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Outlook for ModelicaML

Continue using Eclipse Modeling Framework as
a basis

« Based on Ecore meta-meta-model

Make ModelicaML smaller with more well
defined semantics

« Only include semantically well-defined diagrams
* Remove some UML/SysML constructs with fuzzy semantics
« Full compilation to Modelica

Use algorithmic Modelica as (UML) action
language?
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