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e Languages and Tools for Model-Driven Development
» OMG’s Model Driven Architecture (MDA)
» Model-Driven Software Development (MDD)
» MDD requirements derived from industrial case study

e From MDD to the World of Graph Transformations
» Comparison of Meta-Case, Model/Graph Transformation Tools
» MOFLON = OMG standards + graph transformation technology
» MOFLON architecture and sublanguages

www.es.tu-darmstadt.de

e ... and Back Again
» Status quo and future of MOFLON
» Status quo of MDA/MDD/DSL/Meta-Case/... tools in general
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Motivation
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Magnetic Resonance
Imaging System

» Real-Time

» Safety-Critical

> ...

www.es.tu-darmstadt.de

Trento, 20th February 2007
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e 3D volume scan
 Quickly evolving
technology

»Scan speed
»|mage resolution

* More clinical applications

»Motionless tissues
>[...]
»Heart surgery

e 3.5++ MLOC, 3 computers,
80 processes

« 200++ SW developers
(engineers, scientists)

Real-Time System Group
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Al Folders Contents of 'C:\archirvehspstemhplatforminchl__spslb!
L = spstem ] [I0] st
El l:l acquisition h] math.h
S | _1[1] stdieh
S
S
7,
£
S :
é: EI |:| patientadminiztration source COde flles =
0 : .y g
- | leaves of a building
% =@ platorr block hierarchy

Trento, 20th February 2007

Real-Time System Group



W7, TECHNISCHE . " gn -
2\ UNIVERSITAT Domain-Specific Architecture Concepts
2 DARMSTADT

x°

&>

A Building Block is a separated unit of

» Ownership and Responsibility
» Software Architect for the System
» Senior Designer for a Subsystem
> ...

» Product-related documents
» Requirements Specification
» Design & Interface Specification
» Test Specification & Reports
> ...

» Functionally related code

» Encapsulation (information hiding)

» Hierarchy of Subblocks

www.es.tu-darmstadt.de
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[Ei Class Diagram: IS_acqcontrol / Interface Specification - |I:I|5|

— -

z<intefaces=:=

| | reconstruction |
zzinterface=> (fram IS_reconstructian) s<intefaces>
|_acquisition i | rmethods
(fram |IS_acquisition) : (from |S_methods)
o q-.;—;hh prl:m?des o
E provides ! pr:u:wiﬂbs
U o ! T
g acgcantrol
= (from BB _system)
T
3 o Z .
8 reguites requies N
. . | P : | -
“<interfaces:» reguires c<interfaca>>
| platfarm :

. |_wiewingprocessing
(fram IS _platform) :

(fram |S_wiewingprocessing)

<<interface=>
|_patientadministration

(fram IS _patientadministration)

-

4| | b [
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High-Level Architecture
(Domain-Specific Language)

Consistency ?

Low-Level Architecture
(Unified Modeling Language)

www.es.tu-darmstadt.de

Consistency ?

Implementation
(C-Code, ...)

Trento, 20th February 2007
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OMG often recommends:
DSL, =DSL, = DSL; = UML

Requirements describe describe
CIM ‘ ----------- DSL1 Metamodel 4 --------------

% Transformation describe RS
= PIM < pmHneoe DSL, Metamodel
% describe :
% Transformation describe \ 4
© PSM y RLLLILIELLL DSL,; Metamodel
=
% -
@ Transformation
% Code

CIM = Computer Independent Model

* PIM = Platform Independent Model

* PSM = Platform Specific Model

System

* DSL = Domain-Specific Language

* MOF = Meta Object Facility

« UML = Unified Modeling Language

Trento, 20th February 2007
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OMG’s Model Driven Architecture &

describes

s UML Metamodel \
\

Superstructure

describes

s
-------
s
.
o

ay

b
describes /' UML, MOF,...\ B
------------ / [MOF L [Infrastructureﬂ

v
A

descrlbes /PI + Model Psk \ /

v
‘e
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(Meta-)Modeling Layers Infrastructure = UML N MOF

Trento, 20th February 2007
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Rapid Development (generating) of

e Local model analysis/transformation support

* |Inter-model consistency checking

e Traceabillity link management support

« Bidirectional model update propagation

« Model import / export (code generators, parser, ... )
 Tool wrappers for ,COTS" tools

www.es.tu-darmstadt.de

 New tools for domain-specific languages
* Integrated model version management

Real-Time System Group
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[
Text Representation Meta Analysis
Templates Grammar Model Results
o % ; ; 4
e, : Model A Model
. \ 4 Analyser 4 Constraints
Model Model Parser High-Level ; 5
ICl | Representation & Generator ADIL Clgeeis Model 4 Model Trans-
3 Transformer formations
% o /
17 D
£ Model < - GUI
%‘ Model Editor Specification
X Translator g
Q
% | .\\\.\\
Code Code Parser Low-Level e Model
Fragments & Generator ADL Objects 1 Translations

.-VA A
Representation Text Meta
Grammar Templates Model
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Code/Text GUI
Generator & Parser Def. Language
Def. Language (Concrete Syntax)
= Metamodel
g Def. Language
(7))
= (Abstract Syntax)
S
©
2
Q Constraint Transformation
% Def. Language Def. Language
(Static Semantics) (Dyn. Semantics)

i ( Model-to-Model
Translation

Def. Language
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 Pure* Model Transformation Tools
> AMMA / ATL (INRIA)
» ArcStyler (Interactive Objects Software GmbH)
> ...

e Pure” DSL Editor Generators
> Microsoft DSL
» MetaEdit+ (MetaCase)
> ...

 Integrated Approaches
» GME (Vanderbilt University)
» (OMG Standards)
» MOFLON / Fujaba (Uni. Darmstadt, Paderborn, Kassel,... )
> ...

www.es.tu-darmstadt.de
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Code Generator

Def. Language
Def. Language duad

(Concrete Syntax)

/ Metamodel \
Def. Language
k (Abstract Syntax) /

Constraint [ Transformation

res ) Gul }

Def. Language Def. Language
(Static Semantics) (Dyn. Semantics)

i ( Model-to-Model
Translation
\ATL Def. Language /

Trento, 20th February 2007 Real-Time System Group
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&

Code Generator Concrete Syntax
Def. Language Def. Language
Metamodel
Def. Language
(API) (API)
Analysis Report Transformation
Def. Language Def. Language

i ( (API)
M2M Translation

Def. Language

Trento, 20th February 2007 Real-Time System Group
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E]I-:
SimplePatternMode
e
MNamespaces
Mamespace
PR Namespace )

Ja

Attributes
m [ Attribute j

' String Type I
Accessors Access

Methods m (H_H_ul — j

~ | String ReturnType
String Signature

AccessKind Accessibility

www.es.tu-darmstadt.de

Mamespace

g
——{  Factory

ShThE

_Singleton

=L=}+

Real-Time System Group

Trento, 20th February 2007




» TECHNISCHE . . . o
"\ UNIVERSITAT Beispiel Editor Definition

<shape name="FactoryShape® geometry="Rectangle®x»
<dacoratore»
<shapaTaxt name=Name® positione"Center®/»
<axpandCollaps positione”InnerTopRight”/>
</decorators»

<fi11lColor color="DarkOrange”/>

<outlineColor color="DarkCrange®/»
</shape>

zghapeMap>
<class>DomainModel . SPL/Factory</clags>

<mclColl cot ionExproasions

<role»DomainModel . SPL/SimplePatternModel /PatternElementa</roles
</melCollectionExpression»

<shape>Designer.SPLDlagram/Shapes/FactoryShape</shapex
ctextMapes>
<textDecorator>Designer.SPLDiagram/Shapes/FactoryShape/Decoratora/Name«/textDecorators
<ralueExpression>
=valueProperty-DomainMcdel . SPL/Factory/Name«/valuePropertys

</valueExpressionx

</textMapa>

</shapeMap>»

www.es.tu-darmstadt.de

Trento, 20th February 2007
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Code Generator Concrete Syntax
Def. Language Def. Language
P _
= Metamodel
8 Def. Language
S
= 2%
©
2
¥ . (API)
% Analysis Report Transformation
Def. Language
- Def. Language

i ( (API)
M2M Translation

Def. Language

Trento, 20th February 2007 Real-Time System Group
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Meta-Edit+ DSL Definition

Aﬁﬁ}

Symbol  Edit  Align  View Help

| [ Obiect

BlyhalalTOoNMI %G+ |

Trento, 20th February 2007

< Eraject,.. st
w = |
%- Propertiez
E Local name Property name Data type I nique?? C | aSS
g *Clasz name Clazz name String F
= attribuite attribute String F
< ot
S P
5 Attribute
S =
(7))}
CD. Dezcription
offentliche Attribute werden durch get- und set-Methoden
abgehildet
1
Color: IE Filk Style: |
Active: Mone Gnd: 10@E10 | Zoom: 200%
fl mdifiy Symbaol Ik Help g
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Code GUI
Generator Def. Language
Def. Language (Concrete Syntax)
= Metamodel
E Def. Language
g (Abstract Syntax)
©
4
Q Constraint Transformation
% Def. Language Def. Language
(Static Semantics) (Dyn. Semantics)

i ( Model-to-Model %
Translation
k Def. Language GReAT /

Trento, 20th February 2007 Real-Time System Group
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MetaGME - [MewParadigmsheet - /Rook Folder/]
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X

Model to Text MOF View to

Transformation Diagram

RFP RFP
MOF 2.0
Metamodel
Def. Language

OCL 2.0 (QVT 1.0)
Constraint Transformation
Def. Language Def. Language

i ( QVT 1.0
M2M Translation

Def. Language

Trento, 20th February 2007 Real-Time System Group
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MDD / DSL Tools - Summary

T2,

~ -

OMG AMMA |MSDSL| GME Fujaba

Languages (INRIA) (Microsoft) | (Vanderbilt) (UPB, UKa)
Metamodel GME
Def. Lang. MOF KM3 + 5 0 UML 1.x
GUI Def. GME
Lang. ) ) + 5.0 )
Constraint ATL /
Def. Lang. OCL OCL i i i
Model Trafo
Def. Lang. QVT? ATL - GReAT SDM
M2M Trans. ATL /
Def. Lang. QVT AMWY2 - GReAT? TGG
Code Gen. .
Def. Lang. - TCS + - Velocity

1. QVT has been designed for model-to-model translation purposes
2. ATL and GReAT are unidirectional model translation languages

Trento, 20th February 2007
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.Fujaba Goes to the OMG*

OMG Fujaba
Languages (UPB, UKa)
Metamodel
Def. Lang. MOF UML 1.x
GUI Detf. 595
5 Lang. - £es
g
+2 Constraint
0
£ Def. Lang. OCL -
8 Model Trafo
>
% Def. Lang. ] 2L
% M2M Trans.
Def. Lang. QVT | > TGG
Code Gen. .
Def. Lang. i Velocity

Trento, 20th February 2007 Real-Time System Group



5, TECHNISCHE :
. _YMVESESE OMG Standard + Graph Transformation <

%Y DARMSTADT w

Velocity, XSLT
Codegenerierung

DiaMeta
Editorgenerierung

University BW Munich

S MOF 2.0
E Metamodel
< Def. Language
'c'; University of Techn. University of Techn. Darmstadt
Pl Dresden
O OCL 2.0 SDM
% Constraint [ Fujaba Graph

Def. Language Transformations

University of Kassel
University of Paderborn

TGG (QVT Subset)
M2M Translation
Def. Language

University of Paderborn

University of Techn. Darmstadt
Trento, 20th February 2007 Real-Time System Group
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Back to the Running Example
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High-Level Architecture
(Domain-Specific Language)

@ Consistency

Low-Level Architecture
(Unified Modeling Language)

Consistency

www.es.tu-darmstadt.de

Consistency

Implementation - PSM
(C-Code, ...)

Trento, 20th February 2007 Real-Time System Group
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Forward Transformation Scenario
EBNF / XSLT MOF Analysis J

Lang. Defs. Meta Model Results

é é Model | ocL
. v \ 4 Analyser Constraints
Model High-Level
Representation | | { SR RC ADL Objects

<)

=

S

(o

m l

3 Model g | _SDM Graph

5 Translator Transformation

5 A

Q i

% l .generates

I 5
Code Code Low-Level TGG (QVT-like
Fragments Jf‘[\Generator y ADL Objects Trar(lslations )
A A /

Velocity / XSLT MOF
Templates Meta Model
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Architecture

wprimitive

Sitring

Concept

usedConcept requiringConcept requires

name : String
= |requiredinterface : Interface [¥]
uzingBlock : Block [*] -

=

usingBlock | -

Block requiredintarface

containedBlock : Block [*]

Interface
cortainingBlock : Block [0..1] aaningBlack annedinterface :
ownedinterface : Interface [*] owvningBlock : Block
uzedConcept : Concept [ 5| 1 = |requiringConcept - Coneept [*] =

ilegallzage [ ) Concept =

g

containingBlock

containedBlock

contains

www.es.tu-darmstadt.de

ADL DSL Meta-Model

Trento, 20th February 2007
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Implementation Meta-Model

contains :
artifact Artifact

= | name : String -

parent l':'--“'

Directory

File

extension ;. String =

www.es.tu-darmstadt.de

contains association:
 .heavy-weight* association (implemented as relation)
e association owns association ends (and not class)
 association ends are not navigable (from classes)

Trento, 20th February 2007
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* Different sorts of associations
» pointers versus real associations
» navigability (for APl method selection)
» ownership of association ends (for DBMS schemata)

» Excellent support for model refinement

» class inheritance hierarchies
» refinement of associations (subset, redefines, ...)
» refinement of packages

www.es.tu-darmstadt.de

* Powerful modularization concepts

» hierarchies of packages
» import/export relationships
» merging of packages

Real-Time System Group

Trento, 20th February 2007
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From 90 MOF constraints are

48 (53%) 42 (47%)
correct erroneous
We added 86 constraints
50 (50%) 51 (50%)
additional modified

Reasons for 51 bug fixes are

www.es.tu-darmstadt.de

16 (29%)
erroneous

metamodel
reference

19 (34%)
erroneous
semantics

21 (37%)
Erroneous syntax

Trento, 20th February 2007
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Forward Transformation Scenario

MOF Analysis
Meta Model Results

5 Model OCL
v Analyse Constraints

High-Level
ADL Objects

SDM Graph
Query

www.es.tu-darmstadt.de

Low-Level
ADL Objects

MOF
Meta Model

Trento, 20th February 2007 Real-Time System Group
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Consistency rules for ADL
A block uses interfaces that are required interfaces
A block uses blocks that own required interfaces

o) aprimitives
IS String Concept ,
% Wges uzedCongept i requiningConcept requires
a <\ 2] NEME | String
) h
1% « |requiredinterface : Interface [7]
= usingBlock : Block [
LS
©
2
E usingBlock | »
w‘ ]
CD' Block ] wreqmredlnter‘f.ace
containedBlock : Elock
containedBlock - . y owns Interface
~ containingBlock : Block [0..1] awningBlock A ornedinterface ] ]
= |ownedinterface  Interface [Y] [ ‘-"‘-""Ww : Block
* |usedConcept : Concept [ = ? = |requiingConcept : Concept [*] -
ilegallzage [ ] Concept

| -

_ containingBlock
contains

Trento, 20th February 2007
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‘o X

-------------- Blockzillegalllsage ) Concept

!

uzsingBlack  wyges  usedConcept

concept :Concept

MH WK #E O

E

MH t

www.es.tu-darmstadt.de
b |

¥ [
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Forward Transformation Scenario

MOF
Meta Model

[
Analysis J
Results

-

\ 4

High-Level
ADL Objects

l

|

Model
Translator

l

Low-Level
ADL Objects

A

Model
Analyser

<

OCL
Constraints

SDM Graph
Query

Transformation

SDM Graph

Trento, 20th February 2007

MOF
Meta Model
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parentBlock :Block

directory | parentDir :Directory

containingBlock 4 ElockBlockRirectorytsdociation
1

hibckdirectory :BlockDirectory

*DirectoryBlockDipe Az

M EH ME S88E Q0

E

prtains

T

traceability

containedBlock

gl

block := (org.demo.architecture.Block) inputObject

&

)
©
+—
©

©

i)

n

&

| -

©
S

-
S

n

o

Y [

source model target model

Real-Time System Group
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Forward Transformation - Complete

performForwardTransformation(RefObject)

SubBlockDirectaony::perfarmForwardTransformation {nputObject: Refohject): Vaid

M EH ME S88E Q0

12

parentBlock :Block | biock

directory | parentDir :Directory

. - ) o
cantainingBlack ElockElockBirectoryAssocistion bDirEE‘tDrYBlDCWiHﬁDH parent

blockdirectory :BlockDirectory mareajEn
e ¥ contains

containedBlock artifact

Cbarate

gl

block := (org.demo.architecture.Block) inputObject directory :Directory

&

Y [

namme = blockgethlame =

& BlockBlockDirectory A zsocistion

‘ parent parent
wpreates ¥ DirectoryBlockDire &zzncistion

wirre@he wire@ten

craate ¥ cortaing ¥ containg

subblockdirectory : SubBlockDirectory

artifact artifact

craata R

Created target model extension |SeiDiectoty | | inchir:Directory.
. . name ="sre" name ="inc"
(plus new traceability link)

:

Trento, 20th February 2007
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 Needed model transformation rule sets:

» forward transformation

» backward transformation

» create traceability links only

» check traceability link consistency

» forward/backward attribute propagation
» remove traceability links

» forward/backward deletion propagation
> ...

« Generate all transformation rule sets from single
declarative bidirectional model integration rules

> QVT core/relational = Triple Graph Grammars (TGG)

www.es.tu-darmstadt.de

Real-Time System Group
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Forward Transformation Scenario

MOF
Meta Model

[
Analysis J
Results

-

\ 4

High-Level
ADL Objects

l

|

Model
Translator

l

Low-Level
ADL Objects

A

Model
Analyser

<

OCL
Constraints

SDM Graph
Query

| Transformation

SDM Graph

A

1
generates
1

Trento, 20th February 2007

MOF
Meta Model

TGG (QVT-like)
Translations
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__muuel g o B

= Declaration of

Traceability Relationships

x| [ ] . y | .p

°°°°°°°° (Mappings) with associated
D) Architesture| — 4 TSR mmmmmm oo FileSystem . . . .
S B bidirectional translation rules
S
S
m T~
£ |
-g 1] Ii | |>|L
=
%
Q
% WSO LG B} wtargets
Block BlockDirectory Directory
0.1 \\ / 0.1
0.4 ﬂl 0.1
SubBlockDirectory

Trento, 20th February 2007
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«Creates zCreates

£S0UrCEs «treates stargets

rootBlock :Block blockdirectory: BlockDirectory rootDirectory :Directory

name =n MAmMe =n

parent parent

ate o atew
¥ containg ¥ contains

artifact
sCreates arifact «s:ErTatE:s-

gtargets gtargets
srchir :Directorny inchir :Directory

hamme ="sr" o hatne ="inc"

www.es.tu-darmstadt.de

Architecture model

File system model

Trento, 20th February 2007
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£S0UrNCE: glargets
parentBlock :Block hlockdirectory ;BlockDirectory

parentDir :Directory

containingBlock parent

wizfedten
Ll ¥ cortains
Wi
containedBlock artifact

gireate grreates

&SOLUMCE: «treates stargets

block :Block subblockdirectory : SubBlockDirectory directory :Directory

name =n name =n

parent parent

wi eatew
¥ contains ¥ contains

zCreates arifact zrreates |atifact

Architecture model <targets “targets

srcDir :Directory incDir :Directory

www.es.tu-darmstadt.de

name ="src" narme ="inc"

Inherited rule pattern

Trento, 20th February 2007
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performForwardTransformation(RefObject)

SubBlockDirectaony::perfarmForwardTransformation {nputObject: Refohject): Vaid

parentBlock :Block | biock

directory | parentDir :Directory

. - ) o
cantainingBlack ElockElockBirectoryAssocistion bDirEE‘tDrYBlDCWiHﬁDH parent
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subblockdirectory : SubBlockDirectory
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srcDir :Directory incDir :Directory

name ="sr" = harne ="inc"

Real-Time System Group

Trento, 20th February 2007



TECHNISCHE

) UNIVERSITAT Summary of MOFLON MDD World

= DARMSTADT

[
Text EBNF / XML MOF Analysis
Templates Lang. Defs. Meta Model Results
i - %

[ I \‘\"\.
Code Code Parser | o Low-Level :
Fragments %{ & Generator ADL Objects ~|TCG (QVT-like)

Translations
.-VA A

e | Model \ oCL
. \ 4 Analyser 4 Constraints
Model Model Parser High-Level ; §

9 Representation & Generator ADL Objects Model 4 SDM Graph
+ Transformer Transformation
-% o J
17 ~
£ Model 4. | DiaMeta Ed.
%‘ Model Editor Specification
I Translator g
@
@

Representation| |Velocity / XSLT MOE
Grammar Templates Meta Model

Trento, 20th February 2007 Real-Time System Group



TECHNISCHE
g UNIVERSITAT

Conclusions

www.es.tu-darmstadt.de

Trento, 20th February 2007

Real-Time System Group




... and Back Again to MDD w

* Model-Driven Development (MDD) is a “hot topic” of the
Software Engineering Community

» with all the resulting pros and cons
> ...

« MDD combines established technology

» meta-modeling / meta-case tool technology
»compiler compiler technology
> ...

www.es.tu-darmstadt.de

e Currently available (commercial / academic) MDD tools

» support only subsets of all MDD activities

> lack precise definition (available for graph transformations)
> ...
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Velocity, XSLT DiaMeta
Codegenerierung Editorgenerierung
University BW Munich

S MOF 2.0

g Metamodel
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O OCL 2.0 SDM

% Constraint Fujaba Graph
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 System engineering tool integration

(ToolNet project with DaimlerChrysler et al.)

 model analysis / design guideline checking
(MATE project with DaimlerChrysler et al.)

« software analysis / reverse engineering

(based on experiences at Philips Medical Research)

www.es.tu-darmstadt.de

 visual DSL editor development

(ECLIPSE plug-ins in cooperation with UniBw)

Real-Time System Group
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 Metamodeling with MOF 2.0

» missing UML concepts (association classes)
> integration with UML profile definition

« Constraint Definition with OCL 2.0
» incremental (event-driven) constraint checking
» Integration with transactions & repair actions

e Local Model Transformations with SDM

» handling of composition hierarchies (still a problem!)
> Integrated formal definition of language mix

e Model To Model Transformations with TGGs

» merging TGGs with QVT Relational
> ...

e Integration with Editor Generator Framework DIAMETA

www.es.tu-darmstadt.de
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Questions?j

Version 1.0

(Queen)
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Download/Feedback: http://www.moflon.org/
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