www.es.tu-darmstadt.de

TECHNISCHE T
| UNIVERSITAT :
DARMSTADT

From Model-Driven Development to
Graph Transformations and Back Again

A. Schirr
Real-Time Systems Lab
TU Darmstadt

andy. schuerr@es.tu-darmstadt.de

SegraVis Advanced Summer School
8th — 11th September 2006
Leicester, UK

SEGRAVIS-Leicester, 2006-09-09 Fachgebiet Echtzeitsysteme

www.es.tu-darmstadt.de

TECHNISCHE a:

, UNIVERSITAT X
DARMSTADT

OR: - M . F
m f wj 3 M"ta'ohlef: Facility

FUSABA
Too! Sulte

OR:

»Smuggling” (Fujaba's) Graph Transformations
into the World of OMG Standards

SEGRAVIS-Leicester, 2006-09-09 Fachgebiet Echtzeitsysteme




TECHNISCHE a:

| UNIVERSITAT ..,
DARMSTADT

A. Schirr
Real-Time Systems Lab
TU Darmstadt

andy. schuerr@es.tu-darmstadt.de

T MeF
. iy | Meta-0bject Facility
MOF\

— LON FUSABA

www.es.tu-darmstadt.de

Fool Suite
SEGRAVIS-Leicester, 2006-09-09 Fachgebiet Echtzeitsysteme
TECHNISCHE . . =4
| UNIVERSITAT Outline of Presentation -
DARMSTADT

» 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

* 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

* ... and Back Again
» Status quo and future of MOFLON
> Status quo of MDA/MDD/DSL/Meta-Case/... tools in general
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OMG often recommends:
DSL, = DSL, = DSL; = UML

describe describe
Computational Independent Model <

Requirements
.......... DSL1 Metamodel massssssmsnnan
CIM

. describe
Transformation o

Transformation

Code

(] describe e

he]

2 Platform Independent Model oo DSL, Metamodel h
° PIM H
2 describe  :
g Transformation describe

° Platform Specific Model L locecozomo DSL, Metamodel
2 PSM

»

e

3

s

s

* CIM = Computer Independent Model
* PIM = Platform Independent Model

» PSM = Platform Specific Model

* MOF = Meta Object Facility (NOT Microsoft Ops. Framework ) System

» UML = Unified Modeling Language
» DSL = Domain-Specific Language
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describe

UML Metamodel

describe

Superstructure

()
B .., ‘
S describe / Metamodel
g Py EMOF - Infrastructure}
T
-;_, des<‘:“r|be _/PIM Model PSM
§ System
(Meta-)Modeling Levels Infrastructure = UML N MOF
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Real Model-Driven Development Scenario E’:g
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Rapid Development (generating) of

* Tool wrappers for ,COTS" tools

* New tools for domain-specific languages

* Local model analysis/transformation support

* Inter-model consistency checking / change propagation
+ Traceability link management support

» Bidirectional model update propagation

» Data import / export (code generators, parser, ... )

* Integrated model version management

www.es.tu-darmstadt.de
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Text Representation Meta Analysis
Templates Grammar Model Results
- : 7y
; |
Seel f i Model N\ Model
“AY v Analyser Constraints
Model Model Parser (PIM) Meta
e Representation ; & Generator Objects Model ] Model Trans-
= A Transformer formations
o}
®
£ ; v Model GUI
(*l | Text<->Model |’ Model Editor Specification
° L
5 Translations | Translator -
@ | yY oo,
9 ] e
3 .
Code S Code Parser (PSM) Meta Tos Model
Fragments & Generator Objects 1 Translations
Representation Text Meta
Grammar Templates Model
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Sy Standard Meta-Case Tool (DSL) Scenario
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Meta W
Model Results
A
|
i Model Model
v Analyser Constraints
Model Model Parser Meta
% Representation & Generator Objects Model Model Trans-
5 Transformer formations
©
17
€ Code Code Model GUI
-8 Fragments Generator Editor Specification
2 7y
f/s '
Q
§ Text
Templates Meta-Case Tools usually generate

Domain-Specific Model Editors
(+ Analyzer + ... in some cases)
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Code/Text GUI
Generator & Parser <,::> Def. Language

"\ UNIVERSITAT Elements of a Complete Meta-DSL X

Def. Language (Concrete Syntax)

Metamodel
Def. Language
(Abstract Syntax)

Constraint [ Transformation

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

= =),
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Model-to-Model

Translation
Def. Language

s TECHNISCHE

Elements of OMG’s MDA World E?Eia

Model-to-Text
Transformation

RFP

No GUI

Definition
Language

MOF 2.0

Metamodel
Def. Language

OCL 2.0

Constraint
Def. Language

(QVT 1.0)
Transformation

Def. Language

QVT 1.0
M2M Translation

www.es.tu-darmstadt.de

Def. Language
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Code Generator <,‘:> Concrete Syntax
Def. Language Def. Language

Metamodel
Def. Language

_ (API)
Analysis Report Transformatlon
Def. Language Def. Language

= =),
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"\ UNIVERSITAT The Meta-Case Tool World of MetaEdit+ glxla
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(API)
M2M Translation
Def. Language

, TECHNISCHE x:

Elements of Fujaba’s Modeling World : E

Template-Based
Code Generator
Def. Language

GUI

Def. Language

UML 1.x like

Metamodel
Def. Language

SDM
Transformation

Def. Language

TGG
M2M Translation

Constraint
Def. Language
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Def. Language
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OMG | AMMA Arc- GME i
Languages | (INRIA) | Styler | (Vanderbit) Fujaba

Metamodel UML GME
Def. Lang. | MOF | KM3 1 pgiie | 50 UML 1.

© GUI Def. GME

g Lang. B - - 5.0 -

| constrant ATL /

@ onstrain

£ OCL OCL - -

g Def. Lang. OCL

E Model Trafo

| Dot Lang. | QVT ATL ? GReAT SDM

2

g M2M Trans. ATL /

# |Der Lang. QT AMW2 AIM? | GReAT? TGG
Code Gen. Cart- .
Def. Lang. - TCS ridges - Velocity

1: QVT has been designed for model-to-model translation purposes
2: ATL, AIM, and GReAT are unidirectional model translation languages
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* MOF 2.0 as metamodeling language
» standard-complaint metamodeling approach
» new modularization / model refinement concepts
* OCL 2.0 as constraint definition language
> well-known textual model property definition language
» Dresden OCL Compiler (planned add-on: incr. evaluation)
* SDM = graph transformations + UML activity diagrams
» UML-inspired visual model transformation language
» multi-paradigmatic (rule-based, imperative) approach
* (V)TGGs = MOF-compliant triple graph grammars
> bidirectional, declarative model translation approach
» planned add-on: declarative view-definition approach

» JMI-compliant Java code generators (Sun Standard)
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XSLTVelocity Dl ARl
Visual Editor
Code Generators
Generator

3 MOF 2.0

8 Metamodel

g Def. Language

g

=

3 OCL 2.0 SDM

S Constraint Transformation

= Def. Language Def. Language

jice

M2M Translation

Def. Language
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From 90 analyzed constraints of the specification
42 (47%)
are erroneous

48 (53%)
are correct

-8 With further 86 constraints 101 improvements were made, whereas
8
0 50 (50%) - - 51 (50%)
_:gs are additional are corrections
=
8 From the 51 corrections of the specification
§ 16 (29%) 19 (34%)
are due to a wrong are due to
metamodel reference wrong semantics
21 (37%)

are due to wrong syntax
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Typical MOFLON Applications @

* system engineering tool integration
(ToolNet project with DaimlerChrysler et al.)
* model analysis / design guideline checking
(Matlab Simulink/Stateflow with DaimlerChrysler et al.)
+ software analysis / reverse engineering
(based on experiences at Philips Medical Research)
* visual DSL editor development
(ECLIPSE plug-ins in cooperation with UniBw)

www.es.tu-darmstadt.de
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Meta Models ¢A
N/ N

Import
[]

CASE [ xmi
Tools ‘ ’
-

— vV
woere [on

Code Genfﬁ!rms
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Extra Features
Event Notification
Constraint checking & repair

C OU 491510

XML persistency
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2 I-. 1 Dietst Cruies Comtred Laver Position
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Enterprise Architect:
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:FormalModule
name="Cruise Control”

| Formal module °| =10l x|
File Edit ¥ew Inser—gm—g am
[HE&®| & me ¥ x =
[standard v = [alevels =] | 3 £7

[ Cruise: Control

1 UseCase :FormalObject

1.1 Detect Cruise Control Lever Position

L1 Aktributs heading="UseCase"

1.1.1.1 Summary
- This use case describes how ko computs changes at the TTTs TomT
1.1.1.2 Desaription
- The cruise control lsver which is actuated by the driver has three bt 4 Y1111 Sonmery
1.1.1.3 Precondtion
~Ignition have ko be activated.
- 1.1.1,4 Posteondition :Formajobiect
heading="Detect ...”
7 | The kruise control lever wi

The diver is able to choose another cruise contral function,
contrd] the aotivily of speehrrommror

~1.1.1.5 Category
OH: prkssing this button activates cruise control.

Ll A== R |
Al lay | 27 |

ol Lever Position

5 use case describes h

& |11\l 2 Description

high priority
-1.1.2 Includes
1.1.3 Extends

www.es.tu-darmstadt.de

- 1.1.4 Actors Off: by ressing this button the cruise controlis switthed off in any driving and ¢
~1.1.4.1 Driver RESUME; pressing this bulion when cruise contzolid deactivated, reactivates cru
1.2 Contral Speed memotize§ speed.

-+1.2.1 Attribuks

1.2.1.1 Summary § [1113 Prsckadition :FormalObject

-~ This use case describss the autamated cruiss control of the car, giv

1.2.1.2 Description - 9 |ignition havelto he activat heading=“AttribUteS"

| | _’I_I l
\

Username: demouser
:FormalObject
heading="“Control...”

[Exclusive edit mode
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Metamodel for DOORS

ujaba Toul § 5 - MOFLON
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o o H Fomatiaject 4 - arent DE.\” .11 * subChiect . DoorsChiedt [
: o= B morn L onject 0., '
] || superbaodule : NorLinkMooe
o o B unk > st Sing N
S & H unkmodule Hx "
7] o B MadidElimien = XN ]
= o [ Module [ 2 |prent
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@© o= B Prajes Fl =
9 o [ Tetiblect [
= o [ userdetinedaninue
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Q rmsionlects . eardnng . Strirng o
; lervel . ribesger =~ v O .
s e - 01 |l Lo 3 oy |tormaonject : FormakObject [1 =
2 o b nasModule -+ 1 | Jremter: Siring ratatinas subObjacty  [defines supertadute)
& b nasOnjects shatTead : String
o o
e
& b pmowsTargetModule al I .
- b= inkzSourceObject
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4> Rational Rose - ea_metamodel2.mdl -
Fle Edit

View Format Browse Report

[Class Diagram: ea_metamodel / Main_Hierarchy]
Query Tools Addns Window Help

=gl
=181

DEd 2B l8 vO|

DEB B« &a0E

{3 dataTypes

D_Diagram_|mherit.
E_Element_Hierarc
E_Element_Inheiit:
E_File_Inheritance
E_Seenario_lnhert
E_Transition_lInher
8] M_Method_Hisare ;
[B] M_Method_Inheiite B
8] M_Parameter_Inhe o
[8) Mair_Hieraichy

8] P_Package_Inheii 4
[E) Peckage_Depencey| | 4

[ 8 m
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YT | [
S, Assosiations
=7 Logical View W
=3 ea_metamoel A
(7 abstractHieracky =

Sle = 3 [ st

EARepository

@Usemame : Sting
@P assword : String

@CannedtionString : Stiing

+repository §0..1
EA4_rpository_inodels
O.n

+models

EAA_packages_psckage

@Fhase : Sting

0.1
EAA_di k
|_dizgrairs_pachage +pamagz-—‘ [ paage EAA_tomnectors_package
0.1 i o.n
— spacage, o *oonnectors |
o 4 pochegs stnents L
i +connastors EACannactor
Ghirection : String
o @Sublype : String
P ATt @Leaf: Boolean
@Root: Baolean
o F - EAElamant ' Spen - Baolean
+diagrams @SubType : Stiing suppl|er @Virtualinheritance : String
aMutiplicity - String A4 S e Connectars_sumalier | 5T ransitionEvent : Sting
EADiagram EAA_eleneats_diagaws | gHesderd : Sting Transit on : String
o 0n | @Headei2 : String +suppli @TransitionGuard : String
+element @Abstract | Stiing

@ClassifieName : String EAA_clientCanmnepiol Blient
@ClassifieType : Sting

GFropertyType : Integer elient

+oligntConnectors

EAA rethod elewent

H[4[4[»[¥\Log/
i |

For Help, press F1
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PEGIT] e atargetn

0 .
FormalModule 1 EAPackage

wtargets

EAConnector

®SOUTEED

FormalObject
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atargets

EAElement
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Object Graph Object Graph 2

FO_ERule

n:String «S0UMCEs «targets
fm :Formaliodule fm_p:F_D [ — | p:EAPackage | package
(@ formaltadule » package -
& Tol fm
o tormalObjest
* eofeates 0107
2, «SOUrces dargets
) ] fo1 :FormalOhject ep d-EADiagram
U:EADiagram
B heading=="UseCase"
ko] x diagra
S parent ce
7] %3 & ol f02 xoreafhs L
= P elements (e
e
© ot e o
® «SOUMEs scrasle s
=] T H
= fo2:FormalOhject |— | @ || e:EAHement
0 — "
) heading =n ~ Type ="UseCase
S Marme =n =
parent
& 2fo3
childrdff [* 15"
reat
«SOUrCEs

To3 :FormalObject

heading ="Includes"
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* Integration rules are declarative

» Standard SDM rules are generated:
» check consistency
» create traceability links
» forward transformation
» backward transformation
» forward attribute propagation
> backward attribute propagation
» remove traceability links
» forward deletion propagation
» backward deletion propagation
> ...

Example: Generate use case diagrams from requirements

www.es.tu-darmstadt.de
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Forward Transformation Scenario & a

EBNF / XSLT MOF
Lang. Defs. Meta Model

- + )
(PIM) Meta
Model Parser]—b Objects

4

Model | SDM Graph
Translator Transformations|
A

;generates
A 4 H
Code Code (PSM) Meta (V)TGG
Fragments \Generator Objects Translations

Velocity / XLST MOF
Templates Meta Model

Model
Representation

www.es.tu-darmstadt.de
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performForwardTransformation(RefObject) 5
BEEES FO_E:performFarwardTransformation (source0bject Refohject): Yoid
- ?
=
formatmatl
B fm FormalMadule EormEiModii i e
& farmalbodul -
ermaltioduls LEAL cliagra J:ackagem@ge
2] + hasFamalObjects
(]
tarmal Object
2
g fo1 :FormalObject _elemerts
ﬁ Hmiy heading=="UseCase"
= +
= _ parent =
'? & hasOhie
=] x v st
‘;s Gl oat e:EAElement
(0] h=s fo2:= (metamodeldoors.FormalObject) sourceOhject M fo2 e:FO E M Tyne ="UseCase"
3 5= L . ! ! Name =faZheading
< parent
4 hagOhjects
2 y
. children
e
To3 :FormalOhject
heading=="Includes"
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* JMI-compliant Java code
» in-memory repository
> type-safe interfaces
> reflective/generic interfaces
» XML persistency

« operational transformation rules - method bodies

» MDR-compatible interfaces and event mechanism
(MDR = Sun’s Meta Data Repository)

www.es.tu-darmstadt.de

* Under Development:
»code for constraint checking (from OCL constraints)
»code for constraint repairs (from transformations)

SEGRAVIS-Leicester, 2006-09-09 Fachgebiet Echtzeitsysteme
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Example: Developed Tool Integration @

Generic CASE Tool Integrator Framework (ToolNet)
(with Rule Application Strategy)

Source Model Integration Model Target Model

()

he]

3

g Reusable Generated Reusable
s DOORS / JMI Integration EA/ JMI

2 Adapter Rules Adapter

8

s

s

2

Proprietary Model <>

) /—\
D Proprietary Model Q

Traceability Link
Repository @ ENTERPRISEI
(RDBMS)

Telelogic
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Tool Adapter Generation Strategies E’?I §

Realization
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Batch Realization

Typed JMI Typed JMI Refl./Generic JMI
Interface Interface Interface
Generated Generated Generated
JMI / JMI Adapter Model Repository JMI/ IMI Adapter
g l Refl./Generic JMI l
il [Refl/Generic JMI Interface Typed JMI
]
z Interface ¢ Interface
rg Manual JMI / Tool Manual Ex-/Import Manual JMI / Tool
E Adapter Impl. Tool Impl. Adapter Impl.
g !
§ COTS Tool API COTS Tool API COTS Tool API
COTS Tool Impl. COTS Tool Impl. COTS Tool Impl.
Extensible Adapter Export / Import Hard-Wired Adapter

Realization

Fachgebiet Echtzeitsysteme
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Summary of MOFLON MDD World

Templates

EBNF / XSLT
Lang. Defs.

MOF
Meta Model

Analysis
Results

A

v

x:

Model
Representation

[
Model N\
Analyser

OCL
Constraints

Model Parser (PIM) Meta
4 & Generator Objects Model || sDM Graph
' A Transformer Transformations|
: v Model || DiaGen Ed.
Text<->Model |' Specification

Translations |

Model Editor
\ Translator -
E A
Code | < Code Parser (PSM) Meta
Fragments Merator Objects : Tr(a\r/1)s-ll—a(%‘i§ns
K ! J
Representation| |Velocity / XLST

MOF
Grammar Templates Meta Model

www.es.tu-darmstadt.de
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Open Problems & Ongoing Work E?Eia

» 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
* Local Model Transformations with SDM
» handling of composition hierarchies (still a problem!)
» integrated formal definition of language mix
* Model To Model Transformations with TGGs
> handling of complex attribute evaluations (still a problem!)
> ...

* Integration with Editor Generator Framework DiaGen

www.es.tu-darmstadt.de
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* Model-Driven Development (MDD) is a “hot topic” of the
Software Engineering Community
» with all the resulting pros and cons ...

* MDD combines established techniques of last millenium
» meta-modeling / meta-case tool technology
> stepwise refinement of specifications / models
» compiler compiler technology
> ...
* OMG’s MDA and other institution’s Meta-Case Tools for
Domain-Specific Languages (DSLs) are variations of MDD

* Currently available (commercial / academic) MDD tools
» support only subsets of all MDD activities
» lacks formal definition (available for graph transformations)
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