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» MOFLON Website http://www.moflon.org
» The Eclipse-Version of the tool is called eMOFLON

= eMOFLON tutorial

=  http://www.moflon.org/fileadmin/download/moflon-ide/eclipse-plugin/
documents/release/eMoflonTutorial.pdf

» A Comparison of ATL and Story-Driven Modeling (Fujaba-style GRS)

= http://www.es.tu-darmstadt.de/fileadmin/download/publications/spatzina/
PP_AGTIVE_2011.pdf

» MOFLON Training
= http://moflon.org/documentation/links.html

» MOFLON Tutorial Mor :

= http://moflon.org/documentation/tutorial.html

meta-CASE tool

ersion 1.0 [Queen] Build 20061216 (hased on Fujaha 5.0.00



34.1.eMOFLON Introduction
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MOFLON is a Metamodelling Toolset (Meta-CASE tool) of TU Darmstadt, Fachgruppe
Real-Time Systems, Prof. Andy Schirr

= MOFLON uses OCL (logic) for the checking of wellformedness of all models
= MOFLON is an extension of Fujaba offering graph rewriting www.fujaba.de
= MOFLON supports Triple Graph Grammars (TGG, see ST-11)

eMOFLON supports the Technical Space of E(MOF)
= OCL20
= JMI14
= XMI2.1

eMOFLON relies on metamodel composition of MOF, OCL

eMOFLON relies on metamodel mappings between MOF, OCL, XML and Java

FUSABA
MeF

Meta-0bject Facility



http://www.fujaba.de/

Code Generation with JMI, transformative TS-Bridge for
(E)MOF and Java for the Language UML

4 Model-Driven Software Development in Technical Spaces (MOST)

» Java Metadata Interchange (JMI) is similar to XM, a TS bridge between (E)MoF and
Grammarware
> Only for UML available (language mapping)

TS MOF " TS Java
M3 MOF | —— | EBNF

M2 UML UML

Printer
M1 > Textuelle

UML Repréasenta-

Modelle tionen von UML
Parser RN
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(e)MOFLON Example 1: Metamodel for Statecharts:
Development Process
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1) Create metamodel
2) Generate Code (Generate repository with constraint-checker) with the JMI interfaces
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Example: 1.a) MOF Metamodel for Statecharts
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| L

areferenceaws
AbstractSiate
from AbstractStateCharts

wreferences
ResizeableNode

from Diagrams

I

EndHode

statechart ; StateChart =

andnodes ®

statechart 1

Isubsets states}
StateChanReferencesEndiodes

[subsets statechart}

StateChart

StartNode
statechart ; StateChart -
statHode 0.1
fzubs=ets states}
StateChartReferdncesStarttode

statechart
1
Isubszets statechar}

endnodes : Endilade [*]
innerstates ; Innerstate [¥)]
startMode : StartMode [0..1]

InnerState

statechart : StsteChart

innerStates =

{subzets states)

statechart StateChanReferencesinnerstate

wreferencean

ApstractStateChart
from AbstractStateCharts

1
[subszets statechar}



Example: 1.b) Code Generation from Statechart-Metamodel
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» Uses JMI interfaces for the repository (metamodel-driven repository)

= Codegenerator uses String template engine Velocity and XSLT-1.1 XML

transformation

Window Help

El =+ = [} o= i '.[':I i

» Generates code for all Methods modeled as Story-diagrams (from Fujaba)
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Example: 1.b) Codegeneration from Metamodel for
Statecharts
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Per (E)MOF Package

= Java Package -1 de.tud.st.statechart

m SCStateChartPackage.java
m SCSkateChartPackagelmpl.java

= |nterface

= |mplementation

Per Metaclass
m SCMode, java

m SCModeImpl. java
1J] SChodeClass.java

= |nterface
= |mplementation

= Proxy Interface
. m SCModeClassImpl. java
=  Proxy Implementation

Per Association
|I| SCDiagramConkainsEdges. java

= |nterface
ﬂ_] aCDiagramContainsEdgesImpl. java

* |Implementation



Example: 1.c) How to Use Statechart Models in the
Generated Repository
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» |nitialize root package

SCStateChartPackage root = new SCStateChartPackageImpl () ;

> Find Proxy of repository

root.getSCDiagramsPackage () .getSCNode() ;

» Generate nodes (model elements) via Proxy. All interfaces are typed by metaclasses

SCNode node = root.getSCDiagramsPackage () .getSCNode () .createSCNode() ;
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http://dresden-ocl.sourceforge.net/
http://dresden-ocl.sourceforge.net/10years.html

Metamodel Architecture of MOFLON

11 Model-Driven Software Development in Technical Spaces (MOST)

e

Transformation Story Driven Modeling (SDM mit Fujaba
Integration Triple Graph Grammars (TGG)

Constraints
OCL 2.0 (Dresden OCL)

Abstract Syntax
MOF 2.0
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MOFLON MetaCASE - Main Features
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» MOF2.0 editor (draw metamodels that comply to MOF2.0 standard)
- build Domain Specific Languages (DSLs)

= based on the CASE-tool framework Fujaba
= possibility to extend MOFLON by own plugins
> interoperabilty (import / export)
» transform metamodel instances with model transformations (SDM, TGG)
> generate code (JMI-compliant) from DSLs
> instantiate models of the DSL (= repositories)
> basic editing support for generated repositories




(OCL) Constraints in MOFLON -
MOF Editor

13 Model-Driven Software Development in Technical Spaces (MOST)

» MOF allows to add constraints to every MOF element

» MOFLON has an underlying MOF metamodel repository
- MOFLON MOF editor may add constraints to elements

¥ Edit MOF Constraint

General | Tags |

Mame Language Body

|attrNamesMustDiFFer| |':":|- ""|| inv:attrs->fordll (al,aZ:Attribute|al<>az
Visibility (%) invariant | implies al.nsme <> a2 .nsme)
() undefined O define |
]
ublic
®p y

() private /7

lar\Eigene Dateienidevelopme...del_classdiagramsimodel\ClassDiagrams_withCon... |:||

\

X Wl

Association wprimitives
String
sro: Clazz trg_assoss  nocneToTarget
trg : Clazz
name : String - 1.7 wprimitives
Bool
SIc_3ssocs 1.7
AssocToSource
e 1
/_\trg 1

Clazz
m .
childran
aﬁrsW]
parent: Clazz (0..1]  Pe—r

iz_persiztent : Boal

parent
clazz 1

ClassToAtrs

7’
p
. / . [ Cile, ][ Cancel
validate constraints proe—
I
é A -
‘ ‘ nttrgaute
. ¥ =ifi ¥ attrs
G () e &HE
) ——

ClassToClass



OCL) Constraints in MOFLON -
Generated Implementations

14 Model-Driven Software Development in Technical Spaces (MOST)

© Prof. U. ABmann

» MOFLON generates metamodel-based repositories (Java/JMI

» MOFLON uses Dresden OCL to add constraint code
to generated implementatior-

trg 1

= invariants (inv

Clazz
3

» derived attributes (derive

AttrToType

* helper variables/functio

attrs  Attribute [1..%]
parent ; Clazz [0..1]
iz_persistent: Bool =

children

Fy -3
1] ClazzImpl java 52
1) Clazzimpljava 52 =B 348 // gensrating constraint svaluation method attrNawesMustDiffer
243 public boolean i
613 BBt 50 /f Varishles
asz0 public Collections<Strings reffonstraincNemes!) { 251 final tudresden.ocl20. Lib uiooip a0alzop - L liu Tuinaip Tact Package());
21 Collact constrainth: = new java.util et<String> () ; . final tudresden 0clZ0. ") . getOc1BagType ()
522 353 final tudresden.oclZ0
623 _aadgn frarn);
624

625 retwrn constrainciames;

tudresden. ocl20.
tuddel20Typal,

o (fmmsdgn,m$ Dresden OCL_COde

i tudresden.oclzl. core. 1ib. OclBag tudlclz0Expl = tudresden.oclZ0. oo
i 22170 zore.lib.OcllIverator tud0clz0Iverd = tud0clZOExpd
- zore.lib.OclBooleankvaluatable tud0clZ0Evalo =
<<ca||s>> an.oclZ0.core.lib.OclBoolean svaluats{} {

refVerifyConstraint(String name):JmiException

final tudresden.ocl?0.core.lib.OclEoolesnEvalustable tudOelZD:

public tudresden.oclZ0.core.lib_ OclBoolean ewvaluate() {
final tudresden nr170 more 19k NelMadolMhiect fudnel r7 = tudresden. o
638 informlistener {new ConstraintEvent (thisz, CUAEIH‘:KVEHE.EVENYLOCL?IWARIM, "constraintNawe", true)); LollalMode
633 1} -
a e o <L QUETI@SSS
641 return null; :
L. , final tudresde =ud0c120Varz
oae final tudresden.ccl?0.core.lib.QclString tuddelZ0Ezp2 = tudresden.oclZ0)
a54g public Collection<javax.imi.reflect.Imilxception> refVerilfl £ud0cl20Var?. gecfesturs (cuddcl20Type?, "nans')l;
545 Collection<javax.jmi.reflect.JmiException> invalidConsg =.implementation.JniSetInpl<: final tudresdsn.oclZ0.core.lib. OclString tud0elZ0Exp3 = cudresden.ocl2l.
e sc << I Is>> £ud02120Varl. getFeaturs (£ud0clz0Types, "name"));
e for (String comstraincMame : reflomstraintNames()) | ca final tudresden.ocl20.cors.lib.OclBoolean tuddcl20Expd = tud0cl20Exp2.is
B8 Javax. jmi.reflectc.JniException constraintException mel; final tudresden.oclZ0.core.lib.0OclBoolean tud0clZO0Expf = tud0clZOExpl. im
&43
650 if (constraintException != mull) { return tudl0clZ0Exps;
651 invalidc add Exeeption) ¥
652 3 Vi

b 0clBoolean tuddclZ0Exps = (tudresden.oclz0.core.lib. O
cl20Ewall) ;

M| compliant method

refVerifyConstraints(boolean deepVerify):Collection

final tudresden.oclz0.core.lib.OclB £ud0clZ0Exp? = (tudresden.oclZ0.core.lib.OclBoolean) &

return tud0clz0Exp7.isTruel);

< b

Lib.0cl. to0clBagivudlclz0Var0. genFeaturs (cudiclz0Typel,

clReprasentationFor{

lattrs"i);

~

generated
Repository

c1:Clazz

Model A

lass
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W ClazzImpl java &3

&13
=yl
621
EZZ
S22
&2d
Ez5
EZE
EZ7
El=poas]
EZ3
&30
&31
532
533
[3cE
&35
=31
537
5328
533
&40
Ed1
Sz
543
i 5
&4 5
=1
547
548
&43
&50
&5l
=34
&53
&5d
&55
=31
&57
&52
&53
&50
10 R
=30
G532
S5d

public Collection<String> refConstraintMNames() {
Collection<3tring> constraintMNames = new java.util HashSet<String=i();

constraintNames. add("attrNane sMustDiffer") ;

return constraintMNames;

JMI compiliant
method

public javax.jmi.reflect. JniException refVWerifyConstraint (String constraintName)] |

if ("attrNamesMustDiffer". equals{constraintMName) ) |
if (lewvaluate attrMNamesMustDiffer()) {
String constraintBody = "unknown body"
constraintBody = "inwv:attrs->forilljal, af:bttribute|al<>af implies al_ name <> af_ name)";
informListener inew ConstraintEvent ithis, ConstraintEvent. EFENT OCL INTVARTANT, "constraintName", false));
return mew javax.jmi.reflect.ConstraintWicolationExceptioni
constraintBody, this, "constraint named '" + constraintMame + "' i=s wioclated in instance: " + this) ;

} elzse

informlistener (new ConstraintEvent (this, ConstraintEvent EVENT OCL INVARIANT, "constraintMame", true));

}

return null ;

public Collection<jawvax. jni.reflect.  JmiException> refWVerifyConstraints (boolean deepWerify)

Collection<javax. jni.reflect.  JmiException®> invalidConstraints = mew org.moflon.collections. inplementation. JTmifetInpl-<:
for (String constraintMName : refConstraintMNamesi()) |

Jawvax . jmi.reflect .  JmiException constraintException = refVerifyConstraint (constraintMName) ;

if (constraintException != null)

invalidConstraints. add{constraintException) ;

if (deepWVerify) |
}

if (inwalidConstraints.si=ze() = 0) {
return invalidConstraints;

1 else |
return null ;



W] ClazzImpl java &2

S generating constraint ewvaluation method attrNamesMustDiffer -
kLR etraluate attrNanesHusthifor (R

Ff Variables

final tudresden.oclZ0.core.lib. JwilclFactory tudlclZ0Factl = tudresden.oclZ0.core. lib. JwilclFactory. getlnstencelrefluternostPackage () ) ;

final tudresden.oclil. core.lib. OclCollectionType tud0cli0Typel = tudlclZ0Factl. getOclModelTypeFor("cd metamodel: tittribute") getOclBaglypel) 7

final tudresden.oclZ0_core.lib_ OclPrimitiveType tud0clZ0TypeZ = tudresden.oclZ0_ core.lib_ OclPrimitiwveType. getlolSEringt);

final tudresden.oclZ0.core.lib.0clModelType tud0cli0Typel = tudlcli0FactO. getOclModelTypeFor("cd metamodel::Clazz");

£ Invariant
final tudresden.oclZ0.core.lib. OclModelfibiject tudlclEZ0Ward = (tudresden.oclZ0.core.lib.OclModellbiject] twdlclZOFactl. getlclBepreasentationFor |
tudlclz0Typel, this);
final tudresden_ ocliZ0_core.lib.0clBag tudlclz0Expl = tudresden.oclz0.core. lib. 0cl. dodelBagitud0clZ0Var0. getFeature (tndlclz0Typel, "attrs"i);
final tudresden.oclZ0.core.lib.OclIterator twdlclZ0Iterd = tud0clZ0Expl.getIterator();
final tudresden.oclZ0.core.lib.OclBooleanEvaluatable tudlclz0Evall = mew tudresden.oclZ0.core. lik. OclEcoleanBEvaluatable() |
public tudresden.cclZ0_ core.lib. 0clEoolean evaluatel] |
final tudresden.cclZ0.core.lib. OclModelObject tudlclzOWarl = tudresden.oclZ0_core.lib_ 0cl. fodciModel Object (tud0clZ0Iter0. getValue () ) ;
final tudresden.coclZ0. core.lib. OclIterator twd0clZ0Iterl = tud0clZO0Expl. getIterator();
final tudresden.coclZ0.core.lib.OclBooleanEvaluatable tudlclz0Evall = new tudresden.oclZ0.core. lik. OclEocoleanBEvaluatable () |
public tudresden.oclZ0.core.lib.OclBoolean evaluatel) |
final tudresden.ccliZ0. core.lib. OclModelObject tudlclzOVarz = tudresden.oclZ0_core.lik_ Ocl
CtelolMadeltbject (tudlclz0lterl. getWalnuet) ) ;

£ : Check if WariableId is correct

final tudresden.oclZ0.core.lib.OclBoolean tud0clZ0Expl = tud0cliZ0VarZ. isNotEqualTo(tudOclz0Varl) ;

final tudresden.coclZ0. core.lib Oclitring tud0clZO0Expz = tudresden.oclZ0_ core.lib_ Ocl. folelSbring
tudfclZ0Vary  getFeature (tndlclz0Typel, "name"));

final tudresden.oclZ0.core.lib.Ocli8tring twud0clZ0Expd = tudresden. oclzZ0.core. lib. Ocl. folclStering

tndlclz0Varl. getFeature (tudlclZ0Types, "nawme")) ;
final tudresden.oclZ0.core.lib.OclBoolean tudOclZO0Expd = twd0cliZ0ExpZ. isNotEoqualToituddelZ0Expl) ; Generated
final tudresden.coclf0. core.lib_ OclBEoolean tud0clzO0ExphS = twd0clZ0Expl.implies {tudlclz0Expd) ; (::()(j(a

return tudlclZ0Expkh;

\ from
“ Dresden OCL

final tudresden.cocliZ0.core.lib.OclBoolean tuddclZ0Expé = (tudresden.oclZ0.core.lib.OclBoolean) tuddclZO0Exp0. fordll]
tudiclz0Iterl, tudlclzZzOEwall);

return tud0clZ0Expé;

b

final tudresden. oclZ0_core.lib. OclBoolean tud0clz0Exp? = (tudresden.oclzZ0.core.lib.0OclBoolean) tudOclZO0Exp0. fordll(tndlclz0Iterl, tudlclZ0Ewall);

return tudOclzZz0Exp?.isTruel) ;




Result of MOFLON Example 1 - Statechart Editor (STaX
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MOFLON - Architecture
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[E=main Specific Meta Models, Tool Representations
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N/

CASE Tools
(Rational Rose,
etc.)

MOFLON

Vi
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impo

XML Interchange

Visual MOF 2.0 Editor

Visual SDM Editor

Visual TGG Editor

(XMI, GXL) Fujaba
instantiate l instantiat(i/ instantiate l instantiate l instantiate l
refine
MOF 2.0 Constraints ’ Graph Transformation
«— _ <+«—1 TGGs
Metamodell f (OCL, Java) <« | Fujaba
refine repair
generate
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[E=main Specific Meta Models, Tool Representations
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XML Interchange
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l transform
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Velocity Transformation
Fujaba
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[E=main Specific Meta Models, Tool Representations = }
XML Interchange Visual SDM Edito
CASE Tools nerchang Visual MOF 2.0 Editor ot ror Visual TGG Editor
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etc.)
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Model Transformation, 2
: transform transform transform
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Java Representation
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(XMI) Interfaces Interfaces Instances Notification Checking Transformation
&
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MOFLON is Bootstrapped
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» TU Darmstadt bootstraps the MOFLON MOF Metamodel periodically
= Since 2013, ported to EMOF (eMOFLON)

=  Bootstrap has important advantages:
= |f more OCL constraints are added to the (€)MOF metamodel

= Regenerate MOFLON MOF implementation

= Activate the extended constraint checking in MOFLON (model verification,
model consistency checking, model wellformedness)



Model-Driven Software Development
at Real-Time Systems Lab (Prof. Schirr)
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6. Model-Based &
Product Line Testing

4. P2P Systems & 5. Model-Driven
Global SW Eng. Security Engineering

Application Areas:
Automotive SW
Automation SW

3. Domain-Specific Eng.

2. Modeling Language &
Languages & Methods

Tool Integration

1. Meta-Models & Model
Transformations (OMG)

@ © Prof. U. ABmann



Related Approaches
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approaches based on classic meta-CASE text based
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Some slides are courtesy Florian Heidenreich and Felix Klar
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