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ECLIPSE MODELING FRAMEWORK

Metamodeling and Domain Specific Modeling



What does EMF provide?

= EMF = Eclipse Modeling Framework

o Reflective Metamodeling Core
(Ecore = MOF 2.0)

o Support for Domain Specific Languages

o Editing Support
(Notification, Undo, Commands)

o Basic Editor Support
o XMI Serialization, DB Persistence
o Eclipse Integration
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EMF model structure

= Containment hierarchy

ResourceSet

EObject Root object
(typically single)

EObject Objects with
attributes

Containment
reference

Resource (typically file)

EObject EObject

EObject
Cross-reference
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ECORE METAMODELLING

Metamodeling and Domain Specific Modeling



Core Ecore constructs

eSuperTypes 0.”

EClass

EDataType

name[1]: EString

eDataTy'peT 1

EAttribute

ﬂ"'k

name[1]: EString

—
eAttributes

name[1]: EString
lowerBound: int=0
upperBound int = 1

ﬂ"'k

EReference

>

1 eReferenceType

eReferences

name[1]: EString
containment[1]: boolean = false
lowerBound[0..1]: int=0
upperBound[0..1]: int = 1

0..1
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Core Ecore constructs

Class with arbitrary num. of
superclasses
associations ELELI L

attributes name[1]: EString
eDataTy'peT 1

EAttribute Typed

eSuperTypes 0. . .
0..* lﬂamegli EdStrlrég ; Attribute
EClass owerBound: int =
> = C e
. upperBound int = 1
name[1]: EString eAttributes PP

0. EReference

ht
eReferences|name[1]: EString

containment[1]: boolean = false | 0..1
1 eReferenceType lowerBound[0..1]: int =0
upperBound[0..1]: int = 1

eOpposite

Unidirectional (binary) relation (Association)
* typed
optional inverse end
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Complete Ecore hiearchy

EObject
EModelElement
EFactory ENMNamedElement EAnnotation
EPackage EClassifier EEnumLiteral E TypedElement
EClass EDataType EStructuraiFeature ECperation EParameter
% | |
EEnum EAttribute EReference
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Complete Ecore hiearchy

Aside:
Abstract EClass deep_instantiates(2) EObject
Class EObject = every EClass instance implicitly subtypes EObject
= every instance of every instance of EClass
4\'\‘ implicitly instantiates EObject
EModelElement
)
| |
EFactory ENMNamedElement EAnnotation MEthOdS CO““ECtEd
[P‘ to the EClasses
EPackage EClassifier EEnumLiteral E TypedElement
A A\
EClass EDataType EStructuraiFeature EOC perati:::-n EParameter
EMF-based % | |
EEnum EAttribute EReference Pa rameter for

Enums

the Eoperation
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DEFINING A DSM
... |HE EMF WAY

Metamodeling and Domain Specific Modeling



The Classical EMF/Ecore Waterfall

Design domain metamodel
(Questionnaire.ecore)

Specify derived features & constraints
(OCL, Epsilon, Viatra Query, Java)

Generate tooling

(Questionnaire.genmodel)

Edit instance models
(Form1.questionnaire)

Validate instance models

Metamodeling and Domain Specific Modeling




The EMF Toolkit

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
(ecore)
Java Emitter Generator

Templates

1 ! 1

a o a
EMF.model EMF.edit EMF.editor
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The EMF Toolkit

Metamodel of the Domain /

Modeling language

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
(ecore)
Java Emitter Generator

Templates

1 ! 1

a o a
EMF.model EMF.edit EMF.editor
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The EMF Toolkit

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
(ecore)
Mapping of the Ecore model
to the impl platform
Java Emitter
Templates Generator
| ! |

EMF.model

EMF.edit

a
EMF.editor
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The EMF Toolkit

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
(ecore)
Java Emitter
Templates Generator
Code templates for
1 generating implementation
. 4

a o a
EMF.model EMF.edit EMF.editor
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The EMF Toolkit

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
(ecore)

Java Emitter

Templates Generator
Code generation is carried out y = 1 =
SERECILEE EMF.edit EMF.editor

* the generator model
 code templates
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The EMF Toolkit

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
Core model manipulation
and persistence impl.
(Java library)
Generator

! 1

a o a
EMF.model EMF.edit EMF.editor
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The EMF Toolkit

Platform
Independent +_121_F’_°_r£__ Generator
Model Model
(ecore)

* Displaying EMF objects
e Command based model manipulation
(with undo/redo support)

Java Emitter
Templates

— 1

EMF.model EMF.edit EMF.editor
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The EMF Toolkit

Platform

Model
(ecore)

Java Emitter

Independent | Import

Generator
Model

Templates

Generator

Automatically generated

tree view editor

1

Y

EMF.model

EMF.edit

a
EMF.editor
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Creation of Ecore metamodels

Java
Interfaces

Platform
Independent
Model
(ecore)
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Creation of Ecore metamodels

UML class diagram
 Rational Software Architect e

e EclipseUML (Omondo) ln'l
* Borland Together Architect

Java
Interfaces

Platform
Independent
Model
(ecore)
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Creation of Ecore metamodels

An XML schema is the
metamodel of an XML
document

Java
Interfaces

Platform
Independent
Model
(ecore)
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Creation of Ecore metamodels

Simple programming language
for defining Ecore models

Java
Interfaces

Platform
Independent
Model
(ecore)
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Creation of Ecore metamodels

Direct Ecore defining
* Ecore tree editor
 Ecore Tools diagram

Java
Interfaces

Platform
Independent
Model
(ecore)
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Creation of Ecore metamodels

Specially annotated
Java interfaces,
defines the

metamodel

Java
Interfaces

Platform
Independent

Model
(ecore)
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THE PETRI NET EXAMPLE

Metamodeling and Domain Specific Modeling



Domain Metamodel: Petri Nets

(3 PetriNet

{2} Transition

- oUtgoingArcs

- fromTransition 1

1
- toTransit
- Incaming
+
() TPArc

1

- places

+
() Place

o token : Elnt

- toPlace 1 & - fromPlace
1
+*
+  OUtgoingArcs
- INcoming&.
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(3 PTAKC

(2} PAHement

o name : EString

(=) Place

o token : Elnt

(=) Transition

(2 Arc

o weight | Elnt

() TPArC

{2 PTArc




EMF model Ecore representation

#] Pefritets. ecore 52

= ] platform: fresource/hu.bme. mitvelocityexample/model PetriNets ecare
= B PefriMets

= H Place -> PMElement
T token : Elnt
o outgoingarcs @ PTArC
o3 Incomingarcs | TPARC
= H PMElement
5 name : EStTing
= H PTarc -= Arc
5* fromPlace : Place
5 tioTransition @ Transition
=B arc
T weight : EInt
= Transition -> PMNElement
G outgoingarcs | TRArc
= Incomingarcs @ PTARC
= H TP&rc -= Arc
5* fromTransition : Transition
5* toPlace : Place
=g PetriMet
& fransitions ;. Transition
&2 places : Place
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EMF model Ecore representation

#] Pefritets. ecore 52

= #] platform:fresource/hu.bme. mit. valocityexample T resource
EPackage = # PetriNets
= pefrinet
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= H Place -> PHElement
T token : Elnt

&% outgoingarcs ¢ PTArMC Typ eo f ERe fe rence
=2 incomingaArcs @ TRArC

= H PMElement

5 name : EStTing
= H PTarc -= Arc

5* fromPlace : Place

5 tioTransition @ Transition
=B arc

T weight : EInt :
= H Transition -> PMNElerment Type of EAttribute
&2 outgoingarcs . TRArC

= Incomingarcs @ PTARC

= H TP&rc -= Arc
5* fromTransition : Transition
5* toPlace : Place

= B Rt . Root element
= fransitions : Transdtion

&2 places : Place

Reference to all

model elements

Path of containing



Class Definition in PetriNet.ecore

<eClassifiers xsi:type="ecore:EClass" name="Place"
eSuperTypes="#//petrinet/PNElement">

<eStructuralFeatures xsi:type="ecore:EAttribute" name="token" lowerBound="1"
eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecorett//EInt" />

<eStructuralFeatures xsi:type="ecore:EReference" name="outgoingArcs"
upperBound="-1"
eType="#//petrinet/PTArc" containment="true"
eOpposite="#//petrinet/PTArc/fromPlace"/>

<eStructuralFeatures xsi:type="ecore:EReference" name="incomingArcs"
upperBound="-1"
eType="#//petrinet/TPArc" eOpposite="#//petrinet/TPArc/toPlace"/>

</eClassifiers>
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Class Definition in PetriNet.ecore

<eClassifiers xsi:type="ecore:EClass" name="Place"
eSuperTypes="#//petrinet/PNElement">

<eStructuralFeatures xsi:type="ecore:EAttribute" name="token" lowerBound="1"

eType="ecore:EDataType http://www.eclipse.org/emf/2002/Ecore# o

<eStructuralFeatures xsi:type="ecore:EReference" name="outgoingArcs"
upperBound="-1"
eType="#//petrinet/PTArc" containm
eOpposite="#//petrinet/H

nt="true" Reference

Multiplicity Containment

<eStructuralFeature De="ecore:EReference" name=
upperBound="-1"

eType="#//petrinet/TPArc" eOpposite="#//petriret/TPArc/toPlace"/>
</eClassifiers>

"incomingArcs"

Opposite End
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CODE GENERATION FROM ECORE

Metamodeling and Domain Specific Modeling



Generator model (.genmodel)

" Goal:
o Specify the attributes of the code generation

= EMF model

o Tree Editor
o Refers to the Ecore model

= Code generation attributes

o Java version (e.g., use Enums in case of Java 5 and
higher)

o Package/project names

O ...
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Code Generation from Ecore (.genmodel)

= Ecore model remains pure and independent
= Customizable (wrappers, code formatters, etc.)

= Generated plugins:
o Model persistency (EMF.model)
o Model management (EMF.edit)
o Model editor (EMF.editor)

= Has some limitations
o What happens when the underlying .ecore changes?
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enerator model

= B Petritets
= # PetriMets
= # Petrinet

=

=

=

[3A Froblems

Froperty
= all

H Place -> PMElement
T token : Elnt
& oubgoingarcs | PTArC
&= Incomingarcs : TPArc
H PHElement
$ name : EString
H PTarc - arc
H arc
T weight @ EInt
H Transition -> PNElement
H TParc -= Arc
H PetriMet

@ Jlavador | [ Declaration | = Properties 52

Bundle Manifest
Carmpliance Level
Copyright Fields
Copyright Text
Language

rodel Name
MNor-MLS Markers
Rurtime Cormpatibility
Runtime Jar

Funtime “ersion

= Edit

Color Providers
Creation Commands
Creation Icons

Edit Directory

Edit Plug-in Class

Edit Flug-in IDr

Edit Plug-in ‘arishles
Fort Providers
Cptimized Has Children
Provider Root Extends Class
Table Providers

= Editar

Creation Sub-mens
Editor Directory
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El consale| € Error Log

"= PetriMets
" false

" false

" false
=25

% false

R frue

MR true

'= fhubrme. mit.welocityexample. edit/src

'= PetriMets pefrinet. provider Petr iNetsEDitP lugir
'= hu.bme. mit.velocityexample.edit

& false
'= fhubrne. mit velocityexample. editor fsrc

HE O |

1 TE 2



Generator model

- # Petrinet

- B Place -= PHElement

T token : Elnt

& oubgoingarcs | PTArC

& INCOmINGArcs
H PHElement

$ name : EString
H PTarc - arc
- H arc

T weight @ EInt
H Transition -> PNElement
H TParc -= Arc
H PetriMet

+

+

5

5|

[£! Problems | @ Javadoc |[E: Declaration | = Properties 52

Froperty

= All
Bundle Manifest
Carmpliance Level
Copyright Fields
Copyright Text
Language
Model Mame
Mon-hLS Markers
Rurtime Cormpatibility
Runtime Jar
Runtime “ersiorn

- Edit
Color Providers
Creation Com
Creation Icons
Edit Directory
Edit Plug-in Class
Edit Flug-in IDr
Edit Plug-in /ar iz
Faont Provider:
Cptimized Has Children
Provider Root Extends Class
Table Providers

- Editor
Creation Sub-mens
Editor Directory
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El consale| € Error Log

Edit specific attributes

referred Ecore elements

General parameters

)
m
)
=
T
=

" false
" false
" false

Editor specific attributes

HE O |

1 TE 2



Generated EMF components

EMF.editor .
<+ 3. Tree Editor

< 2. Model Manipulation

EME.model < 1. Model Persistency
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Generated EMF components

EMF.editor

EMF.edit

EMF.model
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EMF.model

= Optimized persistency handling

= Fully featured Java code of the Ecore model
= Specific factories for all packages

= Notification mechanism (observer pattern)

= Possible extension points:
o Advanced editor
o Own file format with parser
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EClass implementation

<interface> R BasicNotifierImpl Notification/Observer
Notifier
. - Layer
<interface> - ;
ol | ------ BasicEObjectImpl
EObject J P Common
A A Implementation
EObjectImpl

Generalize the already
defined framework

A

<interface>
Place

PlaceImpl

element
Business

Budapesti Miiszaki és Gazdasagtudomanyi Egyetem

Méréstechnika és Informacios Rendszerek Tanszék



Auto-Generated Interface

* fmodel

* dgenerated

*/

public interface Place extends FHNElement
lllllw* L o

* fmodel reguired="trus" EMF SpeCIfIC
* o ”
ﬂ@ge“m““‘ ,annotations

int getTokeni):

. Getters/Setters
| + esee #gerToken() for attributes

% dgenerated

L

void setToken(int wvalue):

s No setter when multiplicity > 1
* fmodel opposite="fromwPlace™ containment="trus (use add/remove instead)

* dgenerated
wf
EList«<PTirc> getOutgoinghres() :

2T EList: EMF list interface
¥ fmodel opposite="taPlace™ - g
(~¥10 implementations

* @generated
wf
EList«<TFPArc> getlIncominglrcs() :

v /7 Place
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EObject API

«Java Classs

(3 PlaceImpl
. @ TOKEM_EDEFALLT ;int = 0;
<interface> o token : int = TOKEN_EDEFAULT;
Place < PlaceImpl ()
< e5taticClass [ )

. . . @ getToken [ ) int
getIncomlngArcs(). EIISt @ setToken ( newToken @ int ) void
getOutgoingArcs(): Elist ------ DU ()

.l @ getlncomingarcs
getTOKen()- int ) @ elrversesdd ({ featurelD @ int )
setToken(vaIue:lnt) @ elnverseRemove ({ featurelD : int )

@ eGet [ featurelD : int, resolve : boolean, coreType : boolean ) @ Ohject
@ eSet [ featurelD : int, newYalue : Object ) @ void

@ elnzet [ featurelD : int ) void

@ elsSet ( featurelD int ) boolean

= Every class contains framework-specific methods:

o Reflective get/set (eGet, eSet)

o Consistent manipulation (elnverseRemove)

o Notifications for feature changes (very useful e.g. in GUI!)
" Inherited from common supertype EObject

o see deep instantiation earlier
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EOperation Implementation

public class XImpl extends EObjectImpl implements X {

Jf:"'.!‘.".".'
* @generated NOT
f;.fllr
void () {
// Provide the implementation

b
b

= Represents the frame of a Java method
"= Present in both the interface and implementing class

= |mportant:
o Have to change the generated annotation to NOT
* ...s0 that next code generation phase does not overwrite it
o Have to implement the method manually
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Client Programming with EMF

Place p1 = PetrinetFactory.eINSTANCE.createPlace();

pl.setName("pl");
Place p2 = PetrinetFactory.eINSTANCE.createPlace(); Create a
p2.setName("p2"); place

Transition t1 = PetrinetFactory.eINSTANCE.createTransition();

tl.setName("t1");
, , , , _ transition
// Inverse direction (p1.outgoingArcs) is set automatically
PTArc a0 = PetrinetFactory.eINSTANCE.createPTArc();
a0.setFromPlace(p1);
a0.setToTransition(t1); PT arc

TPArc al = PetrinetFactory.@MISTANCE.createTPArC
al.setToPlace(p2);
al.setFromTransition(t1);

Set source
of PT arc

Set target
of PT arc

Advanced client programming: Reflective Ecore API
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The org.eclipse.emf.ecore.util Package

= Contains utility classes and interfaces:

o ECoreEContentAdapter: maintains itself as a notification adapter
for a whole containment (sub)tree

o UsageCrossReferencer: finds each ModelElement pointing to
the corresponding EObject

o ContentTreelterator: An iterator over the tree contents of a
collection of EObjects

o Copier: deep copy of EObject Elements and EReferences
o Etc.

= (This is not generated but a generic component)
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Generated EMF components

EMF.editor

EMF.edit

EMF.model
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EMF.Edit

= Separates the GUI and the model

= (Generator pattern:
o Provider class for each model element
o Base class: ItemProvider
o Forward EMF model change notifications to the viewer

= Provides:
o Element text

o lcon
o Description of features in EClass
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EMF.Edit

EMF.editor EMF.edit

EMF.model

HENIES
EMF.model
notifications

Command —

Adapter

= Converts model notifications to GUI notifications

= Model manipulation through commands
o Possible alternative to direct setters
o Undoable, redoable
o IltemProvider.createAddCommand(...) etc.
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Generated EMF components

EMF.editor

EMF.edit

EMF.model
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EMF.Editor

EMF.edit E‘ org.eclipse.core.ru ntimeﬁ‘

org .eclipse.emi.ecnre.xmluk"_ EMF.editor “ BN ﬂrg.eclipse.cure.resuur{:esﬁ‘

- ]
- "\

V v

org.eclipse.emf.edit.ui E‘ org.eclipse.ui.ide E‘

= EMF.Editor generates the SWT/JFace for the graphical
editor
= (Generates:
o Tree editor
o Wizards
o Menus
o plugins
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The editor of Petri Net models

<?xml version="1.0" encoding="UTF-8"?>

<PetriNets.petrinet:PetriNet xmi:version="2.0"
xmlins:xmi="http://www.omg.org/XMI"
Y — ?fmlns:PetriNgts.petrine_t= )
http:///PetriNets/petrinet.ecore">

<transitions name="t1" incomingArcs=
"//@places.0/@outgoingArcs.0">

FD Resource Set

- @ platform;: fresourcePHExample/myfModel, pekrinet

=4 PetriMet
=I- 4 Transition t1 <outgoingArcs weight="2"
& TP Arcz toPlace="//@places.1"/>
iR Nm </transitions>
4 Place p2 <places name="p1" token="1">

<outgoingArcs weight="1"
toTransition="//@transitions.0"/>

Selection | Parent | Lisk | TNee | Table | Tree with Columns

</places>
Tasks T Properties 3 <places napa€="p2" incomingArcs=
Froperty
Incoming Arcs
Marne
Taken

Reference: URI

Place p1 (or XML.id)

Tree View XMI 2.0 View
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TOOLS, API AND UTILITIES

Metamodeling and Domain Specific Modeling



Basic EMF tools

= Validation
o Validate constraints over EMF models

= Query
o High-level query language for EMF
o See also: Viatra Query ©

= Compare
o To structurally compare EMF models (e.g., versioning)

= Teneo
o Persistency layer over relation databases

= SDO

o Service Oriented Architecture based on EMF

= CDO

o distributed, client-server EMF models
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Ecore Tools: Ecore Diagram Editor

= Graphical DSL to define EMF metamodels
o Based on GMF

%:'| Defaulthlame E::é']

¢ 5F Palette

[GEas-

# Library

(=~ Objects
fi# EPackage
[ Eclass
B EDataType
2 EEnum

i EAnnotation

H Writer

author

books

H Book

o name @ EString

writers

<<enumeration=>

o title : EString
o pages : Elnt

o category : BookCategory

## EOperation ¥ BookCategory H Library
o EAttribute = Biography = name : EString
) = Mystery
= EE Literal
rHmHtEra — ScienceFiction
&= Details Entry
[= Connections 40
=+ EReference
"1: Inheritance

== EAnnotation link

Metamodeling and Domain Specific Modeling

type filter text
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