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Agenda

Introduction: languages and their aspects, modeling vs.
programming, meta-modeling and the 4 layer model

Eclipse/Plug-ins: eclipse, plug-in model and plug-in description,
features, p2-repositories, RCPs

Structure: Ecore, genmodel, working with generated code,
constraints with Java and OCL, XML/XMI|

Notation: Customizing the tree-editor, textural with XText,
graphical with GEF and GMF

Semantics: interpreters with Java, code-generation with Java and
XTend, model-transformations with Java and ATL

Tools: persisting large models, model versioning and
comparison, model evolution and co-adaption, modular
languages with XBase, Meta Programming System (MPS)
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Language Aspects

notation Structure semantics




Meta-Languages

Instance representation
(program, model, description)

@ editor/

= parser

o)

)

w .

L repository/

S constraint checker
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C °

= compiler/
simulator/
intepreter

Instance semantics
(running software, results)



Meta-Languages

Instance representation
(program, model, description)

@ editor/ <

parser

| meta tools <::|notation

. meta tools <::Istructure

repository/ ﬁ
constraint checker

language tools

compiler/
simulator/ <

intepreter

—

Instance semantics
(running software, results)

| meta tools <::|semantics

—— > human input
——— > generated output



Concrete Meta-Languages

textual DSL programm/model

Java code

xText <: xText grammar
EMF <}: Ecore meta-model
xTend <}: xTend program

—— > human input
——— > generated output




Eclipse Modeling Framework

structure

notation EMF semantics
S K
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Meta-Modeling



Meta-Modeling Definition

> There is a wide range of possible definitions...

B 3 meta-model defines a set of models

B 3 meta-model is a structural model that defines a set of
structures

B what a structure is depends on the meta-modeling formalism
(i.e. the meta-meta-model): graphs, trees, terms, algebras, etc.



Examples for Meta-Modeling Formalisms

> Object oriented meta-modeling (e.g. based on MOF)
» Chompsky hierarchy of grammars/languages
» Formal automata

> XML

» Relational databases
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Structure Modeling

» Entities

B Classifier, Classes, Datatypes

B Objects, Values

» Relations

B Association (incl. aggregation, composition)
B Generalization / Specialization
B Declaration / Implementation (Realization)

B Classification / Instantiation

11



Structure Modeling

«datatype»
tax id number

Owner

«interface»
Id
< L 2 Pet
taxid:tax id number
4 % A
/ \
/ \
/ \
\
/ \
/ \
II \
/
/ \
Implant Collar Dog Cat
A N
| \
| \
| \
| \
1«instanceof» \
| ‘\ «instanceof»
! \
| ‘\
fido's \
collar:Collar \
< & fido:Dog
taxid =5
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Association

> between two entities on the same level of abstraction
> aggregation and composition as special kinds of association

» many properties

B navigation
Pet > Owner

B multiplicities

B class
B visibility

> can be seen as aggregation of one or two classifier features,
called association ends or references
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Generalization / Specialization

» Relates two entities of the same kind
on different levels of abstraction but
on the same meta-layer

Pet

. A
» only reasonable for classifiers
> Classifiers can be defined
extrinsically or intrinsically.
Dog Cat

> Specialization means less elements,

stricter rules.

14



Declaration / Implementation (Realization)

» Relates two entities of the different kind on different levels
of abstraction but on the same meta-layer

» Only important in the context of behavior/semantic
modeling
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Classification / Instantiation

» Relates two entities of different kind on different levels of
abstraction and on different meta-layer.

> Typical entity kind pairs are: class/object, datatype/value,
feature/property, etc.

> Class and datatype are also generalized under the term
classifier.

» defines meta-layers

> the essential meta-modeling relation

> extends to comprising features
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Instantiation: Class / Object

» most important instance of instantiation in meta-modeling

> A class constitutes an intrinsic definition for a set of objects

B name, package

B defines structural features (a.k.a contained attributes and
corresponding association ends)

B inherits structural features

> An object instantiates a class (or classes) and its (their)
structural features.

> Objects have id semantics: two objects with the same
structure (same attribute values and same liked objects) can
still be two distinct objects.
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Instantiation: Datatype / Value

> Datatype defines a set of values. The type of definition
depends on meta-language, platform, etc. Also known as
abstract type definition.

» Values have value semantics: two values that look the same
are the same.
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Instantiation: Attribute, Reference/ Property, Link

» Instantiation extends to class features.

» A structural feature defines

B name
B type (usually a classifier)
B multiplicity, visibility

> A structural feature is instantiated through sets
(multiplicity!) of properties and links (i.e. value sets)
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Instantiation: Attribute, Reference/ Property, Link

Id
< & Dog
taxid:tax id number
A A
» Instantiation extends to clas: i |
| «instanceof | «instanceof»
» A structural feature defines | i
fido's i
B name collar:Collar '
< L fido:Dog
. taxid =5
B type (usually a classifier)

B multiplicity, visibility

> A structural feature is instantiated through sets
(multiplicity!) of properties and links (i.e. value sets)

19



Multi-Level Meta-Modeling

> Colin Atkinson, Thomas Kiihne: The Essence of Multi-Level
Meta-Modeling, UML 2001 (later MODELSs)
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Two Layer Object Oriented Structure Modeling

«datatype»
tax id number

«interface»
Id
< < Pet Owner
taxid:tax id number
4 % A
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Ve

Meta-Modeling — M4 Model

e.g. Types, DataTypes,
Containers

e.g. definition of element
"Class™, "Property", ...

e.g. definition of element
"Creator”

Universal Metadata
Modeling Meta-Meta Model
Languages
instax;.cc-o:’
M2 |
Schema Metadata
Definition Meta-Model
Languages
instance-of
Ml Metadata
Metadata Model
Schemes
insta:icc-ot‘
MO :
Metadata Metadata
Instances

e.g. Creator=Leonarde DaVinc:

Object Management Group (OMG): Meta Object Facility (MOF)
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http://www.omg.org/mof/
http://www.omg.org/mof/

Meta-Modeling — M4 Model

Ppownay sopoey) LoBawe)
M3 Layer == o @
< . meta-metamodel «-oTuT ,....q:r
& - e | b N .
TO — l Buzensg
5{ UML ML I Custom I ' M2 Layer ""-2.3 — %_ Alag /
: metamodel Proﬁle metam .. metamodel - - mﬁ%
z 19O OuUTsY seaqu3l wey
x | | . - | ) WO UMoN0n B) gty - ”
- ' M1 Layel’ 10 AUOBUDS93 Og) UMY e gy g
UML models l 2L HEET | model S =] "<
custom metamodel | F— F——
<
l MO Layer % l A/
The Real World | rea'ity - =
—

Object Management Group (OMG): Meta Object Facility (MOF)
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Ambiguous Instantiation — “Dog” DSL

meta-
meta-model (M3

)

meta-model (M2)

model (M)

real things (Mo)
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Ambiguous Instantiation — “Dog” DSL

Fido:Dog

«represents» | weight = 20

?

|
| «abstra
|

i

ction»

meta-
meta-model (M3)

meta-model (M2)

model (M)

real things (Mo)
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Ambiguous Instantiation — “Dog” DSL

meta-
meta-model

Dog
meta-model (M2)
weight:Int
li\ A
[
[
[
[
[
| |
| Fido:Dog
|
ido (20 ko) = = = = — — |
Fido (20 ke) «representsT weight = 20 model (M1)

?

«abstraction»

ﬁ) real things (Mo)
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Ambiguous Instantiation — “Dog” DSL

Class * Feature
meta-
* name (MB)
e type meta-model
4-\ A
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Ambiguous Instantiation — “Dog” DSL

Object
! \
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Ambiguous Instantiation — “Dog” DSL

Object

*>— ValueSet
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Ambiguous Instantiation — “Dog” DSL
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-------

Replication of Concepts — “Dog” UML Model

ValueSet

ERREEEEEEEES value : [Any]

v

Feature

name
type

(M3) MOF

(M2) UML

(M1) UML model

(Mo) real things
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Replication of Concepts — “Dog”

ValueSet

_________________
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Replication of Concepts — “Dog” UML Model
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Replication of Concepts — “Dog” UML Model

ValueSet

_________________
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Another Example — “Dog”Java Programm

-------

T ValueSet

_________________

value : [Any]

W : . A

Feature

name
type

(M3) ?

(M2) Java Spec.
htint ----f---------—---

i)

[
Fido:Dog
[—

W= 20— = o m oo mf o m e (M1) Java Prog.

3 .
) "
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Another Example — “Dog”Java Programm

-------

T ValueSet

_________________

value : [Any]

W ' v
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name
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|
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Another Example — “Dog”Java Programm

_________________

ValueSet

value : [Any]

/ A

Feature

type

name

(M3) ?

(M2) Java Spec.

(M1) Java Prog.

real things /

(Mo) VM

25

Dog:JClass
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weight = 20

«abstraction»



Another Example — “Dog”Java Programm

_________________

ValueSet

value : [Any]

/ A
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type
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(M3) ?

(M2) Java Spec.
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real things /

(Mo) jum
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Another Example — “Dog”Java Programm

ValueSet

value : [Any]

Feature

/ A

name
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Shallow and Deep Instantiation

» What we used so far is Shallow Instantiation -> Instantiation
reached only into the layer below!

> Deep Instantiation is a class of instantiation mechanisms
that allow define instantiation of several layers to overcome
ambiguous instantiation and replication of concepts.

B Potency

B Single and Dual Fields
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Deep Instantiation with Potency® and Single/Dual Fields

Feature

name1 ="JClass"

name

type
value

A

MemberVar

\4

\4

name1 = "MemberVar"

\4

27
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A
|
weight
0 _n H n
name- = "weight
typeo = int
value1
isSta’[ic0 = false
A
|
|
|
20
value0 =20




Deep Instantiation with Potency® and Single/Dual Fields

Feature
Class
5 &> > name2
name type
A value
: A
| 1
E MemberVar
JClass name1 = "MemberVar"
L 2 > 1
type
name1 ="JClass" ypl o
value
isSta’[ic1
A
|
weight
0 _n H n
name- = "weight
> typeo = int
value1
isSta’[ic0 = false
A
|
|
|
\ Y . Y g
“Wo s Fido 20
) [’ >
gespeichert? value? = 20
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Deep Instantiation with Power Types

» Inheritance of
object
characteristics
instead of
Instantiation

Class Feature
name ¢ =1 name
/T\ type
| A
| |
| !
| !
|
| ValueSet:Feature
Object:Class (o
T value : [Any]
Dog:Class weight:Feature
=" " type = int
name = "Dog ame = "weight!
A A
i :
| !
|
' 20:weight
Fido:Dog > >
value = 20
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Deep Instantiation with Power Types

» Inheritance of
object
characteristics
instead of
Instantiation

Class Feature
name ¢ =1 name
/T\ type
| A
I |
I : -
|
| ValueSet:Feature
Object:Class (o
value : [Any]
Dog:Class weight:Feature
=" " type = int
name = "Dog ame = "weight!
A A
i :
| !
|
' 20:weight
Fido:Dog |e >
value = 20
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» Model elements are
both Objects and
Types (Classes) [1]

> Clabject is an
illustration of this
duality [2]

Clabject
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1. Jim Odell: Power Types, Journal of Object-Oriented Programming, 1994
2. Colin Atkinson, Thomas Kuhne: Meta-Modeling Distributed Environments, Enterprise Distributed Computing, 1997
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Examples for Meta-Modeling Formalisms

O0O-Meta-
Modeling XML
Schema-
M3 MOF Schema

M2 UML Schema
M1 Model XML

Mo Things Data

30

Rel. DBs. Grammars Automata

Rel. Alg. Math Math
E.-R.-M. Grammar Automata

DB Program  Word

Data Thing Things



Summary

» Multi- vs. Dual-Level Modeling
» Ambiguous Instantiation and Replication of Concepts

» Deep-Instantiation
> Clabject

» Multi-Level Meta-Modeling Formalisms
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Meta Object Facility 1.x

» Hajime Horiuchi: A Tutorial on Metamodel Standardization,
Metadata Down Under, 2008
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What is MOF (1.x)

» The Meta-Object Facility (MOF) is the OMG's adopted
technology for defining metadata and representing it as
CORBA objects using UML.

» The MOF 1.3 specification was finalized in September 1999
(OMG document ad/99-09-05).

» The MOF 1.4 specification was submitted to ISO/IEC/)TCy
SC32 by PAS process in 2004 . It has been approved by PAS
DIS ballot last December in 2004. (ISO/IEC DIS 19502).

» A MOF metamodel defines the abstract syntax of the
metadata in the MOF representation of a model.

» The MOF model itself describes the abstract syntax for
representing

33



MOF in M4

/ MOF Model

M3 layer

meta-meta-model

M2 layer
UML IDL e
Meta-model Meta-model meta-models
M1 layer
N
i o models
UML Models IDL Interfaces

MO layer
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The MOF Model

» The MOF Model is based on the concepts of object
relationship modeling.

> The three kinds of building blocks for a meta-information
model are

B Objects (described by MOF Classes),
B Links that connect objects (described by MOF Associations),
B Data values (described by CORBA IDL types).

> Instances of these constructs are organized as MOF
Packages. CORBA(IDL)
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Core portion of MOF

i By
+dependent | ordered
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Tame : String
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.. resolvegualif iedRame ()
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nameIsvalid ()
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Generalizable Element
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findElement sRy TypeExtended ()
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Figure 7.2 - The Key Abstractions of the MOF hggel



Feature in MOF

Mode! Elewent

JAN

Narespace Feature Tpped Element
scope @ SoopeKind
visibility
VisibilityKind
/\
| |
Behavioral Feature Sructural Feature
I IEiplicity
taltiplicityTyps
A isChangeable
Boolean
/\
Operation Exception
T 1s0uery
Boolean :
e T Attnbute Reference
+operation| O.* O isDerived -
F % ordered e
CamRaise

Figure 75 - Feature Classes of the MOF Model

37



TypedElement

Generalizable Tpped
Element +ippedBement Elernent
AN (A
+iype Is Of Iype
Classifiey v Sy
/)
JAN
Class Association Dda Type

1s51ngleton: Booleany

Lslerlived: Boolaan

Figure 7.3 - MOF Model Classifiers

38




Dara Type

Figure 7.4 - MOF Data Type Elements

+ippe +iy ped Blement
Classifiey | Typed Element
# R Is OFf Ippe fd
A A
Dada Type structure Field
JAN
Primitive structure Enumeration Type Alias Collection Type
Type Type ISbels : ordered ==t Type maltiplicity .
| : . 1tin] 03 |

Sharing and advancing knowledge and experience about standards, technologies and implementations.
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Association

AMoaqel Ziement

JAN

Naraespace Feamre Iyped Mlerent
eneyalizadie
Blement ALucmm! Association End
A Feature 1sNavigable : Boolean
. A aggregation : AggregationKind
Liassifiey maltiplicity : tultiplicityType
A isChangeable : Boolean
ot herkEnd ()
~7 1 ~ L
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1sherived . Rejérsf'o
Boo lean
+referent
+reterrvrey | 0. .% fEbrposes

Figure 7.6 - MOF Model Elements for Associations
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MOF, CORBA, XM|

» MOF

B |s a generic framework for describing and representing meta-
information in an CORBA-based environment.

B Defines an IDL mapping which allows models expressed using
MOF Model constructs to be translated into interfaces CORBA-

based meta-information services.

» CORBA(IDL)
B Generate IDLs from metamodel written by MOF
B |DLs are interfaces for the repository to store metamodels.

B Generate IDLs from UML metamodel

> XM| (XML metamodel Interchange)
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Meta Object Facility 2.0

» Hajime Horiuchi: A Tutorial on Metamodel Standardization,
Metadata Down Under, 2008
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MOF/UML 2.0 — Don’t call it “Wine”
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So Many Cores

Infrastructure

Core
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Major changes in the UML at UML 2.0

» Metamodeling Facilities in MOF and UML were Integrated
as the Infrastructure Library (MOF model still exist)

» Composite Structure

» UML Profile Mechanism

> Little changes in the diagrams
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Before UML2.0 m

Metamodel

MOF model

Meta Model

Modeling

UML
Metamodel

Domain .
Modeling

Sharing and advancing knowledge and experience about standards, technologies and implementations. 53




UML 2.0

Overall Structure

Infrastructure Specification

Use to describe

Superstructure Specification

Use as parts _

-
-

-
-

L~

»
-

-
-
-

Infrastructure

Library

Abstract Syntax

Expression

Structure
Behavior
Supplement

/,’
k’

OCL Spec.

A A
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Meta level concept in UML2.0 & MOF2.0

> Multiple levels still used
» No rigid structure to the Four Layer

> The meta layer could be extended to any level more than
two, relatively

» However, Type and Instance should be within two levels
(Level-pair)

» The deep instantiation could be available with the Reflection
capability of MOF
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Composition Structure

R S
D
[S::D]
A | c &
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B [QA@S:A] =
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A
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The Core of Cores:

UML 2.0 Infrastructure

Infrastructure Library

Core

PrimitiveTypes

A 3
l" \
. ‘\
l' !
r '\‘
l‘.
Abstractions 5\
l\.
] .
ﬁ.\ \\
' \\ \
|
5 Basic
'
| > 4
.: =
| or
Constructs
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Infrastructure Library — Contents

InfrastructureLibrary

7 PrimitiveTypes
_+""| (Integer, String, Boolean...)
«import» el A \\\«import»
/// E «import» \\\
// | \\
Abstractions Basic
(Grab-bag of fine-grain (Simple forms of basic OO (_30_nstructs
. . , (Sophisticated forms of
OO modeling modeling concepts: Class, 00 modeling concepts)
primitives/mix-ins) Operation, Package, etc.) J P
A
|
. «importy
|
Profiles

(Extensibility mechanisms)
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MOF2.01in UML2.0

» MOF 2.0 use UML Infrastructure Library

» Define a metalanguage kernel that can define (bootstrap)
UML and also be reused to define other OMG MDA
metamodels (e.g., MOF, CWM, ODM)

» Provide more powerful mechanisms to customize UML

> Allow users to define language dialects for platforms (e.g.,
J2EE, .NET) and domains (e.g., ebusiness, finance, etc.)
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Infrastructure Library — Usage

InfrastructureLibrary

—
1 PrimitiveTypesL\ L

«import» 7 \
’ M «import»

I\
- 2 N e 0 Y

Basic |/ ‘. | Constructs

D>
>

«merge» «merge»

MOF Ly \

«merge»

EMOF <---- CMOF
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Difference of EMOF & CMOF

UML2.0

Infrastructure:: /
Infrastructure

Library:: core

Rich constructs for
— 00 modeling

e.g.

association,

Package,
Ehies ChOF SemanticOomain

EMOF ' <cwmmge—  CMOF

<1<;n 2> / \ <<n%e>> "\ N
Common i <<me/ge>> \ ) i
Identifiers :<m¥rge>><\<>-e e
/ <<me?e>> \ K
\ X

| \

/T\ | w \.H I’ | | > I
| Estendon CtOF Extendon CMOFReflection
. Reflection |
l
| |
l\ | The CMOF package reuses L\

R ey s o the abstract syntax deined in

Te—gmpors T the IntastructureLibrary for
UML, MOF .




EMOF (Essential MOF)

» Essential MOF is the subset of MOF that closely
corresponds to the facilities found in OOPLs and XML.

» The value of Essential MOF is that it provides a
straightforward framework for mapping MOF models to
implementations such as JMI and XMI for simple
metamodels.

> A primary goal of EMOF is to allow simple metamodels to
be defined using simple concepts

» reuse the UML2 Infrastructure.

» The EMOF Model imports two packages from MOF.

B |dentity
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CMOF: Complete MOF Model

» The CMOF Model is the metamodel used to specify other
metamodels such as UML2.

» It is built from the Core of UML 2.

» The Model package does not define any classes of its own.
Rather, it imports packages that together define basic
modeling capabilities.
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