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Introduction

What to expect from this lecture?

= Motivating example: a simple UML Activity diagram
= Activity, Transition, InitiaINode, FinalNode

ad Course workflow/

<
<

Gﬁ[ Attend lecture ]%[Study contentH Write ew

= Question: Is this UML Activity diagram valid?

= Answer: Check the UML metamodel!
= Prefix ,meta“: an operation is applied to itself
= Further examples: meta-discussion, meta-learning, ...

= Aim of this lecture: Understand what is meant by the term
,metamodel” and how metamodels are defined.
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Introduction

Anatomy of formal languages 1/2

= Languages have divergent goals and fields of application,
but still have a common definition framework

Formal languages

Semantics ° O Wi af 5
1.1 language elements
Language elements,
i.e., grammar 1 *
O o
> Abstract Syntax
1.7 Notation of
language elements
1.*

Concrete Syntaxe
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Introduction

Anatomy of formal languages 2/2

= Main components

= Abstract syntax: Language concepts and how these concepts can be
combined (~ grammar)

= [t does neither define the notation nor the meaning of the concepts

= Concrete syntax: Notation to illustrate the language concepts intuitively
= Textual, graphical or a mixture of both

= Semantics: Meaning of the language concepts
= How language concepts are actually interpreted

= Additional components
= Extension of the language by new language concepts
= Domain or technology specific extensions, e.g., see UML Profiles
= Mapping to other languages, domains

= Examples: UML2Java, UML2SetTheory, PetriNet2BPEL, ...
= May act as translational semantic definition
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Excursus: Meta-languages in the Past

Or: Metamodeling — Old Wine in new Bottles?

- Formal languages have a long tradition in computer science

= First attempts: Transition from machine code instructions to
high-level programming languages (Algol60)

- Major successes
= Programming languages such as Java, C++, C#, ...
= Declarative languages such as XML Schema, DTD, RDF, OWL, ...

= Excursus

= How are programming languages and XML-based languages
defined?

= What can thereof be learned for defining modeling languages?

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Programming languages

Overview

John Backus and Peter Naur invented formal languages for the
definition of languages called meta-languages

Examples for meta-languages: BNF, EBNF, ...

They are used since 1960 for the definition of the syntax of
programming languages
Remark: abstract and the concrete syntax are both defined

EBNF Example @option] Ls\equence] [ non-terminal ]

Java PackageDec}/ ImportDeg' ClassDec

PackageDec package QualifiedIdentifier

ImportDec import QualifiedIdenfifier

ClassDec Modifier class Identifier extends” Identifier

impligijts TdentifierList ClassBody

production rule J LterminaIJ




Programming languages

Example: MiniJava

= Grammar
Java := |[PackageDec]| {ImportDec} ClassDec;
PackageDec := "package” QualifiedIdentifier;
ImportDec := “"import” QualifiedIdenfifier;
ClassDec := Modifier "class” Identifier ["extends” Identifier]
"implements” IdentifierlList| ClassBody;
Modifier := "public” | "private” | "protected”;
Identifier :: {\\aII_IIZ// ’ \\AII_IIZ// ’ \\OII_IIgII}
= Program

package mdse.book.example;
import java.util.*;
public class Student extends Person { .. }

= Validation: does the program conform to the grammar?
= Compiler: javac, gcc, ...
= Interpreter: Ruby, Python, ...

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Programming languages

Meta-architecture layers

= Four-layer architecture

Definition of EBNF in

EBNF — rules M3-L aver
rules — Terminal Non-Terminal ... EBNF — EBNF grammar y

(reflexive)
Java ~ PackageDec
ImportDec| ClassDec Definition of Java in M2-Layer
PackageDec package EBNF - Java grammar
Qualifiedldentifier

package mdse.book.example;
Program — Sentence

public class Student conform to the grammar ~ M1-Layer

extends Person { .. }
Dm@ Execution of the MO-Laver
= G program /
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XML-based languages

Overview

= XML files require specific structures to allow for a standardized
and automated processing

- Examples for XML meta languages

= DTD (Document Type Definition), XML-Schema, Schematron
= Characteristics of XML files

= Well-formed (character level) vs. valid (grammar level)

- DTD Example

[ eIementJ [ contentParticle ] 1 *
/ =

cookbook (title. meal
title

meal (ingredient
ingredient /i;:::::]
ingredient name
/\ amount
unit
attributes | N 0.1

.
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XML-based languages

Example: Cookbook DTD

= DTD

< ELEMENT cookbook (title, meal ) -

<!ELEMENT title (#PCDATA)>

<!ELEMENT meal (ingredient+)>

<!ELEMENT ingredient>

<!ATTLIST ingredient name CDATA #REQUIRED
amount CDATA #IMPLIED
unit CDATA #IMPLIED>

= XML
<cookbook>
<title>How to cook!</title>
<meal name= ,Spaghetti“ >
<ingredient name = ,Tomato“, amount=,300" unit=,gramm"“>
<ingredient name = ,Meat", amount=,200%“ unit=,gramm"“> ..
</meal>
</cookbook>
= Validation

= XML Parser: Xerces, ...
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XML-based languages

Meta-architecture layers

= Five-layer architecture (was revised with XML-Schema)

EBNF rules o
rules — Terminal | Non-Terminal ... Definition of EBNF M4-Layer
iIn EBNF
ELEMENT :=, “ Identifier ,>" ..
ATTLIST: Definition of DTD M3-Layer
ATTLIST =, “ Identifier ... in EBNF
javaProg packageDec* C e .
importDect, lassbea Definition of Java in
packageDec DTD — Grammar MZ'Layer
<javaProg>
<packageDec>mdse.book.example</packageDec> XML - Ml-Layer
<classDec name=,Student” extends=,Person‘/> conform to the DTD
</javaProg>
Concrete entities (e.g.: Student “Bill Gates”) MO-Layer
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Introduction

Spirit and purpose of metamodeling 1/3

- Metamodel-centric language design:
All language aspects based on the abstract syntax of the
language defined by its metamodel

Modeling
Constraints
Model 2 Model | : ) Textual
Transformations | ~«_ : _-~ |_Concrete Syntaxes
\\ \l/ ,,/

R V2

:l Metamodel

- =

Model 2 Text [ .-~ A RN Graphical
Transformations ! Concrete Syntaxes
Models
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Introduction

Spirit and purpose of metamodeling 2/3

= Advantages of metamodels
= Precise, accessible, and evolvable language definition

= Generalization on a higher level of abstraction
by means of the meta-metamodel
= Language concepts for the definition of metamodels

= MOF, with Ecore as its implementation, is considered as a universally
accepted meta-metamodel

- Metamodel-agnostic tool support

= Common exchange format, model repositories, model editors, model
validation and transformation frameworks, etc.
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Introduction

Spirit and purpose of metamodeling 3/3

4-layer Metamodeling Stack Examples
«conformsTo»i o _\1/
o @| M3 [Meta-Metamodel definesh Meta- MOF, Ecore J
o = Language
T 5 /N
= ) :
O [
S > «conformsTo»|
— G ' defines p
v Metamodel Language UML, ER, ... J
N\
«conformsTo»i
o M1 Model SERIEEES - System UniSystem, ... J
c -
c @ A
£ O :
o .= «conformsTo»
el - .
0 Model represents p System A UniSystem
MO Instance Snapshot Snapshot
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Metamodel development process

Incremental and Iterative

Modeling Modeling Modeling
domain language language
analysis design validation
|ldentify purpose, realiza-é Formalize modeling Instantiate metamodel
tion, and content of the = language by defining : by modeling reference
modeling language - ametamodel - models
Sketch reference Formalize modeling Collect feedback for
modeling examples constraints using OCL next iteration
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MOF - Meta Object Facility

Introduction 1/3

= OMG standard for the definition of metamodels

- MOF is an object-orientated modeling language
= Objects are described by classes
= Intrinsic properties of objects are defined as attributes
= Extrinsic properties (links) between objects are defined as associations
= Packages group classes

= MOF itself is defined by MOF (reflexive) and divided into

= eMOF (essential MOF)
= Simple language for the definition of metamodels
= Target audience: metamodelers
= cMOF (complete MOF)
= Extends eMOF
= Supports management of meta-data via enhanced services (e.g. reflection)
= Target audience: tool manufacturers

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF - Meta Object Facility

Introduction 2/3

= Offers modeling infrastructure not only for MDA, but for MDE in
general

= MDA dictates MOF as meta-metamodel
= UML, CWM and further OMG standards conform to MOF

= Mapping rules for various technical platforms defined for MOF
= XML: XML Metadata Interchange (XMl)
= Java: Java Metadata Interfaces (JMI)
= CORBA: Interface Definition Language (IDL)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF - Meta Object Facility

Introduction 3/3

= OMG language definition stack

M3-Layer
NOF Mode Meta-Metamodel
M2-Layer
UML IDL CWM Metamodel
Metamodel |Metamodel |Metamodel

] — — M1-Layer

Model
UML IDL CWM

Models Interfaces Models

....................................................................................... MO-Layer
Instances
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Why an additional language for M3

... isn‘t UML enough?

= MOF is only a subset of UML
= MOF is similar to the UML class diagram, but much more limited
= NO n-ary associations, no association classes, ...
= No overlapping inheritance, interfaces, dependencies, ...

= Main differences result from the field of application
- UML
= Domain: object-oriented modeling
= Comprehensive modeling language for various software systems
= Structural and behavioral modeling
= Conceptual and implementation modeling

= MOF

= Domain: metamodeling
= Simple conceptual structural modeling language

= Conclusion
= MOF is a highly specialized DSML for metamodeling
= Core of UML and MOF (almost) identical

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF — Meta Object Facility

Language architecture of MOF 2.0

MOF 2.0
B Extended
| Minimal OO reflection and )
anguage range 0O concepts
— o O | O
° o
eMOF [ ----m-mmmmmmmm oo oo oo cMOF T
: N Tl Unambiguous
| . Tl identification
1 [N S
1 N R O
Extension- N = o
i mechanism s\ reflection Identity
|V oo | ¢
Extensian Reflection
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MOF — Meta Object Facility

Language architecture of MOF 2.0

= Abstract classes of eMOF Taxonomy of
= Definition of general properties abStraCt_Classes
= NamedElement Object
= TypedElement Eleient
= MultiplicityElement z%
= Set/Sequence/OrderedSet/Bag NamedElement
= Multiplicities name:Strin
il
(_ Type <?y'ble TypedElement

isInstance(element:Element): Boolean

MultiplicityElement

lower: Integer

isOrdered: Boolean = false
iIsUnique: Boolean = true
upper: UnlimitedNatural

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



MOF — Meta Object Facility

Language architecture of MOF 2.0

= Core of eMOF

= Based on object-orientation
= Classes, properties, operations, and parameters

TypedElement MultiplicityElement

; T T

Property
. Class ownedAttribute |sReadOnI¥: Boolean = false
isAbstract: Boolean '00 1 N default: String [0..1] 0.1

isComposite: Boolean = false

. _ opposite
isDerived: Boolean = false

Io— TypedElement || MultiplicityElement || TypedElement || MultiplicityElement

- 7 %

7

superclass

' ownedParameter[—
Operation e —|_Parameter
kN
. / . -
ownedOperation raisedException_
« Type

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF — Meta Object Facility

Classes

= A class specifies structure and behavior of
a set of objects
= Intentional definition MOF

= An unlimited number of instances (objects) of a Class

class may be created |
name : String >
< ISAbstract : boolean

= A class has an unigue name in its

namespace
Example
: : Activity
= Abstract classes cannot be instantiated! -
= Only useful in inheritance hierarchies Transition

= Used for »highlighting« of Event
common features of a set of subclasses

= Concrete classes can be instantiated!

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF — Meta Object Facility

Generalization

= Generalization: relationship between
= a specialized class (subclass) and
= a general class (superclass)

= Subclasses inherit properties of their
superclasses and may add further
properties

= Discriminator: ,virtual® attribute used for
the classification

= Disjoint (non-overlapping) generalization
= Multiple inheritance

MOF

Cl

ass

0.*

AN superclasses

Example

Event

T

TimeEvent CallEvent

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF — Meta Object Facility

Attributes
. L . MOF | Class
Attributes describe inherent characteristics
of classes T
* lownedAttribute
Consist of a name and a type (obligatory) Property
iIsReadOnly: Boolean
. .. default: String[0..1]
Multiplicity: how many values can be isComposite:
stored in an attribute slot (obligatory) e Boolean
Interval: upper and lower limit are natural
* asterisk - also possible for upper limit =
(Semantics: unlimited number) - Inte"eerr;; -
0..x means optional: null values are allowed ' gZ% .
: | |
Optional TimeEvent || CallEvent
Defgult value | e Sng o =
Derived (calculated) attributes true [0..1]
Changeable: isReadOnly = false

IsComposite is always true for attributes



MOF — Meta Object Facility

Associations

= An association describes the common structure of a set of
relationships between objects

= MOF only allows unary and binary associations, i.e., defined
between two classes

- Binary associations consist of two roles whereas each role has
= Role name

= Multiplicity limits the number of partner objects of an object

= Composition
= part-whole” relationship (also “part-of” relationship)

= One part can be at most part of one composed object at one time
= Asymmetric and transitive

= Impact on multiplicity: 1 or 0..1

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF — Meta Object Facility

Associations - Examples

= Association

1 */ multiplicity .

A .= 5> B
N role name 4
= Composition
Example 1 Example 2 Example 3
A B A B
0.1 = 1 1 0..1 $0.1

Ale— B _ixor}

1 C = 1 C [#

Syntax v Syntax v
Semantics x Semantics v

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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MOF — Meta Object Facility

Packages

Packages serve as a
grouping mechanism

Grouping of related types, i.e., classes,
enumerations, and primitive types.

Partitioning criteria
Functional or information cohesion

Packages form own namespace

Usage of identical names in different
parts of a metamodel

Packages may be nested
Hierarchical grouping

Model elements are contained In
one package

MOF
NamedElement
name:String
Package @—> Type
0.1 0..*
+nestingPackage
0.1
+nestedPackage
0.*
Example
X
Y Z |
A A H B
1

l ‘;i



MOF — Meta Object Facility

Types 1/2

Primitive data types: Predefined types for integers, character strings
and Boolean values
Enumerations: Enumeration types consisting of named constants

Allowed values are defined in the course of the declaration
Example: enum Color {red, blue, green}

Enumeration types can be used as data types for attributes

Type

T

DataType

i

1

PrimitiveType

Enumeration

:

NamedElement

name:String
?
‘enumeration ownedLiteral EnumerationLiteral
0.1 {ordered}0..*

<<primitive>>
Integer

<<primitive>>
Boolean

<<primitive>>
String

<<primitive>>
UnlimitedNatural

*) represents unlimited number (asterisk) — only for
the definition of the upper limits of multiplicities

I ‘{i



MOF — Meta Object Facility

Types 2/2

= Differentiation between value types and reference types
= Value types: contain a direct value (e.g., 123 or ‘x)
= Reference types: contain a reference to an object

Value types Reference types
Primitive types . Enumerations Classg
l \ "
_ user-defined types
Boolean Integer String
- Examples  Primitive types Enumerations Reference types
Car Car «enumeration> Car Person
: Color A

color: String color: Color < Ted 1..1 ‘[ owner
* green
* blue

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 1/9

= Activity diagram example
= Concepts: Activity, Transition, InitialNode, FinalNode
= Domain: Sequential linear processes

ad Course workﬂow)
o Attend | Study J l Write ]
[ lecture [ content exam @

= Question: How does a possible metamodel to this language look
like?

= Answer: apply metamodel development process!

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 2/9

Identification of the modeling concepts

Example model = Reference Model
ad Course workflow/I

Attend Study Write
o | lecture I [content 5©

Notation table

Syntax Concept
w ActivityDiagram

@ FinalNode

‘ InitialNode

[ name | | Activity

 ——— Transition

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 3/9

Determining the properties of the modeling concepts

Example model

ad Course workflow _I

Attend Study Write
. | lecture I content ;©

Modeling concept table

Intrinsic Extrinsic
Concept . .
properties properties

ActivityDiagram Name 1 InitialNode

1 FinalNode

Unlimited number of Activities and Transitions
FinalNode - Incoming Transitions
InitialNode - Outgoing Transitions
Activity Name Incoming and outgoing Transitions
Transition - Source node and target node

Nodes: InitialNode, FinalNode, Activity

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 4/9

Object-oriented design of the language

MOF . —
C|?SS Attribute Association
1 1
Concept Intrinsic properties Extrinsic properties
ActivityDiagram Name 1 InitialNode
1 FinalNode
Unlimited number of Activities and Transitions
FinalNode - Incoming Transition
InitialNode - Outgoing Transition
Activity Name Incoming and outgoing Transition
Transition - Source node and target node
k Nodes: InitialNode, FinalNode, Activity J
outgoing
Metamodel % .
L) Transition -

_ incoming

N
incoming/P 1 1/N\ outgoing 1

ActivityDiagram @ ————
target\j/0..1 0..1\//source

name : String m Activity

name : String

: 1
1 FinalNode |90

> InitiaINode [«10.1
1 source

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Overview
D ActivityDiagram TS
© .
O name : String —
c ’—‘ % Activity
S —
2 name : String
= > FinalNode &0
7 N
[“uni-directional Iink”] > InitialNode < 0..1
\ 1 source
Abstract ‘ \]/
syntax .
y 2:InitialNode
1:ActivityDiagram
name=“Course workflow”
4:Activity 5:Activity 6:Activity
— name=,Attend..” name=,Study..." name=,Write..."
(]
- N N Y,
®]
= Concret
oncrete ad Course workflow | o ]
syntax [ “pi-directional link” ]
Attend Study Write
C | lecture I | content I _>©

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Applying refactorings to metamodels
> Transition
— - : incoming /N0..1 0..1/]) outgoing
@ ActivityDiagram o ——
-8 name : String target\/ 1 1 \l/ source
% ' ‘—| x Node
O name : String
= /\
[ [
FinalNode InitiaINode ActivityNode
” context ActivityDiagram
= inv: self.nodes -> exists(n|n.isTypeOf (FinalNode))
o inv: self.nodes -> exists(n|n.isTypeOf (InitialNode))
[
2 context FinalNode
8 inv: self.outgoing.oclIsUndefined ()
6' context InitialNode
@) inv: self.incoming.oclIsUndefined ()
context ActivityDiagram
inv: self.name <> '"' and self.name <> OclUndefined ..

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 7/9

Impact on existing models

Changes:
= Deletion of class Activity

= Addition of class ActivityNode
= Deletion of redundant references

*

Transition
O — _ incoming/M1..* 1..*/]Noutgoing
go) ActivityDiagram @ —————
g name : String target v/ 1 1y =ore
@ ‘—\ X Node
O name : String
= yaN
[ |
FinalNode InitiaINode ActivityNode
Abstract \[, v
syntax 2:InitialNode 3:FinalNode
[ [
D 1:ActivityDiagram > 7:Transition 8:Transition 9:Transition 10:Transition
g name=“Course workflow” —{
=

Validation errors:
x  Class Activity is unknown,

x Reference finalNode, initialNode, activity are unknown

I hi
i
il




Example 8/9

How to keep metamodels evolvable when models already exist

= Model/metamodel co-evolution problem

= Metamodel is changed
= Existing models eventually become invalid

= Changes may break conformance relationships
= Deletions and renamings of metamodel elements

= Solution: Co-evolution rules for models coupled to metamodel

changes
= Example 1: Cast all Activity elements to ActivityNode elements
= Example 2: Cast all initialNode, finaINode, and activity links to node links

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example 9/9

Adapted model for new metamodel version

*

> Transition

— — : incoming/N1..* 1..*/Noutgoing
% ActivityDiagram o ——
o name : String target\/ 1 1 \l/ source
% : ‘—| . Node
O name : String
= /\
[ |
FinalNode InitiaINode ActivityNode
Abstract \], v
syntax 2:InitialNode 3:FinalNode
[ v l
D 1:ActivityDiagram > 7:Transition 8:Transition 9:Transition 10:Transition [€
O | |name=“Course workflow” l J —[ ) . [ —{ ‘
CED 4:ActivityNode S:ActivityNode 6:ActivityNode
name=,Attend...” name=,Study...” name=,Write..."
/ Y,

More on this topic in Chapter 10!

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Excursus: Metamodeling — everything new? 1/3

= A language may be defined by meta-languages from different
Technical Spaces (TS)

= Attention: Each TS has its (dis)advantages!

Java Java Java
Grammar Metamodel DTD
A A A
Java Java Java
Program Model Document
Grammarware Modelware XMLware

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Excursus: Metamodeling — everything new? 2/3

Correspondence between EBNF and MOF

= Mapping table (excerpt)

EBNF MOF
Production Composition
Non-Terminal Class
Sequence Multiplicity: 0..*
- Example
Grammar Metamodel

Model ::= {Class} Model

Class ::= Name {Attribute} < C > *?

{Method} —® Class [€@—

7
1 *? *

Name || Attribute || Method

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Excursus: Metamodeling — everything new? 3/3

Correspondence between DTD and MOF

= Mapping table (excerpt)

DTD MOF
Item Composition
Element Class
Cardinality * Multiplicity 0..*

- Example
DTD Metamodel
Model
<!ELEMENT Model (Class*)> ?
<!ELEMENT Class (Name, : *
Attribute*, Method*)> —® Class ©—
’ )
1 " *
Name || Attribute || Method

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Introduction

= Ecore is the meta-metamodel of the Eclipse Modeling
Frameworks (EMF)

= www.eclipse.org/emf
= Ecore Is a Java-based implementation of eMOF

= Aims of Ecore
= Mapping eMOF to Java

= Aims of EMF
= Definition of modeling languages
= Generation of model editors
= UML/Java/XML integration framework

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Taxonomy of the language concepts

equivalent to java.lang.object
encapsulates reflection mechanism (only

EObject programming level)
object creation EModelElement
(only programming level) %
— |
F EFactory ENamedElement
| | | x |
EPackage EClassifier EEnumLiteral ETypedElement
4& I\
| | | |
EClass EEnum EStructuralFeature | EOpertation | EParameter

A
| | |
EDataType EAttribute EReference

I:l Programming concepts
|:| Abstract modeling concepts
|:| Concrete modeling concepts

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Core

- Based on object-orientation (as eMOF)
= Classes, references, attributes, inheritance, ...
= Binary associations are represented as two references
= Data types are based on Java data types

= Multiple inheritance is resolved by one ,real” inheritance and multiple
implementation inheritance relationships

0..*| eSuperTypes -
PEryP : EAttribute EDataType
| eAttributes ~ -
EClass & o+ | name: String 7| name: String
| _|name: String
EReference
eReferences .
0| Name: String
© | containment:boolean |—
to/N1

lowerBound: int
upperBound: int

eOpposite | 0..1

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Binary associations

= A binary association demands for two references
= One per association end
= Both define the respective other one as eOpposite

Ecore

eReferences EReference
EClass [® o% name: String

" | containment: boolean |—
lowerBound: int
upperBound: int

to M1

eOpposite| 0..1

MM (concrete syntax)

C1l:EClass r1:EReference

2 rl\

c1 K C2

r2:EReference C2:EClass

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Data types

= List of Ecore data types (excerpt)

= Java-based data types

= Extendable through self-defined data types
= Have to be implemented by Java classes

Ecore data type Primitive type or class (Java)
EBoolean boolean

EChar char

EFloat float

EString java.lang.String

EBoolanObject java.lang.Boolean

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Multiple inheritance

= Ecore supports multiple inheritance
= Unlimited number of eSuperTypes
= Java supports only single inheritance

0.. VeSu perTypes

EClass

name: String

= Multiple inheritance simulated by implementation of interfaces!

= Solution for Ecore2Java mapping

= First inheritance relationship is used as ,real” inheritance relationship using

«extend»

= All other inheritances are interpreted as specification inheritance

«implements»

ClassA ClassB
«exten(& ﬁmplements»
ClassC

Java code

class ClassC
extends ClassA
implements ClassB

4

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Ecore

Concrete syntax for Ecore models

= Class diagram — Model TS

Appointment Description
name: String > *I"text: String
place: String

= Annotated Java (Excerpt) — Program TS

public interface Appointment{
/* |@model type=“Description” ||containment="“true” |*/

List getDescription() ;

= XML (Excerpt) — Document TS

<xsd:complexType name=“Appointment’”>
<xsd:element name=%“description” type=“Description”
minOccurs="0"” maxOccurs=“unbounded” />

</xsd:complexType> ”

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Summary

Ecore modeling elements at a glance

EModelElement

T

ENamedElement
name : EString

I

eSubpackages EPackage EClassifier 0.1 ETvoedElement
0.* nsURI: EString eType ordered : EBoolean
nsPrefix: EString [ g 1 0.+ unigque : EEoolean
- lowerBound : Ent
eClassifiers
0.1 ePackage upperBound : Elnt
esSuperPackage T
EDataType eAttributeType EClass | 1 eStructuralFeatures| EStructuralFeature
1 abstract : EEoolean ﬁ:untainingclas.s 0.+
T esSuperTypes|0.™ 1 |eReferenceType ?

EEnumLiteral  |0.* eEnum EEnum

literal : EString eliterals 0.1 EReference EAttribute
containment : EEoolean iD : EBoolean
0.1
eQpposite

Marco Brambilla, Jordi Cabot, Manuel Wimmer. ke
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Eclipse Modeling Framework

What is EMF?

= Pragmatic approach to combine modeling and programming
= Straight-forward mapping rules between Ecore and Java

- EMF facilitates automatic generation of different
Implementations out of Ecore models

= Java code, XML documents, XML Schemata

= Multitude of Eclipse projects are based on EMF
= Graphical Editing Framework (GEF)
= Graphical Modeling Framework (GMF)
= Model to Model Transformation (M2M)
= Model to Text Transformation (M2T)

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Eclipse Modeling Framework

Metamodeling Editors

= Creation of metamodels via

= Tree-based editors (abstract syntax)
= Included in EMF

= UML-based editors (graphical concrete syntax)
= e.g., included in Graphical Modeling Framework

= Text-based editors (textual concrete syntax)
= e.g., KM3 and EMFatic

= All types allow for a semantically equivalent metamodeling

Tree-based editor UML-based editor
l’]j Resource Set — mﬁ AT B A

Text-based editor

k DatsbaseSch
100 ' 200 ' 300 ' 400 ' 500 ' 600 RElaEs e cEEeE
Ea platfarm: fresourcefeditorUMLfmodelfuml, ecore . eteact class NomedSlement (
: <enumerations
El- uml - elemerts | £ NamedElement < Kind attribute name : String:
+ - E UMLDiagram |«
B H MamedElement | = name: Estring R )
- Class - » MamedElement — shared 1
= ownedattribute @ Property g - composite: 2

class Schema extends NawedElement {
‘ reference tables[*] container : Table;

H
- B Property -» NamedElement - E Class
- B Association - > NamedElement = [sdbstract EBoglean | oTECESS o _
- Kind g . ociation

class Table extends MamedElement {
o1

ishbstract | EBoolean

g reference columnz[*] ordered container : Column:
endlype | 1 .
E UMLDiagram " E Property operation drop(} : Boolean:
e
R = aggregation: Kind }
: &= : E¥ =8 = lower Eint .
Tasks | Console | Call Higrarchy ( Properties &3 4 e 2 class Column extends NemedElement {
E :=:=> B = 2 memberEnd ) —- add more properties here
Propert: I Walue = Properties 52 }
Abstract I False Propert | value
Diefault Value = Abstract [k False package PrimitiveType {
Default valus = datatype String;
ESuper Types E_ MamedElement IE:;:ZLGW;‘:; — ENamEdE'WEm datatype Boolean:
Instance Class Mame = = ¥
Interface I False
Intetface i False Narme = Property
Mame I= Class
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Eclipse Modeling Framework

Model editor generation process

How can a model editor be created out of a metamodel?

Metamodel | | — Model editor

Example: MiniUML metamodel -> MiniUML model editor

& Resource - uml.ecore - Eclipse SDK |_ E||£| B Uml Application
File Edit Mavigate Search Project ATLEditor Run  Sample Ecore Editor  Window  Help File Edt UmlEditor Window Help
=T - = - L =S R =
IB-BHe -2 |we I | [{9Resource B Properties S@] & E T =0
= ) =8 =8
5 Navigator 30 [ Resaurce Set Propert | valus ]
S @ BE YR Set - i = =
B% L Resource ¢ = ) FilesC: Diokomenke % 20und % 20 Aggregation nang =)
-2 ediarER: (=] platform: fresourcefeditorUMLmodelfuml.ecare H . Associakion
Bl ] 5 [=]- 4 UML Diagram
[#-1=% edtorER.edit = 8 uml : Class Praf End Type
(=2 editarER. edtor [+ E MamedElement 4 Ulass Professor Lower iy
21124 editorumL =B amedElement “% Class Student Mame = awrr
= ownedattribute : Property Y ST Owning A it
(= META-INF = isAbstract | EBoolean ™ -~ < Property matrikelnr wnfng SSOEIEToN
modzl ~E Property -> NamedElement 4 Association unterrichtet Owning Class 4 Class Professor
] uml.ecore H Assaciation - > MamedElement Upper =3
"o [ uml.genmodel 2 Kind
(7= src [#-H UMLCiagram
.classpath
.project Tasks|C0nsoIe|CaII Hierarchy (D Properties &3 Py =08
1h build. properties gy - =
plugin. properties E o
Lt phugin,zzml FPropert | Yalue
122 ediorUML. edit Abstract ik False
[]...&J editorUML editar Default Yalue =
|:|..$&J MTEE_analyzer ESuper Types E MamedElement
[]..g MTBE_Prototype Instance Class Mame =
El &J OWL_Generator Interface v False
[]...&J test Marne I= Class il i} I > |
Selection] Parent | List | Tree| 2 < i | >
< m | 3 )
= — = Selected Object: Property swnr
[ i l Selected Object: Class - = NamedElement |
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Model editor generation process

Step 1 — Create metamodel (e.g., with tree editor)

=8 v
[ Resource Set Create M M
EIB plakformn; fresourcefeditorlUML/modelfuml, ecore
B # uml \ 4
- E MamedElement MM in Memory
SREN Class - > Namedp——s =2
..... = ownedattrit Mew '-—|'"|':| fis EAnnotation ¥
o ishbstract ; New Sibling d ¥ EOperation n
[+ Property - Mar ) PO = [ Save XMI ]
: o Create Dynamic Instance, ., -
- Assaciation - I N <
H- € Kind Run As =¥ EReference -8
- ; Debug As r
5 umigram | 0ot ' s UML.ecore
Zompare Wikth 4
= Replace With * = —
Tasks | Console | Call Hierarchey B Generate Gen MOdeI
g ndo IE }:9 =~ v N
Redo
Property UML.genmodel
Abstrack Oﬁ’ cut
Default Value
ESuper Types Copy n V
Instance Class Mame EEI Paste =
Inkerface 1) .
Narme % Delete S Code generation
< m Yalidate ¥ ©

®
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Model editor generation process

Step 2 — Save metamodel

UML.ecore

<?xml version="1.0" encoding="UTF-8"?>
<ecore:EPackage xmi:version="2.0"
xmlns:xmi="http://www.omg.org/XMI"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-
instance"
xmlns:ecore="http://www.eclipse.org/emf/2002/
Ecore"
name="uml"
nsURI="http://uml" nsPrefix="uml">
<eClassifiers xsi:type="ecore:EClass"
name="NamedElement">
<eStructuralFeatures xsi:type="ecore:EAttribute"
name="name" eType="ecore:EDataType
http://www.eclipse.org/emf/2002/
Ecore#//EString"/>
</eClassifiers>
<eClassifiers xsi:type="ecore:EClass" name="Class"
eSuperTypes="#//NamedElement">
<eStructuralFeatures xsi:type="ecore:EReference"
name="ownedAttribute" upperBound="-1"
eType="4#//Property"
eOpposite="#//Property/owningClass"/
<eStructuralFeatures xsi:type="ecore:EAttribute"
name="isAbstract"
eType="ecore:EDataType
http://www.eclipse.org/emf/2002/
Ecore#//EBoolean"/>

Model TS

Vv

[ Create MM ]

Vv

MM in Memory

Save XMI

UML.ecore

[ Generate GenModel ]

A4

UML.genmodel

Code TS

Y

Code generation

</eClassifiers>
</ecore:EPackage> r

®
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Model editor generation process

Step 3 — Generate GenModel

GenModel specifies properties for
code generation v
#) uml.ecore [& uml.germodel 53 =0 [ Create M M ]
= Ba | Ul
= # Ul \4
[+~ MamedElement :
H Class -» NamedElement MM in Memory
[+~ H Property -= NamedElsment
[+ H Association - MamedElsment wn
- [ UMLDiagram — [ Save XMl ]
[+ % Kind —_
(D)
i Ny
Tasks ‘ Console | Call Hierarchy "Eo 2e e e Etror Log | 2 = B8 -8
Property | Value | ¢
=] Edit:
Creation Commands e brue G e n e rate G e n M Od e I
Creation Icans gz trie
Edit Direckary I'= feditorUmL. editsrc A4
Edit Plug-in Class I= uml, provider, UmlEditPlugin
L UML.genmodel
Editar Directory = editorUML, editarfsre
Editor Plug-in Class = uml, presentation, UmlEditarPlugin \%
Rich Client PlatForm It brue ;|— E
= Model false o .
3enerate Schema . S COde generatlon
Madel Direckory = JeditorUML) sre (@)
Model Plug-in Class = @)
Maodel Plug-in Yariables =
Reflective Delegation [ False
= Model Class Defaulks
O Ak Fuobande lace I= fkn aclince ardf arcrs iranl FothiackTranl 1' ‘
£ 1111 ] 3|
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Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Model editor generation process

Step 4 — Generate model code

For each meta-class we get:

= Interface: Getter/setter for attributes and references ®
public interface Class extends NamedElement {
EList getOwnedAttributes();
boolean isIsAbstract (); E
void setIsAbstract (boolean value); ) Create MM
} 7|3
3 J
- Implementation class: UML.genmodel
Getter/setter implemented
public class ClassImpl A2
extends NamedElementImpl implements Class{ Generate
public EList getOwnedAttributes () { E Editor
return ownedAttributes; g
} 8 \
SHALLE ;?Ii;esttlrsffts)tr{aCt (ootean Model COd{Edlt Code || Editor Code
isAbstract = newlIsAbstract; \ /
} \ /
} 4 CJ

= Factory for the creation of model elements,
for each Package one Factory-Class is created

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Model editor generation process

Step 5 — Generate edit code

= Ul independent editing

support for models
2B |
) — Create MM
= Generated artifacts § ;
] I =
TreeContgntProwder UML.genmodel
= LabelProvider
= PropertySource ~
" Generate
IG—J [ Editor ]
o
S % \
Model Code || Edit Code || Editor Code

Marco Brambilla, Jordi Cabot, Manuel Wimmer. [
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Model editor generation process

Step 6 — Generate editor code

= Editor as Eclipse Plugin
or RCP Application

)
|_
- Generated artifacts 3 [ Create MM ]

(@]

= Model creation wizard = J

_ UML.genmodel
= Editor
= Action bar contributor ~
: » Generate

= Advisor (RCP) = [ Editor ]

= plugin.xml § \

= plugin.properties Model Codei Edit Code |[ Editor Code

Marco Brambilla, Jordi Cabot, Manuel Wimmer. |
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Model editor generation process

Start the modeling editor

Plugin.xml

M- editorumL editor X

m Property.java | m Class.java

‘ |I| MamedElement. ja

Overview

General Information
This section describes general information about this plug-in:

B Uml Application

RCP Application

File Edit  Uml Editor  Window  Help

j(=H ditori ML, edit . =

Jereion: T. é;r e P file:ji: jDokumente, . X E Properties &2 - m R |

Marme: % pluginarne - Resource Set Property | Yalue |

Provider: Poprovidertiame EI @ file: i Dokument % 20und %20 Aggregation '= none El

Class: |umI.presentation.UrnIEcIitDrPIugin$ImpIementation | =< UML Diagram Assaciation

) : End Tvpe
PlatForm filter: | | < Class Professor ) =1
4 Class Student aner =
. LM Property svnr amn.e e = svr
Testing (7 4 Property matrikelnr Owning Assaciation
Test this plug-in by launching a separate Eclipse application: ‘o< Association unterrichtet Owning Class Lﬁ Class Professor
1
0 Launch an Eclipse application Upper 11
S
Click here to start!

< TR » |
Selectiu:un] Parent | Lisk | Tree | ey < T | |
Selected Object: Property svnr

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Metamodels are compiled to Javal

- Metamodeling mistake or error in EMF code generator?

) F . -
)»H’ ClassDiagram,ecore_diagram ﬂﬂ Simple. xpt ﬂﬂ Simple, xpt ¥ *default.ecore_diagram X

H 123 o=

0..1

FE Problems (@ Error Log (E Console (@‘ Progress (E Properties &3

8 null
|
Core Property | Value
\ers & Grid EFactory Instance E_ rll
Mame =
Appearance Ms Prefix =
M= LRI =

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Metamodels are compiled to Java!

— ClassDiagram.ecore_diagram ( Simple.xpt ( Simple.xpt ( *default.ecore_diagram Relational.e
NC\assDiagram.ecorE_diagram ﬂﬂ Simple.xpt (m Simple. xpt v *default.ecore_diagram X h’ = == m ple.xp a ple.xp h’ == h’

= a platform: fresource/Class2Relational /metamodels /default.ecore
=- 8 null L —
g &5 £ Validation Problems x|
= = null
o \%%%%$ L O \%e%%%s g Prablems encountered during validation
| 123 | o =-H 123 Reason:
— - =+ null ; null Diagnosis of null
0.1
[ ok ][ <<Detais |
----- @ The name 'null' is not well formed )
2 Problems (@ Error Log (E Console (@‘ Progress (E Properies 2 % | e | @ The namespace URI 'null is not well formed
2. problems (@ Error Log (E o M- @ The namespace prefix 'null’ is not well formed
T Property | @ The name "null'is not well formed Value
Property v EFactory Instance | | @ The required feature 'eAttributeType' of 'null' must be set b null

EFactory Instance 15 null o o =

Name = Mame K| i The name null' is not well formed = o=

Ne Prefix = MsPrefx f | @ The typed element must have a type b=

Ns LRI i= MsURI R e @ The required feature 'sAtiributeType' of |26 %244 must be set 3=
----- @ The name %% %%’ is not well formed
----- @ The typed element must have a type .
----- a 'Qe name '1234' iz not well formed
..... Bl Thn e 'l in nnd winll frenad :I

= Attention

= Only use valid Java identifier as names

= No blanks, no digits at the beginning, no special characters, ...
= NamedElements require a name

= Classes, enumerations, attributes, references, packages
= Attributes and references require a type

= Always use the validation service prior to the code generation!!!

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Shortcut for Metamodel Instantiation

Metamodel Registration, Dynamic Model Creation, Reflective Editor

- Rapid testing by

1) Registration of the metamodel
2) Select root node (EClass) and create dynamic instance
3) Visualization and manipulation by Reflective Model Editor

1) Register EPackages

2) Create Dynamic Instance

3) Use Reflective Editor

=& 1.MetaMadel

"B models

-2 sintaks

lj ASMLogo.ecore
ASMLogo.ecaredi

: @ test.ecor Open
H-[= 2.Constraints  gpen with

H-[= 3.Javalnterfz
- 4.Virtualvach [1Z] Copy
1 (= 5.5imulator @ Paste
H-(= 6 NXTCompile 3¢ Delete
= META-INF

Move...
= s Rename...
5] .classpath
= .cvsignore g2y Import...

=
£ -project 4 Export...

@1 build. properties
2 plugin.properties| & | Refresh

lred URD EPackages registration

b /. edipse. org

bedlony eclinge arnl

i‘_g‘:gln.ml Initialize ecore_diagram diagram file

Relatinal2MySQL Map to Ecore...

test Initialize Ecore Diagram File...
Run As ,
Debug As ,
Team ,
Compare With ,

lems (D Properties Replace With N

ed packages: AW

Create Dynamic Instance...
Run Az

Debug As

Team

Compare With
Replace With

EPackages registration

Kermeta

L

& #) metamodel.ecore 37
= '[:% platform: fresource/fr.irisa. triskell. kmlogo . model flogo/ 1. MetaModel fmetamodel . ecore = '[?p platform: fresourceffr.irisa. triskell. kmlogo. model flogo 1. MetaModel metamodel. eco
e St
- E FN - E| E Root
L B =l - E- 53 elements : Element
=R Mew Sibling 5 Element
< undo Cirl+Z
Uy Redo Cirl+y
of cut
Copy & =model.mi 52
@I Paste = L%: platform: resourceffr.irisa. triskell. kmlogo. model logo /1. MetaMadel /model. xmi
B4 Root
# Delete ¢ Element
validate 4 Element
Control... "4 Element
Gz show OCL Console
Get containing reference (Kermeta extra for EMF models)
T: Show Hierarchy
= Show References

Load Resource, ..

Befrech
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Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



OCL support for EMF

Several Plugins available

= Eclipse OCL Project
= http://lwww.eclipse.org/projects/project.php?id=modeling.mdt.ocl
= Interactive OCL Console to query models
= Programming support: OCL API, Parser, ...

= OCLinEcore

= Attach OCL constraints by using EAnnotations to metamodel classes
= Generated modeling editors are aware of constraints

= Dresden OCL
= Alternative to Eclipse OCL

= OCL influenced languages, but different syntax
= Epsilon Validation Language residing in the Epsilon project
= Check Language residing in the oAW project

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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GRAPHICAL CONCRETE
SYNTAX

www.mdse-book.com



Introduction

= The visual notation of a model language is referred as
concrete syntax

- Formal definition of concrete syntax allows for automated
generation of editors

= Several approaches and frameworks available for defining
concrete syntax for model languages

<« symbolizes

Metamodel Visual Notation
N N
1 |
| «conformsTo» «conformsTo» |
I <isual :
visualizes 0
Model Diagram/Text

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Introduction

= Several languages have no formalized definition of their
concrete syntax

= Example — Excerpt from the UML-Standard

NoDE TYPE NOTATION REFERENCE
ForkNode See ForkNode (from Intermediate Activities) on
=~ page -404.
———
InitialNode See InitialNode (from BasicActivities) on page
®
-406.
JoinNode —_— See “JoinNode (from CompleteActivities, Interme-
- diateActivities)” on page 411.
—_—
MergeNode See “MergeNode (from Intermediate Activities)”
%a - on page 416.

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Introduction

= Concrete syntax improves the readability of models
= Abstract syntax not intended for humans!
= One abstract syntax may have multiple concrete ones

= Including textual and/or graphical
= Mixing textual and graphical notations still a challenge!

- Example — Notation alternatives for the creation of an appointment

Appointment Appointment

Notation Create . Enter
alternative 1: Appointment " KeyData

Notation Create _ Enter
alternative 2: Appointment Appointment KeyData

Appointment a;
a = new Appolntment;
EnterKeyData (a);

Notation
alternative 3:

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Introduction

Concrete Syntaxes in Eclipse _
Graphical Concrete Syntax

Ele Edt Navigate Search Project Diagram Sample Run Window Help

Ecore-based Metamodels o Sels0-q-lema-lerin-le boeos

1 rodogesgoe 53 = 0| (0]
Foelele

= G Galery
&) che.ecore

elements

* | = name : EString
|
£\ il

[E] CommonBasetiert |

reationTme
globallnstanceld

) coe.ccore_dagram

5] Componentidentifcaton

Exensioname
0.* application ‘sourceComponents locallnstanceld
imports componentType
H Import

location
locationType.

© importURI : EString
I

H SimpleType
1
1
L

 Associatedevert

associatiorengine
resolvedEverts

H Property
© name : EString
= many : EBoolean

0.1
. extends
properties

3

i

Seriizable <java.o Seriizable>

£l i §

i

|| wveren (@

1

1

1

I

]

I
\"4

= |4] platform: fresource/Class 2R elational_Ws0
=4 Class Autor
. -4 Attribute name

i e Attribute buecher

=4 Class Buch AN 109 & 45 O Qur | & & G | 70 |§l- 5lv e o e & [@hava
-4 Attribute titel \\ 18 Package :;\EE = 5[5 outine &
< Attribute autoren \ | G
. \ # == gettingstarted P
<= Data Type String \\ entity Session {
L operty Title: Stri
<+ Data Type Integer \ Broperty IsTutarial : Beol
\ ¥ [= IsTutorial
enerlc ree ase \\ entity Conference { M @Cg';;”;‘
- operty N 1 Skri —
| Breperey Mieos Bersont 1= e

. property Speakers : 9§ = Speakers
EMF Editor } -, S
I Speak
entity Person { = opester
property Name : Strin - tNd
=0
=4
entity Speaker extends
property Sessions : §

P

| e Writable Insert | 1
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Anatomy of Graphical Concrete Syntaxes

= A Graphical Concrete Syntax (GCS) consists of
= graphical symbols, O C]
= e.g., rectangles, circles, ...
= compositional rules, \V2
" e.g., nesting of elements, ... [‘L ]

= and mapping between graphical symbols and abstract syntax
elements.

" e.g., instances of a meta-class are visualized by rounded rectangles in

the GCS
Activity e
name : String

AN

4:Activity Attend
name=,Attend lecture” lecture

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Anatomy of Graphical Modeling Editors

Modeling Canvas

Tool Palette

Fie B
B-He |%-0--|&
“Tahnma L”Q ;I B 1/ ‘
[£ Package Explorer 2 =0
«|B[g~ | el
EB GMF Gallery _IS 2 =
a che.ecore 5] Commona %, Zoom
i ) [y ———— seEvent = Note -
creationTime B metic
globallnstanceld = Sass e 5
H Componentidentification elapsedTime || [Lsaitades
- . extensioniame =|| B Edlass
app|lcahon sourceComponentld |oca|1nsmnceld
component msq L ## EPackage
ccmponengge reporterComponentld priority fim EAnnotation
componentldiype < repeatCount
executionEnvironment sequenceNumber i EERETEE
Project Browser e ey S
ncation version b | »
locationType B ContextDataElement = any |B[:Iid L=
processld contextid = EAttribute
f#rt;gt&rznonent contextValue associatedFvents g ! 4 EOperation
name , msaData =5 Annotation details
type I [ \ — EEnumLiteral
/ extendedDjptaElements \
- - g :. |BLI-'<S £
Outllne VIeW 1 E AssociatedBvent |§ ExtendedDataElement Eﬂf:g‘:r?oz""
associationEngine : hexValue = Association
resolvedEvents | name T
\ | type m;
values miw|  [F Generalization
| w | |
T =]
E Properties 52 “._Problems ’? B i
-~
Advanced | Property [ value | 2|
= EMF
Abstract (1 false
Default Value =
ESuper Types H seriglizable <java.io.Serializable=
Instance Class Name =
Interface [, false

Property View
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Features of Graphical Modeling Editors

Action Bars: Connection Handles:
5] Topic 0 percentComplete
dd ti lority
name EM bﬂu!:ﬂtérjj;gi to show rEIatF-:d elements, dick and drag to create a connection, |
Collapsed Compartments: Geometrical Shapes:
[ ] E -FDD'HE u Some Text
- O
percentComplete _—
priority
® startDate 0
endDate 7
tdumtiun -I _
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Features of Graphical Modeling Editors

Actions:

Toolbar:

J ITahu:uma

A Font...

& Fill Color

_4F Line Color

—+ Line Skvle

-

b

:3;_ Select

DE Arrange

, . Drark Gray

Make Same Size

=] .

= Align 3
Crder 4

% Auko Size

\ |:| Wellow

Filkers L4
Wiew L4
%, Zoom r

Apply Appearance Properties

Il

b =B 7 |A-2-L-—- |8 -85

B it Pro pe rties View:

. Black,

E Properties 52

VDE

. Light Gray
. Gray Appearance ‘ @~ Connection

Advanced

. Fed
. Green
. Blue

. Magenta
. Cwan
| Pink

|:| Qrange

—Fonks and Colors:

|Tahc-ma

> =

e rla-l&->-

—Routing

Styles:
[@ Cblique ) Rectilinear O Tree

O awoid obstructions [ Closest diskance

—Smoothness:
@ None

O normal
O Less

QO More

— Jump links

Status:
@ none O al
O eelow O Above

|

Type:
& Semi-Circle O Square
O chamfered

O reverse jump links

Default Color

More Colors ...
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Generic Metamodel for GCS

Class
Abstract S Association
Syntax > Metamodel Element <
(AS) M1 Attribute
AS2CS Mapping
v 1.1
Concrete 1.* 1.1 . *
Syntax Diagram @—> DiagramElement > Figure [ L.
(Cs) A
I | I |
Edge Label Line Shape Compound
4 Figure
[ [ |
Node Compartment Rectangle Ellipse
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GCS Approaches

- Mapping-based
= Explicit mapping model between

abstract syntax, i.e., the
metamodel, and concrete syntax

= Annotation-based

= The metamodel is annotated with
concrete syntax information

- APl-based

= Concrete syntax is described by a
programming language using a
dedicated API for graphical
modeling editors

Abstract Syntax

Concrete Syntax

N

N

AS2CS

Abstract Syntax

Concrete Syntax

Abstract Syntax

Concrete SyntaxJ

Marco Brambilla, Jordi Cabo

t, Manuel Wimmer.
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Mapping-based Approach: GMF

Basic Architecture of GMF

m “The Eclipse Graphical Modeling Framework (GMF) provides a
generative component and runtime infrastructure for developing
graphical editors based on EMF and GEF.” - www.eclipse.org/gmf

Graphical
GMF Tools generate p_
Editor
/’F\

’/’ I \\\

Phe 1 So

- 1 ~

«uses» _--~«uses»! TsL_«uses»
-7 v Tl
GMF Runtime
/'/ «usesy» _---"" \\\\«USES» \‘\
A« .- R A
EMF Runtime gl e GEF Runtime

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Mapping-based Approach: GMF

Tooling Component

EMF

GMF

Graphical
Definition

(GMFGraph)

Domain
Model
(ECore)

= [

Mapping
(GMFMap)

Tool Definition
(GMFTool)

M2T
CodeGen Model ':,1> || Java
(EMF GenModel) code
|
|
|
|
|
|
|
|
|
|
|
|
|
M2T
Generator Model
(GMFGenModel) T Java
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Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.



Annotation-based Approach: Eugenia

- Hosted in the Epsilon project
= Kick-starter for developing graphical modeling editors

= Ecore metamodels are annotated with GCS information

= From the annotated metamodels, a generator produces GMF
models

- GMF generators are reused to produce the actual modeling
editors

Be aware:
Application of MDE techniques for
developing MDE tools!

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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http://www.eclipse.org/epsilon/doc/eugenia/

Eugenia Annotations (Excerpt)

- Diagram
= For marking the root class of the metamodel that directly or transitively
contains all other classes

= Represents the modeling canvas

= Node

= For marking classes that should be represented by nodes such as rectangles,
circles, ...

= Link

= For marking references or classes that should be visualized as lines between
two nodes

= Compartment
= For marking elements that may be nested in their containers directly

= Label

= For marking attributes that should be shown in the diagram representation of
the models

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Eugenia Example #1

= HypertextLayer elements should be directly embeddable in the
modeling canvas that represents WebModels

Metamodel with EUGENia annotations

hypertext
WebModel @ 0 P 77| HypertextLayer
'l ! @
- ; : ; @gmf.node(
@gmf.diagram() | @gmf.compartment() i figure="rectangle")
Model fragment in AS Model fragment in GCS

002 : HypertextLayer :'::::::::::::.:::::::::::::::::::::::::::::::::::
1 HypertextLayer

001 : WebModel

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Eugenia Example #2

= Pages should be displayed as rectangles and Links should be
represented by a directed arrow between the rectangles

Metamodel with EuGENia annotations

targety, 1..1 @gmf.link(

@gmf.node( links target="target",

| label="name", - <E Page |‘ - Link + ------ style="solid",

| figure="rectangle") 1. target.decoration=
““ Yfilledclosedarrow”)

Model fragment in AS Model fragment in GCS
005 : IndexPage & —— s
= TutorialList
name="“TutorialList* links\/
009 : CLink l
006 : EntityPage ) )
_target TutorialDetails

name="“TutorialDetails*

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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API-based Approach: Graphiti

= Powerful programming framework for developing
graphical modeling editors

- Base classes of Graphiti have to be extended to define
concrete syntaxes of modeling languages

= Pictogram models describe the visualization and the hierarchy of
concrete syntax elements (cf. .gmfgraph models of GMF)

= Link models establish the mapping between abstract and concrete
syntax elements (cf. .gmfmap models of GMF)

= DSL on top of Graphiti: Spray

$Pray == i

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Other Approaches outside Eclipse

MetaEdit+

- Metamodeling tool outside Eclipse (commerical product)
= Graphical specification of figures in graphical editor
= Special tags to specify labels in the figures by querying the models

2* Symbol Editor - State [Watch] |._|E|r§|
@ymbol Edt Wew Algn |elp
B DR v QB0
TOoNMD%E

A

Stat%name

DisplayFn

BREE BRE
Eiﬂ |
Ll same: P pge Ty e Dals e L I Deoomieri baSon:
e EM'H‘] i r I this stale the Sinpwatch is stopped and curent
kg Timg unit SETg {herrciatin LT Shop B i ghoven on the dsplay.
Doareiator Doasmelabon [al Tex F
Actee: fopoud trate [iant]  Swlbgeaphlukhiors |
A Sialn i an risreedats slate n slale ssiomaton that defires a i ] : o
el et AOPRCBOON. SUBIE ik DeTRAN DETSEETY i OB IB
v Tt e camied ol whis S piate i acve. I (= 4 I I Cancel l I Infa... I

A

Marco Brambilla, Jordi Cabot, Manuel Wimmer.

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.


http://www.metacase.com/mep/
http://www.metacase.com/mep/
http://www.metacase.com/mwb/
http://www.metacase.com/mwb/

Other approaches outside Eclipse

Poseidon

= UML Tool

= Uses textual syntax to specify mappings, figures, etc.
= Based on Xtext

= Provides dedicated concrete syntax text editor

Fla Ecti Vew Cronis

BeCH o - pcAnH SRRAERARS A0 Xe®- o

TR 1) Moo Exoweer 1 "OlasCimgan_| IE Taw_conOugram 3 [ “teeCupram_3) £3 4 B3 D wram_3 ¥ "CampenaniDiagram_{
Iy Bewxt % et CLmons g a1
« Zaom
=R d
£ ctenie c BEHs On e T LREBEAH Xod
el
& w @ okt |27 wooel Bowser | TETHALTTR
Sg: * L3 Geect E modeltiat 1
T e N/Zauy |
8 bl et Vel el e E m“" =3
& Reskazion O FPhta
T Derententy ® Token
= fasodianon +T
=+ Direchad 3e200 abon — Al
o= fuegiion
o3 Directsd aporagation
*= Campaition
= Direchsd composs tion
£l marue .
= nafas
(& mataca prcicle
2 Proddas
- Remane
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Textual Modeling Languages

= Long tradition in software engineering
= General-purpose programming languages
= But also a multitude of domain-specific (programming) languages
= Web engineering: HTML, CSS, Jquery, ...
= Data engineering: SQL, XSLT, XQuery, Schematron, ...
= Build and Deployment: ANT, MAVEN, Rake, Make, ...

= Developers are often used to textual languages

= Why not using textual concrete syntaxes for modeling
languages?

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Textual Modeling Languages

= Textual languages defined either as internal or external languages

= Internal languages
= Embedded languages in existing host languages
= Explicit internal languages
= Becoming mainstream through Ruby and Groovy
= Implicit internal languages
= Fluent interfaces simulate languages in Java and C#

- External languages
= Have their own custom syntax
= Own parser to process them
= Own editor to build sentences
= Own compiler/interpreter for execution of sentences

= Many XML-based languages ended up as external languages
= Not very user-friendly

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Textual Modeling Languages

= Textual languages have specific strengths compared to graphical
languages

= Scalability, pretty-printing, ...

= Compact and expressive syntax
= Productivity for experienced users
= Guidance by IDE support softens learning curve

= Configuration management/versioning
= Concurrent work on a model, especially with a version control system
= Diff, merge, search, replace, ...
= But be aware, some conflicts are hard to detect on the text level!
= Dedicated model versioning systems are emerging!

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Textual Concrete Syntax

Concrete Syntaxes in Eclipse

Graphical Concrete Syntax

Ecore-based Metamodels

elements

* | = name : EString
|
£\ il

0.%

imports
H Import

© importURI : EString
I

H SimpleType
1

—

H Property
© name : EString
= many : EBoolean

0.1
. extends
properties

= 4] platform: fresource/Class2Relational_WS0!
< Class Autor
: + Attribute name
‘o e Attribute buecher

Textual Concrete Syntax

XoXe

T b @50 | BE G || ¥ e ey £ & ava

E|+ Class Buch N |
e Attribute titel N i package 357 1| (2 myention 230 = (8= outne 25 1%, ~ O

& || tyee String

< Attribute autoren

type Bool
! < Data Type Stri N b [ gettingstarted pe Beo
i Gl ¥Pe =ring \ entity Session { v e
- \ property Title: String = Session
< Data Type Integer \ property IsTutorial : Bool = Title
\ ¥ = I1sTutorial
\ ¥ = Conference

entity Conference {
property Name : String -
property Attendees : Person[] IS Attendees
property Speakers : 9§ = Speakers
¥

eneric tree-base
EMF Editor

L

entity Persan {
property Name : Stri

entity Speaker extends
property Sessions : §

Writable

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Every GCS is transformableto a TCS

Example: sWML

ConferenceManagementSystem

Hypertext
TutorialList
(Tutorial)
Content
Tutorial

presenter:String

title:String

webapp ConferenceManagementSystem{

hypertext{
index Tutoriallist shows Tutorial [10] {...

}

content {

class Tutorial {
att presenter : String;
att title : String;

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Anatomy of Modern Text Editors

.

=0 KEE Outline &3 & <}:~b T
events = ll_§ Statemachine
switchToRed TRed i I= switchToRed
switchToBGreen TGreen I= switchToGreen
switchToYellow TYellow IS switchTaellow
end E!ll_E red
@I yellow
Error! state red @I green
switchToYellow =» vyvellow
end
state wyvellow
switchToBed =»> red
] switchToGreen => greenl =
end
state green |
switchToYellow = 1 -
7 end [=green
Ered
~ = yellow
Highlighting of
keywords | L -
E Problems &3 =| Properﬁeq ~
1 error, 0 warnings, 0 others
Description = Locat.
= & Errors {1item)
3 Couldn't resolve reference to State green2 test,state ftest line: 1.

Outline View ]

Code
Completion

Error Description

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Excursus: Textual Languages In the Past

Basics

- Extended Backus-Naur-Form (EBNF)
= Originally introduced by Niklaus Wirth to specify the syntax of Pascal
= In general, they can be used to specify a context-free grammar
= |SO Standard

= Fundamental assumption: A text consists of a sequence of
terminal symbols (visible characters).

- EBNF specifies all valid terminal symbol sequences using
production rules - grammar

= Production rules consist of a left side (name of the rule) and a
right side (valid terminal symbol sequences)

Marco Brambilla, Jordi Cabot, Manuel Wimmer. B
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Textual Languages

EBNF
Usage Notation
= Production rules consist of definition =
= Terminal concatenation \
= NonTerminal termination ;
= Choice alternation |
= Optional option [...]
) Repeti.tion repetition {..}
= Grouping grouping (...}
* Comment terminal string "
e terminal string R
comment *...%)
special sequence, ?...7
exception

Marco Brambilla, Jordi Cabot, Manuel Wimmer. %“*’

Model-Driven Software Engineering In Practice. Morgan & Claypool 2012. s



Textual Languages

Entity DSL

- Example

type String
type Boolean

entity Conference {
property name : String
property attendees : Person(]
property speakers : Speaker]]

}

entity Person {
property name : String

}

entity Speaker extends Person {

}

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Textual Languages

Entity DSL

= Sequence analysis

type String
type Boolean

entity Conference {
property name : String
property attendees : Person(]
property speakers : Speaker|]

}
_ Legend:
entity Person { = Keywords
property name : String = Scope borders
} = Separation characters
entity Speaker extends Person { - Ref_erence
= Arbitrary character sequences

}

Marco Brambilla, Jordi Cabot, Manuel Wimmer. ==
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Textual Languages

Entity DSL

- EBNF Grammar
Model := Type*;
Type := SimpleType | Entity;
SimpleType := "type' ID;
Entity := 'entity’ ID (‘extends' ID)? '{’ Property* '};
Property := 'property' ID ":" ID ('[]')?;

ID :: (lal"lzlllAl"lzlll_l) ('a...lzl|lA'"'Z'|'_.|'O'..'9')*;

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Textual Languages

Entity DSL

« EBNF vs. Ecore

H Model
Model := Type*;
TYP€ = S|mpleTYp€ | EnTlTy, 0.* Llements

d Type type

= name © EString

SimpleType := "type' ID; jh ﬁ%

0.1

Entity := 'entity’ ID (‘extends’ ID)? '{’

Property* '}. H SimpleType H Entity
extends
Property := ‘property' ID ":" ID ('[1')?: o
ID = (.G'..'Z'I.Al..'zlll_') 0..* | properties
(lal"lzl I IAI..Izl | l_l | 'Ol..'9.)*,‘ — naEmF;r?péi’;}ring

= many : EBoclean

Marco Brambilla, Jordi Cabot, Manuel Wimmer. %“*’
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Textual Languages

EBNF vs. Ecore

= EBNF
+ Specifies concrete syntax
+ Linear order of elements
— No reusability
— Only containment relationships

= Ecore
+ Reusability by inheritance
+ Non-containment and containment references
+ Predefined data types and user-defined enumerations
~ Specifies only abstract syntax

= Conclusion
= A meaningful EBNF cannot be generated from a metamodel and vice versa!

= Challenge
= How to overcome the gap between these two worlds?

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Textual Languages

Solutions

Generic Syntax
= Like XML for serializing models
= Advantage: Metamodel is sufficient, i.e., no concrete syntax definition is needed
= Disadvantage: no syntactic sugar!
= Protagonists: HUTN and XMI (OMG Standards)

Language-specific Syntax
= Metamodel First!
= Step 1: Specify metamodel
= Step 2: Specify textual syntax
= For instance: TCS (Eclipse Plug-in)
= Grammar First!
= Step 1: Syntax is specified by a grammar (concrete syntax & abstract syntax)
= Step 2: Metamodel is derived from output of step 1, i.e., the grammar

= For instance: Xtext (Eclipse Plug-in)
= Alternative process: take a metamodel and transform it to an intial Xtext grammar!

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Xtext

Introduction

= Xtext is used for developing textual domain specific languages

= Grammar definition similar to EBNF, but with additional features
Inspired by metamodeling

- Creates metamodel, parser, and editor from grammar definition
= Editor supports syntax check, highlighting, and code completion

= Context-sensitive constraints on the grammar described in OCL-like
language

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Xtext

Introduction
«artifact»
0AW /4 vetamodel
«artifact» v L
GrammarEI\ ><<Comppg?§2£>> ﬂ
) Xtext &l N
«artifact» D (T C S)
Constraints PP —— $j
Editor
S —
Xpand, Acceleo?] «artlfact»ﬁ‘
(M2C) Model
4
Xtend, ATL &
(M2M)
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Xtext

Grammar

= Xtext grammar similar to EBNF

= But extended by
= Object-oriented concepts
= Information necessary to derive metamodels and modeling

editors
- Example A
Ai(ypesB), )
type | 0..1
B

Marco Brambilla, Jordi Cabot, Manuel Wimmer. ==
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Xtext

Grammar

= Terminal rules
= Similar to EBNF rules
= Return value is String by default

- EBNF expressions

= Cardinalities
= ? = One or none; * = Any; + = One or more
= Character Ranges o0’ ..79’
= Wildcard £ of
= Until Token \WALSEE A VA
= Negated Token VHOO(NTHT ) VY

= Predefined rules
= ID, String, Int, URI

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Xtext

Grammar

- Examples

terminal ID :
(a2 A Z D) (a2 A Z 09

terminal INT returns ecore::EInt :
('0"..'9")+;

terminal ML_COMMENT :
l/*l - |*/|;

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Xtext

Grammar

= Type rules

= For each type rule a class is generated in the metamodel
= Class name corresponds to rule name

= Type rules contain
= Terminals -> Keywords
= Assignments -> Attributes or containment references
= Cross References -> NonContainment references

= Assignment Operators
= = for features with multiplicity 0..1
= += for features with multiplicity 0..*
= ?= for Boolean features

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Xtext

Grammar

Examples

= Assignment
State :
'state’ name=ID
(transitions+=Transition)*
end';

= Cross References
Transition :
event=[Event] '=>' state=[State];

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Xtext

Grammar

= Enum rules
= Map Strings to enumeration literals

- Examples

enum ChangeKind :
ADD | MOVE | REMOVE

enum ChangeKind :
ADD = 'add' | ADD = '+' |
MOVE = 'move’ | MOVE = '->' |
REMOVE = 'remove’ | REMOVE = '-'

Marco Brambilla, Jordi Cabot, Manuel Wimmer. ==
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Xtext

Tooling

= Xtext Grammar Definition

Grammar Default Terminals (ID,
Name \ STRING,..)

i \ o |
StateMachine.xtext 53 \' 8

~N
lgrammar org.xXtext.example.StateMachine with org.eclipse.xtext.common. Terminals ﬁj

-

Fd

Zgenerate stateMachine "http://www.xtext.org/example/StateMachine™

4
S5tatemachine
6 'events'

7 events+=Event)+
o rend } Metamodel URI ||
9 ("resetEvents'

10 [resetEvents+=[Event] )+

11 'end')}?

12 ' commands *

13 (commands+=Command) +

14 'end'

15 (states+=5State) +;

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
Model-Driven Software Engineering In Practice. Morgan & Claypool 2012.




Xtext

Tooling

= Xtext Grammar Definition for State Machines

B stateMachine.xtext X = 8

lgrammar org.xtext.example.S5tateMachine with org.eclipse.xtext.common.Terminals lA-
. £
Zgenerate stateMachine "http://wWwW.xtext.org/example,/StateMachine™
4
S5tatemachine

'events"

([event=s+=Event)+
'end'
{"resecEvents"
([resetEvents+=[Evant] )+

'end')?
12 [statez+=3tate) +;
13
14Ewvent
15 name=ID code=ID;
16
175tate
18 'state' name=ID
19 (Cransitions+=ITransition)*
'end':

%]
= O

Transition :
event=[Ewvent] "=>" state=[State]:

%3R3 ORI ORI ORI

P
3
4
5

Marco Brambilla, Jordi Cabot, Manuel Wimmer. -‘=~“'=
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Xtext

Tooling

= Automatically generated Ecore-based Metamodel

% stateMachine.ecorediag 532 =8

4 5 Palette
heam-
= Objects w0
## EPackage
[ Eclass

H statemachine|

&y EDataType Q

& EEnum
fi EAnnotation 0..* | states 0..* [, events
# ECperation El State H Event o=
} = name : EString = name : EString |
EAttribute
- o o code @ EString | resetBvents
— EEnumLiteral }
(== Details Entry s;atf 0.1
= Connections 40 event
=+ EReference
*, Inheritance transitions|_H Transition
=—a EAnNotation link 0=
= a8 E
[ Problems | Bl console @ Error Log = |
# Undefined
|
Model Mame: | stateMachine |
Annotation
Me Prefix: | stateMachine |
Extended Metadata
GenModel Doc Ms URI: | http: f o, xtext. orgfexample [StateMachine |

ivialrCo bramapilla, Jordi Labot, Manuel Wimmer.
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Xtext

Tooling

= Generated DSL Editor

[ Outline View }

=5 KEE Outline EE% F i?} EL = =)
events i = ll_§ Statemachine
switchToRed TRed - I= switchToRed
switchToGreen TGreen - [I= switchToGreen
switchToYellow TYellow = switchToYellow
end red
- yellow
Errorl state red &I green
switchToYellow =»> yellow
end
state yellow
switchToRed => red
\
(%] switchToGreen =»> greenz = Code
end 5
Completion
state green
’/ gwitchTo¥Yellow => T \ (Ctr|+Space)
A end [=green
[Ered
M= yellow

Highlighting of

keywords e c
[ ror
[2 Problems 2 =| F‘ruperﬁes} Descnp'ﬂon
1 error, 0 warnings, 0 others
Description = Ly < 1
= & Errors (1item)
3 Couldn't resalve reference to State green? test.state ftest lime: 1... El

vialCO braimplila, JOrdi Labot, Manuel Wimmer.
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Example #1: Entity DSL

Entity DSL Revisited

Example Model

type String EBNF Grammar
type Bool Model := Type*;

entity Conference {
property name : String
property attendees : Person[]
property speakers : Speaker(]

}

Type := SimpleType | Entity;
SimpleType := "type' ID;

Entity := 'entity, ID (‘extends' ID)? '{’

entity Person { Property* '}

roperty name : Strin
}p Pery ng Property := ‘property' ID ":' ID ('[]')?;
entity Speaker extends Person { ID(,:, (glilélilla)g)*

}

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example #1

From EBNF to Xtext

EBNF Grammar

Xtext Grammar

grammar MyDsl with
org.eclipse.xtext.common.Terminals

generate myDsl "http://MyDsl"

Model := Type*;

Type := SimpleType | Entity;

SimpleType := "type' ID;

Entity := 'entity, ID
(‘extends' ID)? '{’
Property*

l}l;

Property := 'property' ID "'
ID ("[1)2
ID:=('a'.'2'|'A"."Z"|'_")
(‘a".'Z'|'A' S Z' M09,

Model : elemenfs.g.:'rype*;

Type: SimpleType | Entity:

SimpleType: 'type' name=ID;
(‘extends’ extends=[Entity])? '{'

properties+=Property*

v,

Property: 'property’ name=ID ":'
type=[Type] (many?="[]')2:
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Example #1

How to specify context sensitive constraints for textual DSLs?

- Examples Xtext Grammar

grammar MyDsl with
org.eclipse.xtext.common.Terminals

= Entity names must start with
an Upper Case character

= Entity names must be

unique Model : elements+=Type*;
= Property names must be
unigue within one entity

generate myDsl "http://MyDsl"

Type: SimpleType | Entity;

SimpleType: 'type' name=ID;

* Answer Entity : ‘entity’ name=ID
= Use the same techniques as (‘extends’ extends=[Entity])? '{’

Y,

Property: 'property’ name=ID ":'
type=[Type] (many?="[1")?:
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Example #1

How to specify context sensitive constraints for textual DSLs?

= Examples
1. Entity names must start with an Upper Case character
2. Entity names must be unique within one model
3. Property names must be unique within one entity

= Solution shown in Check language (similar to OCL)

1. context myDsl::Entity
WARNING "Name should start with a capital":
name.toFirstUpper() == name;

2. context myDsl::Entity
ERROR "Name must be unique":
((Model)this.eContainer).elements.name.
select(e|e == this.name).size == 1;
3. context myDsl::Property
ERROR "Name must be unique":
((Entity)this.eContainer).properties.name.
select(p|p == this.name).size == 1;
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Example #1

When to evaluate context sensitive constraints?

= Every edit operation for cheap constrains
= Every save operation for cheap to expensive constraints
= Every generation operation for very expensive constraints

type String | = |1_§ Model
I String
|® entity Studenti _ @I Student
property alter:String[] @-I= Student
A
=
=
(%] property name:String|] =
I
K@ Problems 3 = Properﬁesq ] Error Logﬂ = Console\l - =)
4 errors, 0 warnings, 0 others
Description Resource Path Location Type
= & Errors (4items)
@ Entityname must be unigue test.mydsl [test lime: 3 ftestftest.mydsl EMF Problem
@ Entityname must be unigue test.mydsl [test lime: & ftestftest.mydsl EMF Problem
€3 Propertyname must be unigue test.mydsl [test lime: 10 jtest/test.mydsl EMF Problem
€3 Propertyname must be unigue test.mydsl ftest line: 9 ftestftest.mydsl EMF Problem
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Example #2: Bookshelf (Homework)

= Edit ,Bookshelf* models in a text-based fashion
= Given: Example model as well as the metamodel
» Asked: Grammar, constraints, and editor for Bookshelf DSL

B model.xmi X

1<?zml version="1.0" encoding="ASCII"?>
Z2<bookshelf:Shelf xmi:version="2.0" xmlns:xmi="http:/

14

16

=8

<book name="LOTR">
<chapter title="chapterl" numFages="10"/>
<chapter title="chapterZ" numFages="13"/>
<chapter title="chapter3" numFages="12"/>
</ book>
<book name="RubyOnRailsInfction™>»
<chapter title="chapterl" numFages="10"/>
</book>
<book name="WickedCoolJdava">
<chapter title="chapterl" numPages="13"/>
<chapter title="chapterZ" numFages="11"/>
< /book>

15</bookshelf:Shelf>

H Shielf

H Book H Chapter

= title = HUmPages

= title

chapters
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Example #2: Metamodel Details

E
T| rivyedsl.xkxk (EI mydsl, ecare E:E\

= E platfarm: fresourcefmy, dslfsrc-genforgfexample/dslrmydsl, ecore
= H# rrvds)
= E shelf
- = biook, : Boolk,
= H Book
----- = chapter | Chapter

3 RAmE ESkring
= E Zhapker
..... = numPages : EInk
3 Hte ESkring

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Example #2: Editor

R . i
B test.books X = 0 EE Outline 52 {::D lﬂ,z | 9 = = H
& Book <LOTR:chapterl#l0,chapter?#13,chapter3#os AE] = ll__EShEIF
Book <RubyOnRailsInfction:chapterl#lo> IE!E_E LOTR

Book <WickedConlJava:chapterl#13, chapter2#11> - II= RubyOnRailsInAction

E--I= WickedCoollava

KEE Problems &3 = Properﬁes\l & Error Log} = Console\l

£ ¥ = O
0 errors, 1 warning, 0 others
Description & | Resource | Path | Location | Type
= & warnings (1item)
% Pages must be greater than zero test,books ftest line: 1 ftestftest.books EMF Problem
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