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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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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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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
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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
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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!
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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
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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
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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 _>©
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Applying refactorings to metamodels
transitions ™
> Transition
— - : incoming /N0..1 0..1/]) outgoing
% ActivityDiagram o ——
o name : String target\/ 1 1 \l/ source
% ‘—| x Node
O nodes | 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 ..
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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!
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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

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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DSML Example: SWML

SWML: Simple Web Modeling Language
STEP 1: MODELING DOMAIN ANALYSIS

Language purpose: modeling the content layer and the
hypertext layer of Web Applications

The content layer defines the schema of persistent data

The hypertext layer presentes the data to the user in the form of Web

pages and defines the navigation between pages
Language realization: support different SWML user types, a
graphical syntax should be defined for easing communication
with domain experts. A textual syntax should be provided for
familiar developers

Language content: a SWML consists of a content layer and a
hypertext layer

I ‘{i



DSML Example: SWML

Conference Management System

Hypertext

_‘ur”hu‘-:

LH | startPage

e

.......... },_,,—f'/%’_

i

Tutoriallist
( Futoriall i

N

£ TutorislDetails
{Tutorial}

&

L

B2 Talklist

]

’F, TalkDetails

' [Talk) (Talk) )
RegistrationInfo J
Contant T
Tutoriai | Talk I
prasanter:Sirng Qmsemﬂr:ﬁtring
Lithe: String title  String
keywords: Soring
o isShortBootean :
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Step 2 — Modeling Language Design:
defining a metamodel

Concept Intrinsic Propearties Extrinsic Properties

One Cpntent Layer
Che ymierrte vl Ly e
(Zomrant L-.'i","l?l' .'..I"'\-"'::lll.{rl,]‘f'f r-.”'“-lﬁ- M l.':lT f?.‘iﬁ{- gres

—_ ety ST ATTE S e s

Ylan Mede: e o B

Aviibrary number of Afeibules

Cless name - Biring _ _
T Lo eepenuintatjve Arfeilrbe

fdee L Siring

ATLritlte . . .
’ ryga @ [String| bntegerfioar]

Arpitrary numbar of Pegas

I wiaxk | . “r .
Hypeariext Lay DCve Page dafined as Moreprge

2 0 Y 1 e

Stitic Page name ! String Arbitrary number of SO
yrme o S arpitrary numbar of §CLErks and Clinks
lidex Pace ams | Sm'lrf] vt i ¢
etk S MY One displayed Class

girbitrary aumber of MOLRES and Clinks L
One displayved Class

M LR Onm fisrget P
o Link COne target Page

Detaily Fage AEnE | SECg

Figure 7.4: Modehing concept tble for sWML.,
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Step 2 — Modeling Language Design
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Step 2 — Modeling Language Design
- constraints in OCL

Rule 1: A Class must have a unique name within the Confent Layer to avold name clashes.
context Contentlayer inv:
seif.classes -> forAll(x,y | x <> y implies x.name <> y.name)

Rule 2: The representative Aétridute of a Class must be taken out of the set of Atributes contained
by the Class.
context Class ilnv:

self.attributes -> includes(self.representativeAttribute)

" Rule 3: A page must not contain a non-contextual link to itself, because navigating such a linkwould
result in exactly the same page as shown before the navigation.
context Page inv: not self.links ~> select(l | 1.0c1IsTypeOf (NCLink))
-> exists (1l1l.target = sgelf)

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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Step 3 — Modeling Language Validation
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SYNTAX
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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 _

Marco Brambilla, Jordi Cabot, Manuel Wimmer.
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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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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
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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

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



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
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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. %“*’
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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 initial 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.
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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 |
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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
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