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Productivity Gains in SE

® Methodologies
SADT

Fusion

OMT

Booch

Catalysis

RUP

Fondue

SEAM

Made possible/necessary
thanks to/because of
evolution of hardware...

® Abstraction
Techniques

e Punched Cards

Assembly Code

Functional / Procedural
Programming
Object-Oriented
Programming

Patterns

Concurrent Programming
Component-Oriented
Programming / Middleware
Design by Contracts
Aspect-Oriented
Programming

Product Family Engineering
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SE with

Models

Model Driven Engineering (MDE)
“From contemplative to productive” (J.Bézivin)
Organizes abstraction

Methodology

Transformation<—@é) System »Model
Transformation A@ System »Model
Transformation<—é§ System »Model
Transformation«—; System »Model

System Model

Ge(?\cécri:tor . Code Glperation
System »/Code
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Paper

* Fredeéric Fondement and Raul Silaghi, Defining Model Driven
Engineering Processes., 3rd International Workshop in
Software Model Engineering (WISME@UML), satellite event of
the UML 2004 Conference, Lisbon, Portugal, October 11, 2004.
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Practice
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Context
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Netsilon

® DSL for Web Application Engineering
* Not just a profile (see Conallen’s book) _—

Composition
and
Business Navigation
Model Model Hypertext
Metamodel
UML
Metamodel
Business .
Objects Scripts
Glue
1. Request 2: Processing
Web Templates
Browser
3: Answer
Web Server
\
Presentation
Model Presentation
Metamodel

© Pierre-Alain Muller
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Key points

® Various Platforms
« Application x Database servers
* Interest of modeling

® Efficiency

®|HM

e Text
* Graph

® Reuse
e Large models

® Full generation and deployment
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DSLQ

parent:
childrep

Person

public String name
public String surname husband
public Gender gender 0.1

0.+ | Public Void marry(...)

wife

0.1

<<enumreration>>

Gender

public String male
public String female

Marriage

public Date date

X

e
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Deployment Model

people\ist

Business Model

Hypertext Model

Il

Collection
peopleListDisplay

Link
personDetails

Presentation Model
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arme:

ata access:

ransactions:
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= fpe

p=<h2=Parents</fh2=-

L fpe
=pe=h2=Wife / Husband:</h?>

person.parents.children->asSet()->excluding(person)
->select(p : p.gender == #female)->sortedBy(p : p.name)
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Generation Process
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Generation Process
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Generation Process
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Generation Process

PIM Business Model Hypertext Model Presentation Model |
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Object / Relational Mapping

Person

parentg
childrep

public String name
public String surname
public Gender gender

husband

0.* [ public Void marry(...)

<<enumreration>>

wife

0.1

Gender

public String male
public String female

Marriage

public Date date

g

See Marcos’ work

instances
(instances 1d, classnum)

person
(01D, name, surname, gender)
marriage
(OID, #wife, #husband , date)

parents_children
(#parents, #children)

© F. Fondement
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Generation Process
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Object / Relational Mapping

® Encapsulation

class Person
attribute oid : String

2
Person
parenty publ?c String name _ _
childref PPN Sting surname htisband function get name : Stri ng
public Gender gender 0.1 —_
0.* [ public Void marry(...) retu n SQ L_exeC (
o1 “SELECT person.name
wite FROM person
Ere— I WHERE person.OID = “ + oid
public String male Marriage _ )
public String female public Date date f in g et_n ame

> o
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Generation Process
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Compiling Xion

® Naive approach
aPerson.children->collect(name)

Set(Person

= SQL_exe 1
SELECT children

FROM parents_children

HERE parents = “ + aPersdn.oid

)
Set(String) tmp2 = []
Foreach e 1n tmpl do

tmp2-add(e<§§finam%§22>

End foreach
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Compiling Xion

® Optimized Approach
aPerson.children->collect(name)

SQL_exec(
“ SE

T person.name
FROM person

WHERE person.OID i1n (
SELECT parents _children.children

FROM parents_children
WHERE parents_children.parent

+ aPerson.oid + )’

© F. Fondement - 25 - April 2008



Generation Process
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Netsilon as it should be

See HulRimann’s and Mellor’s work

UML
|
Class | — R
Diagrams OCL
A R |
| “J/ocLy
—<<adapts>> A SoL .
_ : DRESDEN
Netsnc':)n <<adapts>> ocL
| I /:\
Business | <<adapts>> -°
Model Xion ol
OptimtZzer

M © F. Fondement
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Paper

 Pierre-Alain Muller, Philippe Studer, Fredéric Fondement, and
Jean Beézivin, Platform independent web application
modeling and development with Netsilon., Software and
System Modeling (SoSyM) 4 (2005), no. 4, pp. 424-442.
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Principles
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(Model) Transformation (Language)

=T

® Before QVT Transformation
Language

~

1
<<conformsTo>>
I

] ]
M2 Source | /MIBUELN 5 Target
Languages Languages
A A
<<conformsTo>> < <coniformsTo>> <<conformsTo>>
_I_I I
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MTL General Principles

MTL = Object-Oriented Modular Transformation Lang.:

® OCL
* One of the best solution for model querying (cf. Xion)
« Standard library
* Object Oriented
® Side effects
« Model modification
 MTL objects modification
® Structure
 UML class diagrams

sanbiuyoa)
UMOW-||IPM « PIO »

® MTL Libraries

* Models to be manipulated as parameters
* Including MTL Models

* Inheritance (higher-order hierarchies)

A1o1j109ds
1L 8yl

S
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Key Points
® Transformation reuse

® Multi-model manipulation
* One kind of model is a set of MTL instances

® Independency from the model repositories
® Improvement process

® Compilation of all concepts to Java
« Multiple Inheritance
« Higher-order hierarchies

© F. Fondement - 33 - April 2008



Compiler Insight

* Al

Precompiled
libraries

I

«metamodel»
MTL

T.tll

e dTune Chackar N o NN Precompiled
Type Checker> > library

: T*.java
i Generated java
! transformation
——————— Parser )--!
¥ Repository API
I
------------------------------- > «metamodeb> (<< conformsTo» ---- Model Repository

Transformed MM

W[NRIA © F. Fondement
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Accessing Models

Adaptors
/
:Main Host I'4
/Modellg ::MDR Driver
g ::MTL Transformation | /g MDR
del 2 g ::MDR Driver
Madel 5
=L, - 0.
g‘ -*CORBA Client Driver l__:‘l UMLAUT Driver T__:‘I UMLAUT
. \
— CORBA Client Manager ' :UMLAUT Driver ' :UMLAUT
:Server
5 .. :
g --CORBA Daemon - ::Oracle Driver
- . o :Oracle
= ::CORBA Server Driver o m=EeE
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MTL Improvement Process

® (MTL) transformations

I

«metamodel» (=
AS-BasicMTL

L

___________________

«merges»

* i T.tll
Precompiled -1---1Type Checker >“‘| ““““““““““““““““““““ > PreI(i:k;)rgplled
libraries i Y

) L etamodel» «_______ |
Classes /'rAns.|\/|T|_.1,0< ________________

. Accessar definition

«m

A

erges»

20019] /| et
27 «metamodel» Generated java
transformation

_______ Parser >> AS-MTL-2.0
N
. r g i
Assoclations }5 .
Repository API
I

_______________________________ >

«metamodel»
Transformed MM

<< ~«conformsTo»----1 Model Repository
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Lessons Learned

® Inspired from Netsilon (BM + Xion)
* Business Model M1=>M2

® Evolved into Kermeta
« Kermeta MM is an extension of ECORE

® |essons learned
« Power of higher-order hierarchies (merge / refines)

* Problems to write adaptors
° In MTL
* Repository Drivers

 Lack of parser evolutivity
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Paper

 Pierre-Alain Muller, Franck Fleurey, Didier Vojtisek, Zoé Drey,
Damien Pollet, Frédéric Fondement, Philippe Studer, and
Jean-Marc Jézéquel, On executable meta-languages applied
to model transformations., Model Transformations In Practice
Workshop, satellite event of the MoDELS 2005 Conference,
Montego Bay, Jamaica, October 3rd, 2005.
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Context

® Development of Netsilon
« Xion
* Hypertext Model

® Development of MTL
* Parser

® Tooling the Fondue Method
 Fusion + adapted UML Models
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(Modeling) Language Definition M2

1 3X5=
$ 7

&N

o I

__.“4"3 Concepts Meaning *

: )
¢ =

T

Language
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Concepts Definition

Abstract Syntax

ModelElement

name : String

JAN

l

StateMachine

M2

Event
source .\ outgoing -
trigger |0..1
subvertex 1 * N
- StateVertex Transition <*H
l *
A target incoming
I l top|1
PseudoState State .
- ; «enumeration»
k|nd . PseudOStateKlnd A PseudostateK|nd
i l ! ! initial
contami Composite Simple Final choice
0.1 State State State
.(I)ﬂ- © F. Fondement - 43 -
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Concepts Definition M1

Abstract Syntax -StateMachine
root
)
:CompositeState
s subvertex
== .
subvertex : E 1 e subvertex target | closed:CompositeState
; él ‘-‘l s p( o d :PseudoState :Transition
KT PesudosaeKind A g kind=initial :PseudoState | sulvertex
source kind=initial
— source
:Transition
subvertex | / source —
. :Transition
opened:SimpleState
target
target target
unlocked:SimpleState H
subvertex
— source
‘Transition
‘Transition
source target

locked:SimpleState | subvertex

.(I)ﬂ- © F. Fondement -44 - April 2008

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE



Strategy

April 2008
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Interface Definition

M2

Abstract Syntax + Concrete Syntax(es)

sm ::= "Statemachine™ IDENT compositeState
state ::= normalState | pseudostate
normalState ::= "initial"? (simpleState | compositeState)
simpleState ::= "State" IDENT
compositeState ::= "CompositeState IDENT? LCURLYBRACKET
(state | transition)* RCURLYBRACKET
transition ::= "Transition™ IDENT? "from"™ IDENT
"to" IDENT ("on'" IDENT)?
pseudoState ::= "FinalState™ IDENT | ""Choice™ IDENT

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

© F. Fondement
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Interface Definition M1

Abstract Syntax + Concrete Syntax(es)

sm ::= "Statemachine™ IDENT compositeState

state ::= normalState | pseudostate

normalState ::= "initial"? (simpleState | compositeState)
simpleState ::= "'State' IDENT

compositeState ::= ""CompositeState IDENT? LCURLYBRACKET
(state | transition)* RCURLYBRACKET

transition ::= "Transition"™ IDENT? "from'™ IDENT
"to" IDENT ('on"™ IDENT)?

pseudoState ::= "FinalState'™ IDENT | "Choice"™ IDENT

StateMachine Door
CompositeState {
initial State opened
CompositeState closed {
initial State unlocked
State locked <= An (M1) sentence
Transition from unlocked
to locked on lock

.(I)ﬂ- © F. Fondement -48 - April 2008
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Typical Implementation

White: M2

Grey: M1
1
Abstract
Syntax
(Metamodel)
NR
«conformsTo»
.
Model Code
£
. |ANTER
Semantic mp_iler
analysis ompiler
~<conforms
H Grammar
Intermediat
tree
.(I)ﬂ- © F. Fondement - 49 - April 2008
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Key Points
® Reversible process
® Unique specification

® Tradeoff between
e Complexity of the definition
 Flexibility of the possible concrete syntaxes

© F. Fondement - 50 - April 2008



Specification Language Black: M3
- White: M2

Metalanguage | Concrete G rey: M1
(e.g. MOF, KerMeta) Syntax
(Metamodel)

|
«conformsTo»

— —
Abstract Textual
Syntax ity Concrete
(Metamodel) Syntax Spec.
NW 1 N
| \ ’ I
-0 .
«conformsTo» / |
«confolrmsTo»

Reversible
Processor

® No concrete syntax
* Help yourself !

.(Pﬂ- © F. Fondement -51 - April 2008
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TCSSpec Metamodel

Inspired from e = Action
ideEffec
1 start
® EBNF subirule Rul N @ —
e Text structure 1 ue les/ | TCSSpec [ @—
. subRuUles
® Netsilon 5 f
 Model Navigation {ordered) bR
Sequence Alternative Iteration Template
I
¢ — conditions 0..3; Terminal
Condition - -
1.* separato :
<l /meta 5
BooleanQuery Value
c t Class
className : String | metaCldsses
0.
) Feature
RuleRef rimitiveValue ObjectRef N
sName : String
feature |feapreName : String 3.4 res
identifier
.(I)ﬂ- © F. Fondement -52 - April 2008
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Prototypes: Sintaks WINRIA

2o

[ 1 I
Abstract Textual
Syntax DSttty Concrete

(Metamodel) Syntax Spec.
A A A
: \\\ // :
| \ Vi |
[ AN , [
«conformsTo» K !
! N / «conformsTo»
I \\ // :
i ;
E \
Model Text
Y 4

.(Pﬂ- © F. Fondement -53 - April 2008
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Prototypes: TCSSL Tools

1 1
Abstract Textual
Syntax Dttty Concrete

(Metamodel) Syntax Spec&&
AW A A
1 \\ , !
' AN , !

«conformsTo» s, 2 [

) N / «conformsTo»
: \\ ,/ i
: \\\ /// !
1 Ay //
! \‘ .'
Reversible
Model <—— Text <—>= Text

1
Abstract

(Metamodel)

AR
«conformsTo»

Syntax k..

Jet

“ Code Generator

)

Semantic

analysis

AnIrEsl

Compiler
compiler

Processor
Intermediate
tree
© F. Fondement April 2008
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Papers

* Pierre-Alain Muller, Frédéric Fondement, Franck Fleurey,
Michel Hassenforder, Rémi Schnekenburger, Sébastien
Gérard, and Jean-Marc Jézequel, Model-driven analysis and
synthesis of textual concrete syntax., Software and System
Modeling (SoSyM), 2008, (DOI: 10.1007/s10270-008-0088-x -
to appear).

* Fredéric Fondement, Rémi Schnekenburger, Sébastien Gérard
and Pierre-Alain Muller: Metamodel-Aware Textual Concrete
Syntax Specification, Technical Report LGL-REPORT-2006-
005, Swiss Federal Institute of Technology in Lausanne,
Switzerland, December 2006.
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® Modeling Languages: Concrete Syntax

* Graphical
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Interface Definition M2

Abstract Syntax + Concrete Syntax(es)

Transition|SimpleState| Composite | FinalState | PseudoState | PseudoState

State (initial) (choice)
name
—event> name contents ® ° 0O

.(I)ﬂ- © F. Fondement - 57 - April 2008
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Interface Definition

M1

Transition|SimpleState| Composite | FinalState | PseudoState | PseudoState
State (initial) (choice)
event= ® o o)
| [ 1

closed

unlocked J

-

) unlock

lock

locked ]

<= An (M1) sentence

® In practice
 Layout constraints
« User interaction

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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Typical Implementation

White: M2

Grey: M1
® A lot of variability
1
Abstract
— 5, Syntax ® Not dedicated to graphic
Interaction .7 "|(Metamodel) :
i Mapping - designers
N e : «conformsTo»
- ; .
| |Representation ; ® Not adopted by industry yet
\ ;anguage g « MVC with 2D graphical
I — libraries
@“ﬁ > Model
Meta-CASE K
DiagramJ Repr%s:tr;tation
.(Pﬂ- © F. Fondement - 59 - April 2008
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Key Points

® Not limited to connection-based languages
® Reversible mapping

® Versatile representation language

® Clear representation data structure

® Library of reusable interactions

© F. Fondement - 60 - April 2008



Idea White: M2
Grey: M1

1
Abstract
predefine s . Syntax
interaction Mapping (Metamodel)
library — A
A N/ \i/ \: <<C0nformsTo»
u Representation]_| Graphical
Templates Syntax 5
AW (Metamodel) |
. " —
— Model

«conformsTox rmsTo» 7

1

Representation

Diagram
Data

.(Pﬂ- © F. Fondement -61 - April 2008
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Graphical concrete syntax definition

1
Abstract
predefine 1 N> Syntax
interaction Mapping (Metamodel)
— — library , A
Qaphica Abstract & N .y dconformsTo»
(Vetamood) (thm) Represéntatio Graphical
Templates J_ | =~ Syntax |
Graphical Adantor Model N o> (Metamodel) /4 ;
Editor ‘ P - Repository T\ A —
i R s voanan : Model
'SVG Renderer | E
«conformsTo»

Representation

Diagram
Data

.(Pﬂ- © F. Fondement - 62 - April 2008
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«Interface»
GraphicalObject
Ad a pto r contains()
connects()
nearby()
overlaps()
¢ SynChronlzatlon Constraining Part Iconic Part A
thrOUgh OCL MetaClasses Display Manager Display Classes
. . Classes
constraints solving 5 d —me |am[—— ; =
= g Transition 1 TransitionDM \%SVGTransmon ————————— -
R
® Implementation issues " «corfrectss SVGArrowENd 14
<<C0nf°"éi‘3 SVGArrowENnd |1-
® Here an example for o
- - « aroy>> = ex e
synchronizing abstract " lent et string
with a concrete syntax —
m0d6| gg Ssir:;[t)(lee 1me dnl ss;iartr:gfw —V% SVGSimpleState | ---------
%
«Co% SVGText F1
context TransitionDM inv: |
. . . ¢ d |
if self.me.trigger->iSEmpty() | §5 Prmre—-af Zaemee | gfSveree]
then self.vo.event->isempty() |39 -
else self.vo.event.text & Svelnia
= self.me.trigger.name SVGChoice
endif
.(Pﬂ- © F. Fondement - 63 - April 2008
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SVGCompositeState

name:SVGText ]
, separator:SVGLine

Representation

I
Graphical !
Syntax \/

SVGTransition

1
«conreets» SVGArrowEnd
start

1
«connests»{ SVGArrowENnd

end
«nedrby 1| svGText
évent ftext-String contents:SVGContents
SVGSimpleState <SVg e
< § =tk ” >
«Cogﬂiﬁ?ni SVGText ? g Id = $$ N
name / <rect |d=“back_$$u >
SVGComposite/ %text id=“name_$$ "
State “ / <|Ine id:“end $$ " />
«co.* in 0,','1 SVGText —7 - 7 o ”
e <rect id=“contents $$” .../>
0.1 —7 N
«CORtaiss SVGLine - ‘e
separator
o1 ’/ </g>
«coégﬁggﬁzts SVGContents < /svg> 7

.(I)ﬂ- © F. Fondement - 64 - April 2008
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User interactions

Interface

Interface

BorderSlidable

T Stickable

L oDo

DirectionAdjustable - Translatable O
Locatable o BorderFindable O
Positionable 0 OriginGettable 0 -
O

Containable

7o, [Container

Editable

S . [Etc...

(gl

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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Representation Link: DopiDOM events

® Events depend on DopiDOM component

® Reaction to events defined in templates
« Java JMI or EMF, KerMETA, Xion, MTL, etc.

® |nitial / Load / Save scripts

CompositeState template

<svQ
onCreation=“s=model.getCompositeStateDM().createCompositeStateDM();
”>
<text name="name_3$3$" var_self="$s" dpi:component="Editable, ...”
onChange="self.setName(content);"

</svg

.(I)ﬂ- © F. Fondement - 66 - April 2008
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Papers

* Fredéric Fondement and Thomas Baar, Making metamodels
aware of concrete syntax., First European Conference on
Model Driven Architecture Foundations and Applications -
ECMDA-FA (Alan Hartman and David Kreische, eds.),
Nuernberg, Germany, November 7-10, 2005, Lecture Notes in
Computer Science, vol. 3748, Springer, 2005, pp. 190-204.

* Fredéric Fondement, Graphical concrete syntax rendering
with SVG., Fourth European Conference on Model Driven
Architecture Foundations and Applications - ECMDA-FA
(Philippe Desfray, Alan Hartman, Richard Paige, Arend
Rensink, Andy Schurr, Regis Vogel, Jos Warmer, eds.), Berlin,
Germany, June 9-12, 2008, Lecture Notes in Computer
Science, Springer, 2008, to appear.
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® Reuse
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Questions Raised

Domain Specific
Modeling

Proliferation
1 e of languages !

* Support for language
engineering

© F. Fondement - 69 - April 2008



Reusing Tools

® A metamodel is an interface

N
MM

MM2

/

R 7
N A<conformsTo>>
Ve

<<adaptedTo>?
5
Model

/
<<adaptedTo/>>

] b
MM3

® Middleware
® Adaptors are key components
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Reusing Languages

gp—

Model Vigw; UML MM
ML-MV ML
A S
; apter UML MM Itor
Model Vj,eW
(<. Model ViewJ Java AS
S ava-MV Java
ODCL ParserOCLMM = -0— Adapt —C o p
O apter Java A arser
r I\/\l\‘O\del VleRI/I MM_MV My MM M
«metamodeb;| Xda ter | ., Re osyitor
P My MM P y

Model View

7
—

OCL MM

K5

«metamodel»

® Develop for reuse
® Adaptors are key components

© F. Fondement
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Reusing MDE Processes

Something to
add in between
L1 N/

L2 and L3 ~ L1
2 |/ A 2
L3 &
L4 4
= N
Code G@eration

Code Gengration ++

Code

® More than just static adaptors mEnhancementS
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Tuning MDE Artefacts

Tuned
Very Abstract
Metamodel
«model transformation»
Very Abstract <<~ Pass 1
Metamodel

7
«Weaves 1n»

«model transformation aspect»
Tuned Pass 1

Tuned
Decorated
‘e Metamodel
«model transformation»
Less Abstract <— - Pass N
Metamodel

7
e
e

«Weaves In»

«model transformation aspect»

Tuned Pass N

Tuned
Concrete
Metamodel
\
X
Concrete
Metamodel

© F. Fondement
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Tuning MDE Artefacts

Tuned
Very Abstract
Metamodel
\

T~

«model
Very Abstract <<~
Metamodel

7,
7
«Weaves 1n»

«model transformation aspect»
Tuned Pass 1

)

® Higher-order hierarchies

« AlaMTL

Tuned
Decorated
Metamodel

N

Concrete
«model transformati |_Metamodel | —
Less Abstract [<<- - Pass N .
Metamodel AN

7
e
e

«Weaves In»

«model transformation aspect»
Tuned Pass N

)

® Missing CS Tuning here

N

» See MTL improvement process

~

Tuned

Concrete
Metamodel

© F. Fondement
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Paper

 Raul Silaghi, Fredéric Fondement, and Alfred Strohmeier,
Towards an MDA-oriented UML profile for distribution., 8th
International IEEE Enterprise Distributed Object Computing
Conference - EDOC, Monterey, California, September 20-24
2004, IEEE Computer Society, 2004, pp. 227-239.
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Tuning MDE Artefacts

Tuned
Very Abstract
Metamodel
«model transformation»
Very Abstract <<~ Pass 1
Metamodel

-
«Weaves In»

«model transformation aspect»
Tuned Pass 1

\

Tuned
Decorated
Metamodel

¢

%*
N

Less ADSTract_<< -
Metamodel \\

«model transformation»
Pass N

7
«Weaves In»

«model transformation aspect»
Tuned Pass N

[ —

Tuned
Concrete
Metamodel
\
N\
Concrete
Metamodel

© F. Fondement
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Aspects on MTL Transformations

® | anguage extensions for defining aspects on transformation

® Enhance slightly the compilation process
® Reuse the concrete syntax as it is

[
d T+A*.Java
T.mtl > MTL Code
ib 1Parser>-> R N 20 Generated java
| rary Transfc_>rrmat|on - Generator transformation
| i__>
MTL
Transformation | _
T+A '

T+A

Precompiled

A.mtl -
ibrary N[ jPArser - MTL-Aspect -1 Type A
) | Checker s

MTL Compiler
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Paper

 Raul Silaghi, Fredéric Fondement, and Alfred Strohmeier,
“Weaving” MTL model transformations., Model Driven
Architecture (Uwe ARBmann, Mehmet Aksit, and Arend Rensink,
eds.), Lecture Notes in Computer Science, vol. 3599, Springer,
2004, pp. 123-138.
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Contributions

Application of MDE in different domains
® \Web applications
® Product line engineering
® Distributed systems
® Fondue Method

Improvement of modeling language engineering

® Model transformations

* OO imperative languages

* Interest of higher-order hierarchies in improvement process
® Syntaxes

e Language theory

* (Triple) Graph Grammars
 Vector graphics
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Conclusion

® Agile MDE Definition
* Knowledge from real
specialists !
o “off-the-shelf (MDE)
components”
» Adaptable to each project

Engineer

ﬁﬂ!:"—:;:;;;;e

Composition

Language
Engineering

«ING

Language
Tuning

Project
Architect

.....

H o,
e
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Thank you !
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Emergency Slides
® Netsilon Detalls

® anguage Definition
« Textual Concrete Syntax
« Graphical Concrete Syntax

® MTL Aspects
® Adding an additional abstraction layer

® Adaptors
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Emergency Slides
® Netsilon Detalls
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Object Administrator

M2

M1

Business Model

Content

Management

Generator

N

Hypertext Model

< _____

Presentation Model

Attributes

OID|101lcT2ad7875cfcb0892256302ada3ed

String

Business |Fedorovna

2 b Model: : Person.name
erson
String
parentg Public String name Buziness_|[Aexandra |
childreh public String surname hLsband Mcodel: : Perzon. surname
public Gender gender 0.1 Business_
Model @ : Gender
. . ) female |+
0.* [ public Void marry(...) Business
Model: :Person.gender
0.1 Submit || Resat
wife
<<enumreration>> | Links
I Business
Gender L Model: : Far OID name surn zn
. ame r
public String male Marriage . son
Uslness
ublic String female ublic Date date = 101be852292195d  Alexand )
: K d Model::Eer| .. ... 8865887lcSecd25 rovitch .o ol 5 s
zon.husban AR Rom. . .
d
© F. Fondement -84 - April 2008
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Transformation to Java

® Interfaces sed

«interface»
Library

allinstances : Map<String, Set<Object>>

N\ rehicleLib

. «interface»
Vehicles I VehiclesLib

|knownCIasses : Map<String, Class>

Vehicle 1 vehicleL

|maxPassengers . Integer

«singleton»
VehiclesLiblmpl

vehicl *

«interface»
Vehicle

get_maxPassengers : Integer
|set_maxPassengers (Integer)

T

Vehiclelmpl

W[NRIA © F. Fondement -85 - April 2008



Transformation to Java

® Multiple inheritance
* Delegates
« Static resolution

Vehicle

maxPassengers : Integer

vehicle\l

«interface»
Vehicle

get_maxPassengers : Integ

er

'a“dvehic&l //\v\ 1/%aVehicle

Lan

/ V\
. SeaVehicle
LandVehicle \

S~

AmphibiousVehicle

«interface»

/

«interface»
LandVehicle

amphibiousVehic&

«interface»

AmphibiousVehicle

?

|~
vehicle.ocllsTypeOf(Vehiclelmpl)

AmphibiousVehiclelmpl

get_maxPassengers : Integ

er--

Ireturn vehicle.getMaxPassengerq

WINRIA © F. Fondement
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Transformation to Java

® Library and Class Refinement

Vehicles

Vehicle
maxPassengers : Integer

4
A

«refines»

{frefines}vehicle1

refined_VehicIe§§ll

|
«refi.nes»

1

ehicleLib \

«interface»
VehiclesLib

\

knownClasses : Map<String, Clas®>

«interface»
Vehicle

1/( vehicleLib
*
\

{refines}

get_maxPassengers : Integer
set_maxPassengers (Integer)

{refines}

\|fandVehiclesLib

\

«interface»
LandVehiclesLib

knownClasses : Map<String, Class>

«interface»
Refined_Vehicle

\
landVehicleslgb
1
*

LandVehicles

Refined_Vehicle

get_maxPassengers :Integer

get_maxPassengers : Integer

T
’
1
i
]
1
]
]
]
]
]
]
'
i
1
]
1
]
]
]
]

«singleton»
LandVehiclesLiblmpl

knownClasses.get("Vehicle") = Refined_Vehiclelmpl.clas
and vehicleLib.oclIsKindOf(LandVehicleLib)

getter for maxPassengers

L

LandVehicle

IandVehicIe\Jl

«interface»
LandVehicle

maxPassengers : Integer

"

get_maxPassengers : Integer
set_maxPassengers (Integer)

W[NRIA © F. Fondement
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Optimization Scheme

aPerson.children->collect(name)

2
Person
public String surrﬂ\ h
0T

0.* igVoid marry(...)

wife &
<<enumcr;eer:§:rn>> : Referenceca”

children public Gender gender
AttributeCall

public String male Marriage
public String female public Date date

VariableCall

April 2008
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Optimization Scheme

aPerson.children->collect(name)

2
Person
public String name

0.+ [ Public Void marry(...)

0.1

wife
<<enumreration>>

Gender ]

Marriage

parentg
public String surrﬁ\ h
O
public String male S Q L

childrep public Gender gender
AttributeCall
public String female public Date date ( SELECT Ch i I d ren

\IA:/ROM parents_children
HERE parents = <>

VariableCall

April 2008
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Optimization Scheme

aPerson.children->collect(name)

SQL

2
Person
parentg Public String name SELECT name
Ch”dre}publ?c String surname husband FROM pe rson
picvas s " WHERE parents IN (<>)
0. | Public Void marry(...

0.1

wife
<<enumreration>>

Gender |
public String male Marriage S Q L

public String female public Date date ( SELECT Ch i I d ren

\\QROM parents_children

HERE parents = <> :
VariableCall

April 2008
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Emergency Slides

® anguage Definition
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Concepts Definition

Abstract Syntax

ModelElement

name : String

JAN

l

StateMachine

M2

Event
source .\ outgoing -
trigger |0..1
subvertex 1 * N
- StateVertex Transition <*H
l *
A target incoming
I l top|1
PseudoState State .
- ; «enumeration»
k|nd . PseudOStateKlnd A PseudostateK|nd
i l ! ! initial
contami Composite Simple Final choice
0.1 State State State
© F. Fondement -92 -
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Concepts Definition

Abstract Syntax StateMachine
root
:CompositeState
subvertex
subvertex / target | closed:CompositeState
:PseudoState :Transition
kind=initial :PseudoState | sulvertex
source kind=initial
— source
:Transition
subvertex | / source —
. :Transition
opened:SimpleState
target
target target
unlocked:SimpleState H
subvertex
— source
‘Transition
‘Transition
source target

locked:SimpleState | subvertex

© F. Fondement -93 -

April 2008




Interface Definition

Abstract Syntax +

M2

Concrete Syntax(es)

sm ::= "Statemachine™ IDENT compositeState

state ::= normalState | pseudostate

normalState ::= "initial"? (simpleState | compositeState)
simpleState ::= "State" IDENT

compositeState ::= "CompositeState IDENT? LCURLYBRACKET
(state | transition)* RCURLYBRACKET

transition :-:= "Transition" IDENT? "from" IDENT
"to"™ IDENT (“on' IDENT)?
pseudoState ::= "FinalState™ IDENT | ""Choice™ IDENT

© F. Fondement
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Interface Definition M1

Abstract Syntax + Concrete Syntax(es)

sm ::= "Statemachine™ IDENT compositeState

state ::= normalState | pseudostate

normalState ::= "initial"? (simpleState | compositeState)

simpleState ::= "'State' IDENT

compositeState ::= ""CompositeState IDENT? LCURLYBRACKET

(state | transition)* RCURLYBRACKET

transition :-:= "Transition”™ IDENT? "from' IDENT
StateMachine Door “to™ IDENT (“on™ IDENT)?
CompositeState{ pseudoState ::= "FinalState'™ IDENT | "Choice"™ IDENT

initial State opened
CompositeState closed {
initial State unlocked
State locked <= An (M1) sentence
Transition from unlocked
to locked on lock

© F. Fondement -95 - April 2008



Interface Definition

Abstract Syntax + Concrete Syntax(es)

M2

Transition|SimpleState| Composite | FinalState | PseudoState | PseudoState
State (initial) (choice)
name

—event> name contents ® ° 0O

© F. Fondement
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Interface Definition

M1

closed

—
o

&( ) unlock

unlocked

]

[

locked

J

Transition|SimpleState| Composite | FinalState | PseudoState | PseudoState
State (initial) (choice)
event= ® o o)
1

<= An (M1) sentence

© F. Fondement
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Interface Definition

M1

Transition|SimpleState| Composite | FinalState | PseudoState | PseudoState

State (initial) (choice)

[ name |
event= ® o o)

1
closed
<= An (M1) sentence

./- unlocked J

&‘ ) unlock

[

locked

J

® In practice
 Layout constraints
« User interactions

© F. Fondement
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Meaning Definition Qg

M2

%

Abstract Syntax + Concrete Syntax(es) + Semantics

SC MM

: SC

Interpreter

SC MM SC

Compiler O

® KerMeta ?
® Model transformation ?
® Research issue !

© F. Fondement

- 99 - April 2008



Language Definition

Abstract Syntax + Concrete Syntax(es

ModelElement

’ StateMachine
source outgoing
subvertex 1 «
* 1
: target
[ Pseudostate |
kind : PseudoStateKind
container

Metamodel

PseudoState
(choice)

27?7 —

o

sm ::= “Statemach

state ::= normalState | pSE ate
??? : normalState ::= "initial"? (simpleState | compositeState)
= = = simpleState ::= "State" IDENT

compositeState ::= "CompositeState« IDENT? LCURLYBRACKET

(state | transition)* RCURLYBRACKET

transition “Transition™ IDENT? "from" IDENT "to"
IDENT ('on™ IDENT)?
pseudoState ::= "FinalState" IDENT | "Choice" IDENT

M2

© F. Fondement - 100 -
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Strategy
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Contributions

® Textual concrete syntax
* “mapping” metamodel

1

Abstract
Syntax

(Metamodel)

/?\ \\\\\

1 Y
«conformsTo»
1

—

AY
\
Reversible

Model

<—— Text

Processor

/
’
/
/
’ 1
/, !
/
,/
<—={ Text

1
Textual

Concrete
Syntax Spec.

70

/
/ 1
" «conformsTo»
1

® Approach to graphical concrete syntax specification

« Metamodel for representation data
* Interface for the concrete syntax

* Mapping to abstract syntax

—
Abstract
Syntax
(Metamodel)

aphlcal
Syntax
(Metarmodel)
Graphical
Editor >

Mapper

_é Mod_el

Repository

® Technology for graphical concrete syntax realization
» Representation using SVG templates [wsvoenc
* Library of possible user interactions

® Other technologies apply
 (Triple) Graph Grammars
« GMF, Topcased, ...

<lg>
</svg>

reation =“Java| ...” ...>

<g dpi:component=“Contained, Translatable, ...” ...
<text dpi:component=“Editable, ...” .../>

© F. Fondement -102 -
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Analytic —vs.— Interactive CS

® Solutions to textual and graphical CS are very different
e Textual => usually analytic
e Graphical => usually interactive

| =~ public Marriage marry(Person person) de la classe Business Model::Pers:

| Eichier Edition oOutils

® Unification of solutions ? |[=w=] [=] - [&a]=]a] x|

Mlarriage ret = null;

. I nve rS i O n Of SO I uti O n S ? |if I:this- gender —— person. gEIIEiusiness_r-.ﬂ|:|l:>lel::F'erscnn.genl::ler: Business_hodel:: Gender

CclObject getID0): String
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Emergency Slides

® anguage Definition
« Textual Concrete Syntax
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E I r ~
xa m p e ‘—w Al closed :
A: — o
opened VL 8 e
. T unlocked = — E
L -
\_——/Ioc . Q. Q
open unlock m
4| Door:StateMachine | - 8
top | : : | subvertex [ locked ] (D [l
| :CompositeState | |:Transition lﬂklosed:CompositeState Q_
transition | < 0
:PseudoState PeeudoState - 7 m
kind=initial subvertex
subyeftex | kind=initial
source
source
‘Transiti i Door
L ] Transiton gt StateMachine Doo g
target| source |unlocked:SimpIeState vl . — "
b t_| opened:SimpleState | source|source stbverter CIOIITTPOS":eState { m ‘E
subvertex|——— Transion | initial Stqte opened = -
wransition mrget o CompositeState closed { -|>-<' c
\‘ :Transition |Iocked:SimpIeState l_b t initial State unlocked Q m
r
SVEReC State locked [ g
Transition from unlocked to locked on lock < —
The Model Transition from locked to unlocked on unlock Q.
Transition from unlocked to opened on open &J

}

Transition from opened to closed on close

}
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Example TCSS

start template for StateMachine ::=
"StateMachine'™ self_name self.top:=stateR;

rule stateR ::=
{OCL] self.oclIsKindOf(SimpleState)}? ssr
| {OCL] self.ocllsKindOf(CompositeState)}? csr

template csr for CompositeState :@:=

init "CompositeState"™ self.name "{"[_ 1state:=(stateR)* "}" —
Abstract Textual

rule Init ::= Syntax Dottt ey Concrete

{OCL] self.incoming.source- >exists(,,0waix0d§l Syntax Spec.

s.ocl1sKindOf(PseudoState)
and s.oclAsType(PseudoState). klndu— |n|tial) /

}? "initial™ =>{KerMetal] «confolrmsTo» \\ 7 «conformsTon
var _init:PseudoState init PseudoState.new . / !
var _t:Transition init Transition.new ! N i l
_init.kind := PseudoStateKind#inifial |
_t.source = _iInit _t_target := Reversible
Model <——> Text <——= Text
Processor
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Example: Synthesis (i.e. model to text)

Abstract Textual
Syntax DSty Concrete
(Metamodel) Syntax Spec.
N W 72N
! N /, !
| |
| / |
«conformsTo» . J/ .
! N / «conformsTo»
| \ ’ ;
| . y :
| \\ //
—; N
Reversible
Model %Text
Processor
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Example: Synthesis

selfw.
Door:StateMachine
top [ lstate
:CompositeState closed:CompositeState
:PseudoState
:PseudoState .
kind=initial state

state | kind=initial

unlocked:SimpleState

state

- opened:SimpleState
state

locked:SimpleState

state
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Example: Synthesis

e Rule stack
= StateMachine (Door)

for StateMachine ::=

‘StateMachine')self._name self.top:=stateR;

CStatelachine>

Door:StateMachine

top [
:CompositeState

| state

closed:CompositeState

:PseudoState

:PseudoState

kind=initial state

state | kind=initial

unlocked:SimpleState

- opened:SimpleState

state

state

locked:SimpleState

state

_StateMachine >
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Example: Synthesis

top

start template
"'StateMachine"”

£ Door:Sta@Vlachine

[__EE-__¢/'

:CompositeState

e Rule stack
= StateMachine (Door)

ateMachine ::=

for-S =
self- top:=stateR;

| state

closed:CompositeState

:PseudoState

:PseudoState

kind=initial

state

kind=initial

state

unlocked:SimpleState

- opened:SimpleState

state

state

locked:SimpleState

state

StateMachide Door
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e Rule stack

Example: Synthesis - StateMachine (Door)

start template for StateMa e
"StateMachine' self_nam self-top::stateE

Door:StateMachine StateMachine Door
top | N | State
:CompositeState closed:CompositeState
:PseudoState
:PseudoState ——
kind=initial state

state | kind=initial

unlocked:SimpleState

- state
- opened:SimpleState
state

locked:SimpleState

state
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e Rule stack

Example: Synthesis otk Coor D)

rule stateR ::=

{OCL|] self_ocllsKindOf(SimnlaState)}? ssr
| {OCL| self.ocllIsKindOf(CompositeState)}? csr>

Door:StateMachine StateMachine Door
top [ lstate
:CompositeState closed:CompositeState
:PseudoState
:PseudoState .
kind=initial state

state | kind=initial

unlocked:SimpleState

state

- opened:SimpleState
state

locked:SimpleState

state
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e Rule stack

Example: Synthesis otk Coor D)

e csr (Door.top)

template
init ""CompositeStat

e self._name "{™>

A L LI
- J
Door:StateMachine StateMachine Door
top [ | State
:CompositeState closed:CompositeState .
CompositeState {
:PseudoState
:PseudoState

kind=initial state

state | kind=initial

unlocked:SimpleState

- state
- opened:SimpleState
state

locked:SimpleState

state
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e Rule stack

Example: Synthesis otk Coor D)

e csr (Door.top)

template csr for CompositeState ::=

init _Comnos te" self.name "{"
self._state:=(stateR)* “%}"

Door:StateMachine

StateMachine Door

kind=initial

top I il | state
:CompositeState closed:CompositeState .
CompositeState {
:PseudoState
~ :PseudoState ——
Kind=initial state

unlocked:SimpleState

"
- opened:SimpleState
state

state

locked:SimpleState

state
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e Rule stack

Example: Synthesis [ Statenacnine oo
= csr (Door.top)

template csr for CompositeState ::=

init _Comnos te" self.name "{"
self._state:=(stateR)* “%}"

Door:StateMachine StateMachine Door
top I Pl | state
:CompositeState @ompositesmte .
Composit

AT iPseudoState itial State opened

< tat k.'nje'Lrll't(')alae KndSinifll _ |state CompositeState closed {
state | KiIna=init

initial State unlocked

State locked

unlocked:SimpleState

m—
- state
- opened:SimpleState
state

locked:SimpleState }
state
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Example: Analysis (i.e. text to model)

1 1
Abstract Textual
Syntax Rttty Concrete
(Metamodel) Syntax Spec.
N 1 N
I N //

|
«conformsTo»

|
|
|
|
|
|
1

[ 1]

/7
/ |
«conformsTo»

Reversible
Model Text
Processor
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e Rule stack

Example: AnaIySiS - StateMachine (Door)

emplate for(StateMachine): :=
ateMachine' self.n .top:=stateR;

StateMachine Door

CompositeState { (EtateMachD

initial State opened

CompositeState closed {
initial State unlocked
State locked
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e Rule stack

Example: AnaIySiS - StateMachine (Door)

S e for StateMachine ::=
‘StateMachine')self._name self.top:=stateR;

@eMachine oor

CompositeState { :StateMachine
initial State opened
CompositeState closed {
initial State unlocked
State locked
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Example: Analysis

start template for-StateMachine ::
"'StateMachine" m

self.top:=stateR;

StateMachine

CompositeState {
initial State opened
CompositeState closed {
initial State unlocked
State locked

e Rule stack
= StateMachine (Door)

Door: hine

name:"Door"
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e Rule stack

Example: AnaIySiS - StateMachine (Door)

start template for StateMachi D=
""'StateMachine'" self_nameCself. top —state>

StateMachine Door |

CompositeState { Door:StateMachine
initial State opened
CompositeState closed {
initial State unlocked
State locked
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e Rule stack

Example: AnaIySiS :ztztzl\gachine (Door)

?79?7°?

rulle stateR ::= L
{OCL] self.ocl IsKindOf(SimpIeState)}@ Let s try
| {oCL] self.ocllIsKindOF(CompositeState)F?Csr This !

StateMachine Door |

CompositeState { Door:StateMachine
initial State opened
CompositeState closed {
initial State unlocked
State locked
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Example: Analysis

for SimpleState ::
IinIt ""State'Jself_name

StateMachine Door

CompesiteSiata]
initial State opened
CompositeState closed {
initial State unlocked
State locked

e Rule stack
= StateMachine (Door)

e stateR

< Ssr—(Sinpleliate)

Ooops !
Backtrack !

Door:StateMachine
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e Rule stack

Example: AnaIySiS :ztztzl\gachine (Door)
Let’s try
rule stateR :@:= this, then !

{OCL| self.oclIsKindOf(SimpleState)}? ss
| {OCL] self.oclIsKindOf(CompositeState)}@

StateMachine Door |

CompositeState { Door:StateMachine
initial State opened
CompositeState closed {
initial State unlocked
State locked
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e Rule stack

Example: Ana|YSiS :2:2:2!\Fgachine (Door)

e csr (:CompositeState)

template csr fer_CompositeState ==

<nit_"CompositeState” self.name "=
self.state:=(stateR)* "}"

StateMachine Door

@npositeStateD Door:StateMachine

initial State opened
CompositeState closed {

initial State unlocked
State locked ([ compostesize |)
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e Rule stack

Example: AnaIySiS :itztzl\gachine (Door)

e csr (:CompositeState)

template csr for CompositeState ::=
init "CompositeState™ self.name "{"

self.state:<(stateR)® "}"

StateMachine Door

Door:StateMachine

Results of stateR

\\‘:\ CompositeState cIosed:Composne@
\ —

,:PseudoState \

kind=initial state \

Com
irfitial State opened
CompositeState closed
initial State unlocked

State locked

— L
:PseudoState

ind=initial
—

unlocked:SimpleState

- state
opened:SimpleState

locked:SimpleState
‘,state
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e Rule stack

Example: AnaIySiS :itgtzl\gachine (Door)

e csr (:CompositeState)

template csr for CompositeState ::=
1teState" self._name ""{"

tateR)* "}

StateMachine Door

/ State
CompositeState { p— s
initial State opened
CompositeState closed { Pseudostate e
initial State unlocked state | ki d=initial
State locked
} ‘ unlocked:SimpleState —
state_ ogied:SimgleState
}

locked:SimpleState

State
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e Rule stack

Example: AnaIySiS - StateMachine (Door)

start template for StateMachine. ::=
"StateMachine" self.name :stateR;
StateMachine Door Result of

StateR\\\

?mr:StateMachine
J

| state

ComDOSIteState { :CompositeSiate closed:CompositeState
initial State opened
CompositeState closed { Pseudostate T
initial State unlocked stte | ind-iniial —
State locked
} unlocked: SimpleState
tt_ opened:SimpleState state
- state

locked:SimpleState

state
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Emergency Slides

® anguage Definition

« Graphical Concrete Syntax
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1
Abstract
i 7 MStynta)((j |
Interaction Mapping ( eaTo el)
N \\:’\{7 5 «conformsTo»
\ i = j
. |Representation
Language |
7 |
. —
> Model

DiagramJ

Representation
Data

White: M2

Grey: M1
Usually:

® Limited to connection-based
languages

® Proprietary representation
language

® Unclear representation data
structure

® Recurrent interactions
(if defined at all )

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE
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Graphical concrete syntax definition

—

DOM
interaction

Abstract
/\ Syntax
Mapping \

1

® Concrete syntax model
» Fixes concrete syntax

(Metamodel)

elements
Fixes relationship with

L library R abstract syntax
%‘ﬂ’ ¥ «gonformsTo»
SVG Graphical
H|Templates)\ ~|  Syntax | ®
AW (Metamodel) ;
P i —!
: XY, s TRELNT \ M O d e I :
'SVG Renderer | 7 *
«conformsTo»A «conformsTo» y
| ! ()
SVG Representation
Document Data
© F. Fondement - 130 - April 2008
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«Interface»
oncrete syntax mode GraphicalObject
contains()
: connects
Abstract MabDbi Graphical 0
apping nearby()
Syntax Syntax overlaps()
& & — |me |dm — 0 — /\
= g [|Transition TransitionDM -é SVGTransition}---------{---——————————-
@ 9 1 1
S U
'_
«conpreets» SVGArmrowEnd |{-------------
start
1
«conneets»{ SVVGArroweEnd F{------------
end
1
«ned rby/) SVGTeXt -] —==--
event|text:String
g Simple|me dm| Simpl \O
I imple imple | Py B B
&5 % State [] =1 StateDM ? SVGSimpleState
’ gﬁ?ﬁ?ni
«Corttat SVGText  f{------------1
name
L O " .
g E Composite|me_|dm Composite _g SVGComposite| |
@ % State 1 * StateDM 1 State
o showName ) 0..1
g— showContent «COIILGIH;F{]e SVGText Ft-—-----------4
@]
© 0.1 )
«CORtaiis» SVGLine Ft-—--—----=-—---- !
separator :
- 0.1 |
«COoRtatns>» SvGContents |{------------- !
contents
EEER
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Concrete syntax model

A text is shown on the top of transitions to represent the triggering event

if it exists.

ModelElement

name : String

Transition

me

aft

N

Event

trigger (0..1
Transition K>———
*

context TransitionDM inv:
if self.me.trigger—>isEmpty()
then self.vo.event.text.size()

=0

0
TransitionDM > SVGTransition

NS~S—

else self.vo.event.text = self.me.trigger.name

endif

1
«co&ee‘cs—v SVGArrowENd

start
1
«conneets»~ SVGArrowEnd
end
1
«Neatbss SVGText

y
event|text:String

® Implementation issues
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Graphical concrete syntax definition

Ll librar

SVG
Templa

tes

DOM
interaction

N WY

1

Mapping

— v
Graphical
Syntax

(Metamodel)
A

g

'SVG Renderer

SVG
Document

«conformsTo»

Representation
Data

1

Abstract
Syntax

(Metamodel)

7Y

«conformsTo»

® Concrete syntax graphical
design
* Fixes appearance
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SVGCompositeState

Solving appearance name - SVGText

I -
Graphical I E separator:SVGLIne
Syntax \l/ !
SVGTransition E'S‘:féfé:ﬁ'aifﬁ'é‘é

1
«conreets» SVGArrowEnd
start

1
«connests»{ SVGArrowENnd

end
«neatby» 1| svGText
event| text:String contents - SVGContents

SVGSimpleState

1
«COritai \/GText
e
SVGComposite
State
- 0.1
<Colftatis>» SVGText
name
0.1 ]
«coftatis» SVGLine
separator
0.1
«CORtains» SVGConteny
contents
EENR
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SVGCompositeState

name:SVGText ]
, separator:SVGLine

Solving appearance

I
Graphical !
Syntax \/

SVGTransition

1
«conreets» SVGArrowEnd
start

1
«connests»{ SVGArrowENnd

end
«nedrby» 1| svGText
évent ftext-String contents:SVGContents
SVGSimpleState <SVg e
= bk ”
«Cogﬂiﬁ?ni SVGText ?< g Id_- $$“ . “> L1
name / <rect id= baCk_$$ >
SVGComposite/ %text id=“name_$$ "
State . / <||ne id:“end $$ n />
A Eap— 7 _ —
e & <rect id=“contents $$” .../>
0.1 —7 -
«CORtaiss SVGLine - ‘e
separator
o1 ’/ </g>
«CGCIE)GIEEEF)I)'[S SVGContents < /SVg> 7
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Solving appearance

Graphical
Syntax s

/'7,<rect name=*“start_$$” visibility="hidden" .../>

SVGTransition /

«conRects»

start

SVGArrowENd 4

1
«connegcts»
end

SVGArrowENd 4

0..1
«neatb

SVGText /

Uy’]}
event

text: String

SVGSimpleState?

/

<svg ...>

<polygon name=“end_$$ " .../>
<text name=“event_$$ " .../>

7..

</svg>

<svg ...>

<rect .../>

<text name=“name_$$ " .../>

L

«Cogﬁiﬁ?ni SVGText . e
name
<svg ...> </O>
SVGPseudo g /g
State / </ SVg >
SVGinitial ' </ SVg>
74
SVGChoice I
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Graphical concrete syntax definition

Ll librar

SVG
Templa

tes

DOM
interaction

N WY

1

Mapping

— v
Graphical
Syntax

(Metamodel)
A

g

'SVG Renderer

SVG
Document

«conformsTo»

Representation
Data

1

Abstract
Syntax

(Metamodel)

7Y

«conformsTo»

® Concrete syntax graphical
design

* Fixes layout constraints
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Solving layout constraints

® OCL on graphical syntax metamodel => between elts
® C-SVG : one-way constraints (from Monash Uni.)
CompositeState Template:

Background should not be smaller than text.

<svg ...>
<csvg:variable name="w_%$%“
value="c:max(c:width(c:bbox(id(‘name_$$"))) + 20, 150)"/>
<rect...>
<csvg:constraint attributeName="width" value="$w_$$"/>
</rect>
<text name="name_%$$" ...>
<csvg:constraint attributeName="x" value="%$w_$$ div 2 - 75"/>
<[text>

</svg>

7
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Graphical concrete syntax definition

o
1 °
Abstract
DOM ——1 5] Syntax
interaction Mapping I (Metamodel) °
library , A
— v «conformsTo»
Graphical _
Templates| | _ Syntax § ® Concrete syntax graphical
AW (Metamodel) ; desian
| 7 . g
| ) Model *
'SVG Renderer | 7 C . -
«conformsTo»k «conformsTo» .~ * Fixes edition facilities
| ! ()
SVG Representation
Document Data
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DopiDOM components library

Interface Interface
BorderSlidable T Stickable

\ / O

SR 00

DirectionAdjustable - Translatable O
Locatable o BorderFindable O
Positionable 0 OriginGettable '
Containable S Container <:>
Editable e [EtcC...

edi|
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Solving edition facilities

CompositeState template

<svg ...>
<g dpi:component=“Containable, Translatable, ...” ...>
<rect dpi:component=“BorderFindable, ...”.../>
<rect dpi:component=“Container, ...”.../>
<text dpi:component=“Editable, ...” .../>
</g>
</svg>
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Graphical concrete syntax definition

o
1 [
Eh Abstract
DOM s Syntax
interaction Mapping | (Metamodel) °
L library . A
— v «conformsTo»
SVG Graphical _
1| Templatdg| ~] ) Syntax | ® Concrete syntax graphical
AN Metamodel) : .
N , 5 design
Model *
/,//7 *
 Fixes link with concrete
syntax model
Represéntation
Document Data
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Representation Link: DopiDOM events

® Events depend on DopiDOM component

® Reaction to events defined in templates
« Java JMI or EMF, KerMETA, Xion, etc.

® |nitial / Load / Save scripts

CompositeState template

<svQ
onCreation=“s=model.getCompositeStateDM().createCompositeStateDM();
”>
<text name="name_3$3$" var_self="$s" dpi:component="Editable, ...”
onChange="self.setName(content);".../>

</svg

e
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Representation Link: Value events

® One listener synchronizing
* An attribute value on the model with
e an attribute value on the SVG document

CompositeState template revisited

1
<svg onCreation="s=..." ... ></g ... > Graphical
<text name="name_$3$" value Syntax
<csvg:val value="../@value" /> (Metamodel)
<updater /\
attributeName="yalue" «confo}msTo»
var_source="$s" i
slot="name" /> ———
<Jtext> Representation
. Data
</g></svg> jA
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Emergency Slides

® MTL Aspects
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Model Transformation Language (MTL)

® Object-Oriented Imperative Language

T.mtl

library N-—""""°- M-

* Al

Precompiled
libraries

[ ]

« metamodel »
AS-MTL

‘ Model Repository |

/N

iParsery-s——«coform> Code \
K- Generator

> T

MTL Compiler

ZIINRIA

T*.java
"""" Generated java
transformation

1 Tyee NG S Tl
] Checker Precompiled

library
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Transforming an MTL Transformation

® Source Transformation

library MyTransformation;
main() : Standard::Void {
new Transformer().run();

}

® Target Transformation

libraryf MyTransformedTransformation;

main() : Standard::Void {
new Transformer .

"Message from the transformed transformation !*"_toOut();
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The Standard MTL Approach

lib - BasicMtlASTView::BasicMtlLibrary;
lib.name := "MyTransformedTransformation®;
foreach (op : BasicMtlASTView: :Operation)
in (lib.definedOperations)
where (op.name.[=]("main®)) {

sl = new BasicMtlASTView::StringLiteral();

sl .value := "Message from the transformed transformation !*;
ol := new BasicMtlASTView: :OperationCall();

oi.name := "toOut”;

oi.caller := sl;

ol .arguments := newOrderedSet();

op.instructions := op.instructions.append(ol);
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Aspect-Oriented Programming (AOP)

® Aspects = Transformation of Code

* Where to change: Pointcut {Join Points}
» What are the changes: Advice

® Aspects’ Formalism (e.g., AspectJ)
« Concrete syntax of the base language (e.g., Java)
 Additional constructs and keywords (e.g., aspect, after, pointcut, etc.)
e Easy to learn
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MTL Extensions & MTL-Aspects

® \We need here to extend the MTL language !

® The Tag MTL extension mechanism
» key/values pair on an MTL element

 part of the MTL Metamodel — the same MTL Parser
« visibility of tagged elements in the model

® MTL-Aspects: rely on the definition of new tags
« Abstract syntax: !
e Concrete syntax: !
e Semantics: different !
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Aspects on MTL Transformations
® Language extensions for defining aspects on transformation

® Enhance slightly the compilation process

[
d T+A*.Java
T.mtl > MTL Code .
ib 1Parser>-> R N 20 Generated java
| rary Transformation - Generator transformation
| i__>
MTL
Transformation | _
T+A '

T+A

Precompiled

A.mtl ¢
ibrary ] Parsen> - MTL-ﬁspect -1 Type 2
) | Checker GG

MTL Compiler
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An Example

«library» «library»
Copy Copy
in:  Model [rename := Distribution]
out: Model
Copier
getTarget(srcElt : in::Core::Element): Copier
SLEIC e HEmEE] servantlterfaceName : String
r : out::Core::Element; —
... llcompute r INitDI(sin : Standard::String) : Copier{
return r; self.servantlterfaceName := sin;
} return self;
AN }
{Copier$}
UML14CreatorCopier {"getTarget(.*)}(theSource : Standard::ModelElement)
getTargetClass(src : in::Core::Class): [merge := Append]
out::Core::Class { [refactorParameters = true] {
r : out::Core::Class; theSource.toOut();
r := new out::Core::Class(); }
trace(src, r);
return r;
}
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An Example

«library» «library»
Distribution Copy
in:  Model [rename := Distribution]
out: Model
Copier
getTarget(srcElt : in::Core::Element): Copier
SELCA BT servantlterfaceName : String
r : out::Core::Element; —
... llcompute r INitDI(sin : Standard::String) : Copier{
return r; self.servantlterfaceName := sin;
} return self;
AN }
{Copier$}
UML14CreatorCopier {"getTarget(.*)}(theSource : Standard::ModelElement)
getTargetClass(src : in::Core::Class): [merge := Append]
out::Core::Class { [refactorParameters = true] {
r : out::Core::Class; theSource.toOut();
r := new out::Core::Class(); }
trace(src, r);
return r;
}
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An Example

«library» «library»
Distribution Copy
in:  Model [rename := Distribution]
out: Model
Copier
servantlterfaceName : String Copier
initDI(sin : Standard::String) : Copier{ servantlterfaceName : String
self.servantlterfaceName := sin; initDI(sin : Standard::String) : Copier{
return self; self.servantlterfaceName := sin;
} return self;
}

getTarget(srcElt : in::Core::Element):
out::Core::Element{

r : out::Core::Element;

... [lcompute r

return r;

}
% {Copier$}
* . 0o
UML14CreatorCopier {"getTargEt(. )}(theSource : Standard::ModelElement)
: [merge := Append]

getTargetClass(src : in::Core::Class): [refactorParameters := true] {
out::Core::Class { theSource.toOut();

r : out::Core::Class; }

r := new out::Core::Class();

trace(src, r);
returnr;

}
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An Example

«library»
Copy
[rename := Distribution]

«library»
Distribution
in: Model
out: Model
Copier

servantlterfaceName : String

initDI(sin : Standard::String) : Copier{
self.servantlterfaceName := sin;
return self;

}

getTarget(srcElt : in::Core::Element):

out::Core::Elementf{
r : out::Core::Element;
... [lcompute r
srcElt.toOut();
return r;

}

/\
UML14CreatorCopier

getTargetClass(src : in::Core::Class):

out::Core::Class {
r: out::Core::Class;
r := new out::Core::Class();
trace(src, I);
src.toOut();
return r;

Copier

servantlterfaceName : String

initDI(sin : Standard::String) : Copier{
self.servantlterfaceName := sin;
return self;

}

{Copier$}

{*getTarget(.*)}(theSource : Standard::ModelElement)
[merge := Append]
[refactorParameters := true] {

theSource.toOut();
}
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Emergency Slides

® Adding an additional abstraction layer
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An example

System A

«Interface»
Bankl

«Interface»
Accountl

+createAccount(name : String, bal : Double) : Accountl
+getAccount(name : String) : Accountl
+transfer(acl : String, ac2 : String, amount : Double)

B parameter—> +getBalance() : Double

+withdaw(amount : Double)
+deposit(amount : Double)

JAN

Bank

+createAccount(name : String, bal : Double) : Accountl
+getAccount(name : String) : Accountl

+transfer(acl : String, ac2 : String, amount : Double)
#getAccountList() : Account [*]

bank ¥ 1

JAN

Account

-name : String
-balance : Double

+getBalance() : Double
+withdaw(amount : Double)
+deposit(amount : Double)
-setBalance(amount : Double)

* laccounts
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Distribution

Distribution Profile %ﬂ

%E

[ ]

«profile»
DistributionProfile

«metaclass» «metaclass»
Interface InstanceSpecification
distributed 0..*
«stereotype» «stereotype»
Distributed Servant
1.* servants.

-
-
-
Py

{inv: self.classifier->forAll(c | c.conformsTo(seIf.distributed))}lﬁ
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Platform integration

® “The Bankl is distributed”

— e

«metamodel» | «profile»

Distribution

DL
-

4

T

[ ]

UML Distribution
A X
| «conform»
«conform» / AN
«a/pply» Distributed System
—= | !
System [<-{MTL1-D y---> «Interface» | |«Distributed»
«Distributed» || servants = Set{b}
¥ Bankl ot
Configuration a «Intertace» T
- ; «Distributed> [-{<DIStrbuted>
servants = Set{}
, __-v1  Accountl
Bank Account
Class Diagram
Object Diagram
«Servant» «Servant»
b:Bank distributed= Set{Bankl}
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Abstract Distribution Realization

«profile»
DistributionProfile

<—«me rge»—

AbstractDistributionRealizationProfile

«profile»

Distribution

D/\
k

«metaclass»
«stereotype» Comment
Servant
ZF servant
«stereotype» it * «metaclass»
PublishedServant | 1 expositions Interface
ZF «stereotype» /|\ 1+
=qposiiion exposedinterfaces
«stereotype» | 1 *
Publisher exposed
4 publisher
I «stereotype»
«stereotype» InterfaceExposition
ServiceRegistry
«stereotype»
«Sstereotype» NameExposition
NamingRegistry
exposedNames : String [1..%]
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CORBA Distribution Realization

Distribution

D/\
k

«profile»
DistributionProfile .
«profile»
CORBADistributionRealizationProfile
«stereotype»
| NamingRegistry «stereotype»
«merge» 4 NameExposition
|
«profile» - - 4&
AbstractDistribution (SIEreotype>»
RealizationProfile CORBANamingService «stereotype»
: CORBANameEXxposition
host : String
Samerge»- port : String
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Platform integration

® “The b servant is bound to a CORBA naming service

at 127.0.0.1, on port 3028, with name BCV”

Distribution

- «profile»
e | e <meroe>| CoRGA
~ _.7|Distribution
// /”’/ r‘\
«con fd,rm» f<app|y» «confgrm»
’ CORBADistributedSystem *
— J/ i «Servant»
Distributed MTL2-D distributed= Set{Bank}
<1 -D ).
System . = | «PublishedServant»
s expositions= Set{BankExposition}
4
Configuration
«PublishedServant»
b:Bank

«CORBANameExposition»

«Exposition»
servant= b
publisher= cns

«NameExposition»
exposedNames= Set{'BCV'}

«CORBANameEXxposition»
BankExposition

cns:NamingServiceExt

«CORBANamingService» | |

«Servant»
distributed= Set{NamingServiceExt}

«PublishedServant»
expositions= Set{}

«Publisher»
exposed= Set{BankExposition}

«NamingRegistry»
«CORBANamingService»

host='127.0.0.1'
port= '3028'

)

© F. Fondement

- 162 -

April 2008




Distribution

Platform integration e

z

«metamodel» «profile» «profilex» i
OML  [* |Distribution|s <Mer9¢>{ CORBA DistPriIkl)Jgéirl)Ilo\:vith
A AR Distribution OpenORB CORBA
«conform» // «conform>» 7 «conform» in Java
i «apply» «apply» O 7
| / —= ’ CORBA ' Java Code
System [<-{MTL1-D }-—>D§t”?urtned <---{MTL2-D »--->Distributed <-1Parallax »->lusing OpenORB
el / System CORBA
J y
Configuration Configuration
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Emergency Slides

® Adaptors
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Adapters (15t solution)

® Synchronization

«Interface»
GraphicalObject

contains()
connects()
nearby()

overlaps()

Constraining Part

Iconic Part

/\

thrOUgh OCL MetaClasses Display Manager Display Classes
. . Classes
constraints solving 5 d —me |am[—— o —
= d Transition T TransitionDM \%SVGTransmon —————————
&
® Implementation issues |~ «corpects» SVGATowEnd [{-
® Here an example for T ena A
- p «ned rbw?nl SVGText | |
synchronizing abstract &Vent|text String
with a concrete syntax —
mOdeI g g Ssirtr:t)ée Te dn: ss;iartr:gfw —\% SVGSimpleState | ---------I1
’ cog-a'rﬂs'ni SVGText
context TransitionDM inv: il |
if self.me.trigger—>isEmpty() = 4 |"§§a“t§° — d”l‘ Pseudo glsvePseudol...t ’
then self.vo.event—>isEmpty() |24
& SVGiInitial
else self.vo.event.text o
= self.me.trigger.name SVGChoice
endif
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Adapters (2" solution)

RDB
Model View +> Table
* ! 1t
1‘ State N Column
1~ : isPK : Boolean
Class |@ Attribute MV-RDB Adapter | > iSFK : Boolean
o 1 ‘
_ Class
«refines»
| Attribute

package MV-RDB_Adapter
context Class
inv : self.name = self.table.name
inv : self.attribute.column = self.table.column->reject(isPK or isFK)
inv : self.state->ISEmpty
context Attribute
inv : self.name = self.attribute.name
endpackage
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Adapters (Specification)

® Template-Based Engine

 RHS Concept Recognition

® Read/Write View

Adaptor

{ordered}

Fromrhs | \*

Matching

 E——

"Context free" adaptors
would have just one instance
in the pattern. To test whether

it helps implementation.

Really a slot ?

At the letf-hand sid(laj -

On the right-hand sid?

2
- Pattern MetaModel
Ihs, rhs
composl’j T*
A\
*
CorrespondanceRule Instance ) Concept
r* r*
Slot ) Feature
Property
1
1 / setPart getPart
Action Query
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