
 
Model Management  

 

Mathieu Acher 
Maître de Conférences 
mathieu.acher@irisa.fr 

 
 
 
 



Material 

2 

  
  

 
http://mathieuacher.com/teaching/MDE/MRI1516/ 



Plan 
•  Model Management in a nutshell  

–  Loading, serializing, transforming models: scenarios 
–  Taxonomy 
–  Model transformation in Xtend 

•  Xtend: a case study for GPL/DSL, MDE, and 
model transformation 
–  Advanced features: extension methods, active 

annotations, template expressions 
–  Xtend: behing the magic (Xtext+MDE) 
–  Xtend + Xtext (breathing life into DSLs) 
–  @Aspect annotation 
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Contract 
•  Practical foundations of model management 
•  Model transformations 

– Model-to-Text 
– Model-to-Model 
– Metaprogramming 

•  DSLs and model management: all together 
(Xtext + Xtend) 
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Bref 



"sq":	
  ["dwlcjv",	
  "1y60t3z",	
  "1ly5k",	
  "wqzv0y",	
  
"1xxivi2",	
  "1oxnvtu",	
  "lolbe9",	
  "wvo06o",	
  
"1u6y5t2",	
  "1eqb8bw",	
  "1j9aij7",	
  "nr7jom",	
  
"1jmv11y",	
  "1qgn9dh",	
  "1bv7rka",	
  "19ykyyw",	
  
"5znrg7",	
  "116hv1k"]	
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~ composition of 
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~ composition of 
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Website/online 
•  Random generation 
•  Configurator 
•  Game 
•  … 





Quizz Time 
Write a Xtext grammar so that the 
specification below is conformant  



Quizz Time (2) 
Write a Xtext grammar so that the specification 
below is conformant; what is the metamodel 
generated by Xtext? 
 
  



Quizz Time (3) 
Write a Xtext grammar so that the specification below is 
conformant; what is the metamodel MM generated by Xtext?;  
use the notation of object diagram for encoding the 
specification below as a model conformant to MM 
 
  



Quizz Time (4) 
Write a Xtext grammar so that the specification below is 
conformant; what is the metamodel MM generated by Xtext?;  
use the notation of object diagram for encoding the 
metamodel MM as a model conformant to Ecore 
 
  



Quizz Time (5)  
 
Use the notation of object diagram for encoding the 
Ecore metamodel as a model conformant to Ecore 
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#1 How to design, 
create, and  support 
dedicated languages 
(DSLs)? 

#2 How to 
transform 
models/
programs? 

#4 How do 
frameworks 
internally work? 

#3 How to manage 
variability/variants?  



# this is a comment 
file ‘v3/seq1.avi' 
file '/path/to/video2.avi' 
file '/path/to/video3.avi' 

model-to-text 



v3/seq1.avi 
/path/to/video2.avi 
/path/to/video3.avi 

.m3u 

model-to-text 



.m3u 
(extended) 

#EXTM3U 
#EXT-X-DISCONTINUITY 
#EXTINF:3 
resources/videos/vp0-logo/logo_start.ts 
#EXT-X-DISCONTINUITY 
#EXTINF:12 
resources/videos/vp1-QR/QR05_1.ts 
#EXT-X-DISCONTINUITY 
#EXTINF:2 
resources/videos/vp2-intro-fluide-glacial/
EtPendantCeTempsLaEn1975_processed.ts 

model-to-text 



playlist model 
playlist 

metamodel 

model-to-model 

model-to-text 



Thumbnails 
(vignettes) of 
each video 
sequence 
(e.g., PGN 
format) 

model-to-* 



Thumbnails (vignettes) of each video 
sequence (e.g., PGN format) 

model-to-* 



Thumbnails (vignettes) of each video 
sequence (e.g., PGN format) 

model-to-* 
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Website/online 
•  Random generation 
•  Configurator 
•  Game 
•  … 





Abstraction Gap  
Transformation is the key 
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Andy Schürr, Felix Klar “15 Years of 
Triple Graph Grammars.” ICGT 2008 
 
(decalarative; bi-directionnal; model-to-model) 



ATL (http://www.eclipse.org/atl/atlTransformations/)  
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One step/stage transformation 
hardly the case 

.m3u (extended) 

#EXTM3U 
#EXT-X-DISCONTINUITY 
#EXTINF:3 
resources/videos/vp0-logo/logo_start.ts 
#EXT-X-DISCONTINUITY 
#EXTINF:12 
resources/videos/vp1-QR/QR05_1.ts 
#EXT-X-DISCONTINUITY 
#EXTINF:2 
resources/videos/vp2-intro-fluide-glacial/
EtPendantCeTempsLaEn1975_processed.ts 

Playlist 
model 
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One step/stage transformation 
hardly the case 

.m3u (extended) 

#EXTM3U 
#EXT-X-DISCONTINUITY 
#EXTINF:3 
resources/videos/vp0-logo/logo_start.ts 
#EXT-X-DISCONTINUITY 
#EXTINF:12 
resources/videos/vp1-QR/QR05_1.ts 
#EXT-X-DISCONTINUITY 
#EXTINF:2 
resources/videos/vp2-intro-fluide-glacial/
EtPendantCeTempsLaEn1975_processed.ts 

Playlist 
model 
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Problem space 
Combination of expertises/aspects/DSLs 

Feature model: another model  
for modeling “features” of your  
Web site (eg ability to save the  
video; mode=generation  
with frequencies) 
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Solution space 
Different targets (e.g., technological platforms) 

Playlist 
model 

.m3u (extended) 
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Problem space 
e.g., different concrete syntaxes 

Video 
Variants 

Feature Model  
(see next courses) 
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Solution space 
Different targets (e.g., technological platforms) 

Playlist 
model 



Model Transformation: Taxonomy  
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Ma

MMa MMb

Mb

Mt

<<conformTo>> <<conformTo>>

Transformation exogène

Ma

MMab

Mb

Mt

<<conformTo>>

Transformation endogène

PIM

PSM

PIM

PSM

HorizontaleHorizontale

PIM

PSM

Verticale

Restructuration

Normalisation

intégration de patrons

Raffinement

Migration de logiciel

Fusion de modèles

PIM vers PSM

Rétro-conception



Endogeneous Transformation 
 



Exogeneous Transformation 
 

<ul> 
<li>v0</li> 
<li>v1</li> 
<li>vid3</li> 
<ul> 
<li>v2</li> 
<li>vid31</li> 
<li>vid32</li> 
</ul> 
<li>vid4</li> 
<ul> 
<li>vid41</li> 
<li>vid42</li> 
</ul> 
<li>vid5</li> 
<li>vid8</li> 
<li>vid9</li> 
<ul> 
<li>vid81</li> 
</ul> 
</ul> 

(metamodel) 



Vertical Transformation 
 source and target models reside at the same abstraction level 

(e.g., refactoring) 
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Requirements Analysis Architectural 
Design 

Detailed 
Design 

Implementation Validation 

Lifecycle 

Modeling 
point of views 

Proofs, 
QoS 

Analysis, 
Simulation 

 
Technical  
Aspects 

 
Business 
Aspects 

 
 

Text 
(e.g. XML) 

PIM 

Doc Doc Doc Doc Doc Doc 

PIM PIM PSM 

PIM PSM 

Code Tests 

Formal Models Formal Models 

Endomorphic Transformations 
Exomorphic Transformations 
Outside UML  scope 

PIM=Platform Independent Model 
PSM= Platform Specific Model 
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Chaining of Transformations 
Back to the first courses 



Element stereotype 

Design pattern application 
(parametric collaboration) 

…and also 
Tagged values 
& Contracts 

Command pattern 

receiver 
invoker 

Embedding implicit semantics  
into a model 
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…and the result we want... 
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Persitence implementation 

Command pattern implementation 

How To:  
Automatic Model Transformations 

In some domains (e.g.; RT systems) 
transformations can get more complex 
than initial model! 
=> must be managed with sound SE principles 
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Quizz Time 

Characterize the following model transformations  

Endogeneous? Exogeneous? 
Vertical? Horizontal? 
Model-to-text? Model-to-Model? 
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Quizz Time 

 
Think about the different artefacts 
generated by Xtext.  
What are the different transformations 
implemented in Xtext? Characterize 
them. 





Effective Model Management   

•  How to load/serialize a model?  
•  How to visit, analyze and transform models? 
•  You can do it in Java (EMF API) 

•  We arbitrarily choose  
– Java 10, interesting « features » 
–  Integration within Eclipse ecosystem (incl. Xtext) 

and facilities to manage models 
– An example of a sophisticated language 



Before going into details of Xtend… 

•  Recap of the scenarios 
– Text-to-Model  
– Model(s)-to-Model transformation 
– Metamodels as a « bridge » between techologies 
– Model-to-Text 

•  The solution of some of the « scenarios » 
– Just to give an overview of Xtend capabilities 
– To give a more practical/concrete view of some of 

the previous scenarios 





Loading Models (1) 



Loading Models (2) 

Persistence of Models in 
XMI (XML Metadata Interchange) 





Loading Models (1) 



Loading Models (2) 

XMI 



Loading Models (3) 

Persistence of Models in 
XMI (XML Metadata Interchange) 



Meta(models) and Java 



Meta(models) and Java 

« Eclipse Modeling 
Framework (EMF) 
runtime support to 
produce a set of Java 
classes for the 
model » 



http://eclipsesource.com/blogs/tutorials/emf-tutorial/ 





Questionnaire  
MM (ecore) 

Questionnaire  
MM (ecore) 

Questionnaire  
Model 1 (xmi) Questionnaire  

Model 2 (xmi) 







Quizz: What are the problems with  
this Xtext grammar? 







The method description is undefined…. 



The method description is undefined…. 







Fixing the grammar 





Grammar and Metamodel 
•  Model transformations are defined on top of 

metamodel constructs   
•  Co-design of grammar and metamodel 

– Grammar defines the syntax 
– Metamodel defines the structure  
– Xtext facilitates the metamodel design with 

•  Default rules for inferring the metamodel from the grammar 
•  Facilities to parameterize the inference   

•  Some transformations may be difficult to 
express. In this case two possible attitudes: 
– Revise the Xtext grammar and the underlying 

metamodel  
– Design another metamodel (from scrath) and write a 

model-to-model transformation 



Plan 
•  Model Management in a nutshell  

–  Loading, serializing, transforming models: scenarios 
–  Taxonomy 
–  Model transformation in Xtend 

•  Xtend: a case study for GPL/DSL, MDE, and 
model transformation 
–  Advanced features: extension methods, active 

annotations, template expressions 
–  Xtend: behing the magic (Xtext+MDE) 
–  Xtend + Xtext (breathing life into DSLs) 
–  @Aspect annotation 
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Contract 
•  Practical foundations of model management 
•  Model transformations 

– Model-to-Text 
– Model-to-Model 
– Metaprogramming 

•  DSLs and model management: all together 
(Xtext + Xtend) 
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Hello World 



Semi-colon is optional (within 
class, methods, etc.) 



Package Declaration 

Semi-colon ‘;’ is optional 

‘^’ for avoiding keyword conflicts  



Methods 
By default: 
visibility 
conditions set 
to public 



Methods 
Type inference 
(return type) 



Method Calling 
You can ommit 

parentheses 



Fields 
By default: 
visibility 
conditions set 
to private 



Fields 

primitive types of Java (int, 
boolean, etc) with autoboxing 
 
var: type inference 
 
val: constant, « final » in Java 
 



Static Methods (::) 



Pairs 



Pairs 



Immutable data structure 



Constructor 
Default visibility: public 

override keyword: 
mandatory 



Cast and Type 



Extension Methods… 
« … allow to add new methods to existing types without modifying them. »  
 

The first parameter of a method can either 
be passed in after opening the 
parentheses or before the method call 



Extension Method (local) 



Extension Method (library) 



Extension Method (library) 



Lambda Expression  
(Java 8 will support it) 

Anonymous classes can be found everywhere in Java code… 

… And have always been the poor-man's 
replacement for lambda expressions in Java. 



Lambda Expression  
(Xtend answer) 

Anonymous classes can be found everywhere in Java code… 

No need to 
specify the 
type for e 

You can even 
ommit e 



Lambda Expression  
(Xtend answer, more impressive examples) 



Lambda Expression  
(Xtend answer, more impressive examples) 



Templates 



Templates (2) 



Templates (3) 
•  You already experiment with web templating engines 

(JSP, Scala templates in Play!, Symfony templates, 
etc.)   

•  Alternatives exist in the modeling world 
–  Multiple pre-defined and customizables generators  

•  Xtend: seamless integration into a general purpose 
language 



Xtend to Java 



Xtend to Java (2) 
more after 
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Refactoring 



VideoGen 
MM (ecore) 

VideoGen 
MM (ecore) 

VideoGen  
Model 1 (xmi) VideoGen  

Model 2 (xmi) 



Endogeneous Transformation 

VideoGen 
MM 





Templates 





Facilities to create objects 
in a programmatic way 



playlist model 
playlist 

metamodel 

model-to-model 

model-to-text 



Thumbnails (vignettes) of each video 
sequence (e.g., PGN format) 

model-to-* 



Website/online 
•  Random generation 
•  Configurator 
•  Game 
•  … 







https://github.com/eclipse/xtext/blob/master/plugins/org.eclipse.xtend.core/
src/org/eclipse/xtend/core/Xtend.xtext 
 





Xtend to Java 
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Do You know Java Annotations ? 

@Override 
 
@SuppressWarnings 





Annotations (Junit 4) 

http://www.vogella.com/articles/JUnit/
article.html#usingjunit_annotations 
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Java 
Annotations 





Javadoc  
(old fashion, not  real annotations) 
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The Google Annotations Gallery is an exciting new Java open 
source library that provides a rich set of annotations for 
developers to express themselves.  
Do you find the standard Java annotations dry and lackluster? 
Have you ever resorted to leaving messages to fellow 
developers with the @Deprecated annotation? Wouldn't you 
rather leave a @LOL or @Facepalm instead?  
 
Not only can you leave expressive remarks in your code, you 
can use these annotations to draw attention to your poetic 
endeavors. How many times have you written a palindromic or 
synecdochal line of code and wished you could annotate it for 
future readers to admire? Look no further than @Palindrome 
and @Synecdoche. 
 
But wait, there's more. The Google Annotations Gallery comes 
complete with dynamic bytecode instrumentation. By using the 
gag-agent.jar Java agent, you can have your annotations 
behavior-enforced at runtime. For example, if you want to 
ensure that a method parameter is non-zero, try 
@ThisHadBetterNotBe(Property.ZERO). Want to completely 
inhibit a method's implementation? Try @Noop. 



Annotations for… 
•  Documentation 

–  Javadoc like 
•  Information to the Compiler 

– Supress warnings, error detections 
•  Generation 

– Code (Java, SQL, etc.) 
– Configuration files (e.g., XML-like)  

•  Runtime processing 
 
⇒ Transformation of programs, datas, models 
⇒  You can define your own 



Annotations: How does it work? 



Annotations: How does it work? 



Transformation of Java code 



Annotations and Transformations  
(Java 5, old way) 

Annotation  
Processors 

Source  
apt 

.html 

.java 

.txt 

… 



Annotations and Transformations  
(Java 5, old way) 

Annotation  
Processors 

apt 



Annotations and Transformations  
(Java 6, bye bye apt) 

Annotation  
Processors 

Source  
javac 

.html 

.java 

.txt 

… 

Integrated into the Java compiler (javac) 
New API: Pluggable Annotation Processing 



Annotations and Transformations  
(Java 6, bye bye apt) 

Annotation  
Processors 

Source  
javac 

.html 

.java 

.txt 

… 

javac –processor … 



Alternative: Java Reflection 

http://www.jmdoudoux.fr/java/dej/
chap-annotations.htm#annotations-7 



You can define your own 
annotations 

•  Specification 
– At the Class, Field, Method level 
– Annotations can be combined 
– Annotations can have parameters 

•  Transformation (compilation) 
–  Introspection 
– Compiler (javac/apt) and definition of 

« processors » 
•  Widely used 

– Generation, verification, etc. 



Back to Xtend 

•  Active Annotations 
– Facilities to specify Annotations and their 

treatment (API) 
– Seamless integration in the IDE 

•  On-the-fly compilation to Java allows proper type 
checking and auto-completion  

 



Example 



Example 





Example (2) 





Predefined Annotations 





We already give examples of transformation, defined over 
the metamodel…  

Common point: the need to visit 
the model (graph) 



Visit the model (graph) 
Possible solution: a series of casts (lots of 
if-statements and traversal loops) 



Visitor Pattern  
separating an algorithm from an object structure on which it operates 

new operations can be added modularly, without needing to edit any of the Node 
subclasses: the programmer simply defines a new NodeVisitor subclass 
containing methods for visiting each class in the Node hierarchy. 



Visitor Pattern (problems) 

#1 stylized double-dispatching code is tedious to write and prone to error. 



Visitor Pattern (problems) 

#2 the need for the Visitor pattern must be anticipated ahead of 
time, when the Node class is first implemented 



Visitor Pattern (problems) 

#3 class hierarchy evolution (e.g., new Node subclass) forces us to rewrite 
NodeVisitor  



Visitor Pattern  
(impact of the 

problem) 



Visitor Pattern  
(impact of the 

problem) 

No accept method 



Visitor Pattern  
(impact of the 

problem) 

Handcrafted code?  



Visitor Pattern  
(impact of the 

problem) 
⇒  Manual 
⇒  Some classes are not  
concerned by the visit… 
 
 
 
 
 
⇒  If Xtext Grammar changes, 
you can restart again 
 
 
 
 
 
 



Visitor Pattern (requirements) 

#3 class hierarchy evolution (e.g., new Node subclass) forces us to (completely) 
rewrite NodeVisitor  

#2 the need for the Visitor pattern must be anticipated ahead of 
time, when the Node class is first implemented 

#1 stylized double-dispatching code is tedious to write and prone to error. 

Automation 

No accept method 
Violation of open/close principle: no way 

Automation 



Possible solution (1):  
« *Switch » generated  
by… EMF 



Possible solution (2):  
Extension Methods of  
Xtend 

Context (classical with the Visitor) 
 
Can be seen as a way  
to avoid a (very) long list of  
parameters and record  
the « state » of the visit 





Weaving methods 
 
AspectA can handle a context in a proper way 



https://github.com/diverse-project/k3/
blob/master/k3-al/
fr.inria.diverse.k3.al.annotationprocessor
/src/main/java/fr/inria/diverse/k3/al/
annotationprocessor/Aspect.xtend 
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http://www.eclipse.org/xtend/documentation.html 
http://jnario.org/org/jnario/jnario/documentation/
20FactsAboutXtendSpec.html 
http://blog.efftinge.de/2012/12/java-8-vs-xtend.html 
http://eclipsesource.com/blogs/tutorials/emf-tutorial/ 
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