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J. Whittle, J. Hutchinson, and M. Rouncefield, “The State of Practice in Model-
Driven Engineering,” IEEE Software, vol. 31, no. 3, 2014, pp. 79–85. 
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"Perhaps surprisingly, the majority of MDE examples in our study 
followed domain-specific modeling paradigms » 
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Domain-Specific Languages (DSLs) 

MDE and SLE: From Theory to Practice - 6 

•  Targeted to a particular kind of problem, with dedicated 
notations (textual or graphical), support (editor, checkers, etc.) 

•  Promises: more « efficient » languages for resolving a set of 
specific problems in a domain 
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J.-M. Favre, J. Estublier, M. Blay-Fornarino, "L'ingénierie dirigée par les modèles. 
Au-delà du MDA," Hermes Science Publications, 2006. 
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par les Modèles : des concepts a la pratique," Ellipses edition, février 2012 
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Jean-Marc Jézéquel, Benoît Combemale et Didier Vojtisek, "Ingénierie Dirigée 
par les Modèles : des concepts a la pratique," Ellipses edition, février 2012 
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Jean-Marc Jézéquel, Benoît Combemale et Didier Vojtisek, "Ingénierie Dirigée 
par les Modèles : des concepts a la pratique," Ellipses edition, février 2012 

MDE and SLE: From Theory to Practice 
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Software Language Engineering (SLE) 
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•  Application of systematic, disciplined, and measurable 
approaches to the development, use, deployment, and 
maintenance of software languages 

•  Supported by various kind of "language workbench" 
•  Eclipse EMF, xText, Sirius, GEMOC, Papyrus 
•  Jetbrain’s MPS 
•  MS DSL Tools 
•  Etc. 

•  Various shapes and ways to implement software languages 
•  External, internal or embedded DSLs, Profile, etc. 

•  More and more literature, a dedicated Intl. conference (SLE, cf. 
http://www.sleconf.org)… 



Application Domains 

MDE and SLE: From Theory to Practice - 12 

•  Initially motivated by industry in complex embedded, critical 
and/or real-time systems 

•  Now widely used in most domains of software and systems 
engineering (home automation, internet of things, adaptive 
systems…) 

•  And… what about beyond? 

See also the Sustainability workshop at Modularity 2015 

G. Mussbacher, D. Amyot, R. Breu, J.-M. Bruel, B. Cheng, P. Collet, B. 
Combemale, R. France, R. Heldal, J. Hill, J. Kienzle, M. Schöttle, F. Steimann, 
D. Stikkolorum, J. Whittle, "The Relevance of Model-Driven Engineering Thirty 
Years from Now," MoDELS 2014: 183-200 
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Farming Modeling: Description of the Use Case 
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See all materials at: http://github.com/jmbruel/idm2014 

Cas d’étude pour la conférence IDM 2014, H.Raynal 
 

1. Modèle de gestion d’une exploitation agricole 
 

C’est un des modèles qui est intégré à l’application de gestion de l’eau dont je vous ai déjà 

transmis le descriptif. 

1.1. Description  structurelle de l’exploitation agricole  
• L’exploitation agricole a 3 ateliers : grande culture (culture du blé, maïs …), élevage ovin, 

élevage bovin. 

• L’exploitation agricole dispose de moyens humains et matériels qui sont mobilisés pour 

assurer les activités inhérentes aux 3 ateliers. Pour simplifier, on raisonnera uniquement sur 

le nombre d’ouvriers agricoles qui travaillent sur l’exploitation (ex 2)  et sur le nombre de 

tracteurs disponibles sur l’exploitation (ex 1). 

• La surface agricole de l’exploitation est composée de : 

o Surface agricole (SAU) pour les grandes cultures qui est elle même décomposée en 

SAU irriguée et SAU non irriguée. Chaque surface est décomposée en parcelles 

agricoles (les champs). 

o Surface agricole fourragère. Elle est aussi décomposée en parcelles agricoles. 

Ci-dessous un exemple 

SAU pour grande culture Surface fourragère 

SAU irriguée SAU non irriguée  

60 ha 20 ha 100 ha 

5 parcelles de 

12 ha 

4 parcelles de 5 ha 10 parcelles 10ha 

 

1.2. Description  fonctionnelle de l’exploitation agricole 
Chaque atelier requiert un certain nombre de travaux agricoles, qui peuvent être quotidiens 

(exemple alimenter le troupeau) ou non (exemple on sème une culture une seule fois dans l’année). 

Ces travaux nécessitent de mobiliser des moyens humains et matériels.  

Atelier ovin : 
Pour simplifier, on considèrera uniquement les activités : 

• alimentation des animaux, activité récurrente qui mobilise une personne sur une ½ journée. 

(nom de l’activité ALIMENTATION) 

• Surveillance des agnelages, activité qui n’a lieu qu’une fois dans l’année, qui dure une 

semaine au printemps et qui mobilise 1 personne à temps plein. (nom de l’activité 

SURVEILLANCE_AGNELAGE) 

 

Atelier bovin : 
Pour simplifier, on considèrera uniquement les activités : 

• alimentation des animaux, activité récurrente qui mobilise une personne sur une ½ journée. 

(nom de l’activité ALIMENTATION) 

• Traite des animaux, activité récurrente qui mobilise une personne sur une ½ journée 10 mois 

de l’année (nom de l’activité TRAITE) 

Modèle Gestion Eau à l’échelle d’un territoire – IDM 2014 
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Issu d’un travail en cours avec les utilisateurs de RECORD  
25 et 26 août 2014 

1. Introduction par Jacques-Eric  
 

Méthode 
Les animateurs du réseau des utilisateurs de RECORD et 2 jeunes chercheurs (Julie et Rodolphe ont 

été sollicités par le réseau)  travaillent déjà depuis plusieurs semaines sur une Ecole chercheur 

RECORD. La Formation permanente nationale et les départements partis prenantes sont informés de 

la démarche. La méthode qui a été retenue est basée sur l’exploitation tout au long de cette école 

d’un modèle « fil rouge » intégrant des modèles simplifiés mais  représentatifs  des disciplines 

représentées par chacun des animateurs du réseau. Ce  qui sera mis en avant : les différents 

formalismes et les outils autour du modèle / R (statistique et calcul intensif) et SIG. Au final, le 

groupe a choisi de travailler sur un modèle de gestion de l’eau à l’échelle d’un territoire intégrant les 

modèles suivant, pour lesquels chacun a produit un ensemble de supports qui ont été transmis en 

archive avant cette réunion : 
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①  10-page document introducing the 
wide spectrum of the scientific 
fields (incl., 8 application domains: 
crop, beef/lamb, farming 
exploitation, water, city, biodiversity, 
economics) 

②  2-page document detailing 
the farming exploitation 
use case 

③  3h video conference with INRA 
(H. Raynal) 



Farming Modeling: Description of the Use Case 
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•  Structural description of an exploitation 
•  3 workshops (crop, ovine and bovine) 
•  Resources (human and equipment) 
•  Surface area 

•  Functional (/behavioral) description of an exploitation 
•  Activities and (some examples of) business rules for each 

workshop 

•  Expected outcomes: 
•  Domain-specific modeling 
•  Domain-specific analysis (constraint satisfaction, simulation…) 



Farming Modeling: Experimentation Achieved 

Farming Modeling - 17 

•  Modeling and analysis thanks to a set of external DSLs 
•  Tooling: EMF, xText, Sirius and GEMOC 
•  Collaboration INRIA / Obeo 
 

•  Modeling and analysis thanks to a UML profile 
•  Tooling: EMF and Papyrus 
•  Collaboration IRIT / CEA 
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What is it? 
•  MetaModeling (think of UML/OCL) 
•  Interoperability (think of XMI) 
•  Editing tool support (think Eclipse) 
•  Code generation (think of MDA) 

EMF serves as the foundation: It provides the Ecore meta-
metamodel, and frameworks and tools around it for tasks such as: 

•  Editing 
•  Transactions 
•  Validation 
•  Query 
•  Distribution/Persistence (CDO, Net4j, Teneo) 

See http://www.eclipse.org/modeling/emf 



Farming Modeling with EMF, xText, Sirius and GEMOC - 22 

•  Ecore is an implementation proposed by EMF, and aligned to 
EMOF 

•  Provides a language to build languages 

•  A metamodel is a model; and its metamodel is Ecore. 
•  So a metamodel is an Ecore model! 

•  Ecore has concepts like: 
•  Class – inheritance, have properties 
•  Property – name, multiplicity, type 

•  Essentially this is a simplified version of class modeling in UML 
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Supported by a lot of (meta) 
tools (e.g., graphical editor, 
code generator…)  
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Sirius 

Automating the Formalization of Product Comparison Matrices - 26 

…. 

Concevoir simplement et rapidement 

des ateliers de modélisa�on sur-mesure

Votre

domaine mé�er

Vos u�lisateursVotre atelier

de modélisa�on



Sirius: Principles 

Automating the Formalization of Product Comparison Matrices - 27 

…. 



Sirius: Principles 

Automating the Formalization of Product Comparison Matrices - 28 

…. 



Sirius: Examples of Viewpoints 

Automating the Formalization of Product Comparison Matrices - 29 

…. 
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Farming Modeling with EMF, xText, Sirius and GEMOC - 31 

Grammarware Modelware 

Grammar 

Model A Model C 

Model B 

Metamodel 

conforms To conforms To 

Source 
Code 

A 
Source 
Code 

B 

Source 
Code 

C 



Give me a grammar,  
 
I’ll give you (for free) 

•  a comprehensive editor (auto-completion, syntax 
highlitening, etc.) in Eclipse 

•  an Ecore metamodel and facilities to load/serialize/
visit  conformant models (Java ecosystem) 

•  extension to override/extend « default » facilities 
(e.g., checker)  

Farming Modeling with EMF, xText, Sirius and GEMOC - 32 
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Give me a metamodel,  
 
I’ll give you (for free) 

•  a comprehensive editor (auto-completion, syntax 
highlitening, etc.) in Eclipse 

•  a grammar and facilities to load/serialize/visit  
conformant models (Java ecosystem) 

•  extension to override/extend « default » facilities 
(e.g., checker) 

Farming Modeling with EMF, xText, Sirius and GEMOC - 35 
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Farming Modeling with EMF, xText, Sirius and GEMOC - 38 

•  Breathe life into your DSLs 
•  Operational and translational semantics 
•  Modular, explicit and formal model of computation (e.g. DEVS) 
•  Explicit behavioral language interface 

•  Coordinate your multiple DSLs 
•  Edition, execution, simulation and animation of, possibly 

heterogeneous, models 



Globalization of Modeling Languages 
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Challenge: 
 

•  DSMLs are developed in an independent manner 
to meet the specific needs of domain experts,  

 

•  DSMLs should also have an associated 
framework that regulates interactions needed to 
support collaboration and work coordination 
across different system domains. 

Benoit Combemale, Julien DeAntoni, Benoit Baudry, Robert B. France, 
Jean-Marc Jezequel, Jeff Gray, "Globalizing Modeling Languages," 
Computer, vol. 47, no. 6, pp. 68-71, June, 2014 
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COLUMN SECTION TITLESOF T WARE TECHNOLOGIES

Coordinating domain-specific modeling languages provides support for 
language heterogeneity in software-intensive systems’ development and 
runtime management.

In the software and sys-
tems modeling community, 
domain-specific modeling 
language (DSML) research 

is focused on providing technolo-
gies for developing languages and 
tools that allow domain experts to 
develop system solutions efficiently. 
Unfortunately, it’s very difficult for 
software and systems engineers to 
reason about information spread 
across models describing different 
system aspects because of the cur-
rent lack of support for explicitly 
relating concepts expressed in dif-
ferent DSMLs. Here, we describe a 
research initiative that broadens 
the DSML research focus beyond 
independent DSML development 
to one that supports globalized 
DSMLs—that is, DSMLs that facili-
tate coordination of work across 

different domains of expertise.

DOMAIN-SPECIFIC 
MODELING LANGUAGES
Model-driven engineering (MDE) 
aims to reduce the accidental com-
plexity associated with developing 
complex software-intensive systems.1 
A primary source of this complex-
ity is the wide gap between the 
high-level concepts used by domain 
experts to express their specific 
needs and the low-level abstrac-
tions provided by general-purpose 
programming languages.2 Manually 
bridging this gap, particularly in the 
presence of changing requirements, 
is costly in terms of both time and 
effort. MDE approaches this problem 
through the use of modeling tech-
niques that support separation of 
concerns and automated generation 

of major system artifacts (for exam-
ple, test cases and implementations) 
from models. 

In MDE, a model describes an 
aspect of a system and is typically 
created for specific development 
purposes. Separation of concerns 
is supported through the use of dif-
ferent modeling languages, each 
providing constructs based on ab-
stractions that are specific to an 
aspect of a system. For example, gen-
eralized stochastic Petri nets can be 
used to create performance models, 
whereas the notation provided by the 
Simulink tool is adapted to simula-
tion models. MDE technologies also 
provide support for manipulating 
models, such as for querying, trans-
forming, merging, and analyzing 
(including executing) models. Model-
ing languages are thus at MDE’s core.

Globalizing 
Modeling 
Languages
Benoit Combemale, Inria and Univerity  
of Rennes

Julien DeAntoni, University of Nice 
Sophia-Antipolis

Benoit Baudry, Inria

Robert B. France, Colorado State University
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Farming Modeling with EMF, xText, Sirius and GEMOC 
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Supporting coordinated use of modeling 
languages leads to what we call the globalization 
of modeling languages, that is, the use of multiple 
modeling languages to support coordinated 
development of diverse aspects of a system. 

Benoit Combemale, Julien DeAntoni, Benoit Baudry, Robert B. France, 
Jean-Marc Jezequel, Jeff Gray, "Globalizing Modeling Languages," 
Computer, vol. 47, no. 6, pp. 68-71, June, 2014 
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•  Context: new emerging DSML in open world  
⇒  impossible a priori unification 
⇒  require a posteriori globalization 

•  Objective: socio-technical coordination to support interactions 
across different system aspects 

⇒  Language-based support for technical integration of 
multiples domains 
⇒  Language-based support for social translucence 

Farming Modeling with EMF, xText, Sirius and GEMOC 

Benoit Combemale, Julien DeAntoni, Benoit Baudry, Robert B. France, 
Jean-Marc Jezequel, Jeff Gray, "Globalizing Modeling Languages," 
Computer, vol. 47, no. 6, pp. 68-71, June, 2014 

 68 COMPUTER Published by the IEEE Computer Society 0018-9162/14/$31.00 © 2014 IEEE

COLUMN SECTION TITLESOF T WARE TECHNOLOGIES

Coordinating domain-specific modeling languages provides support for 
language heterogeneity in software-intensive systems’ development and 
runtime management.

In the software and sys-
tems modeling community, 
domain-specific modeling 
language (DSML) research 

is focused on providing technolo-
gies for developing languages and 
tools that allow domain experts to 
develop system solutions efficiently. 
Unfortunately, it’s very difficult for 
software and systems engineers to 
reason about information spread 
across models describing different 
system aspects because of the cur-
rent lack of support for explicitly 
relating concepts expressed in dif-
ferent DSMLs. Here, we describe a 
research initiative that broadens 
the DSML research focus beyond 
independent DSML development 
to one that supports globalized 
DSMLs—that is, DSMLs that facili-
tate coordination of work across 

different domains of expertise.

DOMAIN-SPECIFIC 
MODELING LANGUAGES
Model-driven engineering (MDE) 
aims to reduce the accidental com-
plexity associated with developing 
complex software-intensive systems.1 
A primary source of this complex-
ity is the wide gap between the 
high-level concepts used by domain 
experts to express their specific 
needs and the low-level abstrac-
tions provided by general-purpose 
programming languages.2 Manually 
bridging this gap, particularly in the 
presence of changing requirements, 
is costly in terms of both time and 
effort. MDE approaches this problem 
through the use of modeling tech-
niques that support separation of 
concerns and automated generation 

of major system artifacts (for exam-
ple, test cases and implementations) 
from models. 

In MDE, a model describes an 
aspect of a system and is typically 
created for specific development 
purposes. Separation of concerns 
is supported through the use of dif-
ferent modeling languages, each 
providing constructs based on ab-
stractions that are specific to an 
aspect of a system. For example, gen-
eralized stochastic Petri nets can be 
used to create performance models, 
whereas the notation provided by the 
Simulink tool is adapted to simula-
tion models. MDE technologies also 
provide support for manipulating 
models, such as for querying, trans-
forming, merging, and analyzing 
(including executing) models. Model-
ing languages are thus at MDE’s core.

Globalizing 
Modeling 
Languages
Benoit Combemale, Inria and Univerity  
of Rennes

Julien DeAntoni, University of Nice 
Sophia-Antipolis

Benoit Baudry, Inria

Robert B. France, Colorado State University

Jean-Marc Jézéquel, University of Rennes

Jeff Gray, University of Alabama

r6sof.indd   68 5/22/14   10:47 AM



GEMOC: The Studio 

- 42 

Design and compose 
your executable DSMLs 

http://gemoc.org/studio 
 Language  

Workbench 
Modeling 

Workbench 

Edit, simulate and animate 
your heterogeneous models 

Farming Modeling with EMF, xText, Sirius and GEMOC 



GEMOC: The French ANR Project 
Grant #ANR-12-INSE-0011 (01.12.12 – 30.03.16) 
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Breakthroughs:  
•  modular and explicit definition of the behavioral semantics of modeling 

languages, incl. concurrency [APSEC’12, SLE’12, SLE’13] 
•  explicit behavioral interface of modeling languages [GEMOC’13] 
•  integration of modeling languages for heterogeneous model 

coordination [Computer'14] 

• Abstract syntax 
(domain model) 

• Concrete syntax 
(static and dynamic) 

• Operational semantics 
• Composition operators 

DSML 
Specifications  

• Graphical and textual 
modeling 

• Concurrent execution 
• Trace management 
• Graphical animation 

Heterogeneous 
Models 

Visit http://gemoc.org/ins 

Focus: concurrent execution of behavioral heterogeneous models  
of complex software-intensive systems (=> systems engineering) 

Farming Modeling with EMF, xText, Sirius and GEMOC 



Capella 
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Cf. https://www.polarsys.org/projects/polarsys.capella 



Capella 
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Cf. https://www.polarsys.org/projects/polarsys.capella 



Capella 
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Cf. https://www.polarsys.org/projects/polarsys.capella 
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Define  
Animation  

Define Domain 
Specific Action 

Define and reuse 
MoCC 

Define Domain 
Specific Event 

Operational semantic 

Reuse Capella 
Abstract Syntax 

Reuse Capella 
Concrete Syntax 

Capella DSL 

Farming Modeling with EMF, xText, Sirius and GEMOC 



GEMOC Use Case: xCapella 
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Farming Modeling??? 



Experiments 
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•  DSLs for farming modeling 
•  Focus: edition and animation 
•  Collaboration INRIA (B. Combemale) and Obeo (C. Brun) 
•  Large leeway! 

•  Organization: 
•  3h video-conference INRIA/IRIT/INRA (H. Raynal) 

•  + 2-page description of the domain + examples 

•  3h meeting INRIA/Obeo 
•  10h distributed work INRIA/Obeo through the github repository 

•  including the POC, and the preparation of the demo and slides! 

•  2h video-conference INRIA/Obeo 
 

⇒  26 hours of work! 



Demonstration 
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•  Farming modeling with EMF, Sirius, xText and GEMOC 

•  All materials (source, documentation) available at 
   https://github.com/jmbruel/idm2014/tree/master/contrib/gemoc 

•  Source:  
•  Language workbench (Farming DSL): 

 https://github.com/jmbruel/idm2014/tree/master/contrib/gemoc/plugins 

•  Modeling workbench (Examples): 
 https://github.com/jmbruel/idm2014/tree/master/contrib/gemoc/workspace_projects/MyExploitation 

•  Documentation: 
   https://github.com/jmbruel/idm2014/blob/master/contrib/gemoc/README.textile 



Farming Modeling: metamodeling approach 
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Demonstration: conclusion 
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•  Explicit domain models (metamodels) 

•  (Structural) Integration of metamodels 

•  Combination of graphical and textual editors 

•  Model transformation (POC) 
•  Operation semantics (~VM) 
•  Translational semantics (~compiler) 



Demonstration: perspectives 
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•  Relevant model transformations  
•  static and dynamic analysis 
•  import / export 

•  (domain-specific) Animation with GEMOC (incl. concurrent 
heterogeneous models) 

•  Domain-specific property languages 

Farming Modeling with EMF, xText, Sirius and GEMOC 



Farming Modeling 
An Experience Report With Papyrus 
 
Systems engineering 
Practice with SysML 

Jean-Michel Bruel (Univ. Toulouse) 
http://jmb.c.la 
bruel@irit.fr 
@jmbruel 
 


