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AAbbsstt rr aacctt   

The Software Engineering discipline is going through a promising revival by means 

of the growing Model-Driven Engineering (MDE) paradigm. These new approaches 

deal with the systematic use of models as the core artifacts in Software Engineering 

over the entire life cycle of software development, rather than using models as simple 

design sketches. Furthermore, a broader vision of MDE suggests that models are not 

only an essential element for the development process, but they are also the primary 

artifacts to understand, interact, configure and modify the runtime behavior of 

software. 

Our work is focused on getting the highest degree of interoperability among 

available meta-models by raising the context of the transformation operations to the 

upper meta-layers. This would enable more formal and generic transformation models. 

The main terms defined in MDE, like the meta-model concept and the established 

model transformation pattern, are briefly presented.  Later on, the global background 

and core definitions addressed in the MDA approach are covered in order to support 

the basis of subsequent chapters. We have also reviewed and compared the available 

meta-modeling languages and specifications.  

Present technologies and implementations for meta-model interoperability have 

been also evaluated in order to take advantage of them in our proof of concept 

prototype. The developed system provides several ATL transformations that enable to 

perform measurement operations over ATL transformation models and rules, and to 

generate several complementary final models, like SVG charts and (X)HTML reports. 

First, we will present the formal definition of a set of metrics in order to set out the 

results collected over a set of model transformations. For this work, we have selected 

several meta-modeling TS bridges among UML, MOF, Ecore, KM3 and Microsoft 

DSL Tools. These results provide quantitative measurements of the declarative and 

imperative constructs of these transformations, as well as their relative quality factors. 

In addition, all the top-level results extracted from these transformations are merged 

into one unique model in order to assist to perform a comparative study among them.  

The collected results suggest that it is feasible to perform automatic transformations 

over transformation models, and then there are many open research trends toward 

complete management, validation, optimization and inference of TS bridges between 

complementary meta-modeling technologies. 

Keywords  

MDE, MDD, MDSD, MDA, Model, Meta-model, Transformation Model, High-Order 

Transformation, Meta-transformation, Measurement, Metric. 
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RReessuu mm eenn   

La Ingeniería del Software está viviendo un prometedor resurgimiento a través del 

creciente paradigma de Model-Driven Engineering (MDE). Estos nuevos enfoques 

promueven el uso sistemático de modelos como artefactos esenciales en la Ingeniería 

del Software a lo largo de todo el ciclo de desarrollo, en lugar de emplearlos como 

simples bocetos. Asimismo, una visión más amplia de MDE sugiere que dichos 

modelos no son sólo esenciales para el proceso de desarrollo, sino que también lo son 

para entender, interactuar, configurar y modificar el comportamiento de ejecución del 

software. 

Nuestro trabajo busca alcanzar el mayor grado de interoperabilidad entre los meta-

modelos disponibles elevando el contexto de ejecución de las transformaciones a las 

meta-capas superiores. Esto habilitaría modelos de transformación más formales y 

genéricos. Los conceptos principales de MDE, como el concepto de meta-modelo y el 

patrón de transformación de modelos, se introducen brevemente. Después se cubren 

los antecedentes y definiciones principales relativos a MDA, para sentar las bases de 

los siguientes capítulos. También hemos revisado y comparado los lenguajes y 

especificaciones de meta-modelado disponibles en la actualidad. 

Las tecnologías e implementaciones actuales para la interoperabilidad de meta-

modelos también han sido evaluadas para poder beneficiarnos de ellas en nuestro 

prototipo. El sistema desarrollado provee varias transformaciones ATL que permiten 

realizar mediciones sobre modelos de transformación y reglas de ATL, así como 

generar varios modelos de salida, tales como gráficas SVG e informes (X)HTML. 

Tras definir formalmente un conjunto de métricas, presentamos los resultados 

recogidos de un conjunto de modelos de transformación. Para este trabajo hemos 

seleccionado varios TS bridges de meta-modelado entre UML, MOF, Ecore, KM3 y 

Microsoft DSL Tools. Estos resultados ofrecen mediciones cuantitativas sobre las 

construcciones declarativas e imperativas de estas transformaciones, así como sus 

factores de calidad relativos. Adicionalmente, todos los resultados de alto nivel 

extraídos de estas transformaciones son combinados en un único modelo para poder 

realizar un estudio comparativo entre todos ellos. 

Los resultados obtenidos sugieren que es posible realizar transformaciones 

automáticas de modelos de transformación, y por tanto existen varias líneas de 

investigación dirigidas hacia una completa gestión, validación, optimización e 

inferencia de TS bridges entre tecnologías de meta-modelado complementarias. 

Palabras Clave  

MDE, MDD, MDSD, MDA, Modelo, Meta-modelo, Modelo de transformación, 

Transformación de Segundo Orden, Meta-transformación, Medición, Métrica. 
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CChh aapptt eerr   11         

IInn tt rr oodduu cctt iioonn   

The Software Engineering discipline is going through a promising revival by 

means of the growing Model-Driven Engineering (MDE) paradigm. These new 

approaches deal with the systematic use of models as the core artifacts in 

Software Engineering over the entire life cycle of software development 

[Schmidt, 2006], rather than using models as simple design sketches.  

However, a broader vision of MDE [France & Rumpe, 2007]
 
suggests that 

models are not only an essential element for the development process, but they 

are also the primary artifacts to understand, interact, configure and modify the 

runtime behavior of software. 

This work is focused on getting the highest degree of interoperability among 

available meta-models by raising the context of the transformation operations 

to the upper meta-layers. This would enable more formal and generic 

transformation models. 
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1.1.  Context  Overview  

The Model-Driven Engineering vision is aimed at the idea of merging the 

design and implementation tasks of Software Engineering into one unique 

process. This should break the wall between the documentation of the system 

and the real state of the run-time implementation. 

A precise and simple definition of engineering is: 

Study and practical application of scientific knowledge 

Definition 1 ï Engineering  

The definition above is adapted from [Palacios-González, 2008]. In this work, 

it is also affirmed that an engineer must reach a deep and precise understanding 

of the problem to be solved. Moreover, it is equally or more important that this 

engineer can interchange both problem and solution with the other participants 

of the process. 

In this sense, many modeling techniques have been applied with success in 

other established engineering disciplines. This has assisted in the transmission 

of problems and their solutions among engineering teams since long time ago. 

However, modeling in Software Engineering is mainly applied as simple 

blueprints or design sketches for problem documentation. The big deal of these 

approaches is the lack of synchronization between design models and the 

source code. 

1.1.1.  Software Engineering  Evolution  

The definition of Software Engineering proposed by the IEEE Computer 

Society in 2004 is: 

The application of a systematic, disciplined, quantifiable approach to 

the development, operation, and maintenance of software, and the study 

of these approaches; that is, the application of engineering to software 

[Abran & Moore, 2004] 

Definition 2 ï Software Engineering (I)  

Thus, Software Engineering should provide the techniques and practices for 

measurable and repeatable software development processes. Nevertheless, it is 

still an evolving engineering discipline.  
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In fact, recent approaches like object-oriented programming and design 

patterns, aimed at the resolution of maintenance and refactoring problems, have 

been revealed insufficient for this purpose [Bézivin, 2003]. 

Moreover, an older definition of Software Engineering is: 

The practical application of scientific knowledge in the design and 

construction of computer programs and the associated documentation 

required to develop, operate, and maintain them [Boehm, 1976] 

Definition 3 ï Software Engineering (II) 

Both definitions remark the need of engineering approaches over the entire 

life cycle of software (development, operation and maintenance). However, the 

former stress the importance of studies about engineering approaches, while 

the later defines software as: 

Computer programs and the associated documentation required to 

develop, operate, and maintain them [Boehm, 1976] 

Definition 4 ï Software  

Anyhow, the fact is that the evolution of software development approaches 

has been guided by incremental raisings of the level of abstraction, from 

assembly code to domain models [Mellor et al., 2004]:
 

 

Fig. 1 ï Software Engineering Evolution 
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The last approach assumes that any model can be fully transformed into 

source code for several software platforms, enabling the portability of scientific 

knowledge by means of domain models and transformations. Nevertheless, this 

is not the only available solution, because models can be directly executed over 

specialized virtual machines or other runtimes, avoiding the need of source 

code generation. 

By raising the level of abstraction, each new approach switches the previous 

underlying platform. Thus, models-driven approaches abstract the details of the 

available software platforms [Mellor et al., 2004], like J2EE, .NET, SOA, 

CORBA, Operating Systems, etc. 

Furthermore, Douglas C. Schmidt states that: 

ñModel-driven engineering technologies offer a promising approach 

to address the inability of third-generation languages to alleviate the 

complexity of platforms and express domain concepts effectivelyò -

[Schmidt, 2006] 

1.1.2.  Model -Driven Engineering (MDE)  

According to the OMGôs MDA Guide, the term model-driven stands for: 

The use of models to direct the course of understanding, design, 

construction, deployment, operation, maintenance and modification of 

systems [OMG, 2003c] 

Definition 5 ï Model-Driven 

In addition, Stephen J. Mellor defines model-driven development as: 

The notion that we can construct a model of a system that we can then 

transform into the real thing [Mellor et al., 2003] 

Definition 6 ï MDD: Model-Driven Development  

Thus, nowadays, the main advantages offered by MDE based solutions are 

portability, interoperability and reusability [OMG, 2003c]. Those benefits are 

the direct consequence of the correct architectural separation of concerns 

between the abstract domain models and the underlying technologies and 

platforms [Palacios-González et al., 2008b]. The reuse of knowledge and 

processes, by means of models and transformations respectively, is also 

presented as its main benefit. This provides major improvements in terms of 

productivity, predictability and quality of software.  
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Schmidt also points out the two main components that support the core of the 

MDE approach: 

Modeling language whose type system formalizes the application 

structure, behavior, and requirements within a particular domain 

[Schmidt, 2006] 

Definition 7 ï DSML: Domain Specific Modeling Language 

Analysis of certain aspects of models to enable the synthesis of various 

types of artifacts, such as source code, simulation inputs, XML 

deployment descriptions, or alternative model representations [Schmidt, 

2006] 

Definition 8 ï Model Transformation 

Therefore, combining previous definitions, we propose this definition for 

Model-Driven Engineering: 

Software engineering methodology that combines domain specific 

modeling languages (DSML) and model transformations for practical, 

systematic, disciplined and quantifiable application of scientific 

knowledge in the design and construction of computer programs and the 

associated documentation required to understand, develop, operate and 

maintain them 

Definition 9 ï MDE: Model-Driven Engineering 

There are many different approaches focused on the MDE paradigm. Some 

examples are Model-Driven Architecture (MDA) [OMG, 2003c], Software 

Factories [Greenfield & Short, 2003], Agile Model-Driven Development 

(AMDD) [Mellor et al., 2003], Domain Specific Modeling (DSM) [Gray et al., 

2001], Domain Oriented Programming (DOP) [Thomas & Barry, 2003], etc. 

Anyhow, after the evaluation of the available general-purpose MDE tools (cf. 

[Palacios-González et al., 2008b]), we have had to manage the fact that the 

MDA approach stands out as the most widespread solution for the time being.  

Actually, according to the OMGôs MDA Guide Version 1.0.1: 

ñMDA is another small step on the long road to turning our craft into 

an engineering disciplineò - [OMG, 2003c] 
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1.1.3.  Tech nological Spaces (TS)  

A practical definition of technological spaces (TS) is provided by Ivan 

Kurtev, Jean Bézivin and Mehmet Aksit: 

A working context with a set of associated concepts, body of knowledge, 

tools, required skills, and possibilities, which is often associated to a 

given user community with shared know-how, educational support, 

common literature and even workshop and conference regular meetings 

[Kurtev et al., 2002] 

Definition 10 ï TS: Technological Space 

It is important to remark that the adoption of the MDE paradigm does not 

involve the discarding of previous mature technologies [Van Gorp, 2008]. In 

fact, it relies on previous platforms, providing the means to model them as part 

of the common knowledge of software development. 

Furthermore, MDE is intended to cover many different TSs. In this sense, it 

must provide bridges among them in order to integrate different bodies of 

knowledge from other mature research communities [Favre, 2004].  

This concrete feature of MDE enables the interoperability of different bodies 

of knowledge inside Software Engineering. Kurtev et al. also provide a brief 

comparison of some of these TSs [Kurtev et al., 2002].  Examples are the 

already remarked MDA, but also grammarware (e.g. BNF) [Klint et al., 2005], 

documentware (e.g. XML)  [W3C, 2008], resourceware (e.g. RDF) [W3C, 

2004a], ontology engineering (e.g. OWL/ODM) [Holger Knublauch, 2004], 

dataware (e.g. SQL) [Date, 1989], modelware (e.g. UML) [Fowler, 2003], etc. 

As we have mentioned before, the TS concept is closely related with model 

transformation operations, specifically in the design and development of 

bridges between these TSs. In fact, it is a concept often covered in model 

transformation papers, motivated by the differences among TSs, as presented in 

this table slightly adapted from [Bézivin et al., 2003]: 

 MDA XML Grammars Ontologies 

Aspects  Excellent Good Poor Fair 

Execution  Poor  Poor  Excellent  Poor 

Formalization Poor Poor Excellent Fair 

Modularization Good Good Good Poor 

Traceability Fair Good Poor Excellent 

Transformation Good Excellent Fair Fair 

Specialization Good Fair Poor Fair 

Table 2 ï Strong and weak points of some Technological Spaces (TS) 
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1.2.  Motivation  

This work is framed inside the MDA-OOTLAB research group at the 

University of Oviedo. This group is focused on the study, development and 

measurement of Model-Driven Engineering solutions. Previous works cover 

the already mentioned review of the global purpose MDE tools [Palacios-

González et al., 2008b; Palacios-González et al., 2008a]. We have also released 

an MDA framework for automatic food traceability [García-Díaz et al., 2008], 

based on TALISMAN  MDA [G-Bustelo, 2007], and a simplified version of 

Business Process Modeling Notation (BPMN) [OMG, 2009a], published as 

Simple BPMN (SBPMN) [Fernández-Fernández et al., 2009; Fernández-

Fernández et al., 2008; Fernández-Fernández, 2008].  

All  the developed solutions are MDE-based approaches and rely on ATL 

[Jouault et al., 2008] as model transformation tool. However, we have also 

identified the need of reviewing the available patterns and technologies for 

model transformation scenarios, specifically for meta-model interoperability 

and TS bridging issues. In this way, we have published an overview article in 

order to establish the global scope of this introductory work [Tolosa et al., 

2009], as well as to enable the presentation of this masterôs thesis. We have 

also published a new version of TALISMAN [García-Díaz et al., 2009]. 

We foresee that transformation models could be optimized through a higher 

degree of interoperability among available meta-models families by raising the 

context of the transformation operations to the upper meta-layers. This goal is 

closely related with High-Order Transformations (HOT) [Bézivin et al., 2006], 

also known as meta-transformations [Balogh & Varró, 2006]. These advanced 

transformations are performed over transformation models, which can act as 

source, target or both. 

In fact, through transformation models and HOT transformations, the 

flexibility of the transformation patterns could be drastically raised by means 

of model transformation inference or composition. Furthermore, the established 

transformation approach of ATL [Eclipse-ATL]  is performed in a complex and 

tedious way, requiring the definition of domain-specific source and target 

meta-models inside the Ecore TS. Actually, until this goal is achieved, the 

projections or bridges from other TSs and the transformation itself cannot be 

defined in any way. 

The big question is if it is feasible to generate automatically these meta-

models through the analysis of extern meta-models conforming to meta-meta-

models from other TSs. These meta-modeling foundation concepts will be 

covered on subsequent chapters. 

On the other hand, the fact is that this question is complex by nature, 

requiring a deep study of the meta-modeling available solutions, as well as the 

model transformation patterns and technologies.  
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1.3.  Research Goals  

This section presents the main research goals that we have considered in 

order to trace the evolution of the project. These goals would also enable to 

measure the completeness of the project through partial results. 

RG1 ï To evaluate the present meta-modeling approaches 

The review of the state of the art about meta-modeling specifications will 

provide the foundation to select a pivot meta-meta-model in order to face the 

interoperability of the available solutions. This review would also enable the 

identification of the features and lacks of the current model transformation 

approaches.  

RG1.1 ï To evaluate the present meta-modeling specifications 

RG1.2 ï To evaluate the present model transformation engines 

RG2 ï To select the most flexible meta-modeling tool 

One of our main goals is the definition or the adoption of an available meta-

meta-model for meta-model interoperability, which should act as a pivot meta-

model between TSs. We are also seeking for a standard language that enables 

declarative definition of transformation model and meta-transformations.  

We expect to identify a suitable meta-model specification for model- driven 

transformation of models. This meta-model will be based on previous partial 

results. Other features like language usability, industrial implantation and 

conformance to OMG standards will be also considered for this goal. 

RG2.1 ï To select the most flexible pivot meta-meta-model 

RG2.2 ï To select the most flexible transformation meta-model 

RG3 ï To develop a proof-of-concept meta-modeling prototype 

The design and implementation of the prototype will be guided by the all the 

previous research goals. This prototype should provide results about the actual 

state of the interoperability between meta-modeling and TSs bridging. 

These results are expected to support the publication and approval of this 

masterôs thesis, as well as the drafting of a subsequent publication in a JCR 

journal as required in the masterôs requirements. 

RG3.1 ï To develop a proof-of-concept model transformation solution 

based on transformation models and meta-transformations (HOT) 

RG3.2 ï To perform quantitative measurements and comparatives over 

a set of inter meta-model transformation models (TS bridges) 
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1.4.  Contribution and Scope  

For this masterôs thesis, we have focused our efforts on transformation model 

measurement because we believe that the first step toward a complete 

understanding of this problem goes through the quantitative evaluation of the 

available transformations. Actually, software metrics are usually considered an 

objective method for quantitative software measurement: 

ñYou canôt control what you canôt measureò - [DeMarco, 1986] 

As we have mentioned before, models and transformations between models 

are provided as the core of Model-Driven Engineering, offering reusability of 

knowledge and processes. In order to establish the basis of future advances in 

this emerging paradigm, this work is focused on the principles of meta-models 

and transformation models. Moreover, the concept of meta-model has become 

an essential artifact for MDE based solutions [Jouault & Bézivin, 2006], thus 

we have centered our background review in the state of art related to meta-

model specifications and model transformation technologies. 

Our current research is aimed at getting a higher degree of interoperability 

among available meta-model specifications by raising the transformation 

models to the upper meta-layers. However, some conclusions extracted suggest 

that this is still an early solution, which demands greater efforts in terms of 

research, development and specification. In this sense, there exist many 

interesting open subjects. Some of them are design of generic editors for model 

independent visual modeling, measurement of models and transformation 

models, integration and composition of model instances from different meta-

models, improvements of the semantic knowledge offered by present modeling 

languages or even the evaluation of the applicability of graph transformation 

and rewriting techniques toward formal transformation models, majorly based 

on declarative syntaxes. 

Thanks to the use of transformation models and meta-transformations, the 

process of transforming models can be decorated with the same mechanisms 

usually applied to other kinds of models (e.g. validation, composition, weaving, 

measurement, etc). In fact, through transformation models everything is 

managed as a model: sources, targets and the transformation algorithm itself. 

Furthermore, assuming the fact that more declarative algorithms provide better 

foundations for reusability, portability, composition and even inference of 

transformation models [Jouault et al., 2008; Jouault & Kurtev, 2007; Taentzer 

et al., 2005]; these benefits also lead to better quality and productivity in terms 

of model-driven transformations. 

Among all the possible operations that can be performed over transformation 

models, we have focused on the measurement of this kind of models because 

we believe that this will enable us to understand and evaluate them in a more 
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objective way. In this work, we propose a set of metrics for transformation 

models aimed at measuring the declarative factor of modules and rules. In 

addition, we provide a complete orchestration of several model transformations 

to generate different end-user results (e.g. XHTML reports and SVG charts) 

from the data extracted with these metrics. 

However, this is still a partial solution because these metrics require further 

study and evaluation in order to be complete. For the time being, these metrics 

can be considered as a core extensible library for aiding metrics definition over 

transformation models, in the same way that the Formal Library for Aiding 

Metrics Extraction (FLAME) [Baroni & Abreu, 2003; Baroni, 2002] is aimed 

at OO design models (e.g. UML based [Baroni & Abreu, 2002; Baroni et al., 

2002]). 

We identified the need to adapt these metrics for transformation models 

because OO models are organized majorly on packages and classes, while 

transformation models are not. They are usually organized on modules (i.e. a 

set of rules and helpers for a specific transformation) and rules (i.e. a mapping 

between source and target patterns or templates). However, we have been 

inspired by these related works, which in turn are based on more mature 

approaches. 

After having achieved this partial goal, we have applied the designed set of 

metrics over several available transformations from the ATL Transformation 

Library [Eclipse-ATL]  aimed at bridging between different meta-modeling TSs 

like UML, MOF, KM3, Ecore and DSL Tools. The results obtained provide 

partial quantitative measurements about the actual state of these meta-model 

bridges and their ratio of declarative versus imperative constructs.  
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1.5.  Project Roadmap   

This section summarizes the evolution and walls faced through the 

development of this project and its future roadmap. We will also briefly expose 

the main issues about how this work has been focused, the research methods 

followed and the tools employed in order to overcome it. 

I want to remark that before this project I have been involved in other 

research topics like collaborative web-based environments for diagram design 

and Human-Robot Interaction (HRI). The results obtained have been published 

in several conferences and even a JCR journal, as detailed on section 6.3. I 

guess that these previous research attempts have established the academic 

foundation for this one, providing the required experience to get it done with 

success and in time. I believe beyond all doubt that this work could not be 

achieved without this support. 

Looking at the beginning of the project, we planned to develop a bridge 

between BPEL [Gaur & Zirn, 2006] and XAML Workflow [Microsoft-WF] to 

provide a better interoperability between both TSs. Notwithstanding, we found 

that this problem was already covered by the BPEL for Windows Workflow 

Foundation March CTP [Microsoft, 2007]. Due to this fact, we were forced to 

change our secondary goals and to search for a more innovative approach. 

In our search for a new scope, we found a very good work about how to 

apply metrics over OO models based on both UML and KM3 [Vépa, 2007a]. 

This work was supported by ATL as model transformation language, enabling 

the measurement of these models through a pair of ATL modules called 

KM32Measure and UML2Measure. Then, reviewing this related approach we 

decided that it would be very interesting for our research to be able to perform 

similar operations over transformation models, in order to reach a better 

understanding and control of these kinds of languages. 

On a different matter, this masterôs thesis, as usually, has been developed 

within a tight period of time. Moreover, we decided to write it in English 

because we believe that this would provide better visibility to our results and 

that it would be easier to be referred. These two facts involve a great effort 

from us in order to be on time for its presentation.  

For the time being, we consider that we have reached with enough depth our 

main established research goals. However, after the presentation of this 

masterôs thesis, we are planning to extend the state of art with a deeper study of 

the meta-modeling interoperability concerns. This will involve a review of all 

the references included in this document, as well as the development of a 

broader set of features for our proposed system. Further details about our 

planned future works are provided in section 6.2. 
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We have also followed several guidelines in order to assist, share and 

monitor our advances. There is a section at the beginning of this document 

called Version History, which provides a short description of the global 

milestones reached along last months. 

Furthermore, we have been employing several tools for aiding this task. For 

example, we have chosen Zotero [CHMN, 2009] for bibliography management, 

which is a Firefox extension to collect, manage and cite bibliographic 

references automatically. It also provides support for MS Office, enabling the 

automatic generation of cites and bibliographies inside Word documents. These 

features can also be customized through templates; in our case, we have 

adapted the Harvard author-date template provided by this tool (see 

Additional ).  

Other features of Zotero include a wide variety of import/export options (e.g. 

BibTex, RDF, etc), rich text notes, complete HTML reports, remote backups, 

collaborative libraries and more. The combination of Word and Zotero has 

largely optimized the development of this document as well as the management 

of our bibliographic references. Nevertheless, we have also followed several 

research guidelines that we will now expose in short. 

The first step in our investigation was a deep search of the most relevant 

publications, journals, conferences and authors about recent meta-modeling, 

model interoperability and model-driven transformations issues and advances, 

which leads to an accepted publication in the International Symposium on 

Distributed Computing and Artificial Intelligence (DCAI2009) [Tolosa et al., 

2009]. These first results also provided a good library of collected references 

that have assisted us in subsequent tasks. 

Once reviewed the main contributions in this field, we went through a short 

stage, where we decided the main goals that we would face for this masterôs 

thesis. With the major research goals established, we drafted the global 

structure of this document. 

Subsequently, we decided to write first the overall contents of the first 

chapters, which cover the background review of the existent literature. This 

also assisted us in the delimitation of the scope and viability of our contribution. 

After having this partial results accomplished we proceed to develop a proof of 

concept prototype our proposed system. 

Our main target was always having a profuse library of references and a 

complete document, synchronized with the system features and requirements. 

Then, they have gone through a series of refinements until the actual state. 



José Barranquero Tolosa, Master on Web Engineering (University of Oviedo) 

 

 

 31 

1.6.  Document Structure  

This section presents the overall structure of this document, introducing the 

main contents that are covered in each chapter. 

Chapter 1: Introduction  

This first chapter provides a brief presentation of the motivation of this 

research, as well as the main contribution and goals that we have considered in 

order to trace the evolution of the project. These goals would also enable to 

measure the completeness of the project through partial results. 

Previous section summarizes the evolution and walls faced through the 

development of this project and its future roadmap. We will also briefly expose 

the main issues about how this work has been focused, the research methods 

followed and the tools employed in order to overcome it.  

Chapter 2: Project Background 

Introduction of the state of art approaches and key notions related with 

Model-Driven Engineering (MDE) and Model-Driven Architecture (MDA) .  

The main terms defined in MDE, like the meta-model concept and the 

established model transformation pattern, are briefly presented.  Later on, the 

global background and core definitions addressed in the MDA approach are 

covered in order to support the basis of subsequent chapters. 

This chapter is focused on the foundation basis of our current research, thus 

experienced researchers in the field of MDE and/or MDA can skip it. 

Chapter 3: Meta-modeling 

This chapter reviews and compares the available meta-modeling languages 

and specifications. Present technologies and implementations for meta-model 

interoperability are also evaluated in order to take advantage of them in our 

proof of concept prototype. 

We will start remarking some weakness of the UML 1.x specifications, like 

the extensibility mechanisms and the lack of automatic validation of semantics, 

in order to present a brief overview of the improvements of the UML 2 

standard in section 3.2. Later on, in section 3.3, we cover the Meta-Modeling 

Facility (MMF) approach by pUML, which is closely aligned with the Meta-

Object Facility (MOF) of OMG, covered in section 3.4. 
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Section 3.5 provides a background survey of the de-facto industrial standards 

of the Eclipse Modeling Project (EMP), which is often considered the most 

widespread framework for real world MDE applications. 

Finally, section 3.6 deals with the model-to-model transformation paradigm 

in depth, offering a brief overview of the model transformation patterns and 

transformation language features. In this last section, we also propose a high-

level taxonomy of model transformations. 

Chapter 4: System Architecture  

In this chapter, we present the main components of our proposed system. We 

will remark the more innovative issues and the justification of the applied 

techniques. Moreover, we will briefly summarize the main contributions and 

limitations of the actual prototype. 

Among others, we will describe the global architecture and orchestration of 

the chain of model transformations, the TS bridges and projectors, and the 

meta-models employed. This project does not involve source code from typical 

programming languages like Java or C#; nevertheless, it requires other kind of 

source code, which conforms to textual concrete syntaxes like KM3 and ATL, 

or XML files like Ecore models serialized with XMI and ANT builds. 

The developed system provides several ATL transformations that enable to 

perform measurement operations over ATL elements (modules and rules), and 

to generate several complementary final models, like SVG charts and 

(X)HTML reports. 

Chapter 5: Methodology and Results 

This chapter first presents a set of metrics to measure ATL transformation 

models. These metrics are described in natural language, as well as by 

OCL/ATL formal definitions in order to be automatically applied by an OCL 

engine, like the ATL virtual machine. This will assists in the extension and 

reuse of these metrics in related works. 

After the formal definition of this set of metrics, we present the results 

collected over a set of model transformations. For this work, we have selected 

several meta-modeling TS bridges among UML, MOF, Ecore, KM3 and 

Microsoft DSL Tools. These results provide quantitative measurements of the 

declarative and imperative constructs of these transformations, as well as their 

relative quality factors.  

In addition, all the top-level results extracted from these transformations are 

merged into one unique model in order to assist to perform a comparative study 

among them. Final sections present the interpretation and discussion of these 

results. 
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Chapter 6: Conclusions and Future Work 

In this chapter, we expose our main conclusions and contribution in order to 

present our future work in this research field. We also present the derived 

publications of this work and other related ones. Finally, we detail the 

additional contents provided within the attached CD-ROM. 

Glossary 

Core definitions and concepts covered through this document.  

References 

The full list of references cited in this document, sorted by author and date. 

Annexes 

Additional resources provided with this work. There are four annexes: 

 buildAll.xml:  source code of the ANT script (see section 4.2) 

 buildAll.properties: source code of the properties file (see section 4.2) 

 ATL2Measure.atl: source code of the ATL meta-transformation for 

transformation models measurement (see section 4.4.1 and 4.4.3) 

 MeasureMerge.atl: source code of the ATL transformation that merges 

two Measure models into one unique Measure model (see section 4.4.4) 
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CChh aapptt eerr   22                                                                                                                                                                                               

PPrr oojjeecctt   BBaacckk ggrr oouu nn dd  

Introduction of the state of art approaches and key notions related with 

Model-Driven Engineering (MDE) and Model-Driven Architecture (MDA) 

The main terms defined in MDE, like the meta-model concept and the 

established model transformation pattern, are briefly presented.  Later on, the 

global background and core definitions addressed in the MDA approach are 

covered in order to support the basis of subsequent chapters. 

This chapter is focused on the foundation basis of our current research, thus 

experienced researchers in the field of MDE and/or MDA can skip it. 
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2.1.  Key Issues of Model -Driven Engineering  

We will start discussing some concerns about the state of the art acronyms. 

The first of them is MDE, which covers a global point of view related to all the 

technologies and practices about engineering modeling, without the need of 

only generating software as final products; however, it is usually the most 

evident result. Secondly, we meet MDD (Model-Driven Development) and 

MDSD (Model-Driven Software Development), which offer a more specific 

vision of the problem, focusing on the development process as the core task of 

Software Engineering (cf. [Mellor et al., 2003]). Finally, MDA or Model-

Driven Architecture is a registered trademark, supported by a set of standard 

specifications of the Object Management Group [OMG, 1989]. Some of them 

are broadly known in the MDE community, like MOF, QVT, OCL, CWM, 

XMI and UML, among others [OMG-MMDS]. In this document, we use MDE 

as a global term to cover all these approaches. 

As it was mentioned in the previous chapter, the three key advantages 

provided by MDE are portability, interoperability and reusability. In this sense, 

the reuse of knowledge and processes, by means of models and transformations 

respectively, is also presented as its main benefit, enabling the improvement of 

productivity, predictability and quality of software. 

2.1.1.  Foundation  

The first term to be defined is model, and according to Seidewitz, it is: 

A set of statements about some system under study [Seidewitz, 2003] 

Definition 11 ï Model (I ) 

In other words, it is a set of affirmations, premises, constraints or rules to get 

a higher abstraction of a problem. Ludewig also defines this concept, stressing 

the reusability of models as knowledge artifacts: 

 Measure, rule, pattern, example to be followed [Ludewig, 2003] 

Definition 12 ï Model (II)  

There are two essential principles about models and modeling. The first one 

is mapping, which we define as:  

Direct correlations between the subject to be modeled and the model 

Definition 13 ï Mapping  
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On the other hand, the fact is that not all the domain details can be mapped to 

a model, and this is what it is commonly called reduction: 

Main form of abstraction based on the selection of relevant from 

irrelevant [Metzger, 2005]  

Definition 14 ï Abstraction / Reduction  

Nevertheless, the model must map at least some properties to be useful for 

some domain (i.e. it helps getting a better understanding of a system in some 

context). According to Pieter Van Gorp: 

In an engineering context, a model is useful if it helps deciding the 

appropriate actions that need to be taken to reach and maintain the 

systemôs goal [Van Gorp, 2008] 

Definition 15 ï Useful (model) 

Reduction is usually considered as a synonym of abstraction [Mellor et al., 

2004], however, according to Andreas Metzger [Metzger, 2005], there exist 

other forms of abstraction, like generalization and classification. These 

concepts are commonly employed in object-oriented analysis and design. 

Two concrete definitions for generalization and classification are: 

Form of abstraction in which differences among similar objects are 

ignored to form a higher order type in which the similarities can be 

emphasized [Peckham & Maryanski, 1988] 

Definition 16 ï Generalization 

Form of abstraction in which a collection of objects is considered a 

higher-level object class [Peckham & Maryanski, 1988] 

Definition 17 ï Classification (I)  

Another definition of classification is also provided by Metzger: 

Form of abstraction found in object-oriented modeling, where object 

types are the main elements of conceptual models and classes their 

respective realization in design models [Metzger, 2005] 

Definition 18 ï Classification (II)  
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Stephen J. Mellor et al. provide a clear overview of these concepts and some 

examples [Mellor et al., 2004], like the one displayed on the next figure: 

 

Fig. 2 ï Abstraction, Classification and Generalization 

This figure shows how abstraction, classification and generalization can be 

applied over a concrete domain. In this basic example, abstraction is 

considered a synonym of reduction; i.e. the real entities are reduced to a 

restricted set of features described by instance and class models (horizontal 

transitions). Moreover, when moving downward, the concrete entities and 

instances are grouped into high order entities and classes respectively. 

Finally, generalization is applied over Dog and Cat classes, grouping their 

common properties into a new class Pet. As can be observed, the class model 

design involves three different kinds of abstraction, even when modelers and 

designers usually perform this task atomically (diagonal transition). 
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2.1.2.  Meta -meta -model  Architecture  

MDE requires models expressed in formal languages in order to achieve 

unambiguous specifications. Therefore, a common approach adopted is to 

define the conceptual foundations of modeling languages with models. These 

language models are known as meta-models or meta-languages, which define 

the abstract syntax of modeling languages [Jouault et al., 2008]. They also 

define the structure, semantics and constraints of the family of models that can 

be expressed with their underlying modeling language (they share their core 

syntax and semantics) [Mellor et al., 2004]. Merging all these definitions, we 

propose the following: 

Formal definition of the concrete and abstract syntaxes, as well as the 

semantics and specific mappings of a modeling language; i.e. a model of 

a modeling language 

Definition 19 ï Meta-model (I) 

Instance models constructed with these modeling languages have a 

conformance relation with their associated reference model (their meta-model), 

usually known as conformsTo.  

The reference model of an instance model (conformance relation) 

[Jouault & Bézivin, 2006] 

Definition 20 ï Meta-model (II)  

As meta-models are models themselves, this relation could jump indefinitely 

through abstraction levels. However, in practice, there is a need to stop at some 

layer [Jouault & Bézivin, 2006]. Furthermore, when the statements of a 

concrete meta-model are expressed in terms of the same modeling language 

that is being defined, it is called reflexive meta-model: 

A modeling languageôs meta-model which statements are expressed with 

that same modeling language [Seidewitz, 2003]. 

Definition 21 ï Reflexive Meta-model 

Another concept remarked by Seidewitz is the minimal reflexive meta-meta-

model: 

A reflexive meta-model that uses the minimum number of elements of the 

modeling language (for the purposes of that meta-model) [Seidewitz, 

2003] 

Definition 22 ï Minimal Reflexive Meta-model 
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Due to the fact that the minimal reflexive meta-model requires the minimum 

number of elements, it is usually placed on the top layer as the meta-meta-

model, as described in the next figure: 

 

Fig. 3 ï Meta-meta-model Architecture  

This three-layered architecture places the meta-meta-model on layer M3, and 

instance models on layer M1. When moving upward meta-layers, the initial 

layer is interpreted by the final layer, providing its meaning in terms of the 

formal abstract syntax of the modeling language (conformsTo). The figure 

above is based on the premise that more formal syntaxes imply less meaningful 

possibilities [Seidewitz, 2003]. 

Thus, we propose the next definition for meta-meta-model: 

A high order meta-model that defines the specification or rule set of a 

family of closely related models, meta-models and itself (reflexive meta-

model) 

Definition 23 ï Meta-meta-model 

This a key concept to limit the abstraction levels of the architecture, which 

usually is structured in three or four abstraction layers. The optional layer is 

called M0, which covers real world entities or, in a Software Engineering 

context, the run-time instances [OMG, 2009b]. 
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2.1.3.  Model Transformat ion Pattern  

From MDE point of view, the translation of software specifications into 

executable programs should be an automatic task; thus the source code of 

applications in MDE approaches is commonly generated through a model 

transformation process from abstract notations to text [Kleppe et al., 2003]. In 

this way, source code could be understood as an executable text model that 

conforms to a specific programming language meta-model. 

Furthermore, this model transformation process can be atomic or can be a 

chain of model transformations between incremental abstraction layers 

representing the same system. This layered architecture is commonly placed 

over the M1 layer and it should not be confused with the meta-meta-model 

architecture described in previous section. They are orthogonal concepts. 

This transformation process, which is called vertical transformations, 

involves changes in the complexity or detail level of the models. On the other 

hand, we can perform horizontal transformations, which apply refining or 

refactoring techniques over a model in a concrete abstraction layer of the 

specification, including the source code.  

The established model transformation pattern in MDE is described in this 

figure, adapted from [Jouault et al., 2008]: 

 

Fig. 4 ï Model Transformation Pattern  
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The process of transforming a model Ma into another model Mb is 

performed through a transformation model TMab, which conforms to 

transformation meta-model TMM and defines the transformation rules 

based on meta-models MMa and MMb as source and target meta-models 

respectively; all meta-models conform to the same meta-meta-model 

MMM [Jouault et al., 2008] 

Definition 24 ï Model Transformation Pattern 

This pattern covers both vertical and horizontal approaches. The difference 

lies in the transformation context and the interplay between source and target 

models as mentioned before.  

Furthermore, our research is focused on High-Order Transformations (HOT) 

[Bézivin et al., 2006], also known as meta-transformations [Balogh & Varró, 

2006] (transformations of transformation models), to enable translations 

between instance models from meta-models that conform to meta-meta-models 

from different technological spaces. This research is aimed at improving the 

interoperability among the available meta-modeling TSs through model-driven 

transformations; hence, we propose the following related definitions: 

A model transformation defined by a model, which conforms to a 

transformation meta-model 

Definition 25 ï Transformation Model 

Formal definition of the concrete and abstract syntaxes, as well as the 

semantics and mappings of a domain specific modeling language for 

model transformation; i.e. a meta-model specification for transformation 

languages 

Definition 26 ï Transformation Meta-Model 
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2.2.  Model -Driven Architecture (MDA)  

The MDA approach is a registered trademark, supported by a set of standard 

specifications of the Object Management Group [OMG, 1989]. It is also 

considered the most widespread approach inside the MDE paradigm (cf. 

[Palacios-González et al., 2008b]).  

The general structure of MDA is organized as follows [OMG-MDAa]: 

 

Fig. 5 ï Model-Driven Arch itecture (MDA)  

There are many other alternatives to MDA, like Software Factories 

[Greenfield & Short, 2003], Agile Model-Driven Development (AMDD) 

[Mellor et al., 2003], Domain Specific Modeling (DSM) [Gray et al., 2001], 

Domain Oriented Programming (DOP) [Thomas & Barry, 2003], etc. Each of 

these proposals manages the MDE processes from a particular point of view 

with different technologies and notations. However, all share the foundation 

basis of MDE, considering the models as first-class artifacts in the software 

development process and model transformations as the enabling technology for 

portability, reusability and interoperability.  

MDA is aimed at achieving a correct architectural separation of concerns 

through transformations between Computation Independent Models (CIM), 

Platform Independent Models (PIM), Platform Specific Models (PSM) and the 

source code [OMG, 2003c].  
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This is related with several approaches and tools for: 

 To specify platform independent systems  

 To specify a set of concrete platforms  

 To select a specific platform to support the defined system 

 To transform a system model to be supported by a selected platform 

2.2.1.  Models, View s and Viewports  

The Computation Independent Model provides an answer to the question: 

ñWhat are the features and/or requirements of the system under study?ò  

It can be understood as a bridge between the domain experts and the 

modelers, in short: 

Abstraction of the requirements of the system under study and its 

environment, hiding details about its internal structure or processing 

[OMG, 2003c] 

Definition 27 ï CIM: Computation Independent Model 

The PIM layer is focused on the operational domain of the system and the 

interactions with external systems. It seeks the answer to another question: 

ñHow does the system perform what it is defined by the CIM?ò, while hiding 

the specific details for any particular platform: 

Abstraction of the operation of the system under study, hiding details 

about the underlying platform [OMG, 2003c] 

Definition 28 ï PIM: Platform Independent Model 

In contrast, the PSM layer details the use of the capabilities of a specific 

platform in order to perform the operations defined by the PIM. It answers the 

question: ñHow does the platform perform what is defined by the PIM?ò 

Combination of the PIM with an additional focus on the detail of the use 

of a specific platform by a system [OMG, 2003c] 

Definition 29 ï PSM: Platform Specific Model 

These three models are considered views of the system under study: 

Representation of a system from the perspective of a chosen viewpoint 

[OMG, 2003c]
 

Definition 30 ï View / Viewpoint Model 
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Views are closely related with the viewpoint concept: 

Abstraction technique based on a restricted subset of architectural 

elements and structural rules [OMG, 2003c]
 

Definition 31 ï Viewpoint 

The MDA guide defines three main viewpoints: computation independent, 

platform independent and platform specific viewpoint respectively. 

2.2.2.  MDA Transformation  Pattern  

Transformations between models are the enabling concept of MDA: 

The process of converting one model to another model of the same 

system [OMG, 2003c] 

Definition 32 ï Model Transformation (MDA)  

The proposed pattern for MDA [OMG, 2003c]
 
is: 

 

Fig. 6 ï MDA  Transformation Pattern 

This pattern generalizes many different transformation approaches in a 

suggestive way. The central concept is the transformation, which is supported 

by the PIM model and some other data, markings or patterns, depending on the 

transformation context. 
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2.2.3.  Additional Concepts  

In this last section, we will collect other essential concepts of MDA, 

extracted from the MDA Guide, that are used profusely across next chapters. 

First is platform: 

A set of subsystems and technologies that provide a coherent set of 

functionality through interfaces and specified usage patterns, which any 

application supported by that platform can use without concern for the 

details of how the functionality provided by the platform is implemented 

[OMG, 2003c]
 

Definition 33 ï Platform 

In addition, a complete MDA approach must provide PIM notations for 

pervasive services and automatic transformations into PSMs for the selected 

platforms:  

Available in a wide range of platforms [OMG, 2003c] 

Definition 34 ï Pervasive Service  

The final step of the MDA process, known as implementation, is: 

A complete specification of the system, which is ready to be executed or 

which have all the required elements to generate or construct an 

executable model of the system under study [OMG, 2003c] 

Definition 35 ï Implementation 

The interoperability among available MDE technical spaces could be 

supported in some way by the identification of new pervasive services through 

a deep evaluation of the involved specifications. 
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CChh aapptt eerr   33                             

MMeett aa--mm ooddeell iinn gg    

This chapter reviews and compares the available meta-modeling languages 

and specifications. Present technologies and implementations for meta-model 

interoperability are also evaluated in order to take advantage of them in our 

proof of concept prototype. 

We will start remarking some weakness of the UML 1.x specifications, like 

the extensibility mechanisms and the lack of automatic validation of semantics, 

in order to present a brief overview of the improvements of the UML 2 

standard in section 3.2. Later on, in section 3.3, we cover the Meta-Modeling 

Facility (MMF) approach by pUML, which is closely aligned with the Meta-

Object Facility (MOF) of OMG, covered in section 3.4. 

Section 3.5 provides a background survey of the de-facto industrial standards 

of the Eclipse Modeling Project (EMP), which is often considered the most 

widespread framework for real world MDE applications. 

Finally, section 3.6 deals with the model-to-model transformation paradigm 

in depth, offering a brief overview of the model transformation patterns and 

transformation language features. In this last section, we also propose a high-

level taxonomy of model transformations. 
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3.1.  Modeling Languages and  Formalisms   

The support of precise specifications helps to extract conclusions much more 

closely to the ideal of certainty than imprecise ones [Clark & Warmer, 2002]. 

However, precision is often confused with abstraction.  

Baroni defines precision, in the specification context, as: 

Clear delineation between elements that are covered (included) by a 

specification from those that are not [Baroni, 2002]. 

Definition 36 ï Precision (specification)  

A standard meta-modeling approach should fully support the precise 

definition of modeling languages with concrete syntaxes, which can be 

diagrammatic (shapes, edges, layout, etc) or textual (BNF, XML , interchange 

formats, etc). It should also provide an abstract syntax definition with concepts, 

relationships and well-formedness rules. However, the fact is that the semantic 

domain or logical space is not always defined unambiguously, like in UML 1.x 

specifications [Clark et al., 2000].  

Finally, it should define the mappings between these three main aspects as 

observed in the next figure, adapted from [Cook, 2001]: 

 

Fig. 7 ï Structure of Modeling Languages  

It is not mandatory for a model to be complete; instead, it can provide 

multiple views [Mellor et al., 2003]. For example, a reference meta-model can 

define several different views or projections (diagrammatic or textual) for 

conforming models, with different degrees of completeness, but with similar or 

equivalent precision. Thus, every model should conform to a formalism or 

language [Caplat & Sourrouille, 2002].  
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This concept is closely aligned with the meta-model concept introduced in 

the previous chapter, which is usually focused only in the definition of the 

abstract syntax for modeling languages. However, some authors as Mellor et al. 

state that meta-models also define the semantics and constraints of modeling 

languages [Mellor et al., 2004], so they could be treated as synonyms in some 

contexts. Anyhow, the formalism concept could be defined as: 

Incarnation of modeling principles, usually named a paradigm, that 

defines a peculiar viewpoint on the way any system should be considered 

[Caplat & Sourrouille, 2002] 

Definition 37 ï Formalism (I)  

Furthermore, Metzger redefines the formalism concept as: 

Precise definition of a modelôs syntax (or notation) and semantics (or 

meaning) [Metzger, 2005] 

Definition 38 ï Formalism (II)  

The latter is based on the definition of language by Harel and Rumpe: 

Syntactic notation (syntax), which is a possibly infinite set of elements 

that can be used in the communication, together with their meaning 

(semantics) [Harel & Rumpe, 2000] 

Definition 39 ï Language / Formalism (III)  

In addition, the figure below, adapted from [Metzger, 2005], shows a 

diagrammatic view of this formalism concept: 

 

Fig. 8 ï Modeling Language Formalism 
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Fig. 8 shows a clear delineation between concrete and abstract syntaxes, 

which are defined as: 

Readable representation of the abstract notational elements of the 

underlying formalism [Metzger, 2005] 

Definition 40 ï Concrete Syntax 

Relevant notions of modeling (e.g. class, inheritance, constraint) that 

are mapped to forms (e.g. UML or OCL expressions) [Caplat & 

Sourrouille, 2002] 

Definition 41 ï Abstract Syntax 

Moreover, as well as syntax is composed of concrete and abstract syntaxes, 

the semantics could be divided into dynamic and static. The static semantics 

are often named constraints [Caplat & Sourrouille, 2002] or well-formedness 

rules [Harel & Rumpe, 2000]. These equivalent concepts are defined as: 

Restrictions on the set of valid models that can be expressed with the 

underlying formalism, which are implied by the dynamic semantics 

[Metzger, 2005] 

Definition 42 ï Static Semantics / Well-formedness Rules / Constraints 

Finally, dynamic semantics, or simply semantics, can be defined as: 

Mental abstraction that provides the meaning of abstract syntax notions 

and whose external representation can be expressed in any language 

[Caplat & Sourrouille, 2002] 

Definition 43 ï Semantics (I) / Dynamic Semantics (I)  

In addition, some other authors also consider semantics as: 

The meaning of a language (e.g. UML), without behavioral constraints 

that cannot be expressed (e.g. on a class diagram) and need to be 

expressed in another specific language (e.g. OCL) [Clark et al., 1999] 

Definition 44 ï Semantics (II) / Dynamic Semantics (II)  

Semantics could also be divided into semantic domain and semantic mapping 

[Kent et al., 1999]. Actually, we have seen that many authors cover in some 

way the syntax and semantics features of languages, but there are not 

consensus definitions for these concepts, with different and overlapping 

proposals. In fact, UML 1.x documents, like [OMG, 2003a], contain a section 
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entitled ñUML Semanticsò, however, it really does not focus on semantics but 

mainly describes the abstract syntax of UML [Harel & Rumpe, 2000]. 

Furthermore, in spite of the fact that some progress has been accomplished 

through UML 1.x and MOF 1.x [OMG, 2005a] specifications, there is a lot of 

work to do toward fully systematic and precise modeling specifications.  

3.1.1.  Weakness  of the UML 1.x Definition  

Clark et al. remark several questions for which the UML 1.x definition has no 

response, in the document entitled ñA Feasibility Study in Rearchitecting UML 

as a Family of Languages using a Precise OO Meta-Modeling Approachò 

[Clark et al., 2000]. These key questions are: 

 How can conformance to the definition be checked? 

 How can we be sure that the definition is self-consistent and is 

comprehensive yet lean? 

 If the specialization and extension of UML continues all the time, how the 

existing definition allows this to be managed and controlled? 

In that report, the authors claim that the concrete-abstract mapping, as well as 

the concrete syntax itself, needs a more precise, systematic and unambiguous 

definition. Moreover, they also point out the lack of automatic conformance 

checking for semantics, because they are majorly defined in natural language. 

There are many other motivating papers for this problem, like ñResponse to 

UML 2.0 Request for Informationò [Clark et al., 1999], ñUML Semantics 

FAQò [Kent et al., 1999] or ñCore Meta-Modeling Semantics of UML: The 

pUML Approachò [Evans & Kent, 1999]. All these documents raise several 

lacks of precision in the definition of UML 1.x syntaxes, semantics and 

mappings, which motivate the misunderstanding of the notions and the 

inability of automatic processes for conformance and semantics testing. 

In fact, if there is a need for a language to be automatically processed and/or 

unambiguous defined, then the ñsyntax, semantics and mapping from one to 

the other must be completely, precisely and unambiguously definedò [Kent et 

al., 1999]. 

Next sections cover the more relevant contributions performed in the context 

of redesigning UML 1.x, in order to achieve an unambiguous and precise 

family of languages definition for a self-consistent, verifiable, comprehensive 

and extensible meta-modeling solution.  
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3.2.  Unified Modeling Language  (UML ) 

This figure [Kleppe et al., 2003] shows a simplified set of the final elements 

of the UML 1.x meta-model, which are mainly covered also in UML 2 and 

MOF 2: 

 

Fig. 9 ï UML  1.x Simplified Meta-model 

The first versions of UML suffer a lack of extensibility and formal validation 

and execution of models. Thus, beginning with UML 2.0 [OMG, 2005b], the 

UML specification was divided into two complementary specifications: 

Infrastructure and Superstructure. UML 2 Infrastructure [OMG, 2009b] 

specification defines the foundational language constructs required for UML 2. 

It is complemented by UML 2 Superstructure [OMG, 2009c], which defines 

the user level constructs. The two complementary specifications constitute a 

complete specification for this modeling language, which current revision is 

UML 2.2. 
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3.2.1.  UML 2 Infrastructure  

At present, the UML formal specification provides concrete visual notations, 

abstract syntax concepts (MOF based meta-model), well-formedness rules 

(defined as OCL constraints) and semantics (natural language).  

Moreover, the UML 2 Infrastructure has suffered a deep architectural 

restructuration toward Ӯstrict alignment with the OMGôs 4-layered architecture, 

displayed on the next figure [Cook, 2001]: 

 

Fig. 10 ï UML in the OMGôs 4-layered Architecture  

It also aimed at the identification of ñsemantic variation pointsò and 

extensibility mechanism based on profiles and ñfirst class extensionsò [Cook, 

2001]. Other improvements are focused on making the MOF 2 abstract syntax 

a subset of the abstract syntax of UML 2, as well as restructuring them into 

several linked packages toward correct separation of concerns. 

In this sense, the UML 2 Infrastructure provides a concrete specification of 

the meta-modeling concepts, as well as extensibility mechanisms for UML 2 

and MOF 2. The top-level view of the Infrastructure Library is presented on the 

next figure, extracted from [OMG, 2009b]: 

 

Fig. 11 ï UML 2 Infrastructure Library  Packages 
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The Core package is the central reusable part of the Infrastructure Library, 

and is further subdivided as shown in the figure below [OMG, 2009b]: 

 

Fig. 12 ï UML 2 Infrastructure Core Package 

The package PrimitiveTypes is a simple package that contains a number of 

predefined types that are commonly used in meta-modeling specifications (e.g. 

Boolean, Integer, etc), and as such, they are used both in the infrastructure 

library itself, but also in meta-models like MOF 2 and UML 2.  

The package Abstractions contains a number of fine-grained packages with 

only a few meta-classes each, most of which are abstract (e.g. Classifier, 

Generalization, Relationship, etc). The purpose of this package is to provide a 

reusable set of meta-classes to be specialized when defining new meta-models.  

The package Constructs also contains a number of fine-grained packages, 

and brings together many of the aspects of the Abstractions. The meta-classes 

in Constructs tend to be concrete rather than abstract, and they are focused on 

an object-oriented modeling paradigm (e.g. Class, Association, etc). MOF 2 

and UML 2 meta-models import the Constructs package since the contents of 

the other packages of Core are then automatically included.  

Finally, the package Basic contains a subset of Constructs that is used 

primarily for XMI serialization scenarios. 

As an example of package reuse, the Profiles package is structured as follows 

[OMG, 2009b]: 

 

Fig. 13 ï UML 2 Infrastructure Profiles Package 
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3.2.2.  UML 2 Superstructure  

This UML 2 Superstructure provides a specification of the language from the 

final userôs point of view. It defines six structural and four behavioral 

diagrams, one of them subdivided into other four interaction diagrams. These 

definitions are presented on the next figure, adapted from [Fowler, 2003]:  

 

Fig. 14 ï UML 2 Diagram Types 

UML 2 Superstructure is supported by UML 2 Infrastructure packages, 

defining three basic constructs: elements, connectors and diagrams. Diagrams 

are composed mainly by elements and connectors between elements. 

3.2.3.  UML 2 Object Constraint Language (OCL)  

OCL is a textual sublanguage of UML. It can be used to express additional 

constraints on UML models that cannot be expressed, or are very difficult to 

express, with the graphical notations provided by UML. OCL is based on first-

order predicate logic but it uses a similar syntax of traditional programming 

languages and is closely related to the syntax of UML. Thus, it is, more 

efficient for real-world modeling than pure first-order predicate logic [Demuth, 

2005]. 

The OCL 2.0 specification has been developed in parallel with the UML 2.0 

Infrastructure [OMG, 2009b] and the MOF 2.0 Core [OMG, 2006a] 

specifications, thus all share a common core. The OCL specification contains a 

well-defined and named subset of OCL that is defined purely based on the 

common core of UML and MOF. This allows using that subset of OCL with 

both MOF and UML; however, only UML can exploit the full specification 

[OMG, 2006b]. 
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The OCL specification defines a Standard Library of predefined expressions, 

predefined types and their operations, which must be included by every OCL 

implementation. The next figure provides a global overview of the predefined 

types available in this library [OMG, 2003d]: 

 

Fig. 15 ï OCL Standard Library Predefined Types 

Those types are in turn covered in the OCL Types Kernel Meta-model, as 

displayed in this figure taken from [OMG, 2003d]: 

 

Fig. 16 ï OCL Types Kernel Meta-model 
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3.3.  Meta -Modeling Facility (MMF)  

The Meta-Modeling Facility (MMF) is a parallel approach to the MOF 2.0 

[OMG, 2006a]. This new approach provided by the Precise UML Group 

[pUML] , which was founded in 1997 (coinciding with the first UML 

standardization effort), is aimed at the development of the UML standard as a 

precise modeling language. In this sense, their members collaborate profusely 

in the specification of UML and other MDA standards. Moreover, they also 

organize several workshops and conferences on this goal.  

This group is particularly concerned with the definition of new theories and 

practices to: 

 Clarify and make precise the semantics of UML 

 Reason with properties of UML models 

 Verify the correctness of UML designs 

 Construct tools to support the rigorous application of UML 

Furthermore, the pUML group supports the fact that UML 1.x [OMG, 2003a], 

especially the profile features, is inadequate for a precise, systematic, verifiable 

and extensible meta-modeling approach [Clark et al., 2000].  

The next figure, adapted from [Clark et al., 2001], provides an overview of 

the MMF approach for modeling languages definition: 

 

Fig. 17 ï MMF Method (MMM)  

ñMMF is composed of a language (MML) for defining modeling 

notations, a tool (MMT) that checks and executes those definitions, 

and a method (MMM) consisting of a model based approach to 

language definition and a set of patterns embodying good practice in 

language definitionò - [Clark et al., 2002] 
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3.3.1.  Met a-Modeling Language (MML)  

In short, MML is an OO meta-modeling language, which is defined in itself 

(i.e. it is supported by a reflexive meta-model). This language is closely related 

with a tool called MMT, which checks the conformance of models with their 

meta-models. MML is based upon UML core concepts as displayed on the next 

figure, extracted from [Clark et al., 2000]: 

 

Fig. 18 ï MML Components 

The main design principles claimed for MML are: 

 Precise and unambiguous definition of MML in itself (i.e. reflexive) 

 Precise and unambiguous definition of MML based meta-models 

 Definition of both visual and textual syntaxes 

 Definition of concepts, semantics and mappings 

 Definition and evolution of the family of languages (e.g. UML profiles) 

 Should be a small set of orthogonal core concepts (i.e. minimal) 

 Should be declarative (i.e. independent from tools) 

 Should support reflection (i.e. meta-models are models) 

 Should not include unmotivated or unnecessary restrictions 

 Should be coherent and consistent 
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Moreover, the pUML group also identifies four functional requirements for 

this language: 

 Specification of object structures (e.g. class diagrams) 

 Application of well-formedness rules to object structures (e.g. OCL) 

 Composition of language definition fragments (e.g. packages) 

 Reflection support (e.g. to manage MML model elements as instances) 

All these requirements and design principles established in the MML 

proposal [Clark et al., 2000] could be considered as recommended features for 

the definition of any meta-modeling language.  

In addition, every package in the MML contains three sub-packages: model, 

instance and semantics [Kleppe & Warmer, 2001].  

The model sub-package describes the modeling concepts defined for the 

container package (i.e. meta-modeling concepts). The instance sub-package 

describes the semantic domain of those modeling concepts (i.e. their meaning). 

Furthermore, both the model and instance packages contain syntax, concepts 

and syntax2concepts mapping sub-packages.  

On the other hand, the semantics sub-package defines a mapping from 

modeling concepts, defined in the model sub-package, to its semantic domain, 

defined in the instance sub-package. Next figure, extracted from [Clark et al., 

2000] and revisited in [Kleppe & Warmer, 2001], shows an example of these 

mappings for the core package: 

 

Fig. 19 ï MML Core Package Structure 
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All the modeling elements of MML are based on the abstract classification 

hierarchy provided by the uml.staticCore.model.concepts sub-package. This 

figure [Clark et al., 2000] shows its main classes: 

 

Fig. 20 ï Model Concepts Sub-package of the MML Core Package 

The uml.staticCore.instance.concepts sub-package provides the minimal set 

of concepts to describe the meaning of the modeling concepts provided by 

previous sub-package, as displayed in the next figure [Clark et al., 2000]: 

 

Fig. 21 ï Instance Concepts Sub-package of the MML Core Package 
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Finally, the uml.staticCore.semantics sub-package restricts the concepts 

defined in the instance sub-package to be instanceOf concepts of the model 

sub-package concepts, as described in the next figure [Clark et al., 2000]: 

 

Fig. 22 - Semantics Sub-package of the MML Core Package 

However, these three sub-packages cannot be placed directly in one specific 

layer of the 4-layered architecture proposed by the OMG. In fact, they are 

positioned through M1 (models) and M2 (meta-models) layers as shown in the 

next figure [Kleppe & Warmer, 2001]: 

 

Fig. 23 ï MML Model, Instance and Semantics Architecture 

In addition to the staticCore package, MML provides several extensions like 

datatypes, constraints, methods, modelManagement, reflection or associations 

packages. These packages restrict and extend these concepts and mappings 

provided by the staticCore package. They are also structured in the same way, 

containing model, instance and semantics sub-packages. 

Another extension of the staticCore is the dynamicCore package, which is 

aimed at notion of actions, which represent computational procedures that 

changes the state of the system [Clark et al., 2000]. Other authors have also 

contributed to this goal with proposal for a dynamicCore package for MML 

based on UML [Reggio & Astesiano, 2001]. 
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3.3.2.  Meta -Modeling Tool (MMT)  

In addition to the MML definition, pUML also asserts the need of meta-

modeling tools to support it, identifying some requirements [Clark et al., 2002]: 

 Reflective conformance checking 

 Mapping generation (pseudo-automatic) 

 Visual editor generation and/or configuration 

 Support of XMI as an alternative concrete syntax 

These requirements would provide means for the edition and management of 

language definitions as expressions of MML; as well as pseudo-automatic 

generation of language specific features through configuration of generic tools, 

or even generation of language specific tools. 

3.3.3.  Architectural Alignment  of MMF and  MOF 

The current stable version recommend by OMG is MOF 1.4 [OMG, 2002], 

providing the core meta-modeling language for UML 1.x based approaches. 

There is also an ISO/IEC standard for MOF 1.4.1 definition (ISO/IEC 19502) 

[OMG, 2005a]. However, OMG members are currently working on a newer 

approach for MOF 2.0 [OMG, 2006a]. 

MOF is supported by a reflexive meta-model on the M3 layer, denoted as 

MOF Model in the next figure [OMG, 2002]: 

 

Fig. 24 ï MOF 1.x Meta-data Architecture  
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A simplified diagrammatic view of this meta-model is captured on the next 

figure, taken from [Kleppe et al., 2003]: 

 

Fig. 25 ï MOF 1.x Simplified Meta-model 

In this figure, we can observe that the meta-modeling notions of MMF and 

MOF are closely related. However, UML 1.x is defined in MOF 1.x indirectly, 

providing only the means for generating IDL and XMI through an abstract 

syntax of UML defined with MOF. Actually, with MOF 2.0, OMG is focused 

on defining UML 2.x in a direct way, with a single meta-model instead of two 

(i.e. defining MOF with a subset of the core of the UML infrastructure). 

This goal is similar to MMFôs approach, where MML is defined as a subset 

of the core of UML; therefore, it is considered a member of the UML family of 

languages. Hence, the fact is that MOF and MMF are closely aligned; with 

remarks to some considerations about MOF 1.x lacks (cf. [Clark et al., 2000]): 

 Definition as a subset of UML (i.e. member of the UML family) 

 Separation of language design and repositories generation features 

 Separation of syntax, concepts and semantics aspects 

 Improvement of package extension, nesting and references 

 Improvement of the reflection mechanisms 

 Proper integration with OCL 
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3.4.  Meta -Object Facility (MOF)  

MOF integrates the MDA modeling steps that start a development or 

integration project with the coding that follows. Furthermore, model portability 

enables MDA code generators to do not include their own modeling capability, 

but to require users to choose their preferred modeler out of a list of compatible 

candidates [OMG-MOF]. 

The last OMG document describing the MDA architecture and aims [OMG, 

2005c] states that "models in the context of the MDA Foundation Model are 

instances of MOF meta-models and therefore consist of model elements and 

links between them". This core foundation assists in the interoperability of 

MOF based meta-models through automated transformations. Moreover, UML 

compliance is not mandatory for every scenario (e.g. CWM). 

As we have covered in the previous chapter, the MDA Guide Version 1.0.1 

[OMG, 2003c] defines the core concepts and patterns of MDA. OMG has 

declared the intention to replace this version with an update, based on the 

Foundation Model just mentioned, however it was not published yet. 

We have also introduced some key issues about MOF 1.x in previous section. 

Thus, we are covering only MOF 2 features, assuming that the structural 

changes that have been made to MOF turn versions 1.x a deprecated approach 

for our research goals. Nevertheless, we expect to cover it in future works in 

order to provide backward compatibility with MOF 1.x based meta-models. 

3.4.1.  MOF 2  Design Principles  

The MOF 2 specification [OMG, 2006a] aims to provide the standard meta-

modeling framework for MDA. Other OMG standards should be defined in 

terms of MOF concepts (e.g. UML and CWM). It also provides data 

interchange mechanisms through the XMI ( XML Metadata Interchange) 

specification [OMG, 2007b] and mappings to reflective interfaces based on 

CORBA IDL (Interface Definition Language) [OMG, 2004], which assist to 

generic manipulation of models and instances. Moreover, it provides 

programmatic interfaces based on Java, through JSR-40 JMI (Java Metadata 

Interchange) [Sun, 2002], although it is only available for MOF 1.x for now. 

This specification framework enables models to be imported and exported 

from one application into another, transported across a network, managed by a 

repository, rendered into different concrete syntaxes (e.g. XMI, BNF), 

transformed into other models, etc. Apart from structural models, non-UML 

based models as well as behavioral and data models are covered by this 

approach, as long as they are MOF-based models.  
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The foundation for UML 2 [OMG, 2005b] is MOF 2 and it is being adopted 

in several parts (e.g. MOF 2.0 Core [OMG, 2003e], MOF 2.0 IDL [OMG, 2004] 

Mapping, MOF 2.0 XMI Mapping [OMG, 2007b], MOF 2.0 Versioning [OMG, 

2007a], MOF 2.0 Query/View/Transformations [OMG, 2008b], etc). The most 

recent revision for the MOF 2.0 Core specification is [OMG, 2006a], which is 

an OMG Available Specification in finalization status. It comprises a set of new 

packages with in a major revision to the architecture and foundation constructs 

of the MOF 1.4 [OMG, 2002]. We can observe that the main design goal of 

MOF 2 is modularity, enabling to adopt the different parts incrementally and 

independently. 

The main design principles addressed for MOF 2 are (cf. [OMG, 2006a]): 

 To make MOF model much more modular and reusable 

 To apply model refactoring techniques to improve reusability of models 

 To reuse common core among MOF, UML and other meta-models 

 To simplify the definition and extension of models and meta-models 

 To ensure interoperability between MOF based tools though mappings 

 To ensure orthogonality of modeling concepts (separation of concerns) 

 To integrate reflection through MOF itself (rather than interfaces) 

 To solve the lack of identifiers by referencing mechanisms (e.g. URIs) 

 To improve the packaging features to enable reusability across meta-layers 

These improved design goals provides some direct benefits like: 

 Simpler rules for modeling meta-data (UML Infrastructure Library) 

 Technology mappings cover a broader range (e.g. UML profiles) 

 Meta-modeling tool support has also been improved 

3.4.2.  MOF 2  Architecture  

While the UML 2 Infrastructure Library provides the core meta-modeling 

concepts and notations, the MOF 2 specification provides the meta-data 

management framework and services. Furthermore, the modeling constructs 

from the UML 2 Infrastructure Library are imported by MOF 2, UML 2 

Infrastructure [OMG, 2009b], and UML 2 Superstructure [OMG, 2009c]. 

MOF is defined with both textual and visual syntaxes, using a combination of 

languages, like a subset of UML, an object constraint language and natural 

language, to describe the abstract syntax and semantics of the language. This 

specification reuses much of the formalisms in the UML 2 Infrastructure; in 

particular, EMOF (Essential MOF) and CMOF (Complete MOF) are both 

defined using CMOF (i.e. it is a reflexive meta-model), which is also used to 

define UML 2. Furthermore, EMOF is also defined by itself, through the 

application of package imports and merges from its CMOF description.  
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This figure, adapted from [OMG, 2006a], shows how EMOF and CMOF 

packages import and extend the UML core package: 

 

Fig. 26 ï UML  2 Core Packages Reused by MOF 2 

This improved modularity has some drawbacks, because model elements 

referenced across package boundaries must be qualified by their full package 

name. However, UML2 package import can be applied over related model 

packages in order to manage complexity and enable reuse, relaxing this 

constraint by ñmaking all model elements in the imported package directly 

visible in the importing packageò [OMG, 2006a]. Once imported, they can be 

associated with other model elements, specialized with sub-classes, etc.  

On the other hand, UML2 package merge enables the combinations of 

available packages with the merging package to define extended modeling 

languages and new capabilities. Thus, ñclasses in the merging package contain 

all the features of similarly named classes in the merged packagesò [OMG, 

2006a].  
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3.4.3.  OMGõs Modeling  and Metadata  Specification s 

There are many OMG specifications related with modeling in general. There 

are also many other domains covered, like metadata management and 

repositories, data warehouse, business processes modeling, domains specific 

modeling, UML profiles and others, in particular.  

The next table summarizes the information provided by OMG about 

modeling and metadata specifications. This table is based upon several web 

pages as the ñCatalog of OMG Modeling and Metadata Specificationsò 

[OMG-MMDS], the ñSpecification Summaryò [OMG-SS] and the 

ñSpecification Vaultò [OMG-SV]: 

Acronym Topic 
Current 
version 

Document (omg.org) 
Previous 
version 

Meta Object Facility Core 

MOF modeling 2.0 formal/2006-01-01 1.4 

MOF 2 Model to Text Transformation Language 

MOF2Text modeling 1.0 formal/2008-01-16 n/a 

MOF 2 Query/Views/Transformations 

QVT modeling 1.0 formal/2008-04-03 n/a 

MOF 2 Facility and Object Lifecycle 

MOFFOL modeling 1.0 Beta 1 ptc/2008-02-20 n/a 

MOF 2 Versioning and Development Lifecycle 

MOFVD modeling 2.0 formal/2007-05-01 n/a 

Model-Level Testing and Debugging 

MLTD modeling 1.0 Beta 1 ptc/2007-05-14 n/a 

XML Metadata Interchange 

XMI  modeling 2.1.1 formal/2007-12-01 2.1 

Object Constraint Language 

OCL modeling 2.0 formal/2006-05-01 n/a 

Ontology Definition Meta-model  

ODM modeling 1.0 Beta 2 ptc/2007-09-09 n/a 

Reusable Asset Specification 

RAS modeling 2.2 formal/2005-11-02 n/a 

Software Process Engineering Meta-model 
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Acronym Topic 
Current 
version 

Document (omg.org) 
Previous 
version 

SPEM modeling 2.0 formal/2008-04-01 1.1 

Unified Modeling Language (Infrastructure) 

UML modeling 2.1.1 formal/2007-02-06 2.0 

Unified Modeling Language (Superstructure) 

UML modeling 2.1.1 formal/2007-02-05 2.0 

UML Diagram Interchange 

UMLDI  modeling 1.0 formal/2006-04-04 n/a 

UML Human-Usable Textual Notation 

HUTN modeling 1.0 formal/2004-08-01 n/a 

Semantics of a Foundational Subset for Executable UML Models 

FUML modeling 1.0 Beta 1 ptc/2008-11-03 n/a 

OMG Systems Modeling Language 

SysML modeling 1.1 formal/2008-11-02 1.0 

Knowledge Discovery Meta-model  

 KDM    modeling    1.1    formal/2009-01-02    1.0 

Software Metrics Meta-model  

SMM  modeling  1.0 Beta 1  ptc/2009-03-03  n/a 

Abstract Syntax Tree Meta-model 

ASTM modeling  1.0 Beta 1  ptc/2008-11-05  n/a 

Common Warehouse Meta-model 

CWM metadata 1.1 formal/2003-03-02 1.0 

CWM Metadata Interchange Patterns 

MIP metadata 1.0 formal/2004-03-25 n/a 

Table 3 ï OMGôs Modeling and Metadata Specifications 

Remarks 

As we have mentioned before, there are many other OMG specification 

topics, like business modeling [OMG-BMS], however we have only cited here 

those more closely related with our core research goals. Anyhow, as we can 

observe, the OMGôs MDA approach is a wide and complex initiative that is 

constantly evolving. Thus, there is a clear need for meta-modeling tools aimed 

at interoperability issues among available OMGôs specifications, and even 

others provided by alternative sources. 
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3.4.4.  Java Metadata Interface (JMI)  

The Java language mapping for MOF 1.4 defined in JSR-40 [Sun, 2002] by 

the JMI specification expert group as part of the JCP (Java Community 

Process) will require revision to support MOF 2.0 additional features. It is 

foreseen that it will be defined using a new JSR under the JCP [OMG, 2006a]. 

3.4.5.  XML Metadata Interchange (XMI)  

XMI is the standard format for interchanging UML and other MOF based 

meta-models (M2) and their instances (M1). It uses XML for transfer syntax 

and interchange format [Cook, 2001], specifying XML Document Type 

Definitions (DTD) and/or XML Schemas Definitions (XSD) to enable the 

interchange and verification of models and meta-models like: 

 Models defined with MOF based meta-models (e.g. class diagrams) 

 MOF based meta-models (e.g. UML or CWM) 

Version numbers between MOF and XMI have evolved independently. On 

one hand, XMI have been restructured in several ways, like XML Schema 

support and new format, hence version 2.0 is aligned with MOF 1.4 rather than 

MOF 2.0. On the other hand, MOF releases were made periodically through 

OMG's established maintenance process. Here is a table of corresponding MOF 

and XMI versions adapted from ñMDA Specificationsò [OMG-MDAb] : 

MOF Version XMI Version 

MOF 1.3  XMI 1.1 

MOF 1.4  XMI 1.2 

MOF 1.4  XMI 1.3 (XML  Schema support) 

MOF 1.4  XMI 2.0 (new format) 

MOF 2.0 (current) XMI 2.1 (current) 

Table 4 ï MOF and XMI Version Correspondence 

3.4.6.  Common Warehouse Meta -model ( CWM) 

CWM [OMG, 2003b] is a standard meta-model to manage data warehouse 

metadata. It is defined using MOF, interchanged using XMI, and it reuses some 

aspects of the UML meta-model [Cook, 2001]. Metadata is often described as 

the ñheart and soulò of the data warehouse environment, however metadata 

repositories are commonly based on static interchange mechanisms [OMG, 

2002].  
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CWM meta-model, based on MOF, provides a more dynamic foundation for 

data warehouse management tools and repositories. The main purpose of 

CWM is ñto enable easy interchange of warehouse and business intelligence 

metadata between warehouse tools, warehouse platforms and warehouse 

metadata repositories in distributed heterogeneous environmentsò, according 

to [OMG, 2003b]. This document also presents a global overview of the 

alignment among CWM, MOF. XMI and UML: 

 

Fig. 27 ï CWM Architecture  
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3.5.  Eclipse Modeling Project  (EMP)  

The Eclipse Modeling Project (EMP) covers a broad range of meta-modeling 

approaches, both industry and research related. It is a top-level project inside 

Eclipse, which assures a certain degree of maturity. Moreover, it is a composite 

project divided in several subprojects with different and complementary aims, 

briefly described in subsequent sections. The book by Gronback [Gronback, 

2009] is the most up to date reference for EMP project. This book provides a 

global overview of this Eclipse project, as well as its main capabilities for DSL 

definition. 

3.5.1.  Eclipse Modeling Framework  (EMF) 

The Eclipse Modeling Framework (EMF) project provides tools and runtime 

support to produce a set of Java classes from models defined with XMI. It also 

provides a set of adapter classes for viewing and command-based editing of 

models, as well as a basic editor: 

ñThe Eclipse Modeling Framework (EMF) project is a modeling 

framework and code generation facility for building tools and other 

applications based on a structured data modelò -  [Eclipse-EMF] 

From its beginnings within the Tools Project at Eclipse, EMFôs reputation for 

high quality and unparalleled community support quickly led to several 

complementary modeling projects forming at Eclipse. Code generators, 

graphical diagramming frameworks, model transformation, validation, and 

search are just a few that have built upon EMF and now are contained within 

the Eclipse Modeling Project. The growth and success of this top-level project 

is due in large part to the strength of its core component, EMF [Steinberg et al., 

2008]. EMF is the main industry-related subproject inside EMP, and in turn, it 

is divided in several subprojects: 

 EMF (Core): provides the Ecore meta-model, XMI support, reflective 

capabilities and generic reusable classes and code generators for building 

Ecore based editors. 

 CDO: enables distributed shared EMF models and provides a fast server-

based O/R mapping solution. 

 Model Transaction: multi-threading read/write capabilities, semantic 

integrity validation, undo/redo history, cooperative edition, etc. 

 Model Query: API support for EObject based Condition objects that are 

used to formulate queries for Ecore models. 

 Validation Framework: provides means for constraint definition and 

parsing (Java and OCL), validation listeners, etc. 
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 Service Data Objects (SDO): provides a framework for data application 

development, which includes an architecture and API, simplifying the 

J2EE programming model in a service-oriented architecture (SOA). 

 Teneo: provides a database persistency solution for EMF (Eclipselink or 

Hibernate), enabling automatic creation of EMF to Relational Mappings 

and the related database schemas. 

 Net4j: provides extensible client-server system based on the Eclipse 

Runtime and the Spring Framework. 

3.5.2.  EMF Technology (EMFT)  

The Eclipse Modeling Framework Technology (EMFT) project is aimed at 

providing new industry-related incubation projects for EMF and other EMP 

subprojects like Graphical Modeling Framework (GMF), Model To Model 

(M2M) and Model To Text (M2T): 

ñThe Eclipse Modeling Framework Technology (EMFT) project exists 

to incubate new technologies that extend or complement EMFò - 

[Eclipse-EMFT] 

Active and downloadable EMFT subprojects: 

 Ecore Tools: provides a complete environment to create, edit and maintain 

Ecore models, a graphical Ecore editor and bridges to other tools. 

 Modeling Workflow: provides an extensible framework for the integration 

and orchestration of model processing workflows. 

 Compare: enables generic support for any kind of meta-model in order to 

compare and merge models. 

 Search: provides the fundamental infrastructure and components for 

search queries on EMF based models. 

 Mint: extends the Java Development Tools (JDT) with EMF-specific 

enhancements to improve the out-of-the-box Java developer experience. 

In-process EMFT subprojects without download option: 

 EMFatic: textual representation for Ecore models. 

 EMF4Net: core runtime for the .Net platform and C# code generation. 

 Temporality: automatic versioning of model instances. 

 JCR Management (JCRM): support for Java Content Repository (JCR). 

EMFT subprojects recently promoted to other EMP projects: 

 CDO: promoted to EMF. 

 Teneo: promoted to EMF. 

 Net4j: promoted to EMF. 

 Java Emitter Templates (JET): promoted to M2T. 
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3.5.3.  Generative Modeling Technologies (GMT)  

The Generative Modeling Tools project (GMT) provides new research 

incubation projects to cover the family of operations that applicable in MDE. 

The most obvious operation is model transformation and this is the origin of 

the name of the project [Eclipse-GMT]; however, there are many other new 

operations gaining more and more relevance in this context (e.g. megamodel 

management, model weaving, model comparison, traceability, etc): 

ñResearch-oriented project focused on producing prototypes in the 

area of Model-Driven Engineering (MDE)ò - [Eclipse-GMT] 

Current research subprojects from GMT are: 

 ATLAS MegaModel Management (AM3): provides support for global 

resource management in MDE environments through megamodels (cf. 

[Bézivin et al., 2004]). 

 ATLAS Model Weaver (AMW): model weaving tool that provides an 

extensible meta-model for meta-model comparison, traceability, model 

matching, model annotation, interoperability, etc. 

 Epsilon: meta-model agnostic component that supports programmatic 

creation, validation, weaving, navigation, and modification of EMF 

models. 

 Generic Eclipse Modeling System (GEMS): provides a bridge between 

meta-modeling tools such as the Generic Modeling Environment (GME), 

and those built around specific Eclipse modeling technologies, such as 

EMF and GMF. 

 Textual Concrete Syntax (TCS): enables the specification of textual 

concrete syntaxes for Domain-Specific Languages (DSLs) by attaching 

syntactic information to meta-models. 

 VIsual Automated model TRAnsformations (VIATARA2): general-purpose 

framework for the specification, design, execution, validation and 

maintenance of model transformations. 

 MOFScript: provides a meta-model independent language that enables 

text generation. It is based on EMF and Ecore as meta-model framework. 

 UMLX: provides a concrete graphical syntax to complement the MOF 2 

QVT model transformation language. 

 Model Discovery (MoDisco): enables practical extractions of models from 

legacy systems through model-driven reverse engineering. 

 Open Model CourseWare (OMCW): a set of teaching and learning 

artifacts for the modeling community. 
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3.5.4.  Model To Model (M2M)  

As we have mentioned a long this document, model transformation is a key 

aspect of MDE. The aim of Model To Model (M2M) project is to provide a 

framework for model transformations whose source and target were both 

models, rather than textual notations: 

ñThe M2M project will deliver a framework for model-to-model 

transformation languagesò - [Eclipse-M2Mb] 

M2M also provides a core infrastructure for specific model transformation 

engines. Currently, three transformation engines are being developed in the 

scope of this project, each of them covering a different approach: 

 ATLAS Transformation Language (ATL): hybrid language (declarative and 

imperative) and toolkit designed to express model transformations, and 

inspired by MOF 2.0 QVT (cf. [Jouault et al., 2008]). It was promoted 

from GMT research project. 

 Procedural QVT: partial implementation for MOF 2.0 QVT operational 

language (QVTO) [OMG, 2008b] 

 Declarative QVT: partial implementation for MOF 2.0 QVT core and 

relations languages (QVTR) [OMG, 2008b] 

3.5.5.  Model To Text (M2T)  

In contrast with M2M, the Model To Text (M2T) project is aimed at model-

to-text transformations, which produce text artifacts like source code files. It 

provides implementations, development tools and common infrastructure for 

industry standard model-to-text engines, as well as other defacto Eclipse 

standards: 

ñThe Model to Text (M2T) project focuses on the generation of textual 

artifacts from models.ò -  [Eclipse-M2T] 

Current M2T subprojects are: 

 Acceleo (MTL): provides an implementation for OMGôs MOF Model to 

Text (Mof2Text) standard [OMG, 2008a] 

 Xpand: statically-typed template transformation language  [Klatt, 2007] 

 Java Emitter Templates (JET): code generation framework and facilities 

with JSP-like templates (promoted from EMFT) 

M2T projects coming soon: 

 M2T Core: invocation framework to abstract features of M2T languages 

 M2T Shared: infrastructure components for M2T languages 
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3.5.6.  Textual Modeling Framework (TMF)  

The Textual Modeling Framework (TMF) project is aimed at DSL definition 

languages and it is integrated with other subprojects of the first-level EMP 

project such as EMF, GMF, M2T and parts of EMFT. Currently, it only covers 

the Xtext subproject; however, many other standards and solutions could need 

further interoperability and/or integration with Xtext, as the OMGôs Human-

Usable Textual Notation (HUNT) [OMG, 2004b]. 

ñXtext is a framework/tool for development of external DSLsò - 

[Eclipse-TMFb] 

Xtext is based on oAW Xtext [Efftinge & Völter, 2006], which was released 

with openArchitectureWare 4.3 [oAW] . In fact, oAW members propose the 

TMF subproject inside EMP [Eclipse-TMFa] and since its creation, a newer 

version of Xtext (referred as TMF Xtext) is being developed. However, a 

minor drawback is that TMF Xtext will need some migration assistance to 

provide interoperability with languages based on oAW Xtext and other textual 

notations. 

Anyhow, the point is that Xtext is designed for easy and efficient evolution 

and maintenance of DSLs, providing means to extend a specific DSL with full 

backward compatibility. It mainly provides a simple EBNF grammar language, 

which can be automatically transformed into a parser, an eCore-based AST 

meta-model and a complete text editor for Eclipse [Eclipse-TMFb]. 

3.5.7.  Model Development Tools (MDT)  

The aim of the Model Development Tools (MDT) project is to provide   

implementations and exemplary tools of industry standard meta-models: 

 ñThe Model Development Tools (MDT) project focuses on big "M" 

modeling within the Modeling projectò - [Eclipse-MDT] 

Currently, it covers several meta-models specifications and tools like: 

 Unified Modeling Language 2 (UML2) 

 Object Constraint Language (OCL)  

 XML Schema Definition (XSD) 

 Business Process Modeling Notation 2 (BPMN2) 

 Information Management Meta-model (IMM)  

 Semantics of Business Vocabulary and Business Rules (SBVR)  

 MST: specification tools for MOF-based meta-models 

 UML2 Tools: GMF-based editors for viewing and editing UML models 

 Papyrus: edition of UML-based models and related languages as SysML 
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3.5.8.  Graphical Modeling Framework (GMF)  

The Eclipse Graphical Modeling Framework (GMF) project is aimed at the 

infrastructure needs of graphical editors for EMF by providing generative 

components and exemplary tools as proof of concept capabilities: 

ñThe Eclipse Graphical Modeling Framework (GMF) provides a 

generative component and runtime infrastructure for developing 

graphical editors based on EMF and GEFò - [Eclipse-GMF] 

GMF-generated solutions are proved by: 

 The .ecore diagram editor 

 The .gmfgraph bootstrapping editor 

 UML2 Tools project diagram editors 

 Borland Together DSL toolkit 

3.5.9.  EMF Core  Meta -model  (Ecore)   

The Ecore meta-model is itself an EMF model, and thus is its own meta-

model (i.e. reflexive meta-model). The core structure of this meta-model is 

presented below, taken from [Steinberg et al., 2008]: 

 

Fig. 28 ï Ecore Simplified Meta-model 

It can be observed that Ecore is a small and simplified subset of full UML. 

UML and MOF are much more ambitious modeling approaches than the core 

support in EMF (e.g. UML enables to model the behavior of an application, in 

addition to its class structure). In fact, Ecore can be considered as the de-facto 

industrial standard alternative to MOF, with a more pragmatic view of the 

meta-modeling problem.  
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The complete class hierarchy of Ecore is presented on the next figure, taken 

from [Duddy et al., 2003]: 

 

Fig. 29 ï Ecore Complete Class Hierarchy 

3.5.10.  Kernel Meta -meta -model DSL (KM3)  

In any modeling scenario, the precision and agility in the definition of the 

meta-models involved is crucial. Thus, the lightweight KM3 meta-model 

[Jouault & Bézivin, 2006] is presented as a pivot meta-model for modeling 

interoperability. It mainly provides a concise textual DSL for meta-model 

specification. Furthermore, KM3 is closely aligned with Ecore, providing 

mechanisms for automatic injection and extraction of KM3 meta-models into 

Ecore meta-models. In fact, KM3 can be considered as the final user notation 

for agile definition of meta-models, which are subsequently transformed into 

Ecore for runtime execution and management. There are also other available 

bidirectional transformations from KM3 to MOF, UML, Ecore, DSL Tools 

[Cook et al., 2007], etc. However, KM3 is simpler than these languages, 

offering only the core modeling concepts (a minimal reflexive meta-model).  

The definition of source and target meta-models in model transformations is 

key step of the design of these transformations. In fact, KM3 is the response of 

the requests for textual languages instead of visual languages for meta-model 

definition [Jouault & Bézivin, 2006]. KM3 has a simple syntax and shares 
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some similarities with the Java notation. It is also related to Ecore terminology 

and has the notion of Package, Class, Attribute, Reference and Primitive 

DataType, as displayed on next figure [ATLAS, 2005a]: 

 

Fig. 30 - KM3 Meta -model 

Furthermore, there exist fifteen megamodel zoos (i.e. a collection of meta-

models defined with the same meta-meta-model) [AtlanMod-Zoos], with more 

than two hundred and fifty meta-models implemented with KM3 (the main 

megamodel zoo). These meta-models are subsequently and automatically 

transformed into the others fourteen meta-meta-models (e.g. Ecore, MOF, 

UML, OWL, XML, DSL Tools, GraphML, etc).  

As an example of one of these available meta-models, we present the KM3 

textual representation of KM3 itself: 

  package KM3 {  

 

   abstract cl ass LocatedElement {  

   attribute location : String ;  

   attribute commentsBefore [ * ] ordered : String ;  

   attribute commentsAfter [ * ] ordered : String ;  

   }  
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   abstract class ModelElement extends LocatedElement {  

   attribute name : String ;  

   reference "pa ckage" : Package oppositeOf contents ;  

  }  

 

  class Classifier extends ModelElement {}  

 

  class DataType extends Classifier {}  

 

  class Enumeration extends Classifier {  

   reference literals [ * ]  ordered container : EnumLiteral oppositeOf enum;  

  }  

 

  class EnumLiteral extends ModelElement {  

   reference enum : Enumeration oppositeOf literals ;  

  }  

 

  class TemplateParameter extends Classifier {}  

 

  class Class extends Classifier {  

   reference parameters [ * ] ordered container : TemplateParameter ;  

   attribute i sAbstract : Boolean ;  

  reference supertypes [ * ] : Class ;  

reference structuralFeatures [ * ] ordered container : StructuralFeature   

  oppositeOf owner ;  

   reference operations [ * ] ordered container : Operation  

oppositeOf owner ;  

  }  

 

  class TypedElement extends  ModelElement {  

   attribute lower : Integer ;  

   attribute upper : Integer ;  

   attribute isOrdered : Boolean ;  

   attribute isUnique : Boolean ;  

   reference type : Classifier ;  

  }  

 

  class StructuralFeature extends TypedElement {  

   reference owner : Class oppositeOf structuralFeatures ;  

   reference subsetOf [ * ] : StructuralFeature  

oppositeOf derivedFrom ;  

   reference derivedFrom [ * ] : StructuralFeature  

oppositeOf subsetOf ;  

  }  

 

  class Attribute extends StructuralFeature {}  

 

  class Reference extends Struct uralFeature {  

   attribute isContainer : Boolean ;  

   reference opposite [ 0- 1] : Reference ;  

  }  

 

  class Operation extends TypedElement {  

   reference owner : Class oppositeOf operations ;  

   reference parameters [ * ] ordered container : Parameter oppositeOf owner ;  

  }  

 

  class Parameter extends TypedElement {  

   reference owner : Operation oppositeOf parameters ;  

  }  

 

  class Package extends ModelElement {  

   reference contents [ * ] ordered container : ModelElement  

  oppositeOf "package" ;  

   reference metamodel :  Metamodel oppositeOf contents ;  

  }  

 

  class Metamodel extends LocatedElement {  

   reference contents [ * ] ordered container : Package  

  oppositeOf metamodel ;  

  }  

 }  
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3.5.11.  Architectural Alignment of MOF and Ecore  

At the beginning, the EMF project was intended to be an implementation of 

the MOF specification; however, it evolved through the pragmatic experiences 

of EMF-based tools developers. Nowadays, EMF can be thought of as a highly 

efficient Java implementation of a core subset of the MOF API [Eclipse, 2005]. 

Anyhow, to avoid confusions, the MOF-like core meta-model in EMF is called 

Ecore, which was presented in previous sections. 

In the current proposal for MOF 2, a similar subset of the MOF model, which 

is called EMOF (Essential MOF), is separated out. There are small, mostly 

naming differences between Ecore and EMOF [Eclipse, 2005]; however, EMF 

can transparently read and write serializations of EMOF through injectors and 

extractors (e.g. by specifying the file extension .emof). 
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3.6.  Model -Driven Transformation s 

Model transformation is the key operation in MDE, among other remarkable 

and growing operations like model comparison, validation, weaving, etc. 

Actually, these other operations are usually supported by the former. The main 

contribution by the OMG in this field is the Query/View/Transformation (QVT) 

standard [OMG, 2008b]. Anyhow, there are many other alternative model 

transformation approaches, as ATLAS Transformation Language (ATL), 

which was initially focused on matching an answer to the QVT/RFP [Bézivin 

et al., 2003].  

Another language defined in the operational context of QVT and ATL is 

Tefkat [Lawley & Steel, 2006]. This declarative logic-based language is 

supported by Ecore as meta-modeling language [Eclipse, 2005], and the 

execution model is somewhat like Prologôs. Other approaches relies on graph 

rewriting and transformation patterns [Taentzer et al., 2005], like VIATRA2 

[Balogh & Varró, 2006], GReAT [Christoph, 2005] and AGG [Taentzer, 2004]. 

We have chosen ATL as model transformation language because it is the 

most outstanding M2M language inside EMP [Gronback, 2009]. It also has a 

close alignment with QVT and provides support for a larger set of 

transformation scenarios than the OMGôs approach. For further comparison 

between all these languages, refer to [Jouault & Kurtev, 2007]. 

Anyway, model transformation has an imperative nature in order to enable its 

execution. However, according to Bézivin et al., ñmodel transformations can 

be abstracted to a transformation modelò [Bézivin et al., 2006]. The term 

transformation model is considered in a broader sense in this work, as defined 

in section 2.1.3 (a transformation managed as a model). 

3.6.1.  MOF 2  Query/View/Transform (QVT)  

The MOF 2 QVT [OMG, 2008b] standard by the OMG is composed by a set 

of languages for defining queries and transformation over MOF-based models. 

These languages are Core, Relations and Operational Mappings, in addition to 

OCL 2.0 [OMG, 2003d], which is employed for querying models. 

The QVT specification has a hybrid nature (i.e. declarative/imperative), with 

the declarative part subdivided into a two-layered architecture defined by Core 

and Relations respectively. As an analogy with the Java architecture, the 

Relations language is considered the analogous of the high-level Java language; 

Core language is the counterpart of Java byte code, and the Relations to Core 

mapping is the equivalent to the Java compiler. 
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ñThe Core language supports pattern matching over a flat set of 

variables by evaluating conditions over those variables against a set 

of models. The Core Language is as powerful as the Relations 

language, though simpler. Consequently, the semantics of the Core 

Language can be defined more simply, though transformations 

described using the Core are more verboseò - [OMG, 2008b] 

The architecture of the three QVT languages is displayed on the next figure, 

taken from [Jouault & Kurtev, 2006a]: 

 

Fig. 31 ï QVT Architecture  

All the QVT packages defined in the latest OMG specification depends on 

the EssentialOCL package from OCL 2.0, as well as EMOF package from 

MOF 2 Core [OMG, 2006a]. These package dependencies can be observed in 

the next figure, adapted from [OMG, 2008b]: 

 

Fig. 32 ï QVT Package Dependencies 
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The QVTBase package defines the common infrastructure for QVTCore and 

QVTRelation. Furthermore, QVTRelation also depends on the template pattern 

expressions defined in QVTTemplate package. In addition, QVTOperational 

extends QVTRelation and uses the imperative expressions defined in the 

ImperativeOCL package. 

The Relations language is considered the final user declarative language for 

model transformation with QVT, providing means to declare constraints that 

must be satisfied by the elements of the candidate models. A relation, defined 

by two or more model elements and a pair of when and where predicates, 

specifies a relationship that must hold between the elements of the candidate 

models [OMG, 2008b]. 

On the other hand, the Operational Mappings language covers the explicit 

imperative part of QVT mappings. It provides OCL extensions with side 

effects that allow a procedural programming style and a concrete syntax that is 

more familiar for imperative programmers [OMG, 2008b]. 

3.6.2.  ATLAS Transformation L anguage  (ATL) 

The ATLAS Transformation Language (ATL) provides both declarative and 

imperative constructs [Allilaire et al., 2006] (i.e. it is a hybrid language). 

Moreover, in parallel with QVT Core, ATL programs can be compiled into 

byte-code of the ATL Virtual Machine (ATL VM) in order to be executed. In 

addition, the ATLAS Model Weaving subproject of GMT [Eclipse-GMT] 

provides an optional higher abstraction layer over ATL. 

ATL is not only a model transformation language, but also a toolkit and a 

library of transformations [Eclipse-ATL] . It provides mechanisms to produce a 

set of target models from a set of source models within EMP. In fact, it relies 

on EMF as meta-modeling framework; notwithstanding it also supports 

NetBeans Metadata Repository (MDR) [Matula, 2003], as can be observed in 

the next figure [Jouault et al., 2008]: 

 

Fig. 33 ï ATL Execution Engine Architecture 
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The ATL compiler transforms ATL programs into programs written in byte-

code, which is executed by the ATL VM. This VM is specialized in handling 

models and provides a set of instructions for model manipulation. The Model 

Handler Abstraction Layer isolates this VM from model management systems, 

translating the byte-code instruction to the instructions of a specific model 

handler, which provides several APIs for model manipulation (e.g. EMF and 

MDR) [Jouault & Kurtev, 2006b].  

Finally, model repositories provide persistence facilities for models. The 

simplest example of model repository is a file system that stores models as 

XML files serialized conforming to the XMI standard, like in EMF [Steinberg 

et al., 2008]. 

The core language constructs of ATL are presented in the next figure, taken 

from [ATLAS, 2005b], which omits the rule inheritance and imperative parts 

of the core meta-model: 

 

Fig. 34 ï ATL Simplified Core Meta-model 
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ATL is not organized with packages and classes like other already covered 

meta-models. The root units of ATL are Modules, Libraries and Queries, 

which in turn have references to other libraries. On the other hand, the main 

constructs are Rules and Helpers, with other sub-elements like Bindings, 

InPatterns, OutPatterns, OclExpressions, etc. The imperative parts of ATL are 

grouped in ActionBlocks that are composed by different kinds of operational 

Statements. 

Anyhow, the key construct in ATL are the transformation rules, and 

preferably declarative ones; however, it is sometimes difficult to provide a 

complete for a concrete problem [Jouault et al., 2008]. The concept of helper is 

taken from OCL [OMG, 2003d], and they can be seen as decorators of source 

models (target models are write-only at present). In fact, ATL is based on QVT 

and build upon the OCL formalism [Bézivin et al., 2003], which is extended 

with additional types and operations (e.g. Map type), as can be observed in the 

next figure, taken from [ATLAS, 2005b]: 

 

Fig. 35 ï ATL Type Meta-model 
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3.6.3.  Architectural Alignment of QVT and ATL  

The QVT standard is proposed in the context of the MDA approach and 

aimed at software development, alternatively ATL requirements evolved 

toward solving interoperabil ity problems between technological spaces. Thus, 

on one hand, QVT operational context is based on MOF models (mainly XMI-

based transformations), supporting bidirectional transformations. On the other 

hand, ATL deals with various kinds of models expressed in different languages 

and technologies. In this sense, from the ATL perspective, QVT only solves 

transformational problems within the OMG/MDA TS, while ATL provides 

Technical Projectors for bridging TSs [Jouault & Kurtev, 2006a]. 

The ATL architecture can be organized in three layers, as displayed on the 

next figure [Jouault & Kurtev, 2007]: 

 

Fig. 36 ï ATL Three -layered Language Architecture 

On a different matter, the interoperability between QVT and ATL is proposed 

as transformations between languages rather than through interpreters: because 

the adaptation of the target engine may be too difficult, too expensive or simply 

not be possible in some cases [Jouault & Kurtev, 2006a]: 

 

Fig. 37 ï QVT/ATL  Interoperability through Language Transformation  
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The proposed alignment between QVT and ATL components is covered in 

the next table, taken from [Jouault & Kurtev, 2006a]: 

 

 Fig. 38 ï QVT/ATL Architectural  Alignment 

Note (1): Conformance checking and model synchronization can be implemented in ATL by writing 
transformation programs but there is no language support for it whereas there is such a support in Relations 
and Core. 
Note (2): The QVT specification does not clarify well the cardinality issue in case of enforce mode. 
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3.6.4.  Model Transformation Taxonomy  

In this section, we present a general taxonomy of model transformations. 

This is still a draft, and then we expect to review this taxonomy in future works. 

It is important to remark that the term model for the source and target of 

transformations can be an instance model, a meta-model or even a meta-meta-

model, depending on the abstraction layer where transformations are applied 

(e.g. M1, M2 or M3 respectively). 

As it was mentioned in previous sections, transformations can be classified 

attending to the differences about the detail level or proximity to the run-time 

specification in terms of the source and target models: 

 Vertical transformation: changes the complexity level of the specification 

(e.g. transformations between CIM, PIM and PSM in the MDA 

architecture [García-Díaz et al. 2008]). When moving downwards, the 

target model is a specialization of the original model, and when moving 

upwards, the target is a generalization of the original. 

 Horizontal transformation: keeps the complexity level, but performs 

operations to extend the statements inside a specific architectural layer 

(e.g. inference of relations between UML classes or refactoring 

techniques). It is often supported by a theory, which is encapsulated inside 

a single meta-layer [Seidewitz, 2003]. 

Attending to the concrete syntax of the transformation language that defines 

the specification of the transformation model we have: 

 Declarative / relational transformation: uses a simpler formal syntax and 

provides more powerful generic transformation functionalities (e.g. 

mathematical or graph rewriting foundations [Lawley & Steel, 2006]). 

 Hybrid transformation: merges both declarative and imperative constructs. 

This is the approach adopted in the ATL model transformation tool 

[Jouault et al., 2008] and the QVT standard [OMG, 2008b]. 

 Imperative transformation: usually applied in domain specific scenarios 

where it is required a concrete syntax to select sequentially the desired 

elements from source and target models. It is also called operational 

transformation [Metzger, 2005]. 

Because the target model could conform to the same meta-model as the 

original or not, there exist: 

 Endogenous transformation: converts source models into target models 

that conform to the same meta-model specification (e.g. horizontal 

transformations for model testing or debugging instrumentation [Metzger, 

2005]). 
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 Exogenous transformation: implies mayor changes in the conceptual 

meta-layer by means of a meta-model replacement (e.g. vertical 

transformations in the MDA approach or even horizontal transformations 

for the interoperability of meta-models specifications with equivalent 

semantics). 

Focusing on the execution context of the transformation process, two 

approaches are identified: 

 Full or static transformation: involves a transformation of all the elements 

from source to target. This is the most widespread approach in MDE 

solutions [Palacios-González et al., 2008b]. 

 Adaptable or dynamic transformation: only performs the transformation 

over the modified elements of the source model. This is an emerging topic, 

which is aimed at getting more dynamic infrastructures for MDE. It also 

requires some kind of version management for models [France & Rumpe, 

2007]. 

Another important property to take care of is the potential ambiguity of the 

transformation language: 

 Deterministic transformation: provides the same target models for the 

same source model within equivalent contexts, even if the execution 

sequence of transformation rules is non-deterministic (i.e. they are 

performed in different order) [Jouault et al., 2008]. 

 Non-deterministic transformation: this kind of operation is useless in 

almost every possible scenario, due to their lack of consistency for 

predictability, validation and verification. 

As reverse transformations are not always available, yet another classification 

is possible: 

 Bidirectional transformation: enables transformation from source to target 

and vice versa, whether with the same patterns or not. 

 One-way transformation: only provides transformation from source to 

target.  

Finally, attending to the composition or cardinality of the transformation 

model, we have also identified some other features like atomic, chain, diagonal, 

bijective, injective, etc. However, these terms are not covered in this work 

because they are out of scope. For a deeper reading about transformation 

taxonomies and classifications, refer to [Van Gorp, 2008], [Mens & Van Gorp, 

2006], [Wang, 2005], [Metzger, 2005], [Kurtev, 2005] and [Czarnecki & 

Helsen, 2003].  
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CChh aapptt eerr   44                       

SSyysstt eemm   AArr cchh ii tt eecctt uu rr ee  

In this chapter, we present the main components of our proposed system. 

We will remark the more innovative issues and the justification of the applied 

techniques. Moreover, we will briefly summarize the main contributions and 

limitations of the actual prototype. 

Among others, we will describe the global architecture and orchestration of 

the chain of model transformations, the TS bridges and projectors, and the 

meta-models employed. This project does not involve source code from typical 

programming languages like Java or C#; nevertheless, it requires other kind of 

source code, which conforms to textual concrete syntaxes like KM3 and ATL, 

or XML files like Ecore models serialized with XMI and ANT builds. 

The developed system provides several ATL transformations that enable to 

perform measurement operations over ATL elements (modules and rules), and 

to generate several complementary final models, like SVG charts and 

(X)HTML reports. 
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4.1.  Global Overview  

Instead of designing an atomic and hard-to-maintain transformation, we have 

followed the ATL guidelines, providing several partial transformations, each 

one responsible of a unique concern. Some of these transformations have been 

reused from other already developed ATL scenarios [Eclipse-ATL] , like 

Measure2XHTML, Measure2Table, Table2SVGBarChart, Table2SVGPieChart 

and Table2TabularHTML.The reuse of these transformation models supports 

the assertion that models and transformation models are easily reusable 

artifacts in MDE. We also provide an ANT script to generate the complete end-

user models from one unique source model (i.e. ATL file) or from the 

composition of a set of source models (e.g. by providing a directory path). 

This script requires the ANT tasks for ATL, provided by the AM3 project 

[Eclipse-GMT]. It also needs the ANT-Contrib library, which provides a new 

collection of tasks for ANT (e.g. if, foreach, etc). 

An alternative to this ANT approach could be designed with the set of Java 

libraries for ATL and EMF; however, have decided to use the ANT solution 

because it could be managed as a XML model in future versions, following the 

MDE vision.  

4.2.  ANT Script  

Before going into the details of each of the partial transformations, we will 

briefly summarize the main issues of the proposed ANT script 

buildAll.xml  (see Annex I). This ANT script is inspired by the ANT file 

included in the Models Measurement ATL use case [Vépa, 2007a]. 

In addition, our proposed ANT script can be customized through the 

buildAll. properties  file (see Annex II). The first customizable 

property is build.mode : 
 

# Choose a build mode among: {OneSource, MergeAll, Complete}  

build.mode = Complete  

 

This property can take three alternative values: 

 OneSource : performs the measurement operations over a single user-

defined ATL file and generates all the end-user files from them. 

 Complete : performs the measurement operations over all the ATL files 

in the source  directory, merges all the results into one unique Measure 

file and generates all the end-user files for all the measurements obtained. 

 MergeAll : similar to Complete , but it skips the iterative measurement 

activity. 



José Barranquero Tolosa, Master on Web Engineering (University of Oviedo) 

 

 

 93 

The second property is source.model.name . It defines the name of the 

source ATL file and the prefix of final and intermediate ones in OneSource  

mode. In both Complete  and MergeAll  modes, this property only defines 

the prefix of intermediate and final models, like in this example: 
 

# Choose a source model n ame (also implies target names)  

source.model.name = AllMeasures  

4.2.1.  Complete Build  

This composite task performs the measurement operations over all the ATL 

files in the source  directory, merges all the results into one unique Measure 

file and generates all the end-user files for the merged measurements. We will 

present a top-down view, reusing the sequential tasks described in the 

following sections. 

 

Fig. 39 ï Complete Build 
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4.2.2.  All  Targets  f or  One Source  Model  

The activity diagram for this task is provided in Fig. 40. This composite task 

first loads all the required meta-models for the intermediate and final target 

models from the metamodels  directory, with ANT/AM3 loadModel  

operation. Once loaded all target meta-models, the ANT script loads the source 

meta-model and inject the ATL file in ATL textual concrete syntax, with a 

TCS predefined injector, into and Ecore model conforming to the Ecore-based 

ATL meta-model (see section 4.2.4). It also serializes this intermediate model 

for debugging purposes with ANT/AM3 save Model  operation. 

 

Fig. 40 ï All  Targets for One Source Model  
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Once loaded all the required models, the ATL2Measure.asm  compiled 

transformation is invoked with the ANT/AM3 atl  operation. It performs the 

measurements over the source ATL model and the generated Measure model is 

serialized into XMI. The ANT snippet for this ATL transformation is: 

 

<! --  Transforms source model ( Ecore) to Measure model (Ec ore ) -- > 

<am3.atl  path= "${ source.metamodel.name}2${measure.metamodel.name}.asm" > 

 <! --  Source meta - model -- > 

 <inModel  name="${source.metamodel.name}"  model= "${source.metamodel.name}"  />  

 <! --  Source model -- > 

 <inModel  name="IN"  model= "SourceModel"  />  

 <! --  Target meta - model -- > 

 <inModel  name="${measure.metamodel.name}"  model= "${measure.metamodel.name}"  />  

 <! --  Target model -- > 

 <outModel  name="OUT"  model= "${measure.model.name}"   

   metamodel= "${measure.metamodel.name}"  />  

</am3.atl>  

 

<! --  Serialize s the ge nerated Measure model (Ec ore/XMI) -- > 

<am3.saveModel  model= "${measure.model.name}"   

path= "${target.dir}${measure.model.name}.ecore"  />  

 

Subsequently, a series of secondary transformations is invoked in order to 

generate the end-user models and their respective files (see next section). 

4.2.3.  Serialization  of  SVG and (X)HTML Files  

This set of secondary tasks performs a set of chains of transformations in 

order to generate all the end-user results in SVG and (X)HTML. Section 4.5 

describes in more detail the transformations required to generate the Ecore-

based models for SVG, HTML and XHTML meta-models.  

In Fig. 41 we present a simplified activity diagram of this process. Each of 

the SVG and (X)HTML generated models is transformed in turn into Ecore-

based model conforming to the XML meta-model, which is subsequently 

serialized into a textual XML file (.svg  and .html  respectively), with the 

EMF predefined XML extractor.  

As an example, this is the ANT snippet for the complete XHTML chain: 

 

<! --  Transforms Measure model (Ecore) to XHTML model (Ec ore) -- > 

<am3.atl  path= "${ measure.metamodel.name}2${xhtml.metamodel.name}.asm" > 

 <! --  Source meta - model -- > 

 <inModel  name="${measure.metamodel.name}"  model= "${measure.metamo del.name}"  />  

 <! --  Source model -- > 

 <inModel  name="IN"  model= "${measure.model.name}"  />  

 <! --  Target meta - model -- > 

 <inModel  name="${xhtml.metamodel.name}"  model= "${xhtml.metamodel.name}"  />  

 <! --  Helpers library -- > 

 <library  name="${measure.metamodel. name}Helpers"     

 path= "${lib.dir}${measure.metamodel.name}Helpers.asm"  />  

 <! --  Target model -- > 

 <outModel  name="OUT"  model= "${xhtml.model.name}"   

   metamodel= "${xhtml.metamodel.name}"  />  

</am3.atl>  
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<! --  Serializes the generated XHTML model ( Ecore/XMI ) -- > 

<am3.saveModel  model= "${xhtml.model.name}"   

  path= "${target.dir}${xhtml.model.name}.ecore"  />  

<! --  Transforms XHTML model ( Ecore) to XML model ( Ecore) -- > 

<am3.atl  path= "${  xhtml.metamodel.name}2${xml.metamodel.name}.asm" > 

 <inModel  name="${xhtml.me tamodel.name}"  model= "${xhtml.metamodel.name}"  />  

 <inModel  name="IN"  model= "${xhtml.model.name}"  />  

 <inModel  name="${xml.metamodel.name}"  model= "${xml.metamodel.name}"  />  

 <outModel  name="OUT"  model= "${xhtml.model.name} - XML"  

   metamodel= "${xml.metamode l.name}"  />  

</am3.atl>  

<! --  Serializes the generated XML model with XML extractor (XML/XHTML) -- > 

<am3.saveModel  model= "${xhtml.model.name} - XML" 

  path= "${target.dir}${xhtml.model.name}.html" > 

 <extractor  name="xml"  />  

</am3.saveModel>  

 

Fig. 41 ï Serialization of SVG and (X)HTML Files 
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4.2.4.  Merge All Measures  

This last step iterates over all the Measure models generated from each of the 

ATL files of the source  directory and provides a unique Measure model, 

storing all the measures obtained for these ATL modules. The measures 

obtained over the ATL rules are discarded because this merged model only acts 

as a comparative among all models. Nevertheless, as the details of each ATL 

module are stored in the end-user files generated for each ATL source file, they 

are still available independently (see sections 4.2.2 and 4.2.3). 

 

Fig. 42 ï Merge All Measures 

Once merged all the Measure models, the end-user files for this model are 

generated in the same way as single measures (see sections 4.2.3 and 4.5). 
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4.3.  AMMA  Textual Concrete Syntax  (TCS) 

The Textual Concrete Syntax (TCS) project, see section 3.5.6, provides a 

bridge between grammar (EBNF) and EMF technological spaces. It 

implements the concrete syntax of all the AMMA core languages like KM3 

(section 3.5.10), ATL (section 3.6.2), and TCS itself. It also enables the 

definition of the concrete syntax of other DSLs. Fig. 43, adapted from [Jouault 

et al., 2006], details the relations among these core DSLs: 

 

Fig. 43 ï AMMA Core DSLs: KM3, ATL and TCS  

TCS also enables to generate DSL projectors for injection (i.e. text-to-model) 

and extraction (i.e. model-to-text). These features are covered in Fig. 44, 

adapted from [Jouault et al., 2006]: 

 

Fig. 44 ï TCS Use Case 
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4.3.1.  TCS Injector  

In our project, TCS is used to inject the ATL textual files into ATL models 

conforming to Ecore (i.e. a TS bridge between TCS and EMF), as described in 

section 4.2.2. This TCS injector is included in the standard build of ATL. 

The following figure shows how a DSL file (e.g. KM3 or ATL) can be 

automatically injected into an Ecore model. Once loaded, this model can be 

transformed with ATL into any other related model: 

 

Fig. 45 ï TCS Injector 

In addition, this is the ANT snippet where this injector is called: 
 

<! --  Loads ATL meta - model by URI ( Ecore) -- > 

<am3.loadModel  modelHandler= "EMF"  metamodel= "MOF" name="ATL"   

 nsUri= "${atl.metamodel.uri}"  />  

 

<! --  Loads ATL model ( Ecore) with textual EBNF injector (EBNF/ATL) -- > 

<am3.loadModel  modelHandler= "EMF"  metamodel= "ATL"  name="SourceModel"   

 path= " ${source.dir}${source.model.name}.atl" > 

 <injector  name="ebnf" > 

  <param  name="name"  value= "ATL"  />  

 </injector>  

</am3.loadModel>  
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4.4.  Measurement  

In this section, we present the KM3-based meta-models and the ATL 

transformations that enable both measurement and merge activities. We also 

present the reused Table meta-model, which store any kind of data into simple 

rows and columns. This intermediate result assists the transformation of 

structured data, like the measures collected over the ATL source models. 

4.4.1.  Meas ure Meta -model  

The measure meta-model presented in this work is adapted from [Vépa, 

2007b]. This meta-model enables to define Categories as a set of Metrics, 

which can be applied over different ElementKinds related to ModelKinds. We 

have preserved backward compatibility with V®paôs, adding a new ModelKind 

value for ATL models (ATL), and two ElementKinds values for measuring 

ATL modules (atl_module) and elements (atl_module_element): 

 

Fig. 46 ï Measure Meta-model 
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Models conforming to this meta-model store the measurement data collected. 

The root element is RootMeasureSet, which contains two collections. The first 

collection is a set of Categories that in turn aggregates several related Metrics. 

The second one is a collection of MeasureSets that contains Measures, each 

one linked with a concrete existent Metric: 
 

<?xml version="1.0" encoding="ISO - 8859 - 1"?>  

<RootMeasureSet  xmi:version= "2.0"  xmlns:xmi= "http://www.omg.org/XMI"   

 xmln s:xsi= "http://www.w3.org/2001/XMLSchema - instance"   

   xmlns= "Measure"  modelType= "ATL" > 

 <categories  name="PMMDT"  

   desc= "Percentage Metrics for Model - Driven Transformations" > 

  <metrics  name="GQF"  desc= "Global Quality Factor"  preferredValue= " &gt; 50" />  

  <metrics  name="LRF"  desc= "Lazy Rules Factor"  preferredValue= "&lt;30" />  

 </categories>  

 <measureSets  elementName= "UML2MOF" elementType= "atl_module" > 

   <measures  xsi:type= "PercentageMeasure"  metric= "//@categories.0/@metrics.0"  

      value= "0. 97" />  

   <measures  xsi:type= "PercentageMeasure"  metric= "//@categories.0/@metrics.1"   

    value= "0.0" />  

</measureSets>  

</RootMeasureSet>  

4.4.2.  Table Meta -model  

This figure shows the diagrammatic view of this simple meta-model: 

 

Fig. 47 ï Table Meta-model 

As we have mention before, the Table meta-model (available at [AtlanMod-

Zoos]), allows generating intermediate Table models from structured data: 
 

<?xml version="1.0" encoding="ISO - 8859- 1"?>  

<Table  xmi:version= "2.0"  xmlns:xmi= "http://www.omg.org/XMI"   

  xmlns= "Table" > 

 <rows>  

   <cells  content= "ATLModule" />  

   <cells  content= "PMMDT::GQF"/>  

   <cells  content= "PMMDT::LRF" />  

 </rows>  

 <rows>  

   <cells  content= "UML2MOF"/>  

   <cells  content ="97.8%" />  

   <cells  content= "0%" />  

 </rows>  

</Table>  
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4.4.3.  ATL2Measure  

This transformation generates a Measure model with all the data collected 

over the ATL source model. As can be observed in Fig. 48, source and 

transformation models conforms to ATL meta-model, thus this is an example 

of a simple meta-transformation, also known as HOT (see section 2.1.3). 

 

Fig. 48 ï ATL2Measure Transformation 

The ATL source code of this transformation is available in Annex III. 

4.4.4.  MeasureMerge  

This transformation takes two Measure models as input and generates a target 

Measure model combining the data from both sources. This transformation can 

be optimized to accept a variable list of arguments; however, due to some 

limitations of the current ATL version this is not possible yet. 

Because the intermediate Measure models for every ATL source file are 

automatically transformed into end-user files, this transformation discard the 

measures taken from ATL rules. Then only measures applied over each global 

ATL module are considered, preserving the legibility of end-user files 

extracted from this merged model. 

This ATL transformation is 100% declarative, following the guidelines 

recommended in the ATL User Guide [ATLAS, 2006]. In addition, it can be 

considered, in conjunction with ATL2Measure, as a concrete contribution to 

the ATL Library [Eclipse-ATL]  because they have been designed from scratch. 
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Fig. 49 ï MeasureMerge Transformation 

The ATL source code of this transformation is available at Annex IV. 

4.4.5.  Measure2Table  

Finally, this is the global overview of the Measure2Table transformation, 

available at [Vépa, 2007c]: 

 

Fig. 50 ï Measure2Table Transformation 
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4.5.  SVG, HTML  and XHTML  

This last section describes the meta-models and ATL transformations 

required for the use case described in section 4.2.3. 

4.5.1.  Ecore -based  Meta -models  

There are three Ecore/KM3 meta-models involved: SVG, HTML and 

XHTML. These meta-models enable to serialize conforming models into XMI, 

but they need a further transformation into the XML Ecore/KM3 meta-model 

(see section 4.5.3). All these meta-models are also employed in [Vépa, 2007a] 

and they are freely available in [AtlanMod-Zoos]. 

4.5.2.  Model Transformation  Pattern  

SVG and HTML models are generated from the intermediate Table models 

(see sections 4.4.2 and 4.4.5). However, the XHTML model is generated from 

Measure models directly (see sections 4.2.3 and 4.4.1).  

The related model transformation pattern for all these transformations is 

presented in Fig. 51: 

 

Fig. 51 ï End-user Model Transformations 
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4.5.3.  XML Extractor  

Each of the SVG and (X)HTML generated models is transformed in turn into 

an Ecore-based model conforming to the XML meta-model, which is 

subsequently serialized into a textual XML file (.svg  and .html  

respectively), with the EMF predefined XML extractor. 

 

Fig. 52 ï XML Extractor  
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CChh aapptt eerr   55                     

MMeeaassuu rr eemm eenn tt   RReessuu ll tt ss    

This chapter first presents a set of metrics to measure ATL transformation 

models. These metrics are described in natural language, as well as by 

OCL/ATL formal definitions in order to be automatically applied by an OCL 

engine, like the ATL virtual machine. This will assists in the extension and 

reuse of these metrics in related works. 

After the formal definition of this set of metrics, we present the results 

collected over a set of model transformations. For this work, we have selected 

several meta-modeling TS bridges among UML, MOF, Ecore, KM3 and 

Microsoft DSL Tools. These results provide quantitative measurements of the 

declarative and imperative constructs of these transformations, as well as their 

relative quality factors.  

In addition, all the top-level results extracted from these transformations are 

merged into one unique model in order to assist to perform a comparative 

study among them. Final sections present the interpretation and discussion of 

these results. 
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5.1.  Met hodology  

This work is inspired by the Formal Library for Aiding Metrics Extraction 

(FLAME) [Baroni & Abreu, 2003; Baroni, 2002], aimed at OO design models 

(e.g. UML based [Baroni & Abreu, 2002; Baroni et al., 2002]). Our proposed 

metrics can be considered in turn as an alternative extensible library for aiding 

metrics defini tion over transformation models. 

In the following subsections, we present the two categories of metrics 

proposed in this masterôs thesis, which are one our main contributions in this 

field for the time being. As we have introduced before, these metrics are 

described in natural language, as well as by OCL/ATL formal definitions in 

order to be automatically applied by an OCL engine, like the ATL VM. This 

will assist in the extension and reuse of these metrics in future related works. 

5.1.1.  AMMDT: Absolute Metri cs for Model -Driven 
Transformations  

The AMMDT category includes a set of twelve counting metrics for ATL 

modules and six related counting metrics for their ATL rules: 

Acronym Metric Name Context 

NAH Number of Attribute Helpers ATL Module 

NOH Number of Operation Helpers ATL Module 

NOR Number Of Rules ATL Module 

NMR Number of Matched Rules ATL Module 

NCR Number of Called Rules ATL Module 

NLR Number of Lazy Rules ATL Module 

NIE Number of InPattern Elements Both 

NLV Number of Local Variables Both 

NOE Number of OutPattern Elements Both 

NOB Number of OutPattern Bindings Both 

NAS Number of ActionBlock Statements Both 

NAB Number of ActionBlock Bindings Both 

Table 5 ï AMMDT:  Absolute Metrics for Model-Driven Transformations  

This simple set of metrics will be reused in turn for the definition of the 

Percentage Metrics for Model-Driven Transformations (see section 5.1.2). 
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Name  NAH - Number of Attribute Helpers  

Description  Total number of attribute helpers in an ATL module 

Formal definition 

 

helper  def  : NAH : Integer  =  

 ATL!Helper - >allInstances() - > 

   select(e |  

     e.definition.feature.oclIsTypeOf(ATL!Attribute) )  

   - >size();  

 

Table 6 ï NAH: Number of Attribute Helpers  

Name  NOH - Number of Operation Helpers  

Description  Total number of operation helpers in an ATL module 

Formal definition 

 

helper  def  : N OH : Integer  =  

 ATL!Helper - >allInstances() - > 

   select(e |  

     e.definition.feature.oclIsTypeOf(ATL! Operation ) )  

   - >size();  

 

Table 7 ï NOH:  Number of Operation Helpers 

Name  NOR - Number Of Rules  

Description  Total number of rules in an ATL module 

Formal definition 

 

helper  def  : NOR : Integer  =  

 ATL!Rule - >allInstances() - >size();   

 

Table 8 ï NOR: Number Of Rules 

Name  NMR - Number of Matched Rules  

Description  
Total number of matched rules (i.e. declarative) in an 

ATL module 

Formal definition 

 

helper  def  : NMR : Integer  =  

 ATL!MatchedRule - >allInstances() - >size() ;  

 

Table 9 ï NMR: Number of Matched Rules 

Name  NCR - Number of Called Rules  

Description  
Total number of called rules (i.e. imperative) in an ATL 

module 

Formal definition 

 

helper  def  : NCR : Integer  =  

 ATL!CalledRule - >allInsta nces() - >size();  

 

Table 10 ï NCR: Number of Called Rules 
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Name  NLR - Number of Lazy Rules  

Description  Total number of declarative lazy rules in an ATL module 

Formal definition 

 

helper  def  : NLR : Integer  =  

 ATL!LazyMatchedRule - >allInstances() - >size();  

 

Table 11 ï NLR: Number of Lazy Rules 

Name  NIE - Number of InPattern Elements  

Description  
Total number of InPattern Elements in an ATL module or 

an ATL rule (always takes the 0 value for called rules) 

Formal definition 

 

helper  def  : NIE : Integer  =  

 ATL!InPatternElement - >allInstances() - >size();  

 

helper  context  ATL!Rule def  : NIE() : Integer  =  

 if  self.oclIsKindOf(ATL!MatchedRule)  

 then   

    self.inPattern.elements - >size()  

 else  

    0 

 endif ;  

 

Table 12 ï NIE: Number of InPattern Elements 

Name  NLV - Number of Local Variables  

Description  
Total number of local variables (read-only) declared 

within an ATL module or an ATL rule 

Formal definition 

 

helper  def  : NLV : Integer  =  

 ATL!RuleVariableDeclaration - >allInstances() - >size();  

 

helper  context  ATL!Rule def  : NLV() : Integer  =  

 self.variables - >size();  

 

Table 13 ï NLV: Number of Local Variables 

Name  NOE ï Number of OutPattern Elements  

Description  
Total number of OutPattern Elements (declarative) within 

an ATL module or an ATL rule 

Formal definition 

 

helper  def  : NOE : Integer  =  

 ATL!OutPatternElement - >allInstances() - >size();  

 

helper  context  ATL!Rule def  : NOE() : Integer  =  

 if  not  self.outPattern.oc lIsUndefined()  

 then   

    self.outPattern.elements - >size()  

 else  

    0 

 endif ;  

 

Table 14 ï NOE: Number of OutPattern Elements 
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Name  NOB ï Number of OutPattern Bindings  

Description  
Total number of OutPattern Bindings (declarative) within 

an ATL module or an ATL rule 

Formal definition 

 

helper  def  : NOB : Integer  =  

 ATL!Binding - >allInstances() - >size();  

 

helper  context  ATL!Rule def  : NOB() : Integer  =  

 if  not  self.outPattern.oclIsUndefined()  

 then   

    self.outPattern.elements - > 

 collect( e | e.bindings.size() ) - >sum()  

 else  

    0 

 endif ;  

 

Table 15 ï NOB: Number of OutPattern Bindings 

Name  NAS ï Number of ActionBlock Statements  

Description  

Total number of ActionBlock Statements (imperative) 

within an ATL module or an ATL rule (the composite 

statements are measured recursively) 

Formal definition 

 

helper  def  : NAS : Integer  =  

 ATL!Statement - >allInstances() - >size();  

 

helper  def  : NAS(s : Sequence (ATL!Statement)) :  Integer  =  

 s- >collect(s | s.NAS()) - >sum();  

 

helper  context  ATL!Statement def  : NAS() : Integer  =  

 if  self.oclIsTypeOf(ATL!ForStat)  

 then   

    1 + thisModule.NAS(self.statements)  

 el se  

    if  self.oclIsTypeOf(ATL!IfStat)  

    then  

 1 + thisModule.NAS(self.thenStatements) +  

 if  self.elseStatements - >size() > 0  

 then   

    thisModule.NAS(self.elseStatements) + 1  

 else  

    0 

 endif  

    else  

 1 --  only self  (atomic statement)  

    endif    

 endif ;  

 
helper  context  ATL!Rule def  : NAS() : Integer  =  

 if  not  self.actionBlock.oclIsUndefined()  

 then   

    thisMod ule.NAS(self.actionBlock.statements)  

 else  

    0 

 endif ;  

 

Table 16 ï NAS: Number of ActionBlock Statements 
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Name  NAB ï Number of ActionBlock Bindings  

Description  
Total number of ActionBlock Bindings (imperative) within 

an ATL module or an ATL rule (measured recursively) 

Formal definition 

 

helper  def  : NAB : Integer  =  

 ATL!BindingStat - >allInstances() - >size();  

 

helper  def  : NAB(s : Sequence (ATL!Statement)) : Integer  =  

 s- >collect(s | s.NAB()) - >sum();  

 

helper  context  ATL!Statement def  : NAB() : Integer  =  

 if  self.oclIsTypeOf(ATL!ForStat)  

 then   

    thisModule.NAB(self.statements)  

 else  

    if  self.oclIsTypeOf(ATL!IfStat)  

    then  

       thisModule.NAB(self.thenStatements) +  

       if  self.elseStatements - >size() > 0  

       then       

          thisModule.NAB(self.elseStatements)  

       else  

          0 

       endif  

    else  

       if  self.oclIsTypeOf(ATL!BindingStat)  

       then  1 else  0 endif  

    endif    

 endif ;  

 

helper  context  ATL!Rule def  : NAB() : Integer  =  

 if  not  self.actionBl ock.oclIsUndefined()  

 then   

    thisModule.NAB(self.actionBlock.statements)  

 else  

    0 

 endif ;  

 

Table 17 ï NAB: Number of ActionBlock Bindings 

5.1.2.  PMMDT: Percentage Metrics for Model -Driven 
Transformations  

The PMMDT category provides a set of five percentage metrics for ATL 

modules and three related percentage metrics for their ATL rules: 

Acronym Metric Name Context 

ORF Operational Rules Factor ATL Module 

LRF Lazy Rules Factor ATL Module 

OSF Operational Statements Factor Both 

OBF Operational Bindings Factor Both 

GQF Global Quality Factor Both 

Table 18 ï PMMDT:  Percentage Metrics for Model -Driven Transformations  
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This simple set of factors is supported by the definition of the already 

described Absolute Metrics for Model-Driven Transformations (see section 

5.1.1), providing a global and efficient overview of the nature of each ATL 

module and/or rule measured. 

 

Name  ORF ï Operational Rules Factor  

Description  
Quotient between the NCR (imperative rules) and NOR 

(declarative rules) of an ATL module 

Formal definition 

 

helper  def  : ORF : Real  =  

 thisModule.NCR / thisModule.NOR;  

 

Table 19 ï ORF: Operational Rules Factor 

Name  LRF ï Lazy Rules Factor  

Description  
Quotient between the NLR (lazy declarative rules) and 

NMR (total declarative rules) of an ATL module 

Formal definition 

 

helper  def  : LRF : Real  =  

 thisModule.NLR / thisModule.NMR;  

 

Table 20 ï LRF: Lazy Rules Factor 

Name  OSF ï Operational Statements Factor  

Description  
Quotient between the NAS (imperative statements) and 

NAS + NOE (total statements) of an ATL module or rule 

Formal definition 

 

helper  def  : OSF : Real  =  

 thisModule.NAS / (thisModule.NAS + thisModule.NOE) ;  

 

helper  context  ATL!Rule def  : OSF() : Real  =  

 self.NAS() / (self.NAS() + self.NOE());  

 

Table 21 ï OSF: Operational Statements Factor 

Name  OBF ï Operational Bindings Factor  

Description  
Quotient between the NAB (imperative bindings) and 

NAB + NOB (total bindings) of an ATL module or rule 

Formal definition 

 

helper  def  : OBF : Real  =  

 thisModule.NAB / (thisModule.NAB + thisModule.NOB);  

 

helper  context  ATL!Rule def  : OBF() : Real  =  

 let  aux : Integer  = (self.NAB() + self.NOB() )  

 in  if  aux > 0 then  self.NAB() / aux else  0 endif ;  

 

Table 22 ï OBF: Operational Bindings Factor 
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Name  GQF ï Global Quality Factor  

Description  

This factor provides a global overview of the quality of an 

ATL module through this quotient: 

 

(NMR ï NLR) + (NOE ï NLV ï NAS) + (NOB ï NAB)  

NOR + NOE + NOB 

 

 The quotient for an ATL rule is: 

 

(NOE ï NLV ï NAS) + (NOB ï NAB) 

NOE + NOB 

 

The maximum value is 1 for excellent quality and 0 for 

poor quality, in terms of recommend constructs (cf. [Jouault 

et al., 2008; Jouault & Kurtev, 2007; Taentzer et al., 2005]) 

Formal definition 

 

helper  def  : GQF : Real  =  

 let  aux : Real  =  

  ( (thisModule.NMR -  thisModule.NLR) +  

   (thisModule.NOE -  t hisModule.NLV -  thisModule.NAS) + 

   (thisModule.NOB -  thisModule.NAB)  ) /  

  ( thisModule.NOR + thisModule.NOE + thisModule.NOB )  

 in   

  if  aux <= 0 then  0 else  aux endif ;  

 

helper  context  ATL!Rule def  : GQF() : Real  =  

 let  aux : Real  =  

 ( (self.NOE() -  self.NLV() -  self.NAS()) +  

   (self.NOB() -  self.NAB()) ) /  

 ( self.NOE() + self.NOB() )  

 in  

  if  aux <= 0 then  0 else  aux endif ;  

 

Table 23 ï GQF: Global Quality Factor 
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5.2.  Individual Results  

This section presents the measurement results collected through the 

application of our proposed metrics over a set of meta-modeling TS bridges 

(available as ATL transformations at the ATL Library [Eclipse-ATL] ).  These 

transformation models provide partial interoperability among UML, MOF, 

Ecore, KM3 and Microsoft DSL Tools [Cook et al., 2007], as presented in the 

next figure: 

 

Fig. 53 ï TS Bridges between Meta-models 

We can see that KM3 acts as a pivot meta-model inside the ATL Library. In 

Fig. 53 each circle represents a concrete available meta-model and each solid 

arrow represents an ATL transformation scenario from the ATL Library. The 

dotted arrows between MOF and Ecore represents the EMF projectors 

available that enable to automatically inject EMOF models into Ecore and vice 

versa, only by providing their respective file extension (.emof and .ecore). 

All these meta-models are explained in more detail in Chapter 3, except the 

Microsoft DSL Tools approach. In a nutshell, DSL Tools are a set of 

frameworks, languages, editors and guides to assist the definition of a DSL and 

the design of related tools. For further reading about this alternative solution, 

refer to [Cook et al., 2007]. Nevertheless, related works like [Kelly & Tolvanen, 

2008] assert that despite of the fact that Microsoft was aimed at improving 

MOF and UML by a fresh new meta-model, they have fallen in the same errors 

and lacks of MOF. Anyhow, DSL Tools have a clear advantage when dealing 

with other Microsoft environments and they are relatively easy to use [García-

Díaz, 2009]. 
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5.2.1.  DSL2KM3  

This section presents the measurement results for the ATL rules included in 

the DSL2KM3 transformation. 

 

Table 24 ï AMMDT Results for DSL2KM3 Rules 

 

Fig. 54 ï AMMDT Bar Charts for DSL2KM3 Rules  
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Fig. 55 ï AMMDT Pie Charts for DSL2KM3 Rules  

The corresponding collected percentage measures are: 

 

Table 25 ï PMMDT Results for DSL2KM3 Rules 


