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	Chapter 1. Introduction to MDE



Natural evolution imposes a permanent change in concepts, ideas, tools and working methods. In search of greater efficiency and profitability, Informatics is constantly seeking to develop its working tools and its reflection mode. This is why, after the invention of the calculating machine, a whole discipline was created to deal only with thinking about how to create an application: Software engineering.
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Figure 1 Classic software development life cycle


	1.1 Understanding the MDE Concept: "Model" and "Engineering"



Model-Driven Engineering (MDE) is a software development paradigm that emphasizes the systematic use of models as primary artifacts throughout the engineering process. The MDE concept is deeply tied to its two constituent terms: Model and Engineering.


	1.1.1 Engineering: The Process of Structured Problem Solving



In MDE, Engineering implies a disciplined, structured approach to solving complex problems. It involves several fundamental steps:


	1.1.1.1 a. How to Reason?



Engineering requires analytical thinking and formal reasoning. This includes:


		Identifying constraints, goals, and variables.

		Using logical inference, deduction, and abstraction to analyze problems.



In MDE, models help structure and formalize this reasoning process.


	1.1.1.2 b. How to Understand the Problem?



Understanding the problem entails:


		Building an abstract representation of the domain (a domain model).

		Gathering and interpreting requirements.

		Communicating with stakeholders through shared models.



MDE promotes early modeling to improve understanding and stakeholder communication.


	1.1.1.3 c. How to Formulate the Solution?



Formulating a solution involves:


		Designing architecture, behaviors, and system components as models.

		Specifying how parts interact.



Model transformations and domain-specific modeling languages (DSMLs) enable solution formulation at a high abstraction level.


	1.1.1.4 d. How to Implement?



Implementation in MDE is model-centric:


		Code is often generated from models via automatic transformations.

		Focus is placed on what the system should do, not how.



Executable models (e.g., in SysML or fUML) can be transformed into source code.


	1.1.1.5 e. How to Apply?



Applying the engineered solution includes:


		Testing models and code.

		Deploying systems generated or guided by models.

		Evolving the system through model updates.



MDE ensures traceability from models to runtime, aiding maintenance and evolution.


	1.1.2 Model: A Central Concept in Computer Science



In the context of MDE, a model is a simplified, abstract representation of a system or concept, created to better understand, design, and implement it.


	1.1.2.1 a. What is the model in Computer Science ?



A model can represent:


		A machine (e.g., finite-state machine modeling software behavior).

		An algorithm (e.g., a data flow diagram showing computational steps).

		A program (e.g., a UML model representing object interactions).



In MDE, models are more abstract than source code but precise enough to support automation.


	1.1.2.2 b. What is the Backbone of Computer Reasoning?



The backbone is:


		Formal semantics: rules that define how model elements behave.

		Transformation rules: mappings from model to model (e.g., platform-independent to platform-specific).

		Meta-models: models that define the structure and rules for other models.



Meta-modeling enables reasoning about models and guarantees model consistency and validity.


	1.1.2.3 c. Formulate All of the Items in Terms of the Model Concept



All aspects of software engineering can be framed using models:


		Requirements → captured as requirement models.

		Design → expressed through structural (e.g., class diagrams) and behavioral (e.g., statecharts) models.

		Code → generated from models or described in model-like structures.

		Testing → modeled as test cases, test data, and test coverage models.

		Deployment and configuration → captured in deployment models.



MDE advocates a unified modeling approach across the software lifecycle.

In summary, Model-Driven Engineering rethinks software development around models. By treating models as first-class citizens, MDE improves:


		Productivity

		Maintainability

		Reusability

		Consistency



It also promotes automation and formal reasoning, aligning software development with principles of modern systems engineering.
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Figure 2 Model-based Software Development Process


	1.1.3 MDE, the solution for project failure ?



According to statistics, up to 80% of IT projects fail at various stages (ranging from requirement definition to verification). This failure is due to several factors :


		Poor Planning and Requirements Gathering. In this area, we can list many key elements:




		Lack of clear objectives – Unclear or undefined goals lead to misaligned efforts, wasted resources, and failure to deliver expected business value.

		Insufficient user involvement – Without early and continuous user feedback, the final product often fails to meet real needs, resulting in low adoption.

		Changing requirements throughout the project – Uncontrolled scope creep causes delays, budget overruns, and frustration as teams struggle to keep up with shifting demands.

		Inadequate communication – Poor information sharing creates misunderstandings, duplicated work, and overlooked dependencies, derailing project progress.

		Misunderstandings between stakeholders, developers, and end-users – Differing expectations and unclear requirements lead to conflicts, rework, and a product that misses the mark.




		Budget and Time Overruns: One common reason for IT project failure is budget and time overruns, often resulting from inaccurate forecasts and underestimated resource needs.

		Lack of Skilled Resources: IT projects often fail due to a lack of skilled resources, as the shortage of qualified personnel hinders the ability to manage and execute complex tasks effectively.

		Technological Challenges




		Unexpected technical issues: Unexpected technical issues can disrupt IT projects by introducing unforeseen complications that delay progress and require unplanned resource allocation.

		Integration problems: Integration problems often arise when new systems must interface with legacy infrastructure, leading to compatibility issues and increased project complexity.

		Evolving technologies can derail projects: Evolving technologies can derail projects by rendering chosen solutions obsolete or forcing mid-project shifts in tools, platforms, or standards.



In summary, IT project failures often stem from a combination of poor planning, resource limitations, technical challenges, and the inability to adapt to changing technologies and environments.

From small-scale computing to large-scale software development, engineers must contend with challenges such as machine errors, rapid technological evolution, team diversity, remote collaboration, and other complexities. Software engineering has introduced various solutions to address these issues, ranging from Model Integrated Computing (MIC) to Microsoft’s Software Factories and the OMG’s Model-Driven Architecture (MDA).

In this context, the Object Management Group (OMG) promotes the development of interoperable solutions, where interoperability refers to a system’s ability to seamlessly interact with others, regardless of their internal implementation. These principles form the foundation of Model-Driven Engineering (MDE), which emphasizes abstraction, automation, and standardization to improve software development.


	1.2 MDE Concepts



The main concepts related to Model Driven Engineering are: Models, Metamodels and transformations. 
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Figure 3 Main concepts of the MDE


	1.2.1 The model



It can be defined as:


		A description of an existing system such as a house photo;

		A partial specification of a projected system such as house plan;

		A restricted set of the system information such as a student file;

		A subjective and simplified view of the system such a pictogram on a road sign.



Why model things? The answer is straightforward: modeling is essential. In the realm of system design and analysis, modeling serves as a foundational tool that enables us to simulate, analyze, and comprehend complex systems. Without models, we would lack the ability to predict system behavior, test scenarios virtually, or break down intricate systems into understandable components. Modeling provides the abstraction needed to manage complexity, optimize designs, and facilitate communication among stakeholders. Simply put, in engineering and software development, we model because we must—it is the bridge between conceptual ideas and functional systems.


	1.2.1.1 Model types



Context models

Define the system's boundaries and relationships with external entities. Common examples include:


	- Context Diagrams (showing system scope and external interfaces)

	- Data Flow Diagrams (illustrating information flows between system components)



Interaction models

Focus on communication patterns between system components. Key representations are:


	- Sequence Diagrams (temporal ordering of interactions)

	- Use Case Modeling (user-system interactions and requirements)



Structural models

Represent the static architecture and organization of system components:


	- Class Diagrams (object-oriented structure)

	- Aggregation Diagrams (whole-part relationships)

	- Generalization Diagrams (inheritance hierarchies)



Behavioral models

Capture dynamic aspects of system operation through:


	- Event-Driven Modeling (system responses to events)

	- Data-Driven Modeling (behavior triggered by data changes)




	1.2.2 The Metamodel



The metamodel, is the descriptor of the model. It defines: How to create a model, and how to read it too. A model has to conform to his metamodel. Let’s take two examples:

A sentence that describes an event is a model that represent the event itself – Its metamodel is the set of rules describing the spoken language.

The second example is the map, the map is a model that describe a terrain which is the system – Its metamodel is the map legend that indicates the meaning of colors, traits and measurements.


	1.2.3 The Model Transformation



Transformations describe relation among models: A transformation takes one or many models as input



		The system (or the data) that is the reality and is unique.

		The model that represents the system (called metadata) and is multiple.

		The metamodel that describe the model.

		The meta-metamodel that describe the metamodel, and has to be circular (sufficient to describe itself to avoid higher levels in the pyramid).




	1.3 MDE Motivation




	1.3.1 Permanent evolution of technologies






	- Low-level protocols: C sockets with TCP/UDP

	- Distributed computing paradigms: RPC, CORBA, RMI, EJB

	- Modern standards: Web services (SOAP/REST)





	1.3.2 Need to communicate distant elements





	1.3.3 Separation of concerns






	- A high-level abstract model (platform-independent, focusing on business requirements),

	- An implementation model (platform-specific, detailing technical execution),

	- Projection/transformation models (automating the mapping between abstraction and implementation).





	1.4 Relations in MDE








	1.5 The beginning – MDA





	1.5.1 The Platform Independent Model




	- It describes the business-oriented processing and is a design model;

	- The PIM describes the system independently of any technical platform and any technology used to deploy the application;

	- It represents system-specific business logic: The functioning of entities and services;

	- This model is sustainable over time;

	- The PIM consists of class diagrams with OCL constraints;

	- The different levels of PIM specify the choices of persistence, transaction management and security.




	1.5.2 The Platform Specific Model




	- This model specifies the solution after projection on a technological platform.

	- PSM specify the technical details related to the implementation for a platform: It depends on this platform;

	- It is used to generate executable code for particular technical platforms;

	- The PSM model describes how the system will use the platform. There are several PSM for a project over levels:




		The first level, resulting from the transformation of a PIM by adapting UML models to the specificities of the used platform.

		The other PSM levels are obtained by successive transformations taking into account the language (Java, CPP, PHP, etc.) and design choices.

		The last level, or implementation PSM, describes, among other things, the program code, the table schemas, the libraries used and the deployment descriptors.




	1.5.3 The Computational Independent Model




	- This model describes the system specification from an external user’s perspective.

	- It describes the flows and the actions on the system;

	- The CIM can be defined as a basic business or application domain analysis model;

	- It is independent of any computer system or paradigm;

	- This model Describes business activity concepts, know-how, processes, terminology and management rules (it is a very high-level model);

	- CIM describes the situation in which the system is used and is modified only if knowledge or business needs change (it has a very long life, more than the PIM model);

	- The requirements modeled in the CIM will be taken into account in constructions of PIMs and PSMs.




	1.5.4 The Platform Deployment Model




	- This model describes the deployment rules for a given technological platform. And describes a technical architecture (There may be several ones per project);

	- The PDM contains information allowing transformation of conceptual models to a given platform;

	- This model is platform specific;

	- It is a transformation model to enable the transition from PIM to PSM; 




	1.5.5 The Y development cycle







	1.6 From MDA to MDE





	1.6.1 Capitalization (Reuse of items)








	1.6.2 Abstraction





	1.6.3 Separation of concerns






	1.6.4 Modeling
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