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Abstract
The construction of web applications is one of the most explored working tools in software development,
so it requires new or existing methodologies that allow software development to continue to evolve,
providing the possibility to continue building web applications. This article presents a preliminary
analysis of the use of MDE for semi-automatic generation of web applications based on the process of
building a domain metamodel, that is, the basis of all the artifacts that are present in an application
from the context to be developed, which forces to acquire a certain level of abstraction to achieve the
generation of the domain metamodel for the context of Web applications, in MDE the transformation
chains are those that allow the models can be transformed to obtain the final product. The initial proposal
is the creation of a context metamodel that includes concepts related to the specific domain entities
to be resolved, which would abstract the different elements that can have a solution for the domain.
The purpose of this paper is to carry out the analysis as a starting point for constructing a metamodel
in a domain-specific language using Model Driven Engineering (MDE) and implementation in Eclipse
Modeling Framework (EMF). For the proposed case study, three academic enrollment web applications
are considered that maintain the same business logic for different organizations, the solution of the
case is to create a domain metamodel that allows generating the three tools, each with its particular
characteristics.
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1. Introduction

There are components such as frameworks, development environments, and plugins available
for the implementation and execution of web applications, which fulfill a particular function and
are related to achieving the requirements established by the users who request their construction.
When an application is developed, it can share similar functionality with another system, even
though its development is carried out independently to maintain the development process
planned for its implementation [1, 2].

Web applications offer complete and easy-to-use functionalities allowing users to connect with
each other and organizations with all those involved in the business, which allows establishing
the foundations of the digital future [3, 4]. The methodologies and strategies for software
development have evolved and given the possibility of building applications on the Internet with
characteristics that satisfy the needs of the user who requires them. The implementation will be
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carried out with EMF (Eclipse Modeling Framework) since it represents the core of the Eclipse
platform for model-driven development, it is a very useful framework for the development of
metamodels, through an abstract syntax, and it also allows automatically generating classes of
implementation in Java code for the elements of the metamodels.

MDE (Model-Driven Engineering) and MDD (Model-Driven Development) offer the possibility
of representing requirements through models applied to the domain worked on [5]; one of its
branches is the model transformation chains, this is an alternative to explore its application in
the web application generation domain and study if it is possible to perform semi-automatic
code generation as the base of software that must be completed with developments individuals
to fulfill the acceptance criteria of the requesting user.

Model Driven Engineering is a proposal that has been worked on for several years, the
use of models as a fundamental axis throughout the life cycle of a software project reduces
development time and effort. The purpose of this work is to build a prototype in Eclipse the
source code base of web applications by creating a metamodel for the representation of a specific
domain model.

The work was done taking into account the following work structure context, evolution, web
applications, case study through a real context, and a first approach to the construction of the
domain metamodel for the specific case study. This document will show the implementation of
the Ecore metamodel developed and organized in the following way: 2. Context, 3. Evolution, 4.
Web applications, 5. Case study, and 7. Conclusions.

2. Context

By modeling, we can abstract an image or model of an object that represents some aspect of
reality. The meaning of modeling [6] "In the widest sense, it is the profitable use of something
instead of something else for some cognitive purpose. We are allowed to use something that is
simpler, safer, or cheaper instead of reality for some purpose. A model represents reality for
the given purpose; the model is an abstraction of reality in the sense that it cannot represent
all aspects of reality. This allows us to deal with the world in a simplified way, avoiding the
complexity, the danger, and the irreversibility of reality”.

For this reason, models are considered important because they allow different levels of abstrac-
tion to be represented, particularly for the emphasis of software engineering, transformation
chains are important as a strategy for software development projects, chains allow models to be
transformed until the desired product is obtained.

• Transformation chains: That is, models are generated from the most abstract to the
most concrete through transformation steps and refinements until reaching the final
code by applying the last transformation. In general, it can be said that a transformation
definition consists of a collection of rules, which are specifications of the ways in which
a model (or part of it) can be used to create another model (or part of it) [7].

• Refinement: It is a semantically correct transformation that captures the essential
relationship between the specification (i.e., the abstract model) and the implementation
(i.e., the code). Refinement is usually verified by showing that the concrete system
simulates the abstract system. [8].
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In this case, MDE models are important to perform the transformation chains, for example,
IBM Rational Software Architect Designer is a tool defined by MDE, IBM Rational Software
Architect Designer1 (RSAD, and previously called RSA) is a complete design tool, modeling,
and development for end-to-end software delivery.

It uses the Unified Modeling Language (UML) to design enterprise Java applications and web
services. Rational Software Architect Designer is based on the Eclipse open-source software
framework and can be extended with various Eclipse plugins. You can also enhance functionality
by tailoring it to your specific requirements with separately purchased Rational extensions.

In different contexts related to the development of software products, it is possible to see that,
most of the functional requirements that are represented around the same context, respond
to the same set of characteristics [9]. In general, software developers reuse code generated
in previous projects that solves certain requirements to improve the development time of a
particular product. This code reuse is an immediate solution that does not necessarily solve
the problem in a new project due to the specific situations in the new project. These situations
in almost all cases have differences from the application made in previous projects; however,
this type of solution requires a large amount of time and effort on the part of the development
team. In this way, a better alternative is to build metamodels that allow the abstraction of the
general characteristics of a particular context to carry out transformation processes, it would
be enough to make a design for a new metamodel based on the context, which would apply
different transformations necessary to provide results in the source code [10].

For instance, Virtual laboratories (VL) are a computer representation of traditional laboratories
and allow experiments, research, and academic and scientific practices, giving the sensation of
their real existence; supporting and promoting student learning, and increasing the options for
experiments available in educational institutions. Despite the pedagogical advantages that LV
have, it has been identified that some of these tools do not comply with the standardization
that allows their interoperability, reuse, and accessibility. This causes, among other things, the
creation of non-reusable applications and the investment in time and cost that this entails. As a
possible solution to these problems, the use of model-driven development (MDD) is adequate,
since the models allow to increase the level of abstraction and reuse; as a software specification
and design tool, they allow to simplify tasks, analysis, detection of problems in the early stages
of development and independence from platforms, technologies, or implementation languages.

MDD and its Model-Driven Architecture (MDA) are accepted approaches to software de-
velopment, which propose the use of models in all its phases. Model transformation is the
foundation of MDA, starting with a Platform-Independent Model (PIM) and aiming to achieve
Platform-Specific Models (PSM).

Figure 1 presents the representation by means of a conceptual map with the context of
the related components in the whole software development cycle. In the concept, the map is
highlighted in blue with the components directly related to the path that must be taken into
account using model transformation chains to reach the final result that is the basis of the
source code of a web page.

1https://www.ibm.com/products/rational-software-architect-designer
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Figure 1: Conceptual map for the construction of a web app from a model transformation chain.

3. Evolution

In recent years, the methodologies and strategies with which the possibility of building applica-
tions with particular characteristics have evolved.

Some of the most relevant ideas that can be included and have an impact on the development
of content and applications running on the Internet are:

• Use of special glasses in which a layer of virtual reality would be superimposed on physical
reality.

• We will be able to dialogue naturally and online with an intelligent virtual agent. Through
it, banking or electronic commerce operations can be carried out.

• An Internet that, together with tactile devices, will offer a complete sensory reality and
allow almost real virtual experiences thanks to 3D.

• The internet will be integrated into the vehicles.
• Internet in which there will be neural implants with direct access to the Internet that
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will improve “higher brain functions such as memory, learning speed and intelligence in
general”.

Model Driven Engineering provides the possibility of using model transformations that allow
any reality to be represented and displayed as desired in a final product, regardless of the
existing technological advances. Model Driven Engineering will be able to represent, implement
and launch a web application that meets the requirements given by the domain on which it is
working.
The academic and industrial community will be able to make use of model transformation
chains that not only allow the export of a web application that fulfills the established acceptance
criteria but will also be able to adjust the necessary components of the model for its maintenance
at the pace of technological progress, which favors the development cycle according to the
methodology used in the construction and the developer’s productivity.

4. Web Applications

In software engineering, web applications are those tools that users can use by accessing a web
server through the Internet or an intranet through a browser. In other words, it is a software
application that is coded in a language supported by web browsers that the browser is trusted
to execute.

A Web application is provided by a Web server and used by users connecting from anywhere
via Web clients (browsers). The architecture of a website has three main components:

• A web server
• A network connection
• One or more clients

The Web server distributes pages of formatted information to clients that request them. The
requests are made through a network connection, and for this, the HTTP protocol is used. Once
this request is requested through the HTTP protocol and received by the Web server, it locates
the Web page in its file system and sends it back to the browser that requested it.

Figure 2 shows the components required for the generation of the domain metamodel for
the context of Web applications. It presents an initial prototype for a model that allows the
abstraction of the minimum objects required to obtain the proposed metamodel in the context
of a web application. Figure 2 shows the components required for the generation of the domain
metamodel for the context of Web applications.

5. Case study

Building web applications is one of the most explored fields of work in software development.
The industry has components such as frameworks, development environments, and comple-
ments for its implementation and execution; each of these with specific purposes and is related
to the purpose of the application to provide the expected result. Currently, web applications
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Figure 2: Elements of the domain metamodel for web application

are developed with very similar objectives, however, their construction must be carried out
independently, because each one must maintain its structure and/or standardization that will be
evident at the time of generation and visualization of the web applications of project executable.

The different alternatives offered by technology can compromise and force the developer to
create code with the use of certain components or execution environments of the final products,
which in our case are web applications.

For example, consider that 3 academic registration web applications are generated that
retain the same business logic as a base, however, one is built to be used in a public university,
the second in a private university, and the last in secondary schools. For its development,
each work team will have to build an application that satisfies the acceptance criteria of its
respective requirement, allowing the student registration process. The solution of the case
is to create a domain metamodel that allows generating the three tools, each one with its
particular characteristics and with different styles, allowing to create the source code base for
the development of the web page, creating components such as User, Login, Student, Course,
Subjects, Notes and the generation of each page corresponding to the objects required by each
work team. The three cases must generate the necessary code to manage the base objectives
that are the same for all cases and subsequently customize to solve the specific requirements of
the development; which means that the code generation is being carried out three times for the
same purposes, where it was possible to use a single development and invest effort focusing on
the particularity of each case, further minimizing the total time of software construction.

MDE offers the possibility of representing software requirements extracted from reality and
displaying them by means of models with which the business logic applied to the domain
being worked on is evidenced. For the specific domain of web application generation, it should
be clarified that code generation is semiautomatic, the resulting program is the base of an
application to which a series of customization is applied according to a requirement in a specific
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context. The problem to pose is focused on the duplicate creation of commands that perform
the same functions under the same contexts, the only thing that must be done is to relate and
represent a domain with which the base or initial code is extracted for the general field worked
and simply focus in giving the added value that characterizes the specific field.

With the clarity that the representation of a situation or a requirement of the real world is
expressed through models, MDE offers the possibility of performing transformations of models
that logically must be linked to a metamodel. In our case, more than one transformation is
required to obtain the proposed result, which must be carried out sequentially and that is why
they are called Model Transformation Chains.

Currently, society has integrated with the new trends in technology, establishing a total
relationship. Every day millions of people seek to solve many problems through the Internet,
finding different solutions provided by Web applications.

Web applications are functional tools, coded in a language that can be executed in a browser.
For the construction of web applications, it is necessary to have specific knowledge regarding
the programming language and each of its components and to guarantee compatibility with all
available browsers and software that must be considered in the construction of web applications.

It is possible to find many advantages that the standardized development of web applications
has, such as saving development time, compatibility would not be a problem if the browsers
are up to date and with the necessary components for their execution, the availability of a web
page from any device with a browser and above all the power of these applications to process
data securely.

6. Domain Metamodel for the representation of Web
applications

For the development of the transformation chain software-based, the process begins with
the creation of a domain metamodel MDE. The initial proposal is the creation of a domain
metamodel that includes concepts related to the specific domain entities to be resolved, which
would abstract the different elements that can have a solution for the domain.

This paper presents the process of building a domain metamodel that is the basis of the
context to be developed in the final project, which is the semiautomatic generation of Web
applications. For the domain model, the construction of a metamodel defines the abstract syntax
of the language that is developed, that is, the basis of all the artifacts that are present in an
application.

For the construction of the domain metamodel, EMF (Eclipse Modeling Framework)2 is
used, which is a modeling framework and a code generation resource to build tools and other
applications based on a structured data model. Starting from a model specification described
in XMI, EMF provides tools and runtime support for producing a set of Java classes for the
model, along with a set of adapter classes that enable command-based viewing and editing of
the model and a basic editor.

• The EMF metamodel consists of two parts: the Ecore and genmodel description files.

2http://www.eclipse.org/modeling/emf/
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• The XML Ecore file contains the information about the defined classes.
• The Ecore file allows for defining Classes, Attributes, References, and DataTypes.

6.1. Ecore Metamodel

Ecore is the framework proposed by the Eclipse community that is a simplified version of MOF.
Ecore metamodels are stored in XML files with the extension .ecore. Under this framework,
models can be created and modified from an Ecore metamodel, there is also support for managing
model persistence through XML serialization and an API for object reflection.

Using Ecore as a foundational metamodel allows a modeler to take advantage of the entire
EMF ecosystem and tools, to the extent that it is reasonably easy to map application-level
models back to Ecore [12]. This does not mean that it is good practice for applications to take
advantage of Ecore directly as their metamodel, but they could consider defining their own
metamodels based on Ecore.

Figure 3 is a general representation of the Ecore components and how they are related. The
main components of Ecore are the following:

• EPackage: it is a component that allows organizing classes and data types.

Figure 3: Ecore Components [11]
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Figure 4: EMF App Web Metamodel

• EClass: allows defining concepts in the metamodel
• EReference: allows defining association between concepts
• EAttribute: allows defining properties of the concepts
• EDataType – defines a type for an attribute such as EString, EInt, EDouble, etc.

Figure 4 represents the metamodel created using the Eclipse Modeling Tool, in which we
perform the following tasks: the creation of an EMF modeling project and Java code generation,
for the metamodel editor. This metamodel contains the following EClass information:

• Class – EClass – Object – WebApp System – Etype required
• Class – EClass – Class – Page type – Etype required
• Class – EClass – WebApp – Object Page show – Etype required
• Class – EClass – Function – Process method – Etype required
• Class – EClass – VariableType – Parameter-Return – Etype required

The entities are generated from the Ecore model, this process is iterative, that is, if elements of
the model are changed, added, or removed, one can regenerate the entities again. To generate the
entities, the generator model must first be created. This model allows setting various properties
before generating the Java code that allows manipulating the entities and creating a simple
editor for the model. Also, can be indicated that the generated code is created as an Eclipse
Plugin project with a series of folders and Java packages. In the project explorer, the previously
mentioned projects must be created as shown in Figure 5

Finally, in the src folder of the EMF project, the metamodel code is generated, taking into
account that the base package must be renamed to keep proper control of the sources generated
by the metamodel created.
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Figure 5: Project Elements

7. Conclusions

Software development has had a very rapid advance in recent years, where all kinds of tech-
nologies are involved to obtain quality and a result that meets all the acceptance criteria of a
user. In the case of web applications, different alternatives have emerged to obtain the expected
results, among the most relevant are the use of templates, the programming of customizations
to existing systems, and the reuse of code; however, all these strategies require an extra effort
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to meet the goal.
The use of a model transformation chain allows for minimizing the construction time of appli-

cations that are under the same context, which allows focusing efforts on software analysis and
design. With the implementation of a transformation chain, it is possible to semi-automatically
generate a final product which in this specific case is the source code of a web application.

To build models it is necessary to express them in some way. Modeling languages allow
capturing the information or knowledge of a system or structure defined by a set of consistent
rules. These rules are used to interpret the meaning of the components of said structure.
Creating a domain-specific language is worthwhile when it allows a particular type of problem
or solution to be expressed more clearly than other existing languages.

The Eclipse Modeling Project focuses on the evolution and advancement of model-based
technology development within the opportunities provided by Eclipse, providing a unified set
of modeling frameworks, tools, and implementation standards.

With the work done using the EMF framework and more specifically the metamodeling with
Ecore, it is possible to show the construction of our core of the final case study, which is the
generation of web application source code through transformations. Although the developed
components are the initial ones, they serve to introduce us to the world of the MDE in a practical
way, to later apply the results of the research required for our general objective.

Taking into account the case study proposed for the construction of the domain metamodel,
it is planned to maintain this scenario in the subsequent phases of the model transformation
chain that is being built as the objective of this project.
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