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Foreword

I was working with hypertext before the birth1 of the Web. . . in fact, I happened to
enjoy Sir Tim Berners-Lee demonstration in the Hypertext’91 Conference! live, of
course. . . that was 1991! 8-)

This road led me to studying Web/document engineering, human–computer
interaction, information retrieval, ubiquitous computing . . . and to contributing to
many Web-ambient-mobile-collaborative-based interactive multimedia applica-
tions. . . >:)

I was lucky: my work evolved in consonance with the Web, as in the recent paper2

“Promoting Social Connection and Deepen Relations in Older People: Design of
Media Parcels Towards Facilitating Time-Based Media Sharing”. . .

We are fortunate: this book brings fundamental and advanced concepts as well
as hands-on examples on must-know Web and multimedia topics, from research to

1Check a little history in https://www.w3.org/History.html.
2http://dx.doi.org/10.2196/14112.
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vi Foreword

applications, from data extraction to data analysis, from context awareness to IoT,
from modeling to authoring to learning . . . and a lot more as shown by the chapter
titles word cloud3 . . . ;-)

Readers will learn a lot from the nine chapters in the book: the 37 contributing
authors have in-depth experience in the subject they present. Moreover, I know
firsthand how demanding the three editors can be :) and, in this book, you can
experience yourself the result of their excellent job in orchestrating the authors’
hard work. As a result, we can use the chapters not only as introduction or reference
material for classes, but also to solving problems in the wild by taking advantage of
Web and multimedia data and infrastructure!

As I say to my students: there are plenty of real life problems to be solved and
a lot of opportunities to make the world a better place: with the right tools and
learning with each other, we can do a lot (more). . . I am sure you will get inspired
by this book. . .

Best

University of São Paulo, São Carlos, Brazil Maria da Graça Pimentel
September 2019

3Thanks to https://www.wordclouds.com/.
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Preface

This book presents up-to-date information about a series of hot topics on multimedia
and Web. The focus of the book is on practical examples teaching how to use
platforms related to these topics. The book has a didactic approach, aiming to show
how these concepts relate to solving real problems in computer science, mainly in
the area of multimedia and Web.

The main intended audience for this book is students (postgraduates and under-
graduates) and lecturers on these specific topics. Professionals can also benefit from
the book since some chapters work with practical aspects relevant to the industry.
In this context, the book is not a textbook, but can be used as a reference in special
topics courses, or parts of disciplines as “Special Topics in multimedia” for example.

Many multimedia applications are already part of life for many of us and will
continue to be for generations to come. If we consider the great advance of the Web
and the rapid growth of mobile devices, we see that today it is increasingly simple to
produce, share, and consume media and multimedia applications. As a consequence,
the field of multimedia has encountered new challenges and possibilities in scenarios
such as IoT, IPTV, and Web.

The chapters are grouped into three parts: System Architectures and Environment
(Chaps. 1 through 4), Tools and Application Development (Chaps. 5 and 6),
and Data Collection and Analysis (Chaps. 7 through 9). The chapters in the
first part (System Architectures and Environment) aim to introduce Web systems
architectures and Fog of Things (FoT) and to discuss the use of deep learning and
context-aware computing technologies in the multimedia/hypermedia area, all in a
practical and applied way.

Chapter 1 presents the evolution of Web-based software architectures and the
current software architectural styles, patterns, and development platforms based
on client-side and server-side technologies. In addition, this chapter discusses Web
3.0 requirements such as communication protocols, microservices, MV* browser-
based frameworks, boilerplates client-side code, asynchronous programming, and
integration with cloud computing infrastructures. Chapter 2 presents the Fog of
Things (FoT) paradigm, describing the main characteristics and concepts from
the sensor and actuator communication to gateways, local and cloud servers.

vii



viii Preface

Additionally, this chapter presents SOFT-IoT platform as a concrete implementation
of FoT, which uses microservice infrastructure distributed along with devices in
the IoT system. The final two chapters change the focus to multimedia systems.
Chapter 3 aims at presenting main concepts, solutions, and technologies related to
the integration of mobile cloud computing (MCC) and context-aware applications,
which are research topics with growing interest. MCC seeks to leverage cloud
computing features to improve the performance of mobile applications and reduce
the energy consumption of mobile devices, while the latter seeks effective ways
to build applications that react to changes in its context environment. This chapter
presents also a practical guide to the development of a context-aware multimedia
Android application using the framework CAOS. Chapter 4 takes into consideration
the recent deep learning research that allowed significant advances in several areas
of multimedia, especially to build applications that are sensitive to its media content
semantics. However, the development of such applications is usually done from
scratch, and moreover, the current hypermedia standards do not fully support such
kind of development. To support such development, this chapter proposes that
a hypermedia language can be extended to support such features. This chapter
proposes an extension of the nested context language (NCL) and the model behind
it. In the second part of the book (Tools and Application Development), chapters 5
and 6, we introduce selected tools and techniques applied in the development of
ubiquitous applications and multimedia learning objects.

Chapter 5 presents the theoretical and practical basics of model-driven engi-
neering (MDE) aiming at the construction of ubiquitous applications. MDE is an
approach that considers models as the main artifacts in software development.
These models are generally built using domain-specific languages, such as UML
and XML, which are defined by their own metamodel. In this context, this chapter
presents some key frameworks and languages available to assist in building models
in accordance with a particular metamodel. Models built in this environment can
then be used to document and maintain systems from different domains. Chapter 6
discusses both the pedagogical and technological recommendations involved in
the authoring of multimedia learning objects (LOs). LOs are entities that can
be used, reused, or referred during the teaching process, allowing students to
individualize their learning experience with nonlinear browsing mechanisms and
content adaptation.

Finally, in the third and last part of the book (Data Collection and Analysis),
chapters 7 to 9, we aim to deliver a comprehensive view to collect data from different
sources and present different approaches for extracting and processing information.

Chapter 7 presents different approaches for extracting and processing infor-
mation from Twitter using Natural Language Processing and Machine Learning
techniques, examining tools and methods to collect and analyze semantic informa-
tion from tweets. Understanding these approaches is worthwhile because Twitter
emerges as a valuable data source to get information about what people think and
feel about the most different subjects. Chapter 8 presents three important issues
to deal with data from multiple sources with a focus on practical strategies and
research questions. These issues are considered important because data from the
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Web are increasingly heterogeneous and unstructured, representing challenges for
data crawling, integration, and preprocessing. There are studies that are “data-
oriented,” i.e., based on the available data, but their results are restricted to the
respective data. In contrast, there are various problems prior to identifying what
data is needed to solve them, and often multiple data sources are needed. Finally,
Chap. 9 aims to discuss game development for researchers who wish analyze game
user experience. In the first part of chapter 9 the authors introduce the theory of
game design, highlighting definitions and examples about data collection involving
guidelines and usability. The second part discusses multimedia data collection and
variable analysis.

The organization of the book in three parts allows a formative and at the same
time punctual study on each theme. This division assists teachers to organize their
disciplines, focusing only on one, two, or even three parts. Students can use the book
to gain a broad understanding of multimedia architectures and environments, tools
and techniques for application development, or even how to collect and analyze data
from the Web or multimedia applications.

Postgraduate students, professionals, and other researchers can read the book to
treat a specific topic (chapter), or even know/update one of the three parts of the
book.

This book was originated from the short courses of the Brazilian Symposium on
Multimedia and Web (WebMedia). Promoted by the Brazilian Computer Society
(SBC), WebMedia is the main event of the theme in Brazil and an excellent
opportunity for scientific and technical exchange among students, researchers, and
professionals in the areas of multimedia, hypermedia, and Web. Briefly, there were
36 proposals submitted for short-course chapters in 2017 and 2018. Of these, 12
were selected to be presented during both symposia. Of these 12 short courses
accepted, 9 themes were selected to be extended in order to compose this book.

Porto Alegre, Brazil Valter Roesler
Juiz de Fora, Brazil Eduardo Barrére
Florianopolis, Brazil Roberto Willrich
September 2019
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Chapter 1
Evolution of Web Systems Architectures:
A Roadmap

Raoni Kulesza, Marcelo Fernandes de Sousa, Matheus Lima Moura de
Araújo, Claudiomar Pereira de Araújo, and Aguinaldo Macedo Filho

1.1 Introduction

Web systems have become popular because of the Web browsers ubiquity. This
characteristic allows us to conveniently install and maintain software systems on
a server without changing client-side software, even if it is accessed by millions of
browsers [15]. Currently, Web systems are used for all kinds of applications, such as
e-commerce, audiovisual content access, email, social networks, searches, corporate
portals, etc. [13].

Web systems can be considered a kind of client–server architecture model. In
this scenario, the Web browser represents the client that interprets HTML, CSS,
and JavaScript code. Besides, it communicates with the server using a URL and the
HTTP protocol [7]. In the beginning, each Web page was delivered to the browsers
as static documents and the server’s responsibility was only to receive requests
for locating and sending files. However, servers can now generate a dynamic page
for each request by running software, accessing the database, or integrating with
other systems. In addition, a Web page can also execute code on the client-side.
These characteristics led to the creation of different software development platforms
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