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Preface

Many applications generate Big Data, like social networking and social influence
programs, Cloud applications, public web sites, scientific experiments and simu-
lations, data warehouse, monitoring platforms, and e-government services. Data
grow rapidly since applications produce continuously increasing volumes of both
unstructured and structured data. Large-scale interconnected systems aim to
aggregate and efficiently exploit the power of widely distributed resources. In this
context, major solutions for scalability, mobility, reliability, fault tolerance, and
security are required to achieve high performance. The impact on data processing,
transfer and storage is the need to re-evaluate the approaches and solutions to better
answer the user needs.

Extracting valuable information from raw data is especially difficult considering
the velocity of growing data from year to year and the fact that 80 % of data is
unstructured. In addition, data sources are heterogeneous (various sensors, users
with different profiles, etc.) and are located in different situations or contexts. This is
why the Smart City infrastructure runs reliably and permanently to provide the
context as a public utility to different services. Context-aware applications exploit
the context to adapt accordingly the timing, quality and functionality of their ser-
vices. The value of these applications and their supporting infrastructure lies in the
fact that end users always operate in a context: their role, intentions, locations, and
working environment constantly change.

Since the introduction of the Internet, we have witnessed an explosive growth in
the volume, velocity, and variety of the data created on a daily basis. This data is
originated from numerous sources including mobile devices, sensors, individual
archives, the Internet of Things, government data holdings, software logs, public
profiles on social networks, commercial datasets, etc. The so-called Big Data
problem requires the continuous increase of the processing speeds of the servers
and of the whole network infrastructure. In this context, new models for resource
management are required. This poses a critically difficult challenge and striking
development opportunities to Data-Intensive (DI) and High-Performance
Computing (HPC): how to efficiently turn massively large data into valuable
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information and meaningful knowledge. Computationally-effective DI and HPC are
required in a rapidly increasing number of data-intensive domains.

Successful contributions may range from advanced technologies, applications,
and innovative solutions to global optimization problems in scalable large-scale
computing systems to development of methods, conceptual and theoretical models
related to Big Data applications and massive data storage and processing.
Therefore, it is imperative to gather the consent of researchers to muster their efforts
in proposing unifying solutions that are practical and applicable in the domain of
high-performance computing systems.

The Big Data era poses a critically difficult challenge and striking development
opportunities to High-Performance Computing (HPC). The major problem is an
efficient transformation of the massive data of various types into valuable infor-
mation and meaningful knowledge. Computationally effective HPC is required in a
rapidly increasing number of data-intensive domains. With its special features of
self-service and pay-as-you-use, Cloud computing offers suitable abstractions to
manage the complexity of the analysis of large data in various scientific and
engineering domains. This book surveys briefly the most recent developments on
Cloud computing support for solving the Big Data problems. It presents a com-
prehensive critical analysis of the existing solutions and shows further possible
directions of the research in this domain including new generation multi-datacenter
cloud architectures for the storage and management of the huge Big Data streams.

The large volume of data coming from a variety of sources and in various
formats, with different storage, transformation, delivery or archiving requirements,
complicates the task of context data management. At the same time, fast responses
are needed for real-time applications. Despite the potential improvements of the
Smart City infrastructure, the number of concurrent applications that need quick
data access will remain very high. With the emergence of the recent cloud infras-
tructures, achieving highly scalable data management in such contexts is a critical
challenge, as the overall application performance is highly dependent on the
properties of the data management service. The book provides, in this sense, a
platform for the dissemination of advanced topics of theory, research efforts and
analysis and implementation for Big Data platforms and applications being oriented
on Methods, Techniques and Performance Evaluation. The book constitutes a
flagship driver toward presenting and supporting advanced research in the area of
Big Data platforms and applications.

This book herewith presents novel concepts in the analysis, implementation, and
evaluation of the next generation of intelligent techniques for the formulation and
solution of complex processing problems in Big Data platforms. Its 23 chapters are
structured into four main parts:

1. Architecture of Big Data Platforms and Applications: Chapters 1–7 introduce
the general concepts of modeling of Big Data oriented architectures, and dis-
cusses several important aspects in the design process of Big Data platforms and
applications: workflow scheduling and execution, energy efficiency, load bal-
ancing methods, and optimization techniques.
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2. Big Data Analysis: An important aspect of Big Data analysis is how to extract
valuable information from large-scale datasets and how to use these data in
applications. Chapters 8–12 discuss analysis concepts and techniques for sci-
entific application, information fusion and decision making, scalable and reli-
able analytics, fault tolerance and security.

3. Biological and Medical Big Data Applications: Collectively known as com-
putational resources or simply infrastructure, computing elements, storage, and
services represent a crucial component in the formulation of intelligent decisions
in large systems. Consequently, Chaps. 13–16 showcase techniques and con-
cepts for big biological data management, DNA sequence analysis, mammo-
graphic report classification and life science problems.

4. Social Media Applications: Chapters 17–23 address several processing models
and use cases for social media applications. This last part of the book presents
parallelization techniques for Big Data applications, scalability of multimedia
content delivery, large-scale social network graph analysis, predictions for
Twitter, crowd-sensing applications and IoT ecosystem, and smart cities.

These subjects represent the main objectives of ICT COST Action IC1406
High-Performance Modelling and Simulation for Big Data Applications (cHiPSet)
and the research results presented in these chapters were performed by joint col-
laboration of members from this action.

Acknowledgments

We are grateful to all the contributors of this book, for their willingness to work on
this complex book project. We thank the authors for their interesting proposals
of the book chapters, their time, efforts and their research results, which makes this
volume an interesting complete monograph of the latest research advances and
technology development on Big Data Platforms and Applications. We also would
like to express our sincere thanks to the reviewers, who have helped us to ensure the
quality of this volume. We gratefully acknowledge their time and valuable remarks
and comments.

Our special thanks go to Prof. Anthony Sammes, editor-in-chief of the Springer
“Computer Communications and Networks” Series, and to Wayne Wheeler and
Simon Rees, series managers and editors in Springer, for their editorial assistance
and excellent cooperative collaboration in this book project.

Finally, we would like to send our warmest gratitude message to our friends and
families for their patience, love, and support in the preparation of this volume.

Preface ix



We strongly believe that this book ought to serve as a reference for students,
researchers, and industry practitioners interested or currently working in Big Data
domain.

Bucharest, Romania Florin Pop
Cracow, Poland Joanna Kołodziej
Naples, Italy Beniamino Di Martino
July 2016

x Preface



Contents

Part I Architecture of Big Data Platforms and Applications

1 Performance Modeling of Big Data-Oriented Architectures . . . . . . . 3
Marco Gribaudo, Mauro Iacono and Francesco Palmieri

2 Workflow Scheduling Techniques for Big Data Platforms . . . . . . . . 35
Mihaela-Catalina Nita, Mihaela Vasile, Florin Pop
and Valentin Cristea

3 Cloud Technologies: A New Level for Big Data Mining. . . . . . . . . . 55
Viktor Medvedev and Olga Kurasova

4 Agent-Based High-Level Interaction Patterns for Modeling
Individual and Collective Optimizations Problems . . . . . . . . . . . . . . 69
Rocco Aversa and Luca Tasquier

5 Maximize Profit for Big Data Processing in Distributed
Datacenters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
Weidong Bao, Ji Wang and Xiaomin Zhu

6 Energy and Power Efficiency in Cloud . . . . . . . . . . . . . . . . . . . . . . . 97
Michał Karpowicz, Ewa Niewiadomska-Szynkiewicz, Piotr Arabas
and Andrzej Sikora

7 Context-Aware and Reinforcement Learning-Based
Load Balancing System for Green Clouds. . . . . . . . . . . . . . . . . . . . . 129
Ionut Anghel, Tudor Cioara and Ioan Salomie

Part II Big Data Analysis

8 High-Performance Storage Support for Scientific Big Data
Applications on the Cloud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147
Dongfang Zhao, Akash Mahakode, Sandip Lakshminarasaiah
and Ioan Raicu

xi



9 Information Fusion for Improving Decision-Making
in Big Data Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
Nayat Sanchez-Pi, Luis Martí, José Manuel Molina
and Ana C. Bicharra García

10 Load Balancing and Fault Tolerance Mechanisms
for Scalable and Reliable Big Data Analytics . . . . . . . . . . . . . . . . . . 189
Nitin Sukhija, Alessandro Morari and Ioana Banicescu

11 Fault Tolerance in MapReduce: A Survey . . . . . . . . . . . . . . . . . . . . 205
Bunjamin Memishi, Shadi Ibrahim, María S. Pérez
and Gabriel Antoniu

12 Big Data Security . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 241
Agnieszka Jakóbik

Part III Biological and Medical Big Data Applications

13 Big Biological Data Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Edvard Pedersen and Lars Ailo Bongo

14 Optimal Worksharing of DNA Sequence Analysis
on Accelerated Platforms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279
Suejb Memeti, Sabri Pllana and Joanna Kołodziej

15 Feature Dimensionality Reduction for Mammographic
Report Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 311
Luca Agnello, Albert Comelli and Salvatore Vitabile

16 Parallel Algorithms for Multirelational Data Mining:
Application to Life Science Problems. . . . . . . . . . . . . . . . . . . . . . . . . 339
Rui Camacho, Jorge G. Barbosa, Altino Sampaio, João Ladeiras,
Nuno A. Fonseca and Vítor S. Costa

Part IV Social Media Applications

17 Parallelization of Sparse Matrix Kernels for Big Data
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367
Oguz Selvitopi, Kadir Akbudak and Cevdet Aykanat

18 Delivering Social Multimedia Content with Scalability . . . . . . . . . . . 383
Irene Kilanioti and George A. Papadopoulos

19 A Java-Based Distributed Approach for Generating Large-Scale
Social Network Graphs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
Vlad Şerbănescu, Keyvan Azadbakht and Frank de Boer

20 Predicting Video Virality on Twitter . . . . . . . . . . . . . . . . . . . . . . . . . 419
Irene Kilanioti and George A. Papadopoulos

xii Contents



21 Big Data Uses in Crowd Based Systems . . . . . . . . . . . . . . . . . . . . . . 441
Cristian Chilipirea, Andreea-Cristina Petre and Ciprian Dobre

22 Evaluation of a Web Crowd-Sensing IoT Ecosystem
Providing Big Data Analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 461
Ioannis Vakintis, Spyros Panagiotakis, George Mastorakis
and Constandinos X. Mavromoustakis

23 A Smart City Fighting Pollution, by Efficiently Managing
and Processing Big Data from Sensor Networks . . . . . . . . . . . . . . . . 489
Voichita Iancu, Silvia Cristina Stegaru and Dan Stefan Tudose

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515

Contents xiii


	Preface
	Acknowledgments

	Contents



