
Lecture Notes in Computer Science 8582
Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison
Lancaster University, UK

Takeo Kanade
Carnegie Mellon University, Pittsburgh, PA, USA

Josef Kittler
University of Surrey, Guildford, UK

Jon M. Kleinberg
Cornell University, Ithaca, NY, USA

Alfred Kobsa
University of California, Irvine, CA, USA

Friedemann Mattern
ETH Zurich, Switzerland

John C. Mitchell
Stanford University, CA, USA

Moni Naor
Weizmann Institute of Science, Rehovot, Israel

Oscar Nierstrasz
University of Bern, Switzerland

C. Pandu Rangan
Indian Institute of Technology, Madras, India

Bernhard Steffen
TU Dortmund University, Germany

Demetri Terzopoulos
University of California, Los Angeles, CA, USA

Doug Tygar
University of California, Berkeley, CA, USA

Gerhard Weikum
Max Planck Institute for Informatics, Saarbruecken, Germany



Beniamino Murgante Sanjay Misra
Ana Maria A.C. Rocha Carmelo Torre
Jorge Gustavo Rocha Maria Irene Falcão
David Taniar Bernady O. Apduhan
Osvaldo Gervasi (Eds.)

Computational Science
and Its Applications –
ICCSA 2014
14th International Conference
Guimarães, Portugal, June 30 – July 3, 2014
Proceedings, Part IV

13



Volume Editors

Beniamino Murgante, University of Basilicata, Potenza, Italy
E-mail: beniamino.murgante@unibas.it

Sanjay Misra, Covenant University, Ota, Nigeria
E-mail: sanjay.misra@covenantuniversity.edu.ng

Ana Maria A.C. Rocha, University of Minho, Braga, Portugal
E-mail: arocha@dps.uminho.pt

Carmelo Torre, Politecnico di Bari, Bari, Italy
E-mail: torre@poliba.it

Jorge Gustavo Rocha, University of Minho, Braga, Portugal
E-mail: jgr@di.uminho.pt

Maria Irene Falcão, University of Minho, Braga, Portugal
E-mail: mif@math.uminho.pt

David Taniar, Monash University, Clayton, VIC, Australia
E-mail: david.taniar@infotech.monash.edu.au

Bernady O. Apduhan, Kyushu Sangyo University, Fukuoka, Japan
E-mail: bob@is.kyusan-u.ac.jp

Osvaldo Gervasi, University of Perugia, Perugia, Italy
E-mail: osvaldo.gervasi@unipg.it

ISSN 0302-9743 e-ISSN 1611-3349
ISBN 978-3-319-09146-4 e-ISBN 978-3-319-09147-1
DOI 10.1007/978-3-319-09147-1
Springer Cham Heidelberg New York Dordrecht London

Library of Congress Control Number: 2014942987

LNCS Sublibrary: SL 1 – Theoretical Computer Science and General Issues

© Springer International Publishing Switzerland 2014
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this publication
or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s location,
in ist current version, and permission for use must always be obtained from Springer. Permissions for use
may be obtained through RightsLink at the Copyright Clearance Center. Violations are liable to prosecution
under the respective Copyright Law.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.
While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the
material contained herein.

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Welcome Message

On behalf of the Local Organizing Committee of ICCSA 2014, it is a pleasure
to welcome you to the 14th International Conference on Computational Science
and Its Applications, held during June 30 – July 3, 2014. We are very proud and
grateful to the ICCSA general chairs for having entrusted us with the task of
organizing another event of this series of very successful conferences.

ICCSA will take place in the School of Engineering of University of Minho,
which is located in close vicinity to the medieval city centre of Guimarães,
a UNESCO World Heritage Site, in Northern Portugal. The historical city of
Guimarães is recognized for its beauty and historical monuments. The dynamic
and colorful Minho Region is famous for its landscape, gastronomy and vineyards
where the unique Vinho Verde wine is produced.

The University of Minho is currently among the most prestigious institutions
of higher education in Portugal and offers an excellent setting for the conference.
Founded in 1973, the University has two major poles: the campus of Gualtar in
Braga, and the campus of Azurém in Guimarães.

Plenary lectures by leading scientists and several workshops will provide a
real opportunity to discuss new issues and find advanced solutions able to shape
new trends in computational science.

Apart from the scientific program, a stimulant and diverse social program will
be available. There will be a welcome drink at Instituto de Design, located in an
old Tannery, that is an open knowledge centre and a privileged communication
platform between industry and academia. Guided visits to the city of Guimarães
and Porto are planned, both with beautiful and historical monuments. A guided
tour and tasting in Porto wine cellars, is also planned. There will be a gala dinner
at the Pousada de Santa Marinha, which is an old Augustinian convent of the
12th century refurbished, where ICCSA participants can enjoy delicious dishes
and enjoy a wonderful view over the city of Guimarães.

The conference could not have happened without the dedicated work of many
volunteers, recognized by the coloured shirts. We would like to thank all the
collaborators, who worked hard to produce a successful ICCSA 2014, namely
Irene Falcão and Maribel Santos above all, our fellow members of the local
organization.

On behalf of the Local Organizing Committee of ICCSA 2014, it is our honor
to cordially welcome all of you to the beautiful city of Guimarães for this unique
event. Your participation and contribution to this conference will make it much
more productive and successful.

We are looking forward to see you in Guimarães.
Sincerely yours,

Ana Maria A.C. Rocha
Jorge Gustavo Rocha



Preface

These 6 volumes (LNCS volumes 8579-8584) consist of the peer-reviewed
papers from the 2014 International Conference on Computational Science and
Its Applications (ICCSA 2014) held in Guimarães, Portugal during 30 June – 3
July 2014.

ICCSA 2014 was a successful event in the International Conferences on Com-
putational Science and Its Applications (ICCSA) conference series, previously
held in Ho Chi Minh City, Vietnam (2013), Salvador da Bahia, Brazil (2012),
Santander, Spain (2011), Fukuoka, Japan (2010), Suwon, South Korea (2009),
Perugia, Italy (2008), Kuala Lumpur, Malaysia (2007), Glasgow, UK (2006),
Singapore (2005), Assisi, Italy (2004), Montreal, Canada (2003), and (as ICCS)
Amsterdam, The Netherlands (2002) and San Francisco, USA (2001).

Computational science is a main pillar of most of the present research, in-
dustrial and commercial activities and plays a unique role in exploiting ICT
innovative technologies, and the ICCSA conference series has been providing a
venue for researchers and industry practitioners to discuss new ideas, to share
complex problems and their solutions, and to shape new trends in computational
science.

Apart from the general track, ICCSA 2014 also included 30 workshops, in
various areas of computational sciences, ranging from computational science
technologies, to specific areas of computational sciences, such as computational
geometry and security. We accepted 58 papers for the general track, and 289 in
workshops. We would like to show our appreciation to the workshops chairs and
co-chairs.

The success of the ICCSA conference series, in general, and ICCSA 2014,
in particular, was due to the support of many people: authors, presenters, par-
ticipants, keynote speakers, workshop chairs, Organizing Committee members,
student volunteers, Program Committee members, Advisory Committee mem-
bers, international liaison chairs, and people in other various roles. We would
like to thank them all.

We also thank our publisher, Springer–Verlag, for their acceptance to publish
the proceedings and for their kind assistance and cooperation during the editing
process.

We cordially invite you to visit the ICCSA website http://www.iccsa.org

where you can find all relevant information about this interesting and exciting
event.

June 2014 Osvaldo Gervasi
Jorge Gustavo Rocha
Bernady O. Apduhan
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Antonio Laganà University of Perugia, Italy
Norio Shiratori Tohoku University, Japan
Kenneth C. J. Tan Qontix, UK

General Chairs

Beniamino Murgante University of Basilicata, Italy
Ana Maria A.C. Rocha University of Minho, Portugal
David Taniar Monash University, Australia

Program Committee Chairs

Osvaldo Gervasi University of Perugia, Italy
Bernady O. Apduhan Kyushu Sangyo University, Japan
Jorge Gustavo Rocha University of Minho, Portugal

International Advisory Committee

Jemal Abawajy Daekin University, Australia
Dharma P. Agrawal University of Cincinnati, USA
Claudia Bauzer Medeiros University of Campinas,

Brazil
Manfred M. Fisher Vienna University of Economics and Business,

Austria
Yee Leung Chinese University of Hong Kong, China

International Liaison Chairs

Ana Carla P. Bitencourt Universidade Federal do Reconcavo da Bahia,
Brazil

Claudia Bauzer Medeiros University of Campinas, Brazil
Alfredo Cuzzocrea ICAR-CNR and University of Calabria, Italy



X Organization

Marina L. Gavrilova University of Calgary, Canada
Robert C. H. Hsu Chung Hua University, Taiwan
Andrés Iglesias University of Cantabria, Spain

Tai-Hoon Kim Hannam University, Korea
Sanjay Misra University of Minna, Nigeria
Takashi Naka Kyushu Sangyo University, Japan
Rafael D.C. Santos National Institute for Space Research, Brazil

Workshop and Session Organizing Chairs

Beniamino Murgante University of Basilicata, Italy

Local Organizing Committee

Ana Maria A.C. Rocha University of Minho, Portugal (Chair)
Jorge Gustavo Rocha University of Minho, Portugal
Maria Irene Falcão University of Minho, Portugal
Maribel Yasmina Santos University of Minho, Portugal

Workshop Organizers

Advances in Complex Systems: Modeling and Parallel
Implementation (ACSModPar 2014)

Georgius Sirakoulis Democritus University of Thrace, Greece
Wiliam Spataro University of Calabria, Italy
Giuseppe A. Trunfio University of Sassari, Italy

Agricultural and Environment Information and Decision
Support Systems (AEIDSS 2014)

Sandro Bimonte IRSTEA France
Florence Le Ber ENGES, France
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