
Lecture Notes in Computer Science 9789

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison
Lancaster University, Lancaster, UK

Takeo Kanade
Carnegie Mellon University, Pittsburgh, PA, USA

Josef Kittler
University of Surrey, Guildford, UK

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

Friedemann Mattern
ETH Zurich, Zürich, Switzerland

John C. Mitchell
Stanford University, Stanford, CA, USA

Moni Naor
Weizmann Institute of Science, Rehovot, Israel

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

Bernhard Steffen
TU Dortmund University, Dortmund, 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, Saarbrücken, Germany



More information about this series at http://www.springer.com/series/7407

http://www.springer.com/series/7407


Osvaldo Gervasi • Beniamino Murgante
Sanjay Misra • Ana Maria A.C. Rocha
Carmelo M. Torre • David Taniar
Bernady O. Apduhan • Elena Stankova
Shangguang Wang (Eds.)

Computational Science
and Its Applications –
ICCSA 2016
16th International Conference
Beijing, China, July 4–7, 2016
Proceedings, Part IV

123



Editors
Osvaldo Gervasi
University of Perugia
Perugia
Italy

Beniamino Murgante
University of Basilicata
Potenza
Italy

Sanjay Misra
Covenant University
Ota
Nigeria

Ana Maria A.C. Rocha
University of Minho
Braga
Portugal

Carmelo M. Torre
Polytechnic University
Bari
Italy

David Taniar
Monash University
Clayton, VIC
Australia

Bernady O. Apduhan
Kyushu Sangyo University
Fukuoka
Japan

Elena Stankova
Saint Petersburg State University
Saint Petersburg
Russia

Shangguang Wang
Beijing University of Posts
and Telecommunications

Beijing
China

ISSN 0302-9743 ISSN 1611-3349 (electronic)
Lecture Notes in Computer Science
ISBN 978-3-319-42088-2 ISBN 978-3-319-42089-9 (eBook)
DOI 10.1007/978-3-319-42089-9

Library of Congress Control Number: 2016944355

LNCS Sublibrary: SL1 – Theoretical Computer Science and General Issues

© Springer International Publishing Switzerland 2016
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.
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.
The publisher, the authors and the editors are safe to assume that the advice and information in this book are
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors
give a warranty, express or implied, with respect to the material contained herein or for any errors or
omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer International Publishing AG Switzerland



Preface

These multi-volume proceedings (LNCS volumes 9786, 9787, 9788, 9789, and 9790)
consist of the peer-reviewed papers from the 2016 International Conference on
Computational Science and Its Applications (ICCSA 2016) held in Beijing, China,
during July 4–7, 2016.

ICCSA 2016 was a successful event in the series of conferences, previously held in
Banff, Canada (2015), Guimares, Portugal (2014), Ho Chi Minh City, Vietnam (2013),
Salvador, 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), (as ICCS)
Amsterdam, The Netherlands (2002), and San Francisco, USA (2001).

Computational science is a main pillar of most present research as well as industrial
and commercial activities and it plays a unique role in exploiting ICT innovative
technologies. The ICCSA conference series has been providing a venue to 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 tracks, ICCSA 2016 also included 33 international work-
shops, in various areas of computational sciences, ranging from computational science
technologies to specific areas of computational sciences, such as computer graphics and
virtual reality. The program also featured three keynote speeches and two tutorials.

The success of the ICCSA conference series, in general, and ICCSA 2016, in
particular, is due to the support of many people: authors, presenters, participants,
keynote speakers, session chairs, Organizing Committee members, student volunteers,
Program Committee members, Steering Committee members, and many people in
other various roles. We would like to thank them all.

We would also like to thank our sponsors, in particular NVidia and Springer for
their very important support and for making the Best Paper Award ceremony so
impressive.

We would also like to thank Springer for their continuous support in publishing the
ICCSA conference proceedings.

July 2016 Shangguang Wang
Osvaldo Gervasi

Bernady O. Apduhan
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