Lecture Notes in Computer Science

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
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
Madhu Sudan

Microsoft Research, Cambridge, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max Planck Institute for Informatics, Saarbruecken, Germany

8160



Marina L. Gavrilova C.J. Kenneth Tan
Ajith Abraham (Eds.)

Transactions on

Computational
Science XXI

Special Issue on Innovations
in Nature-Inspired Computing and Applications

@ Springer



Editors-in-Chief

Marina L. Gavrilova
University of Calgary, AB, Canada
E-mail: mgavrilo@ucalgary.ca

C.J. Kenneth Tan
CloudFabriQ Ltd., London, UK
E-mail: cjtan@CloudFabriQ.com

Guest Editor

Ajith Abraham

Technical University of Ostrava, Czech Republic

and

Machine Intelligence Research Labs, Auburn, WA, USA
E-mail: ajith.abraham @ieee.org

ISSN 0302-9743 (LNCS) e-ISSN 1611-3349 (LNCS)
ISSN 1866-4733 (TCOMPSCIE) e-ISSN 1866-4741 (TCOMPSCIE)
ISBN 978-3-642-45317-5 e-ISBN 978-3-642-45318-2

DOI 10.1007/978-3-642-45318-2
Springer Heidelberg New York Dordrecht London

Library of Congress Control Number: 2013955030

CR Subject Classification (1998): 1.2, G.1.6, F2, H.2.8, F.1, 1.5, H.3

© Springer-Verlag Berlin Heidelberg 2013

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 its 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)



LNCS Transactions on Computational Science

Computational science, an emerging and increasingly vital field, is now widely
recognized as an integral part of scientific and technical investigations, affecting
researchers and practitioners in areas ranging from aerospace and automotive re-
search to biochemistry, electronics, geosciences, mathematics, and physics. Com-
puter systems research and the exploitation of applied research naturally comple-
ment each other. The increased complexity of many challenges in computational
science demands the use of supercomputing, parallel processing, sophisticated
algorithms, and advanced system software and architecture. It is therefore in-
valuable to have input by systems research experts in applied computational
science research.

Transactions on Computational Science focuses on original high-quality re-
search in the realm of computational science in parallel and distributed en-
vironments, also encompassing the underlying theoretical foundations and the
applications of large-scale computation.

The journal offers practitioners and researchers the opportunity to share com-
putational techniques and solutions in this area, to identify new issues, and to
shape future directions for research, and it enables industrial users to apply
leading-edge, large-scale, high-performance computational methods.

In addition to addressing various research and application issues, the journal
aims to present material that is validated — crucial to the application and ad-
vancement of the research conducted in academic and industrial settings. In this
spirit, the journal focuses on publications that present results and computational
techniques that are verifiable.

Scope

The scope of the journal includes, but is not limited to, the following computa-
tional methods and applications:

Aeronautics and Aerospace
Astrophysics

Bioinformatics

Climate and Weather Modeling
Communication and Data Networks
Compilers and Operating Systems
Computer Graphics

Computational Biology
Computational Chemistry
Computational Finance and Econometrics
Computational Fluid Dynamics



S

LNCS Transactions on Computational Science

Computational Geometry
Computational Number Theory
Computational Physics

Data Storage and Information Retrieval
Data Mining and Data Warehousing
Grid Computing

Hardware/Software Co-design
High-Energy Physics

High-Performance Computing
Numerical and Scientific Computing
Parallel and Distributed Computing
Reconfigurable Hardware

Scientific Visualization

Supercomputing

System-on-Chip Design and Engineering



Editorial

The Transactions on Computational Science journal is part of the Springer series
Lecture Notes in Computer Science, and is devoted to the gamut of computa-
tional science issues, from theoretical aspects to application-dependent studies
and the validation of emerging technologies.

The journal focuses on original high-quality research in the realm of com-
putational science in parallel and distributed environments, encompassing the
facilitating theoretical foundations and the applications of large-scale computa-
tions and massive data processing. Practitioners and researchers share computa-
tional techniques and solutions in the area, identify new issues, and shape future
directions for research, as well as enable industrial users to apply the presented
techniques.

The current volume is devoted to recent advancements in the field of nature-
inspired computing and applications. The issue provides an in-depth overview
of current research on neurocomputing, evolutionary algorithms, swarm intelli-
gence, artificial immune systems, membrane computing, computing with words,
artificial life, and hybrid approaches. This special issue is aimed at practitioners,
researchers, and post-graduate students who are engaged in developing and ap-
plying advanced nature-inspired computational techniques from both theoretical
and practical points of view. Some articles are extended versions of conference
papers previously published at the Nature and Biologically Inspired Computing
(NaBIC) Congress, while others are direct submissions to the special issue.

We would like to extend our sincere appreciation to Guest Editor Prof. Ajith
Abraham, to all of the authors for submitting their papers to this special issue,
and the associate editors and referees for their valuable work. We would like to
express our gratitude to the LNCS editorial staff of Springer, who supported us
at every stage of the project.

It is our hope that the fine collection of papers presented in this special issue
will be a valuable resource for Transactions on Computational Science readers
and will stimulate further research into the vibrant area of computational science
applications.

October 2013 Marina L. Gavrilova
C.J. Kenneth Tan



Special Issue on Innovations in Nature-Inspired
Computing and Applications
Guest Editor’s Preface

Nature-inspired computation is a general term referring to computing inspired
by nature. It is an emerging interdisciplinary area in computer science and due to
its success in dealing with large, complex, and dynamic problems, it has become
a household name for solving real-world problems. The main idea is to mimic
the complex phenomena (concepts, principles, and mechanisms) occurring in
nature as computational processes in order to enhance the way computation is
performed from a problem solving point of view. Some of the key paradigms
falling under this umbrella are neurocomputing, evolutionary algorithms, swarm
intelligence, artificial immune systems, membrane computing, computing with
words, artificial life, hybrid approaches, etc. Articles were selected on the basis of
fundamental ideas and concepts rather than the direct usage of well-established
techniques. This special issue is aimed at practitioners, researchers, and post-
graduate students who are engaged in developing and applying advanced nature-
inspired computational techniques from a theoretical point of view and also to
solve real-world problems. It constitutes a collection of 15 articles reflecting some
of the current technological innovations in the field of nature-inspired computa-
tion and its real world applications. The papers are arranged as follows.

In the first article, Veenhuis presents a novel function optimization algorithm
inspired from Wikipedia, which uses a collaborative web community of authors
to improve the quality of articles. The author introduces a community opti-
mization algorithm by mimicking a collaborative web community, which edits or
improves a knowledge base. The knowledge base represents the problem to be
solved and the different decision variables represent different topics contained
in this knowledge base. The algorithm is tested on eight well-known benchmark
problems for lower as well as higher dimensions.

The diffusion of innovation theory explains how new ideas are disseminated
among social system members. Sampaio et al. in the second article propose the
use of evolutionary algorithms for the simulation of innovation diffusion within
organizations. To overcome some of the problems inherent in the conventional
evolutionary algorithm a probabilistic approach is also incorporated.

In the sequel, Jha et al. evaluate the performance of a robot by empowering
it with a decision-making capability, which uses synthetic emotions. The authors
attempted to make the robot perform high-profile tasks rather than menial ones
so as to increase its utility.

Biogeography-based optimization is a population-based algorithm that is
inspired by biogeography, which describes the immigration and emigration of
species between habitats. Goel et al. in the fourth article present a land cover
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feature extraction technique based on the extended species abundance model of
biogeography and the algorithm has been successfully tested on two different
multi-spectral satellite image datasets.

In the fifth paper, Madureira et al. describe the developing issues for ant-
colony system-based optimization tools to support decision-making processes
and solve the problem of generating a sequence of jobs that minimizes the total
weighted tardiness for a set of jobs to be processed in a single machine.

Many real-world optimization problems present themselves in a multi-
objective setting (where each of the objectives portrays different aspects of the
problem). Ganesan et al. in the sixth article propose the weighted sum scalar-
ization approach using differential evolution, chaotic differential evolution, and
gravitational search algorithms to generate the approximate Pareto frontier.

In the sequel, Dutta et al. present a real-coded multi-objective genetic al-
gorithm based K- clustering method, where a genetic algorithm is exploited to
search for suitable clusters and centers of clusters so that intra-cluster distance
and inter-cluster distances are simultaneously optimized. The authors attempted
to simultaneously tackle dimensionality reduction and optimization of objectives
using the multi-objective genetic algorithm.

The scheduling problem is considered to be an NP-complete combinatorial
optimization problem and during the past few decades, researchers have used
different meta-heuristics to solve such complex problems. However, most of these
meta-heuristic techniques require extensive parameter tuning, which is again a
very hard and time-consuming task to perform. Periera et al. in the eighth article
propose a case-based reasoning module to solve the parameter-tuning problem
in a multi-agent scheduling system.

Diaz-Parra and Ruiz-Vanoye in the ninth paper propose a vertical transfer
algorithm for solving the school bus routing problem. The vertical transfer al-
gorithm uses the clusterization population pre-selection operator, tournament
selection, crossover-k operator, and an intelligent mutation operator.

In the tenth paper, Saha et al. propose craziness-based particle swarm op-
timization for designing digital Infinite Impulse Response (IIR) filters. Experi-
mental results illustrate that apart from gaining better control on cognitive and
social components of the conventional particle swarm optimization algorithm,
the craziness-based particle swarm optimization offers better performance.

The prisoner’s dilemma game has emerged as the most promising mathemat-
ical metaphor for studying cooperation. Wang et al. conduct simulations with
four different types of neighbourhood structures, and agents update their strate-
gies by probabilistically imitating the strategies of better performing neighbours.
During the evolution each agent can modify its own strategy and/or personal
feature via a particle swarm optimization approach in order to improve the
utility.

Polasek and Uhlar in the twelfth paper propose a method for extracting, iden-
tifying, and visualizing topics, code tiers, users, and authors in software projects.
The methodology can extract topics and visualize them in 3D graphs and then
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developers within and outside the teams can receive and utilize visualized infor-
mation from the code and apply it to their projects.

Navrat and Sabo present an approach, inspired by honey bees, that allows
exploring the World Wide Web by extracting keywords relevant to current news
stories. Honey bees cooperate together to select random keywords and carry
them from one article to another, landing only on the articles relevant to the
keyword.

In the fourteenth article, Raeesi and Kobti introduce the Variable Neighbor-
hood Search (VNS) metaheuristic. VNS is hybridized with Differential Evolution
(DE) incorporating explorative evolutionary operators and sub-populations to
improve the population diversity. The algorithms are then validated on classical
job shop scheduling problems.

In the final paper, Snasel et al. illustrate a growing self-organizing grid
method for knowledge discovery and visualization for the analysis of emergency
call-taking information systems and their data characteristics. To handle the
massive data, the growing grid algorithm is implemented in a parallel environ-
ment using compute unified device architecture. Experimental results illustrate
that the proposed method is very efficient.

I would like to thank our peer-reviewers for their diligent work and timely

efforts. We are also grateful to the Editor-in-Chief of Springer’s LNCS Transac-
tions on Computational Science, Prof. Marina Gavrilova, University of Calgary,
Canada, for her continued support and for the opportunity to organize this spe-
cial issue. We hope that the readers will enjoy reading this special issue and find
it useful.
Acknowledgments: This work was also performed within the framework of the
IT4 Innovations Centre of Excellence project, reg. no. CZ.1.05/1.1.00/02.0070
by operational programme ‘Research and Development for Innovations’ funded
by the Structural Funds of the European Union and state budget of the Czech
Republic, EU.

October 2013 Ajith Abraham
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