
Lecture Notes in Computer Science 6825
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

Madhu Sudan
Microsoft Research, Cambridge, MA, USA

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



Pietro Liò Giuseppe Nicosia
Thomas Stibor (Eds.)

Artificial
Immune Systems

10th International Conference, ICARIS 2011
Cambridge, UK, July 18-21, 2011
Proceedings

13



Volume Editors

Pietro Liò
University of Cambridge, Computer Laboratory, William Gates Building
15 JJ Thomson Avenue, Cambridge CB3 0FD, UK
E-mail: pl219@cam.ac.uk

Giuseppe Nicosia
University of Catania, Department of Mathematics and Computer Science
Viale A. Doria, 6, 95125 Catania, Italy
E-mail: nicosia@dmi.unict.it

Thomas Stibor
Technische Universität München, Fakultät für Informatik
Boltzmannstraße 3, 85748 Garching, Germany
E-mail: thomas.stibor@in.tum.de

ISSN 0302-9743 e-ISSN 1611-3349
ISBN 978-3-642-22370-9 e-ISBN 978-3-642-22371-6
DOI 10.1007/978-3-642-22371-6
Springer Heidelberg Dordrecht London New York

Library of Congress Control Number: 2011931422

CR Subject Classification (1998): I.6, I.2, J.3, F.1, F.2, I.5

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

© Springer-Verlag Berlin Heidelberg 2011

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.
The use of general descriptive names, registered names, trademarks, 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.

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)



Preface

The subject of artificial immune systems (AIS) is a maturing area of research
that bridges the disciplines of immunology, computer science, and engineering.
The scope of AIS ranges from modelling and simulation of the immune sys-
tem through to immune-inspired algorithms and engineering solutions. In recent
years, algorithms inspired by theoretical immunology have been applied to a
wide variety of domains, including machine learning, computer security, fault
tolerance, bioinformatics, data mining, optimization, and synthetic biology. In-
creasingly, theoretical insight into aspects of artificial and real immune systems
has been sought through mathematical and computational modelling and anal-
ysis. This vigorous field of research investigates how immunology can assist our
technology, and along the way is beginning to help biologists understand their
unique problems.

AIS researchers are now forming their own community and identity. The In-
ternational Conference on Artificial Immune Systems is proud to be the premier
conference in the area. As its organizers, we were honored to have such a variety
of innovative and original scientific papers presented this year.

ICARIS 2011 was the tenth international conference dedicated entirely to the
field of AIS. It was held in the UK, at the prestigious University of Cambridge,
during July 18–21, 2011.

With respect to the previous editions, ICARIS 2011 had some new and excit-
ing features. For this edition we organized and managed two distinct Programme
Committees: Programme Committee for Computational Immunology and Im-
munoinformatics and Programme Committee for Immunological Computation,
Immune-Inspired Engineering, Immune-Inspired Metaheuristics, comprising 117
Programme Committee members and 12 external reviewers.

There were five plenary lectures by Arup Chakraborty, MIT, USA; Jonathan
Jones, Sainsbury Laboratory, UK; Andrew Phillips, Microsoft Research Cam-
bridge, UK; Rino Rappuoli, Novartis, Italy; and Jon Timmis, University of York,
UK. Moreover, the Organizing Committee devoted several special sessions to
the topic of “Immunoinformatics and Computational Immunology.” Immunoin-
formatics is a new discipline that aims to apply computer science techniques to
molecules, cells, and organs of the immune system and to use bioinformatics and
systems biology tools for a better understanding of the immune functions.

We had more submissions than ever this year, and each manuscript was inde-
pendently reviewed by at least four members of the Programme Committee in a
blind review process. In these proceedings there are 36 papers written by leading
scientists in the field, from 38 different countries in 5 continents, describing an
impressive array of ideas, technologies, algorithms, methods, and applications
for AIS.



VI Preface

We could not have organized this conference without these researchers, so we
thank them all for coming. We also could not have organized ICARIS without
the excellent work of all of the Programme Committee members, stream leaders,
Publicity Chairs, and Organizing Committee members.

We would like to express our appreciation to the keynote and tutorial speakers
who accepted our invitation, and to all authors who submitted research papers
to ICARIS 2011.

July 2011 Pietro Liò
Giuseppe Nicosia

Thomas Stibor
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