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Preface

The complex behavior of systems in nature is rooted in intricate mechanisms of
interactions that, although having factors in common with human-made systems
of computation, often supersede them in terms of reliability, power efficiency, and
computational capacity. It is thus no surprise that natural systems have become
the inspiration of novel algorithms that are based on nonstandard computational
mechanisms.

The International Workshop on Natural Computing (IWNC) is focused on
theoretical and experimental studies of nature-inspired principles of informa-
tion processing, novel and emerging paradigms of computation and computing
architectures, and case studies of simulated or real-world computing devices im-
plemented in biological, social, chemical, engineering and physical systems. Top-
ics include cellular automata, DNA computation, the physics of computation,
computation in living cells, nanocomputing, artificial chemistry, swarm systems,
evolutionary computing, reaction-diffusion processors, plasmodium computers,
neural networks, chaotic systems, noise-driven computation, and others.

The goal of the IWNC is to offer computer scientists, biologists, mathemati-
cians, electronic engineers, physicists, and social scientists a platform to critically
assess present findings in the field, and to outline future developments in nature-
inspired computing.

This year’s workshop hosted, for the first time, a special session on Unconven-
tional Models of Communication. The reason for this is that the characteristics
making natural systems so interesting for computation also offer important hints
for the design of communication systems. A fundamental research challenge in
this context is the design of robust decentralized communication systems capable
of operating in changing environments with noisy input.

IWNC is organized annually and the details of the past three meetings are
as follows:

– December 14-15, 2006: University of the West of England, Bristol, UK
– December 10-13, 2007: Nagoya University, Nagoya, Japan
– September 23, 2008: Yokohama National University, Yokohama, Japan

The latest workshop, held in Himeji, Japan, September 23-25, 2009, brought
together more than 70 distinguished researchers (from more than 15 countries)
with a wide variety of backgrounds working in the field of natural computing.
The workshop involved the cooperation between the institutions of the members
of the organizing committee, i.e., the National Institute of Information and Com-
munications Technology (NICT), Osaka Electro-Communication University, and
the University of Hyogo, Himeji, all located in Japan.

This volume contains 19 refereed papers for oral presentation, and 14 refereed
papers for poster presentation, as well as four invited papers and six papers from
invited speakers of worldwide reputation. The special session on Unconventional
Models of Communication included one invited talk (by Masayuki Murata) and
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two presentations (by Sasitharan Balasubramaniam et al. and by Yuki Moritani
et al.) as part of the invited papers. The special session was organized by Naoki
Wakamiya and Kenji Leibnitz, both from Osaka University in Japan, and we
would like to express our gratitude for their efforts in making it a great success.

Each paper was reviewed by three members of the program committee. We
are extremely grateful to the reviewers, whose expertise and efficiency guaranteed
the high quality of the workshop.

We would like to take this opportunity to express our sincere thanks to the
invited speakers and the presenters of invited papers for having accepted our
invitations to present their research. The invited speakers were:

– Anirban Bandyopadhyay of the National Institute of Materials Science
(NIMS; Japan)

– Laszlo B. Kish of Texas A&M University (USA)
– Bruce J. MacLennan of the University of Tennessee (USA)
– Masayuki Murata of Osaka University (Japan)
– Toshio Nakagaki of Hokkaido University (Japan)
– Milan N. Stojanovic of Columbia University (USA)

The presenters of invited papers were:

– Sasitharan Balasubramaniam of the Waterford Institute of Technology
(Ireland)

– Andrew Kilinga Kikombo of Hokkaido University (Japan); paper not
included in this proceedings

– Jia Lee of NICT (Japan) and Chong-Qing University (China)
– Yuki Moritani of NTT DoCoMo (Japan)
– Manish Dev Shrimali of the LNM Institute of Information Technology (India)

We would like to thank those authors who showed interest in IWNC 2009 by
submitting their papers for review. It is a pleasure to express our sincere thanks
to our colleagues in the Program Committee and the International Steering Com-
mittee. This workshop would not have been possible without their help, advice,
and continuous encouragement. We would also like to express our gratitude to
Naotake Kamiura of the University of Hyogo in Japan, who provided us with
valuable advice and support concerning the organization of the workshop.

Finally, the organization of IWNC 2009 was made possible thanks to finan-
cial and technical support from the National Institute of Information and Com-
munications Technology (NICT), Osaka Electro-Communication University, the
University of Hyogo in Himeji, the city of Himeji, the Himeji Convention & Visi-
tors Bureau, the Support Center for Advanced Telecommunications Technology
Research (SCAT), and the Society of Instrument and Control Engineers (SICE),
all located in Japan.

November 2009 Ferdinand Peper
Hiroshi Umeo

Nobuyuki Matsui
Teijiro Isokawa



Organization

4th IWNC (IWNC2009) Organization

Organizing Committee

Chair Ferdinand Peper NICT (Japan)
Co-chair Hiroshi Umeo Osaka Electro-Communication

University (Japan)
Co-chair Nobuyuki Matsui University of Hyogo (Japan)
Conference Secretary Teijiro Isokawa University of Hyogo (Japan)

International Streeing Committee

Andrew Adamatzky University of West-England, UK
Cristian Calude The University of Auckland, New Zealand
Masami Hagiya Tokyo University, Japan
Nobuyuki Matsui University of Hyogo, Japan
Kenichi Morita Hiroshima University, Japan
Ferdinand Peper NICT, Japan
Grzegorz Rozenberg Leiden University, The Netherlands
Yasuhiro Suzuki Nagoya University, Japan
Hiroshi Umeo Osaka Electro-Communication University,

Japan

Program Committee

Susumu Adachi (Japan)
Hiroyasu Andoh (Japan)
Masanori Arita (Japan)
Takaya Arita (Japan)
Tetsuya Asai (Japan)
Daniela Besozzi (Italy)
Ed Blakey (UK)
Peter Dittrich (Germany)
Nazim Fatès (France)
Giuditta Franco (Italy)
Katsunobu Imai (Japan)
Teijiro Isokawa (Japan)
Osamu Katai (Japan)
Satoshi Kobayashi (Japan)
Eisuke Kita (Japan)

Jia Lee (NICT, Japan)
Kenji Leibnitz (Japan)
Jian-Qin Liu (Japan)
Vincenzo Manca (Italy)
Nobuyuki Matsui (Japan)
Giancarlo Mauri (Italy)
Makoto Naruse (Japan)
Haruhiko Nishimura (Japan)
Katsuhiro Nishinari (Japan)
Yasumasa Nishiura (Japan)
Marion Oswald (Austria)
Ferdinand Peper (Japan)
Hiroki Sayama (USA)
Tatsuya Suda (USA)
Yuki Sugiyama (Japan)



VIII Organization

Hideaki Suzuki (Japan)
Yasuhiro Suzuki (Japan)
Junji Takabayashi (Japan)
Christof Teuscher (USA)
Keiichiro Tokita (Japan)
Kazuto Tominaga (Japan)
Kazunori Ueda (Japan)

Hiroshi Umeo (Japan)
Naoki Wakamiya (Japan)
Masayuki Yamamura (Japan)
Masafumi Yamashita (Japan)
Kenichi Yoshikawa (Japan)
Claudio Zandron (Italy)
Klaus Peter Zauner (UK)

Sponsoring Institutions

National Institute of Information and Communications Technology (NICT),
Japan

Osaka Electro-Communication University, Japan
University of Hyogo, Japan
Himeji City, Japan
Support Center for Advanced Telecommunications Technology Research (SCAT),

Japan
The Society of Instrument and Control Engineers (SICE), Japan



Table of Contents

Invited Talks

Investigating Universal Computability of Conventional Cellular
Automata Problems on an Organic Molecular Matrix . . . . . . . . . . . . . . . . . 1

Anirban Bandyopadhyay, Rishi Bhartiya, Satyajit Sahu, and
Daisuke Fujita

Noise-Based Logic and Computing: From Boolean Logic Gates to Brain
Circuitry and Its Possible Hardware Realization . . . . . . . . . . . . . . . . . . . . . 13

Laszlo B. Kish, S.M. Bezrukov, S.P. Khatri, Z. Gingl, and
S. Sethuraman

Models and Mechanisms for Artificial Morphogenesis . . . . . . . . . . . . . . . . . 23
Bruce J. MacLennan

Biologically–Inspired Network Architecture for Future Networks . . . . . . . 34
Masayuki Murata

Foraging Behaviors and Potential Computational Ability of
Problem-Solving in an Amoeba . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

Toshiyuki Nakagaki

Two Molecular Information Processing Systems Based on Catalytic
Nucleic Acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

Milan Stojanovic

Invited Papers

The Effect of Community on Distributed Bio-inspired Service
Composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Raymond Carroll, Sasitharan Balasubramaniam,
Dmitri Botvich, and William Donnelly

Efficient Computation in Brownian Cellular Automata . . . . . . . . . . . . . . . . 72
Jia Lee and Ferdinand Peper

A Molecular Communication System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Yuki Moritani, Satoshi Hiyama, and Tatsuya Suda

Properties of Threshold Coupled Chaotic Neuronal Maps . . . . . . . . . . . . . 90
Manish Dev Shrimali



X Table of Contents

Contributed Papers

Implementation of Rotary Element with Quantum Cellular
Automata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Susumu Adachi

Universal 2-State Asynchronous Cellular Automaton with
Inner-Independent Transitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

Susumu Adachi, Jia Lee, and Ferdinand Peper

Effect of Population Size in Extended Parameter-Free Genetic
Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

Susumu Adachi

Temperature Effects on Olive Fruit Fly Infestation in the FlySim
Cellular Automata Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125

Vincenzo Bruno, Valerio Baldacchini, and Salvatore Di Gregorio

Computing by Observing Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133
Matteo Cavaliere and Peter Leupold

Robustness of the Critical Behaviour in a Discrete Stochastic
Reaction-Diffusion Medium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

Nazim Fatès and Hugues Berry

Quantifying the Severity of the Permutation Problem in
Neuroevolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

Stefan Haflidason and Richard Neville

Extending the Geometrical Design of DNA Nanostructures . . . . . . . . . . . . 157
Shogo Hamada and Satoshi Murata

An Optical Solution for the Subset Sum Problem . . . . . . . . . . . . . . . . . . . . 165
Masud Hasan, S.M. Shabab Hossain, Md. Mahmudur Rahman, and
M. Sohel Rahman

Design of True Random One-Time Pads in DNA XOR Cryptosystem . . . 174
Miki Hirabayashi, Hiroaki Kojima, and Kazuhiro Oiwa

On Designing Gliders in Three-Dimensional Larger than Life Cellular
Automata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

Katsunobu Imai, Yasuaki Masamori, Chuzo Iwamoto, and
Kenichi Morita

Instability of Collective Flow in Two-Dimensional Optimal Velocity
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191

Ryosuke Ishiwata and Yūki Sugiyama
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