
Also in this issue: 

Keynote

Unconventional Computation  
by�Susan�Stepney�

Research�and�Innovation

Self-Organizing P2P Systems
Inspired by Ant Colonies
by�Carlo�Mastroianni

Simulation and Assessment of
Vehicle Control Network Systems
by�Alexander�Hanzlik�and�Erwin

Kristen

ERCIM NEWS
European Research Consortium
for Informatics and Mathematics
www.ercim.eu

Number 85, April 2011

Special theme: 

Unconventional

Computing 

Paradigms



Joint ERCIM Actions

ERCIM NEWS 85   April 20114

Contents

2 Editorial Information

KEYNOtE

2 Unconventional Computation
by Susan Stepney, Deptartment of Computer Science, and

Centre for Complex Systems Analysis, University of York

JOINt ERCIM ACtIONS

6 ERCIM “Alain Bensoussan” Fellowship Programme 
Announcement

7 AXES - A New ERCIM-managed Project

7 Nominate a promising young researcher for the 2011
ERCIM Cor Baayen Award!

8 fet11 - The European Future Technologies Conference
and Exhibition

9 ERCIM Opens to Multiple Members per Country

9 ERCIM MUSCLE Working Group at the World
Congress 2011

SPECIAL tHEME

This special theme section on “Unconventional

Computing Paradigms” has been coordinated by Jiri

Vala, National University of Ireland Maynooth and

Giancarlo Mauri, Università di Milano-Bicocca

Introduction to the Special Theme

10 Quantum Computing
by Jiri Vala

11 Molecular and Cellular Computing
by Giancarlo Mauri

Quantum Computing

12 Quantum Information and the Emergence of
Quantum Engineering
by Thomas Busch

13 Topological Quantum Computation: The
Quantum Knot in the Handkerchief
by Joost Slingerland

14 Algorithms via Quantum Random Walks
by Michael Mc Gettrick

15 Unentangled Quantum Proofs and their
Applications
by Ashley Montanaro

16 Position-Based Quantum Cryptography
by Harry Buhrman, Serge Fehr and Christian
Schaffner

18 High-Speed Quantum Key Distribution 
and Beyond
by Martin Stierle and Christoph Pacher

Molecular and Cellular Computing

20 Membrane Computing – Theory and Applications
by Marian Gheorghe

21 On Synthesizing Replicating Metabolic Systems
by Giuditta Franco and Vincenzo Manca

22 Semantics, Causality and Mobility in Membrane
Computing
by Oana Agrigoroaiei, Bogdan Aman and Gabriel
Ciobanu

23 From Energy-based to Quantum (inspired) P
systems
by Alberto Leporati

25 The Spanish Network on Biomolecular and
Biocellular Computing: Bio-inspired Natural
Computing in Spain
by Mario de Jesús Pérez Jiménez, Alfonso Ortega de
la Puente  and José M. Sempere

26 Expanding Formal Language and Automata
Theory: Bio-inspired Computational Models
by Erzsébet Csuhaj-Varjú and György Vaszil



ERCIM NEWS 85   April 2011 5

27 Capturing Biological Frequency Control of
Circadian Clocks by Reaction System
Modularization
by Thomas Hinze, Christian Bodenstein, Ines Heiland,
Stefan Schuster

29 Engineering with Biological Systems
by Fernando Arroyo, Sandra Gómez and Pedro Marijuán

30 Artificial Wet Neuronal Networks from
Compartmentalised Excitable Chemical Media
by Gerd Gruenert, Peter Dittrich and Klaus-Peter Zauner

33 New Robustness Paradigms: from Nature to
Computing
by Giancarlo Mauri and Ion Petre

34 Towards a Chemistry-Inspired Middleware to
Program the Internet of Services
by Jean-Louis Pazat, Thierry Priol and Cédric Tedeschi

35 Self-Organising Adaptive Structures: 
The Shifter Experience
by Carlos E. Cuesta, J. Santiago Pérez-Sotelo and
Sascha Ossowski

37 Alchemy of Services
by Claudia Di Napoli, Maurizio Giordano and Zsolt
Németh

38 BACTOCOM: Bacterial Computing with
Engineered Populations
by Martyn Amos and the BACTOCOM consortium

40 Bio-Sensors: Modelling and Simulation of
Biologically Sensitive Field-Effect-Transistors
by Alena Bulyha, Clemens Heitzinger and Norbert J
Mauser

RESEARCH ANd INNOVAtION

This section features news about research activities 

and innovative developments from European research

institutes

42 Self-Organizing P2P Systems Inspired by Ant
Colonies
by Carlo Mastroiann

43 Dialogue-Assisted Natural Language Understanding
for a Better Web
by Mihály Héder

45 Content-Based Tile Retrieval System
by Pavel Vácha and Michal Haindl

46 Intelligent Design of Multi-Device Service Front-
Ends with the Support of Task Models
by Fabio Paternò, Carmen Santoro and Lucio Davide
Spano

47 Training Crisis Managers in Strategic Decision-
Making 
by Amedeo Cesta, Gabriella Cortellessa, Riccardo De
Benedictis, and Keith Strickland

48 Security and Resilience in Cognitive Radio Networks
by Vangelis Angelakis, Ioannis Askoxylakis, Scott
Fowler, David Gundlegård,  Apostolos Traganitis and Di
Yuan

50 Smart Cameras for Cities of the Future:
Simultaneous Counting of Pedestrians and Bikes
by Ahmed Nabil Belbachir, Norbert Brändle and
Stephan Schraml

51 Simulation of Urban Traffic including Bicycles
by Jelena Vasic and Heather J. Ruskin

53 Simulation and Assessment of Vehicle Control
Network Systems
by Alexander Hanzlik and Erwin Kristen

55 Filling the Gap between ICT and HydroMeteo
Research Communities: the DRIHMS Project
by Alfonso Quarati, Nicola Rebora, Michael Schiffers

56 The SOCIETIES Project: Combining Pervasive
Computing with Social Networks
by Kevin Doolin, Pierfranco Ferronato and Stefania
Marrara 

EVENtS

58 German-Austrian W3C Office at DFKI 

58 Euro-India cooperation in Future Internet Research
Experiments 
by Sathya Rao 

60 DL.org Workshop on Digital Libraries, Open Access
and Interoperability Strategies
by Stephanie Parker, Giuseppina Vullo

61 Announcements

IN BRIEf

63 German Climate and Environment Innovation Prize
for Researchers at Fraunhofer SCAI

63 E-services for the Elderly at Home

63 Van Wijngaarden Award 2011 for Éva Tardos and
John Butcher

63 CWI Spin-off Company VectorWise sold to Ingres



ERCIM NEWS 85   April 2011 33

Computing resources in modern society,
especially in Europe, are widely available
and range from fixed resources (such as
desktop computers, servers, game con-
soles, infrastructure systems), to mobile
resources (such as portable computers,
smartphones, car navigation systems), to
virtual resources (also called cloud-based
resources). Computer science is taking
notice of these new technological devel-
opments and has started adapting its cen-
tral computing paradigms from central-
ized, pre-programmed solutions to decen-
tralized, emerging solutions, able to take
advantage of the variety of resources that
may be available during computations. 

The goal of this new approach is to make
possible environments where computing
resources of many types are smoothly
integrated into on-going computations,
even if each resource is only sporadically
available. An example of such an envi-
ronment is that of a future smart trans-
portation system, where each car has its
own goals (such as reaching its destina-
tion given a number of constraints: some
compulsory intermediate route points, a
maximum duration of the trip, a max-
imum energy consumption, and others),
and it interacts with its environment to
reach its goal. The interaction may
involve local communication with other
cars to gather and distribute information
about the traffic situation (such as traffic
jams, accidents, alternative routes) and
with the transportation infrastructure
itself on aspects such as road repairs,
speed limits and weather predictions.
Collective decentralized decisions may
be taken ad-hoc in this environment,
such as collective actions to avoid immi-
nent collisions or increased traffic jams,
involving changes of the constraints,
which in turn will affect the goals of each
car and the decision they make further.
The system has no central server to over-
look the computation, but rather it is self-

organizing and attempts to self-optimize
on the basis of brief ad-hoc interactions
between the actors and on decentralized
decision making. 

The robustness in decentralized sys-
tems, with self-organizing, emerging
architecture, cannot be achieved through
top-down structural designs that
include, as in “classical computing”,
well specified control and through pre-
programmed responses to various
(fixed) failure scenarios, typically based
on fixed network architecture. Instead,
the focus is on dynamic activation of
computing resources, dynamic decision
making, and self-adaptation, all
emerging from processors of weak (non-
universal) computing power and of spo-
radic availability. Biology serves here as
an ideal source of inspiration. Biological
robustness is typically implemented
through mechanisms such as multiple
feedback loops, alternative pathways
and function redundancy, taking advan-
tage of an environment where many  dif-
ferent types of particle are constantly
present. Cellular robustness manifests
through self-repair mechanisms, the
ability to mount efficient responses to
changes in the environment, tolerance
for broad parameter spaces, multiple
response pathways, etc. We work on
taking these lessons from computational
systems biology, and applying them to
the design of novel paradigms of com-
puting based on large numbers of
processors, each having limited power
and with sporadic availability. Indeed,
emerging computing platforms, such as
Internet-based computing, or cloud
computing offer a perspective where
high computing power can be made
available on demand. We aim to expand
beyond the typical distributed com-
puting paradigm where the network
architecture and the communication
mechanisms are fixed, and each

processor is capable of universal com-
putations, towards a paradigm where
processors of limited power are able to
engage in ad-hoc communications and
cooperation with any available partner,
and where the computing power
engaged in a specific task can be
increased or decreased dynamically
depending on the evolution of the com-
putation. The inspiration again comes
from biology, where enzymes, catalysts,
transcription factors, etc can be made
available on-demand in large quantities,
and then released for other tasks once
they are not anymore needed.

This research is carried out in collabora-
tion with Diego Liberati (CNR, Italy),
Alessandro Villa (University of
Lausanne, Switzerland), Tatiana Guy
(Institute of Information Theory and
Automation, Academy of Sciences of
the Czech Republic), and Jüri Vain
(Tallinn University of Technology).
Other parts of the project focus on bio-
inspired cooperation and interaction for
decentralized decision making, brain-
inspired evolvable networks for deci-
sion making, and on applications to
robot swarm systems. The multi-disci-
plinary character of the project makes
the enterprise possible through the com-
bined, multi-disciplinary expertise of
the consortium members, spanning
from computer science to biomedicine,
information systems, and neuroscience. 

Please contact:
Giancarlo Mauri
Universita di Milano-Bicocca, Italy
E-mail: mauri@disco.unimib.it
http://www.bio.disco.unimib.it/~mauri/

Ion Petre
Åbo Akademi University, Turku,
Finland
E-mail: ipetre@abo.fi
http://www.users.abo.fi/ipetre/

New Robustness Paradigms: 
from Nature to Computing 
by Giancarlo Mauri and Ion Petre

In�the�intracellular�and�the�intercellular�environment�we�observe�architectural�designs�and�dynamical

interactions�that�are�very�different�to�those�in�human-designed�systems:�particles�that�are�partly�transported�and

partly�move�chaotically;�fierce�competition�for�resources;�a�vital�need�to�respond�fast,�yet�efficiently,�to�external

stimuli;�etc.�Many�details�about�the�system-level�motifs�responsible�for�robustness,�performance,�and�efficiency

in�living�cells�have�been�discovered�in�the�last�decade�within�computational�systems�biology.�We�are�currently

working�on�applying�the�lessons�learned�from�the�robust�organization,�functioning,�and�communication

strategies�of�living�cells�to�computing,�and�on�integrating�them�into�the�design�of�a�novel�computing�paradigm.�
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