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Computer systems are characterized by an ever-growing

complexity and a pronounced distributed nature. Since

controlling highly distributed systems and managing the

communication among them are far beyond the capabilities

of a central entity, it is essential to develop new decen-

tralized architectures. Such architectures, for example

Grids, Clouds and P2P systems, are increasingly popular,

but they need new types of algorithms to be efficiently

managed.

The recent paradigm of Organic computing (OC) con-

cerns a large collection of intelligent (embedded) systems

with potentially unlimited networks and spontaneous local

interactions (Merkle et al. 2008; Müller-Schloer et al.

2011). The goal of OC is to develop new concepts and tools

to manage the complexity of such systems, which must be

designed to be adaptive, self-organized and manageable at

the same time (Schmeck 2005). Adaptive OC systems must

be capable of learning and adjusting their behaviour to

dynamically changing environments. In addition, they

should have self-x properties such as self-healing, self-

defining, self-configuring and self-optimizing. These

properties are inspired by the mechanisms used by the

autonomic nervous system to regulate the body without

conscious input from the individual. Bio-inspired algo-

rithms and techniques feature fault-tolerant and self-adap-

tive behaviours that help to boost the autonomic nature of

distributed systems (Germain-Renaud and Rana 2009), and

are proving effective to solve highly parallel and distrib-

uted problems. These techniques sometimes rely on the

operations of agents, whose behaviour is inspired by bio-

logical systems, including ant colonies, bird flocks, honey

bees, bacteria, and many more. In such systems, ‘‘swarm

intelligence’’ emerges from the interaction of a large

number of very simple agents.

Bio-inspired algorithms have been successfully used as

alternative and/or superior solutions to the problems that

traditional algorithms cannot solve satisfactorily. In rec-

ognition of their achievements and potential, bio-inspired

algorithms were named one of Scientific American maga-

zine’s 10 ‘‘World Changing Ideas 2010’’. Bio-inspired

algorithms and systems are applied to hard and large

problems in a variety of areas. Some examples are opti-

mization problems solved with genetic algorithms, routing

strategies inspired by honey bee behaviour, ant-inspired

resource discovery and data mining computations in Grid,

Cloud and P2P frameworks, and so on.

The papers included in this special issue show recent

results in the area of bio-inspired distributed computing.

The authors presented their preliminary works in the 3rd

Workshop on Bio-Inspired and Self-* Algorithms for

Distributed Systems, BADS 2011 (Folino et al. 2011),

which was held together with the International Conference

on Autonomic Computing (ICAC 2011) in Karlsruhe,

Germany, in June 2011. The three papers were first

selected among the papers presented in BADS 2011; then,

they were extended and refined through two rounds of

reviews.

The paper ‘‘Protein structure prediction using distributed

parallel particle swarm optimization’’, by Ivan Kondov,

demonstrates the efficiency of the standard Particle swarm

optimization (PSO) algorithm in the hard task of finding
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the folded state of two proteins starting from completely

extended conformations. Experimental results confirm that

the predicted structure of the larger protein is in good

agreement with the structure provided from the Protein

Data Bank. The advantage of the distributed approach

consists in the capacity to speed up the simulation linearly

with the number of workers and to considerably reduce the

prediction time without loss of accuracy.

In the paper ‘‘Description and composition of bio-

inspired design patterns: a complete overview’’, by Jose

Luis Fernandez Marquez et al., the authors observe that

bio-inspired self-organizing mechanisms have been applied

to different domains, achieving results beyond traditional

approaches, and intend to respond to the needs for an

ensemble overview of such mechanisms in terms of mod-

ular and reusable design patterns organized into different

layers. The paper provides additional hints for selecting

and using the appropriate design pattern for any specific

application domain.

The paper ‘‘The grid, the load and the gradient: a bio-

inspired approach to load balancing’’, by Amos Brocco,

presents a fully distributed load balancing mechanism,

called Ozmos, which aims at increasing the efficiency of

distributed computing systems through peer-to-peer inter-

action between nodes. The algorithm exploits the work of

ant-like agents, which spread information among the nodes

of a Chord-like overlay and reschedule tasks from over-

loaded nodes to lightly loaded ones. The performance

results reported in the paper show that the approach allows

the load to be effectively balanced, both with homogeneous

and heterogeneous resources.

Although it was not explicitly planned for, all contri-

butions involved young researchers in or just after their

PhD studies. This is yet another indication of the liveliness

and potential of the field and generates prospects of inter-

esting results to be produced in the future.
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