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INTRODUCTION

Since the number of devices interconnected world-
wide is growing at so unprecedented a pace, the
orchestration of durable and resilient operation
of networked systems becomes critically sub-
stantial. Especially when analysed in the context
of network resiliency, such durability translates
into the provision of key features of reliability,
availability, safety, confidentiality, integrity, and
maintainability. For this reason, it became highly
valid to advocate for the integration of networking
with the rationale behind autonomic computing
in terms of self-configuration, self-optimisation,
self-healing, and self-protection. This way the
concept of Autonomic Cooperative Networking
was proposed not only to integrate and capitalise
on the above-mentioned building blocks, but, in
particular, to incorporate the notion of Autonomic
Cooperative Behaviour (Woédczak, 2014a). As
such, stemming from and being triggered by
the said Distributed Cooperative Relaying, the
Autonomic Cooperative Behaviour intends to
provide a mediation capability, not only aiming
to facilitate cooperation among devices, but es-
pecially to integrate the relevant routines of the
Optimised Link State Routing protocol. Conse-
quently, the said devices are expected to share
their computational capabilities and memory to
perform joint data processing for the benefit of
meeting the global performance indicators through
increased resiliency.

As such, the paradigm of autonomic system
design assumes that a networked system follow
the operating principles of the Human Autonomic
Nervous System and, thus, be able to self-manage
without any external intervention. Yet, given the
fact that autonomic designs are inherently char-
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acterised by their own field of applicability, by no
means should they be confused with the notion
of autonomous or automated operation. In other
words, while an autonomous development may,
onthe one hand, pertain to being stand-alone, and,
on the other hand, to being cognitive, the concept
of being automated is solely rooted in the opera-
tion of scripting. The difference in meaning does
not exclude, however, certain dose of synergy so
that autonomics could be supported through the
inclusion of autonomous and automated routines.
Following, to provide more details, the concept
of Cooperative Relaying will be described on the
basis of Virtual Antenna Arrays to pave the ground
for the incorporation of Network Layer routines
with special emphasis on the Optimised Link State
Routing Protocol and its inherent Multi-Point
Relay station selection heuristics. This way, such
a routing enabled cooperation will be translated
into Autonomic Cooperative Behaviour and inte-
grated with the entities of the Generic Autonomic
Network Architecture under the umbrella of Au-
tonomic Cooperative Networked System design
(Wbdczak, 2014).

BACKGROUND

As the number of globally interconnected devices
is becoming substantially large, the resulting net-
worked systems are getting prone to configuration
issues and resiliency becomes one of their key
characteristics. Following the rationale behind
self-management of autonomic computing, the
main trend in networking nowadays is to put
emphasis on the ability of a networked system
to self-configure, self-optimise, self-heal, and
self-protect without any explicit need for external
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human intervention. This is crucial, for complex-
ity reasons, as complete automation appears to be
the only reasonable and justified way forward.
In particular, devices may improve the related
system robustness by sharing their computational
resources through the application of cooperative
schemes having been elevated to the level of Au-
tonomic Cooperative Behaviour. For this reason
the autonomic system design behind the Generic
Autonomic Network Architecture was applied to
synergise both the concept of Virtual Antenna
Arrays and Multi-Point Relay station selection
heuristics of the Optimised Link State Routing
protocol, so that substantially large set-ups of de-
vices could be considered to imitate the operation
of Human Autonomic Nervous System. This was
achieved with the aid of Autonomic Cooperative
Networked System design allowing for the overall
system to be controlled by Decision Making Enti-
ties within Autonomic Control Loops.

SYSTEM COMPONENTS
Cooperative Relaying

Cooperative relaying, also known as coopera-
tive transmission, is undoubtedly one of the key
advancements in the realm of mobile commu-
nications intended to facilitate the mitigation
of the impairments induced and imposed by the
characteristics of radio propagation (Pabst, Walke,
Schultz, Herhold, Yanikomeroglu, Mukherjee,
Viswanathan, Lott, Zirwas, Dohler, Aghvami,
Falconer & Fettweis, 2004). Based on the as-
sumption that Relay Nodes (RN) are to assist
the process of transmission between the Source
Node (SN) and the Destination Node (DN), this
approach advocates that such a process be carried
out in two phases. As outlined in Figure 1, during
the first stage, both the DN and RN are assumed
to receive the transmitted signal. Only after that
may the RN additionally resend its copy towards
the DN in order to, potentially, improve the
transmission performance through the provision
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of the so desirable diversity (Doppler, Redana,
Woadczak, Rost & Wichman, 2009). In fact, there
are anumber of different variations of cooperative
relaying known and this idea may also be referred
to as cooperation diversity, cooperative diversity,
or coded cooperation (Herhold, Zimmermann &
Fettweis, 2004). In this work, however, the term
of cooperative transmission is preferred as the
most generic one (Wdodczak, 2012).

Going further, based on the work described
by (Laneman & Wornell, 2003) and according
to the later classification given in (Herhold,
Zimmermann & Fettweis, 2004), cooperative
transmission schemes may be categorised either
with regard to the forwarding strategy or proto-
col nature. Consequently, one may distinguish
the amplify-and-forward, decode-and-forward,
and decode-and-reencode categories. While the
amplify-and-forward class is normally referred
to as a non-regenerative approach, both its
decode-and-forward and decode-and-reencode
counterparts are typically named the regenerative
ones (Herhold, Zimmermann & Fettweis, 2004).
Additionally, the decode-and-reencode group may
be subdivided even further to encompass fixed,
adaptive, as well as feedback-based variations. One
of the most comprehensive solutions of this type is
know under the name of Virtual Antenna Arrays

Figure 1. Cooperative relaying
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