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Introduction

In transport networks, synchronous digital hierarchy
(SDH) or Synchronous Optical Network (SONET)
represent the classic transport protocols. Others include
asynchronous transfer mode (ATM), Internet Protocol
(IP) or plesiochronous digital hierarchy (PDH). On the
physical level, wavelength-division multiplexing
(WDM) is used for point-to-point connections to
satisfy the demand for transport capacity. The
introduction of an optical path (OP) layer1 has been
proposed where the routing of optical channels is
realised in the optical domain by wavelength routing.
Two approaches can be applied in order to design
a communication network. The first one is
connection-based, i.e. the routing will be computed
for every connection. The second is structure-based –
the network will be built up from blocks like rings or
meshes. Several architectures that are based on regular
topologies for all-optical networks (for example, the
coloured section ring2) or meshed topologies (for
example, the Gridconnect3) have been proposed and
investigated. These concepts use a certain fibre
topology and a homogeneous traffic matrix.
The mapping of the real-world topologies and the
traffic demand on regular structures is a challenging task
due to the many degrees of freedom. Jäger proposed a
mapping for the Gridconnect that has the disadvantage
of high computational complexity.4 In the work of
O Komolafe and D Harle, an interesting approach using

a genetic algorithm to embed the Manhattan Street
Network (MSN)5 in a network has been investigated.6
A survey on virtual topology design algorithms can be
found in the work of R Duttra and G N Rouskas.7
The aim of this article is to present an optimised,
semi-heuristic algorithm with rather low complexity
for the mapping of arbitrary topology and traffic
pattern on a mesh of rings. It has been tested with a
case study. Only the ring identification and the
routing in the logical network are investigated. No
particular realisation of the rings itself will be
considered here. Therefore, for example, the
mapping of the resulting channels to distinct
wavelengths will not be treated, but could easily be
integrated in the algorithm by adding an additional
layer and using one of the known algorithms for
wavelength allocation, for example, ‘First-Fit’. For
the same reason, protection has been neglected even
though this is the main reason for introducing rings.
The article begins by introducing a multilayer graph
model. For the optimisation process, ‘simulated
annealing’ (SA) is used. The results for the PanEuropean Network are then analysed for different
maximal ring sizes. The short summary at the end
includes an outlook of further work.
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Multilayer Graph Model

For the description of the network, a three-layer
graph model is used (see Figure 1). The lower layer,
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The Optimisation Process

Figure 1: Three-layer Graph Model
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Ring configuration layer

which is referred to as the ring configuration layer,
contains the real network nodes and the real fibre
topology. The actual configuration is a set of rings.
Each ring consists of a set of nodes and edges of the
network. A ‘face’ is the smallest possible ring in a
network. By using the face concept, it is possible to
construct rings in a systematic way with low
complexity. The enlargement of a ring involves
adding further faces, while shrinking is achieved by
deleting faces.8
The second layer is the virtual network layer. It
describes the effective logical topology, which results
from the set of rings of the lower layer. Here, for
every connection request of the traffic matrix, a path
through this logical network has to be found. Every
ring in the lower layer is translated into a complete
graph of the virtual network layer. In a complete
graph, a direct link exists between every node pair.
Nodes that belong to several rings create multiple
copies in the effective graph, where all copies are
connected by a bridging link. This layer would
represent the OP layer, when an all-optical
realisation is used for the rings. The third layer is the
ring connection layer. Every ring in the
configuration is represented by one node. For each
network node that belongs to two or more rings an
edge between the corresponding ring nodes has to be
added. The routing for hop-connections that travel
through several rings is computed using this
representation, which reduces the complexity
significantly. In the example in Figure 1, a
configuration with four rings on a given network
topology is depicted.
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The general aim is to minimise the ring configuration
and the routing on the virtual network with respect
to a given objective function so that all traffic
demands are fulfilled and the boundary conditions –
for example, the capacity per link – are not violated.
For the optimisation process, the evaluation of the
configuration is of crucial importance. Here, the
design strategy for the network has to be incorporated.
In this work, the cost for a configuration Ccfg = Cr +
Cp is composed of two parts as follows:
• cost Cr of the realisation for the configuration, for
example, the sum of the distance for all paths or a
constant for every existing ring; and
• cost Cp for the violations of boundary conditions,
for example, the excess of the maximal
ring size.
Due to the high degrees of freedom in network
optimisation problems, it is not possible to compute
all of the configurations to find the optimum
solution, therefore, approximation methods must be
relied on. One well-known method that has
succeeded in solving this class of problem is SA. Any
other known optimisation method, such as tabusearch or genetic optimisation, which are not trapped
in local minima, could also be used. Beginning
with a valid start configuration, in every step, a
neighbour configuration is derived from the actual
configuration by choosing at random one of the
following operations:
• adding one face to one of the rings;
• creating a new ring with a random face;
• deleting a face of a ring – when there are no faces
left, the ring is destroyed; and
• changing the order in which the hop connections
are assigned.
In order to speed up the optimisation process,
the probabilities for the different operations may
be adapted.
The objective function for the actual configuration
and the neighbour configuration are compared.
When the cost for the neighbour configuration
Cncfg is lower than for the actual configuration
Ccfg, it is accepted, otherwise, only with a certain
probability, which decreases during the optimisation
procedure. This prevents it being trapped in a local
minimum of the objective function.
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Figure 2: Configuration Cost (a) and Inter-ring and Hop Connections (b) for Different Maximum Ring Sizes
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A Case Study for the ‘Pan-European
Network’ of the COST 239 Project

In the framework of the European research action
Cooperation europeenne dans le domaine de la
recherche Scientifique et Technique (European
Cooperation in the Field of Scientific and Technical
Research) (COST) 239, several case studies for a PanEuropean network have been performed.9 Using the
COST 239 scenario as a test example, 348 connections
in total had to be established. The optimisation process
required 615 steps to find the final configuration with
only four rings. This has a total cost of 1,217. The rings
may handle most of the connections and only 10 hopconnections are necessary. On average, every node
belongs to 2.82 rings. The mean ring-size nmean = 7.75
is close to the imposed maximum of nmax = 8.
In Figure 2a, the cost for the resulting ring
configuration is depicted as a function of the
maximum ring size. The label ‘NL’ indicates that there
has been no limit on the size of a ring. For every
parameter that has been set, five realisations have been
calculated to estimate the variations among different
outcomes. As expected, with increasing ring size, the
cost for the realisation decreases. For rings that are
larger than eight nodes, the results are similar and
further improvement may not be achieved. This is due
to the fact that only 11 nodes are present in the COST
239 network. The variation among the different
realisation costs is of the order of 15% and may be
further lowered by a longer optimisation process.
With larger rings, it is possible to satisfy more
connections in the rings – circles and left axis – in
Figure 2b and to achieve less hop-connections – stars
and right axis. For rings that are larger then seven
nodes, most of the connections can be handled by
inter-ring connections. The algorithm allows the
treatment of networks with up to 100 nodes on
standard PC hardware.
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Conclusions and Outlook

A three-layer graph model with a ring configuration
layer, a network layer and a ring routing layer has
been presented. The use of faces as building blocks
allows for a systematic and efficient description of the
ring configuration. The allocation of the connections
for the traffic demands takes place on the resulting
effective network. The computation of the routing
can be speeded up by introducing the ring
connectivity layer and by performing the routing of
the hop-connections on this layer. SA is used to
optimise the ring configuration with respect to an
objective function, in which boundary conditions
can be incorporated. It is possible to map an arbitrary
network topology and traffic demand on a mesh of
rings network. The algorithm has been tested with
the COST 239 Pan European case study. To find a
good realisation for this network, only 400 to 700
steps are needed.
A specific realisation of the rings has not been treated
until now. The method can be extended easily to
incorporate an additional layer for the wavelength
paths. This would enable, for example, an optimisation
with respect to the number of necessary wavelengths or
the treatment of the wavelength allocation problem. ■
Acknowledgements

The author is grateful to Dr J Kemper for carefully reading
the manuscript and his various suggestions. The author would
also like to thank Professor P Leuthold, Director of the
Communication Technology Laboratory, ETH Zürich, for
his support. This work has been carried out in the framework
of the COST 266 action, which was partly founded by the
Swiss BBW (Bundesamt für Bildung und Wissenschaft).
A longer version of this article may be found in the
Reference Library on the CD-ROM accompanying this
business briefing.

157

