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I INTRODUCTION

The energy consumption of IT and communication
infrastructure is dramatically increasing. In the year 2000 the
power consumption of servers, routers, and PCs in Germany
was about 5 billion kWh per year [1]. For the year 2010 a
power consumption of more than 55 billion kWh per year is
expected for the IT and communication infrastructure in
Germany [2]. In the face of global warming the reversal of this
trend is a declared political goal. Future networks and their
respective infrastructures have to be structured in a way that
inherently supports an energy-efficient operation.

To achieve energy efficiency in future network
infrastructures, a fundamental paradigm - the economic
principle [3] — has to be applied contrariwise. Currently, the
maximization principle (fixed input, maximum output) is
usually applied as goal of the resource management in
conventional network infrastructures. Fixed resources
(available hardware and energy) are exploited to maximize the
benefit (e.g. in terms of QoS, security, or throughput).
However, the complementary minimization principle (fixed
output, minimum input) is needed as goal of the resource
management to achieve an energy-efficient operation of
available hardware. Using this approach, a fixed benefit (e.g. a
determined QoS) is made available by using a minimal set of
resources (hardware and energy).

1. METHODS TO INCREASE ENERGY EFFICIENCY

In addition to the deployment of newest energy-efficient
hardware, an approach to increase energy efficiency, currently
mainly employed in data centers, is server consolidation [4]
through service virtualization. Virtualization is used to
partition computational resources and allows for sharing of
hardware. Services often need just a small fraction of the
computational resources of a server [5]. Such services can be
virtualized and run within a virtual machine. Depending on
their resource demands, several virtual machines can run on a
single hardware (server consolidation). This leads to less
hardware needed and a higher utilization of the hardware. This
consolidation of shared hardware enables energy efficiency,
measured as the work load per consumed energy [6] and it
appears feasible to envision a corresponding efficiency for
future network environments.

A further improvement in energy efficiency can be achieved
through the extension of server consolidation by an

autonomous and energy-aware management of physical and
virtual resources. On the one hand this management is based
on an energy-related monitoring of these resources which
provides information like e.g. the temperature, the power
consumption, and the utilization of single hardware
components. On the other hand also a machine-readable
description of virtualized services and their energy efficiency
properties is needed. Based on this information the
management system moves virtualized services from lowly
utilized or energy-inefficient hardware to another and can turn
of or hibernate the wunused hardware. Moreover,
communication and application layer services have to be
analyzed, regarding their energy-efficient support of network
elements and their features. The main goal is to redesign the
services and protocols in a way that the permanent
accessibility of all virtual or physical entities is not a
precondition for the availability of certain network services.

I1l.  CONCLUSION

One approach to achieve an energy-efficient Future Internet is
to virtualize entire networks as described in [7]. Consolidation
in this context should provide savings similar to those seen
today in data centers. However, the detailed implications of
such an approach still have to be investigated.
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