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Abstract This paper focuses on the impact that energy-
ef cient techniques have on the component lifetime in optical
backbone networks. The study presented in the paper considers
in particular the in uence that green routing strategies have on
the failure rate of Erbium Doped Fiber Ampli ers (EDFAS),
i.e., if their lifetime is positively or negatively impacted when
putting them into sleep mode in order to reduce their energy
consumption. To this end, the paper proposes a model that
estimates the failure rate acceleration factor as a function of: (i)
for how long and how frequently a device is switched into sleep
mode, and (ii) hardware parameters that characterize the device.
The proposed model is then evaluated by considering an energy-
ef cient Routing and Wavelength Assignment (RWA) strategy
that targets saving energy by putting EDFAs into sleep mode.
The results presented in the paper show that energy-ef cient
techniques may have the potential to lower the failure rate of
EDFAs. However, this is true only under speci ¢ conditions,
i.e.,, an energy-ef cient strategy needs to be carefully planned
in order to avoid frequent power state transitions, which result
in shortening the lifetime of an EDFA.

Index Terms Sustainability, energy-ef cient routing, life-
time model, optical networks, Erbium Doped Fiber Ampli ers
(EDFA), failure rate.

I. INTRODUCTION

Reducing the power consumption of the Information and
Communication Technology (ICT) Sector has been a hot topic
in the last few years, starting from the seminal work of Gupta
and Singh [1]. Telecom operators have become particularly
interested in energy-ef cient techniques, since, apart from the
reduction of their Green House Gas (GHG) emissions, they
see green ICT as a possible way to reduce their electricity bill.
Looking at backbone networks, the active network elements
consume a non-negligible amount of energy [2]. This is due to
the fact that they have to handle a huge amount of traf c. This
requires high-capacity devices which are constantly powered
on a 24-hour basis. Moreover, the traf ¢ exchanged by users
will continuously increase in the forthcoming years, due to the
penetration of Internet connectivity as well as the multitude
of smart devices coupled with bandwidth-intensive services.
As a result, the power consumption of backbone networks
is expected to continue growing [3], unless proper counter
measures are taken into account.

To this end, different energy-ef cient approaches have been

proposed in the literature, targeting both design and dynamic
operations of backbone networks (see [4], [5] for detailed
surveys). Focusing on optical backbone networks, the majority
of the energy-ef cient algorithms are based on putting optical
devices (e.g., transponders, regenerators, Recon gurable Op-
tical Add/Drop Multiplexer (ROADMSs), and Erbium Doped
Fiber Ampli ers (EDFAS)) into an energy-ef cient mode (e.g.,
sleep mode) to reduce their power consumption. However, a
possible drawback of this approach is that frequent on/sleep
switching may negatively impact the failure rate performance
of a device, and consequently increase its reparation costs [6],
[7], [8]- This aspect cannot be neglected when considering the
overall bene ts of a green strategy. In particular, it is important
to make sure that the potential savings brought by a reduced
power consumption level are not lower than possible extra
reparation costs caused by a reduced lifetime. The work in
[8] pointed out this aspect and assessed different types of
active components with the maximum allowable failure rate
increase due to setting them into sleep mode on a regular basis
to save energy. The study showed that one particular device,
namely the EDFA, is the most susceptible to possible lifetime
degradation from the operational costs point of view.

Leveraging these previous works, the aim of this paper is
to provide answers to the following questions: (i) what are the
main sleep mode and hardware (HW) parameters that in uence
the failure rate performance of EDFAs in optical backbone
networks?, and (ii) under which conditions may the lifetime
of an EDFA increase as a result of being set into sleep mode?
To the best of our knowledge, this is the rst work in the
literature, which tackles these questions. The paper starts to
investigate the problem by considering the main causes that
impact the EDFA lifetime. Then, a failure rate acceleration
factor model is presented in order to understand the role of
both sleep mode and HW parameters in the potential changes
of the failure rate of an EDFA. The model is then evaluated by
considering energy-ef cient schemes that are based on putting
the EDFA into sleep mode. In particular, the paper considers
an energy-ef cient RWA algorithm, where the main idea is to
route the traf ¢ over already used ber links. In this way it
is possible to maximize the number of EDFAs that can be set
into sleep mode and therefore save energy.
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