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Abstract-The rapid growth of the Internet traffic demand is
bringing the current electronic switches closer to their intrinsic
technological limits, which may be overcome by optical technolo­
gies. Although optical packet switching has been widely studied
in academia; the limited processing and buffering capabilities
available in the optical domain makes the implementation of
an all optical packet switch difficult in practice. We considered
a hybrid (electro/optic) switching architecture, relying on an
all-optical switching fabric, aiming to understanding the trade­
offs between current photonic and electronic technologies. We
consider both the classical fixed-size synchronous paradigm and
the asynchronous operation mode, which may suit better to
the optical technologies. Buffers organized according to either
an electronic FIFO (First Input First Output) paradigm or a
photonic FDL (Fiber Delay Line) mechanism are analyzed and
compared.
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I. INTRODUCTION

Due to the increasing number of new services and ap­
plications like Voice over IP (VoIP), high-definition video
broadcasting, video conferencing and peer to peer applications,
Internet traffic keeps growing. Conservative measurements
show that bandwidth demand roughly grows at a pace of about
50% every 18 months [1], [2], hence at the order, or even faster
than Moore's law.

Although at the transmission layer, the optical technologies,
in particular Wavelength Division Multiplexing (WDM) tech­
niques, emerged as the winning approach, switching nodes are
still mainly based on electronic technologies. Nowadays, high­
end switches/routers must still perform Optical-to-Electronic­
to-Optical conversion to process all the traffic for switch­
ing/routing. This implies that continuously increasing data
rates, are bringing switches/routers closer to intrinsic limits
of the electronic technology; indeed, each new routers' gen­
eration requires more complex control algorithms, consumes
more energy and dissipates more power than the previous one.

Hence, in order to bridge the gap between the capacity
offered by the optical transmission systems and the electronic
processing capability, both industry and academia agree that
some switching functions should be simplified or moved from
the electrical to the optical domain. Efforts to shift some
functionalities from the electronic to the optical domain have
already been done and some prototypes, employing the optical
technology, have been implemented for processor interconnec­
tion, as in the case of the recent PERCS (Productive, Easy-to­
use, Reliable Computing System) [4] and OSMOSIS (Optical

Shared Memory Supercomputer Interconnect System) [5]. The
use of photonic technologies for switching is interesting; huge
available bandwidth, reduced power consumption and dissipa­
tion, much larger information densities, a wavelength switch­
ing cost quite independent of the data bit-rate (differently from
the electronic domain), are some of the advantages of the
optical technology. Despite all these advantages, implementing
a fully optical packet switch is far from being convenient
today. Indeed, the lack of optical memories and the limited
processing capabilities in the optical domain make it very
difficult to solve conflicts in time domain through dynamic
operations, which underlies the packet switching concept.
Thus, the faith in all-optical packet switching has probably
vanished, and several researchers are studying today hybrid
electro-optical packet switching architectures.

In this context, the main challenge is in finding the best
balance of optical and electronic technologies within a packet
switching device that, externally, provides legacy (Ethernet,
SDH) interfaces, over which IP packets are received and
transmitted. The lack or commercially feasible 3R optical
regenerators impairs a true digital operation in the optical
domain. Fast optical switching can be obtained with Semi­
conductor Optical Amplifiers (SOAs) used as on-off gates, or
even with more advanced components such as ring resonators
[3]. However, other functionalities, necessary in IP routers or
Ethernet switches, are difficult to implement in the optical
domain. For example, segmentation of variable-size packets
into fixed-size data units must be done electronically. Even
alignment of fixed-size packet for a synchronous switch oper­
ation is hard in optics. Finally, a good equivalent of Random
Access Memories (RAMs) is completely missing. Since packet
alignment/synchronization operations are difficult to achieve
in the optical domain, asynchronous switching of variable­
size packets should be given serious attention; therefore, both
the synchronous switching operation, working with fixed-size
packets, and the asynchronous variable size packet paradigm
are considered in this paper.

Contention resolution in packet switching is done in a
distributed fashion exploiting temporary storage of contend­
ing packets in RAMs. Input/output bandwidth of electronic
memories does not scale easily to high data rates, and rel­
atively complex packet storage structures are required, like
Virtual Output Queues (VOQs) in Input Queued (IQ) switches.
Indeed, VOQs include elementary switching functionalities
themselves, as incoming packets must be routed to the proper
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