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Abstract

In this paper, we consider the performance of TCP when used in data center networks (DCNs) featuring
optical burst switching (OBS) using two-way reservation. The two-way reservation is not suitable in wide-
area OBS networks due to high bandwidth-delay product (BDP). The burst loss using traditional methods
of one-way reservation can be mistakenly interpreted by the TCP layer as congestion instead of contention
in OBS network, leading to serious degradation of the TCP performance. The reduced BDP in DCNs allows
the use of two-way reservation that results in zero burst loss. The modelled architecture features fast optical
switches in a single hop topology. We apply different workloads with various burst assembly parameters
to evaluate the performance of TCP. Our results show significant improvement in TCP performance as
compared to traditional methods of OBS as well as to a conventional electronic packet switching DCN.
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1. Introduction

Optical networks for data centers have gained significant attention over the last few years due to the
potential and benefits of using optical components. Conventional electronic packet switching DCNs are not
power efficient due to power hungry transceivers and electronic switches. They are also unable to meet
with higher bandwidth demands and are not scalable while on the other hands, optical interconnects are
power efficient and can provide huge bandwidths. They are also scalable and can offer low latency and high
throughput. The performance of optical network is directly related to the type of the optical switching
technique used. These switching techniques are optical circuit switching (OCS), optical packet switching
(OPS) and optical burst switching. In OCS, a connection is established before actual data transmission on
a pre-established dedicated path from the source to the destination [1]. Long connection establishment time
and bandwidth underutilizations in the case of low traffic load are the major limitations of the OCS. The
microelectromechanical system (MEMS) optical cross connect (OXC) or OCS switch has been used in the
backbone optical network for many years.

Hybrid designs for data center networks that use OCS in conjunction with other technologies have been
proposed [2, 3, 4, 5, 6, 7]. Helios and cThrough [2, 3] propose using OCS in conjunction with traditional
electrical packet switching (EPS) while the LIGHTNESS project [4, 5] employs OCS together with OPS. The
Hydra, OSA and Reconfigurable designs [6, 7, 8] augment OCS with a multi-hopping technique. Although
these designs are cost effective but a major issue with these interconnects has been their slow reconfiguration
time due to the limitation of 3D-MEMS technology. This reconfiguration time is influenced by two factors:
(1) the switching time of the 3D-MEMS switch i.e. 10-100 ms, and (2) the software/control plane overhead
required for the estimation of traffic demand and the calculation of a new OCS topology i.e. 100 ms to 1 s.
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