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Optical Networks in Cloud Computing

S.J. Ben Yoo

Zuqing Zhu

ecent advances in cloud computing suggest that

convenient and prompt access to distributed and

powerful computing and networking resources is
critical for provisioning high-quality services for data-inten-
sive applications. Hence, we have to facilitate efficient
interworking of the computing, networking, and storage
resources in networks for cloud services. Optical network-
ing technology can play an important role in realizing cost-
effective interconnection of a wide variety of resources
over a highly distributed computing environment, especially
when the cloud solution has to address massive data
exchange and processing.

In order to facilitate flexible access to the numerous
bandwidths of optical fiber, researchers have developed a
few promising technologies. These ongoing efforts indicate
that agile and automatic bandwidth provisioning can be
realized. For physical transmission, mixed line rate (MLR)
and optical orthogonal frequency-division multiplexing (O-
OFDM) have been investigated for supporting sub-wave-
length bandwidth allocation granularity. In terms of optical
switching, optical packet/label/burst switching technologies
have been proposed to fill the gap between optical band-
width and client demands. These proposals can make opti-
cal bandwidth allocation and switching adapt to the spatial
and temporal nature of cloud traffic. Additionally, since the
backplanes of supercomputers and switches/routers have
become one of the primary bottlenecks to data transfer
within data centers, optical interconnecting within data
centers can facilitate the seamless convergence of cloud
computing and optical networks.

The purpose of this Special Issue is to explore the recent
advances in optical networking technologies for cloud com-
puting, including different levels of design and develop-
ment, from the device level to the system and network
levels. We were pleased to receive 22 submissions from
which seven articles were accepted for this Special Issue,
and brief summaries of the accepted articles are listed
below.

“Advanced Modulation Formats for Short Reach Opti-

Zhaohui Li Nicolas Fontaine

cal Communication Systems” by Tao ef al. discusses the
advanced optical modulation formats that are keys to high-
speed data transmission for short-reach optical intercon-
nects within data centers. The authors show that with these
modulation formats, high-speed data transmission can be
realized with low-cost optics. A number of promising mod-
ulation formats are reviewed, and their implementations in
future short-reach systems are also discussed.

“All-Optical Packet/Circuit Switching-Based Data Center
Network for Enhanced Scalability, Latency, and Through-
put” by Perell6 et al. proposes the LIGHTNESS data center
network (DCN) architecture, which leverages a hybrid opti-
cal data plane that includes optical packet switching (OPS)
and optical circuit switching (OCS) switching paradigms for
server-to-server interconnection. On top of this hybrid
OCS/OPS data plane, a DCN control plane based on soft-
ware defined networking (SDN) technology is deployed.
The overall DCN architecture enables data center operators
to provision their services with flexibility, manageability, and
customizability.

“Cross-Stratum Orchestration and Flexgrid Optical Net-
works for Datacenter Federations” by Velasco ef al. dis-
cusses how to interconnect data centers with a flexible grid
optical network whose control plane is based on the SDN
architecture. In order to utilize the optical spectral
resources more wisely, the authors propose to adjust the
amount of spectral resources assigned to each lightpath
connection dynamically.

“A Feasible Solution to Provide Cloud Computing over
Optical Networks” by Taheri et al. proposes an infrastruc-
ture as a service (IaaS) architecture that incorporates the
physical resources in the passive optical network (PON)
optical line terminals (OLTs) and optical network units
(ONUs) to enable the delivery of cloud services to end
users over PONs.

“Greening the Cloud Using Renewable-Energy-Aware
Service Migration” by Mandal ef al. shows that flexible
cloud operation techniques can facilitate the increase of
renewable energy utilization in cloud systems. Specifically,
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the distribution of loads on a cloud infrastructure can be
(re)adapted according to the availabilities of renewable
energies. Simulation results from a U.S.-wide cloud net-
work infrastructure indicate that by using migration tech-
niques, they can replace up to 30 percent non-renewable
energies with renewable ones and thereby achieve signifi-
cant reduction of carbon footprint.

“On Advantages of Elastic Optical Networks for Provi-
sioning of Cloud Computing Traffic” by Klinkowski ef al.
investigates potential advantages of the deployment of elas-
tic optical networking technologies in transport networks to
serve cloud computing traffic. The discussion is supported by
evaluation results obtained for pan-European and U.S. back-
bone networks from 2012 to 2020 using Cisco traffic predic-
tions.

“Virtual Network Planning for Converged Optical and
Data Centers: Ideas and Challenges” by Hou et al. propos-
es a virtual network planning method with the considera-
tion of evolving recovery during power outages. Under this
scenario, the authors investigate the integration of traffic
grooming and server consolidation to improve the utiliza-
tion of link bandwidth and servers. Meanwhile, anycast-
based resource balancing is utilized to reconfigure the
virtual networks for accommodating more service requests.

We would like to thank all the authors who submitted
their work to this Special Issue. As Guest Editors, we want
to express our appreciation to all the reviewers who dedi-
cated their time and effort to help ensure the high quality
of this Special Issue. Also, we have to thank Prof. Sherman
Shen, the Editor-in-Chief, for his kind support and guid-
ance. Finally, we hope that this Special Issue can serve as a
useful reference for readers from both academia and indus-
try, and will identify potential research directions for inno-
vations in this area.
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