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Guest Editorial:
Switching and Routing for Scalable and

Energy-Efficient Networking
A. Smiljanić, J. Chao, C. Minkenberg, E. Oki, and M. Hamdi

DATACENTERS are the Internet brains, where scalability
and power consumption take their toll. Cost-effective

computing and storage are provided in datacenters due to
economy of scale. Their key challenge is scalability, as a data-
center may house thousands of servers interconnected through
many switches and routers, and the physical infrastructure
is shared by multiple tenants, each deploying many applica-
tions. Tremendous throughputs and processing performed in
datacenters require enormous amounts of energy. Datacenters
consume more than 1% of the total electricity, according to
recent data. It is important to reduce power consumption of
datacenters not only to reduce their operational costs, but also
to allow their sustainable growth, and protect our environment.

In this special issue, three different aspects of the energy
savings are addressed: savings at the link layer by appropriate
power management, savings within a datacenter by optimiza-
tion of data migration and routing mechanisms, and carbon
emission reduction by routing traffic between datacenters in
order to efficiently utilize renewable sources of energy.

Many applications (e.g., cluster based storage and MapRe-
duce) in modern datacenters require a high fan-in, incast
(many-to-one) type of data communication, which could cause
severe congestion in switches and result in TCP goodput
collapse, substantially degrading the application performance.
As a result, traditional congestion control needs to be either
revised, or replaced by a new paradigm which may require
an active role of switches and routers. Three novel transport
protocols based on different concepts were proposed and
analyzed in the papers of the issue.

It has been recognized that the datacenter throughputs
can be improved by load balancing. However, known load
balancing techniques are not readily applicable to the multicast
traffic, and need to be revisited since one-to-many applications
are common in datacenters, e.g. distribution of executable
binaries, or replication in distributed file systems. Also, mul-
ticast addressing has been problematic as it does not allow
aggregation, and each multicast flow needs to have its unique
address. Both of the aformentioned multicast issues have been
addressed in this special issue.
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Packet classification is another critical functionality in a dat-
acenter network that has been addressed, since it should be fast
and scalable to handle many customers and their applications.
Also, datacenter virtualization is causing a dramatic rise of
the number of entries in forwarding tables.

Ling Wang et al. consider in their paper a general frame-
work for saving the energy in datacenters. They utilize the
mobility of virtual machines in datacenters, and consolidate
virtual machines to a subset of servers to minimize the power
consumption. Then, authors reduce the number of active
switches and their power consumption by optimizing the
routing of the traffic exchanged among the virtual machines. It
was shown that the proposed two-step optimization procedure
can save up to 50% of the energy consumed by datacenters.

Rafaele Bolla et al. propose a closed-form model to ac-
curately estimate both power consumption and network per-
formance of Energy Efficient Ethernet links (IEEE 802.3az)
which can adjust energy consumption to the actual traffic
load. In contrast with the existing analytical frameworks,
the proposed approach allows obtaining the average energy
consumption of the link and the mean latency time in closed
form, without any upper or lower bound approximations. The
model considers relevant traffic parameters such as the packet
length distribution, burst size distribution, and average burst
inter-arrival rates.

Mirko Gattulli et al. address a low-carbon cloud-computing
solution both to achieve significant reduction in CO2 emissions
and to cope with the growing power requirements of datacen-
ters. The paper proposes two routing strategies, designed to
route optical connections supporting cloud-computing service
requests, minimizing the CO2 emissions of datacenters by
means of renewable energy which are coming from sun and
wind. The paper addresses the tradeoff between the energy
consumption of data transport and the energy consumption
required for processing the cloud-computing requests inside
datacenters. The performance evaluations observe that relevant
reductions, up to about 30%, in CO2 emissions can be
achieved.

Jiao Zhang et al. propose in their paper a novel transport
protocol which is based on fair sharing of the bottleneck
switch buffer in a datacenter. In SAB (Sharing by Allocating
the switch Buffer), the controller associated with a buffer
updates the number of flows passing this buffer based on SYN
and FIN packets, and updates the window size in the headers
of the passing packets as a function of the number of active
flows. While simple for implementation, SAB outperforms

0733-8716/14/$31.00 c© 2014 IEEE



2 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 32, NO. 1, JANUARY 2014

transport protocols previously proposed for datacenters. SAB
follows quickly the changes of traffic loads, and rarely loses
packets. Consequently, completion times of both the short
queries and the background flows are reduced by SAB.

The paper of Changlin Jiang, Dan li and Mingwei Xu
addresses the TCP incast problem, by a new transport protocol
LTTP (Luby Transform based Transport Protocol) for many-
to-one communications. LTTP includes a data channel and
a control channel. In the data channel from servers to the
client, instead of using the timeout-and-retransmit mechanism
as in TCP, LTTP improves the UDP-based LT code for reliable
delivery, which is based on FEC (Forward Error Correction)
with data redundancy. LTTP also utilizes TFRC (TCP Friendly
Rate Control) to adjust the sending data rates at servers for
the congestion control.

The root cause of the incast collapse in datacenters is the
long idle period of the Retransmission Timeout (RTO) that is
triggered at one or more senders by packet losses in congested
switches. The paper of Shikhar Shukla et al. develops a packet
labeling scheme, named PLATO, to improve the loss detection
capabilities of TCP NewReno. Packets carrying the special la-
bel are preferentially enqueued at the switch. This allows TCP
to detect packet loss using three duplicate acknowledgements,
instead of the time expensive RTO; thus avoiding the goodput
collapse. PLATO makes minor modifications to NewReno and
does not alter its congestion control mechanism. Simulation
results using ns-3 tool show that PLATO performs orders of
magnitude better than NewReno as well as the state-of-art
incast solution ICTCP (Incast Control TCP).

While many overlay prototypes are proposed for datacenter
networks, they focus mainly on functionality and security,
with little being known yet about their impact on the system
level performance. The paper of Daniel Crisan et al. evaluates
the impact of the overlay network on two representative
datacenter workloads, Partition/Aggregate and 3-Tier, using
query completion time as the primary performance metric.
Partition/Aggregate is a protocol-sensitive application which
is the core of MapReduce and Hadoop mechanisms, notori-
ously latency-sensitive and exposed to the TCP incast con-
gestion. The performance study showed that latency-sensitive
workloads do not necessarily lose performance in virtualized
networks.

Eitan Zahavi, Isaac Keslassy and Avinoam Kolodny study
in their paper the convergence of dynamic routing in Clos-
based datacenter networks. They demonstrate that distributed
adaptive routing may be used to provide scalable and non-
blocking routing for long-lived flows in a rearrangeably-
non-blocking Clos network assuming that none of the flows
exceeds more than half the link capacity. Their scheme was
shown to converge within a few iterations, while causing
minimal out-of-order packet delivery.

Zhiyang Guo and Yuanyuan Wang propose a novel routing
algorithm for path assignments to multicast flows, BCMS
(Bounded Congestion Multcast Scheduling). BCMS is based
on a centralized controller according to the OpenFlow trends,
and it includes balancing through the core switches. BCMS
has a moderate complexity, while it achieves bounded con-
gestion of the network links under any arbitrary sequence of
multicast flow requests that satisfy the hose model.

Wen-Kang Jia and Li-Chun Wang propose an efficient
stateless source-routing scheme for handling both unicast and
multicast packets in SDN-based datacenter networks. The
proposed scheme is shown to reduce the processing time and
the protocol overhead associated with conventional methods.
This is achieved by using a novel decoding mechanism of
bitmaps corresponding to the packet output ports which avoids
using addressing of multicast groups.

Pi-Chung Wang proposes an algorithm, called encoded
rule expansion, to transform packet classification rules into
an equivalent set of rules with fewer distinct prefix-length
combinations. The numerical results show that more than 90%
of hash tables can be eliminated. The paper also shows that
the software implementation of the proposed scheme without
using any hardware parallelism can support up to one thousand
customer VLANs and one million rules.

Ori Rottenstreich et al. investigates a novel technique for
the efficient representation of forwarding tables in datacenter
switches. In particular, the paper introduces a novel forwarding
table architecture with separate encoding in each column using
a dedicated variable-length binary prefix encoding, i.e., an
encoding in which any codeword is not a prefix of any other
codeword.
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at IEEE Conference on High Performance Switching and Routing 2000, and
IEICE/IEEE Workshop on High Performance Switching and Routing 2002.
She got the Research Excellence Award at AT&T Labs in 2000. She is a
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