Energy Saving and Network Performance: a Trade-off
Approach

Carla Panarello
Dipartimento di Ingegneria
Informatica e delle
Telecomunicazioni
Universit! di Catania - Italy
cpana@diit.unict.it

Luca Chiaraviglio
Dipartimento di Elettronica
Politecnico di Torino - Italy

luca.chiaraviglio@polito.it

ABSTRACT

Power consumption of the Information and Communication
Tednology sedor (ICT) has recently become a key chal-
lenge. In particular, actions to improve energy-e ciency
of Internet Service Providers (ISPs) are becoming imper-
ative. To this purpose, in this paper we focus on reduc-
ing the power consumption of access nodesin an ISP net-
work, by controlling the amount of service capacity each
network device has to oer to mee the actual tra c de-
mand. More speci cally, we propose a Green router (G-
router) implementing a congestion control technique named
Active Window Management (AWM ) coupled with a new ca-
pacity scaling algorithm named Energy Aware service Rate
Tuner Handling (EARTH). The AWM characteristics allow
to deted whether a waste of energy is playing out, whereas
EARTH isaimed at invoking power management primitives
at t he hardware level to precisely control the current capac-
ity of accessnodesand consequently their power consump-
tion. We ted t he bene ts of the AWM -EARTH mecdhanism
on a realistic scenario. Reaults show that the capacity scal-
ing tedhnique can save up to 70% of power consumption,
while guaranteeing Quality of Service and tra c¢ demand
constraints.

Categoriesand Subject Descriptors

C.2.1 [Comp ute r-Comm uni cati on N etwork s]: Network
Architecure and Design; C.4 [Perf ormanc e of Systems]:
Design studies

General Terms
Design, Management, Performance
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1. INTRODUCTION

The steadily rising energy cost and the need to reduce the
global greenhouse (such as CO;) gas emission to protect our
environment have turned energy e c iency into one of the
primary technological challenges of our century [1]. In this
context, Information and Communication Technology (ICT)
is expected to play a major active role in the reduction of
the world -wide energy requirements, through the optimiza-
tion of energy generation, tr ansport ation, and consumption.
However, a number of studies estimate a power consumption
related to ICT itself varying from 2% to 10% of the world-
wide power consumption [2], [3]. Thistrend is expeded to
increase notably in the near future. Not surprisingly, only
20% of ICT carbon emissions derive from manufacturing,
while 80% arise from equipment use [4]. Moreover, among
the main ICT sedors, 37% of the total ICT emissions are
due to the Telecom infrastructures and devices, while data
centers and use terminals are responsible for the remaining
part [4]. In Italy, for example, Telecom Italia is the second
largest consumer of eledricity after the National Railway
system [5], consuming more than 2TWh per year. Simi-
lar and even more pessmistic considerations hold for the
other developed countries (see for example [6] for the case
of Japan).

Tothis extent, networki ng deviceslike backbone P routers
consumeth elarge majority of energy [7], and th e energy con-
sumption of a network can almost double when including air
conditioning and cooling costs. It is therefore not surpris-
ing that reseachers, manufacturers and network providers
are spending their e ort to reduce the power consumption
of ICT sysemsfrom di ere nt angles.

In the literature (seeSec. 2 for an overview), several pro-
posds aim at reducing the overall network power consump-
tion by turning o nodes and links, and re-routing tra c
to save energy [8, 9, 10, 11]. However, these poalicies can
be applied to transit nodes/links only, since at th e network
access nodes and links cannot be turned o to avoid dis-
conneding users. However, notice that the largeg fraction
of power consumption of an Internet Service Provider (I1SP)
network is due to access nodes rather than core nodes. In
this paper, we focus on reducing the power consumption of
accessnodes while aiming at controlling trac they carry,



by nd ing the minimum amount of capacity each network
device has to oer to meet the actual tra c demand. The
intuition is to allow network nodesto adapt t he switching
and transmission capacity to the current tra ¢ demand to
save energy and reduce power consumption. Indeed, as re-
cently shown in [9], current nodes have a power consumption
that is practically constant and independent from the actual
load they face, causing a large waste of energy. We there-
fore support the adoption of both capacity and switching
control mechanisms that would allow each node to meetthe
current trac demand and save energy. We name this ca-
pability Active Capacity Saling (ACS). Notice that, while
current nodesdo not oer support for capacity scaling, the
tedhnology to implement variable capacity electronic devices
is readily available, as for example implemented in modern
PCs and mobile devicesin general.

Acti ve Capacity Scaling capability requires the access node
is able to estimate both the maximum capacity the user
trac requires, and the minimum available capacity in the
network path between source and dedination. Indeed the
accessnode hasto discover the minimum betweenth e above
capacity values, which, in fact, represents a resource allo-
cation trade-o that allows the accessnode to provide the
use with the maximum QoS while minimizing the energy
consumpti on.

Estimating the above\trade-o capacity” is not a trivial
task in current Internet. This is due to the elastic nature
of trac , and of TCP in particular, sothat, if capacity is
reduced/ increased at t he bott lened link, the instantaneaus
trac oered by TCP sourceswould reduce/increase con-
sequently. The intuition therefore suggeds that controlling
the trade-0 capacity is a multi-constrained problem that
must be carefully studied. A similar problem has been stud-
ied in the literature to solve the Internet congestion control
problem [12]; in this case the usertrac is driven by an
implicit or explicit signaling which results from an accurate
monitoring and control of the queue length in the network
nodes ([13], [14], [15]). Similarly, we propose to edimate
both the current oered trac and the bott leneck capacity
by monitoring and carefully controlling the queue length of
transmission links in the access nodes, so that if the queue
empti es the transmission capacity is reduced, while it is in-
creasdl if the queue risks to over ow. For this purpose, we
proposeto usea congedion control technique named Active
Window Management (AWM ) ([16], [17]) coupled with an
Energy Aware service Rate Tuner Handling (EARTH) mech-
anism aimed at invoking power managemert primitives at
the hardware level to increase/decreaseth e node operational
rate and the related performance states step by step.

More sped cally, inthispaperweintroducea Green router
(G-router) implementing both the AWM and the EARTH
algorithms. We show that AWM -EARTH mechanisms pro-
vide for ACS capability in the access nodes, therefore pro-
ducing large energy saving to network operators. To support
this statemert, we presert a reality-based analysis, derived
considering the network topology of an actual ISP, and the
daily trac pro le it has to carry. Resuts show that t he
energy saving is proportional to the capacity saving ACS
can guarantee, sothat during o -peak hours it topsto 70%
of total access network power consumption, i.e., more than
45% of total network consumption. Let us notethat t he de-
ployment of AWM -EARTH requires changesat accessnodes
only, which is a major advantage considering the current

and future Internet ([16], [17]). Moreover, AWM is scalable
with the amount of managed input tra c, and the proposed
G-routers are compatible with the current routerstoday ex-
isting in Internet.

The paper is organized as follows. Sec. 2 overviews the
related works. Sec. 3 preserts the rationale of the ACS ca-
pability on a redistic scenario. Sec. 4 details the AWM
mechanism and the EARTH algorithm, which provides for
the ACS capability in the accessnodes Simulation results
are presented in Sec. 5. Finally, conclusions are drawn in
Sec 6.

2. RELATED WORK

The study of power-saving network devices has been in-
troduced over thes years, starting from th e pioneeain g work
of [8], in which for the rst time authors face problem of
quantifying and reducing the energy cost of the Internet.
However, the att ention of the research community and of
Telecom operators only recently started to focus on this
theme Schemesto reduce the power consumption of links
and nodeshave then been proposed. In [18], Adaptive Link
Rate (ALR) and protocol proxying are proposed, according
to which a pair of high/ low power and performance devices
are present, being only one active a given time to match
current demand. Both protocol and architecural changes
are required to support this kind of approaches.

More recently, some e ort was devoted to investigate how
to reduce the power consumption of the entire network in-
frastructure, and not of single or few components only. In
[9] some simple measurements about power consumpti on of
networking devicesare rst presented; then auth ors consider
a network topology and evaluate the total network consump-
tion given the power footprint of each element. They con-
sider two scenarios: in the rst one, all devicesare turned
on, while in the second one only the minimum number of
elements to guarantee the service are actually powered on.
In [10, 11] we proposed more complex algorit hms to face the
problem of nd ing the minimum amount of resources that
have to be powered on to match the currenttrac demand.
In [11] a real test case similar to the one proposed here
has been studied. Finally, in [19] the authors exploits the
idea of exchanging energy pro les among devicesto reduce
the overall power consumption during routing and trac -
engineering operation. The impact of using di ere nt energy
pro lesis assesedon a realisti c core topology, showing that
a routing energy-aware can reduce the overall energy con-
sumption.

The industries as well have recognized the importance
of energy savings as a source of pro t. Cisoo for example
is developing new solutions [20] to control and reduce the
power consumption for all networked devices in enterprise
networks, proposing a centralized management. Novel de-
vicesthat allow to enter di e rent power states are expeced
in the near future.

The evaluation of power-aware management schemes for
networks is argued in [21]. In parti cular, the authors eval-
uate the energy savings from sleeping, i.e. during abserce
of packets, and the possible savings from rate-adaption. In
this paper we propose an actual method to achieve rate-
adaptation while at t he same time improving network per-
formance. Similarly, considering the single devices, energy
aware sdutionsinvolving switches and sdftware routers have
been proposed by [22]. Authors propose three schemesfor



Table 1: Power Consump tion of Nodes

Node Type Power [kW] Fraction of Total Node Power
Core 10 9.46%
Backbone 3 19.03%
Metro 1 6.32%
Acces nodes 2 65.19%

power reduction in network switches which are adaptive
to changing trac patterns and automatically tune their
parameters to guarantee a bounded and sped ed increase
in latency. Targeting enterprise switches and proposing a
novel architedure for bu eri ng ingresspackets using shadow
ports, their schemes produce power savings of 20 to 35%.
Authors in [23] provide similar performance gures, by pre-
senting actual measurements on software routers that ex-
ploit energy features of PCs which can reducethe processing
power during under loaded conditions. In our work, we go
a step furt her, by proposing a combined congestion control
and rate-adaptati on scheme for Internet access nodeswhich
allows to both reduce power consumption and to better con-
trol trac o eredby the users.

3. GREEN NETWORKING:
SCENARIO AND RATIONALES

In this ssdion, we provide real data sets to support the
need for power-adaptation schemesto save energy. We con-
sider a topology, a peak-hour trac demand, and atra c
pattern that variesfollowing the typical day/night pattern.
We then compute the energy required to run the network
at full capacity, and the saving that t he ACS scheme would
provide. The topology, the trac demand, its daily pattern
and the power consumption of nodes and links are derived
from measurements on a real ISP topology in Italy, so that
the considered scenario is representative of th e one faced by
a national I1SP. In the following, we detail rst the consid-
ered scenario, preserting the topology, the tra c pattern
and node power requirements. We then compute the energy
consumpti on to compare the eventual energy savingthe ACS
scheme can provide.

3.1 Physical Topology

The topology considered in this work is similar to the
actual topology of an Italian ISP. It follows a hierarchical
dedgn, asreportedin Fig. 1, in which four levels of nodesare
present: core, backbone, metro and access nodes Theinner
level is composed by \ core nodes' (Fig. 2.a), that are densely
interconneded by 70 Ghps links. Core nodes are placed in
four central Points-of-Preserce (POPSs) located in two cities.
Each central POP hosts a pair of core nodes, each conneded
to other core nodes by two links for failure protection. A
high-capacity Internet peeaing router is conneded to two
central POPs to oer connectivity to the Internet by means
of four 70 Gbps links.

At the seocond level, so called\ backbone nodes” (Fig. 2.b)
are conneded to the core by 8.5 Gbps links. Each backbone
node is conneded to two central POPs. Backbone nodes
are located in large POPs, named \ chief POPs", spread in
each large city. At the third level, \ metro nodes" (Fig. 2.c)
are present. Each metro node is dual-homed to two back-
bone nodes by 8.5 Gbps capacity links. Metro and back-

Figure 1: Schemati ¢ repre sentati on of the consid-
ered top ology.
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Figure 2: Link descripti on

bone nodes are located in the same chief POP!. The last
level of nodesisrepresented by the\a ccessnodes' (Fig. 2.d),
that bring connedivity to the Digital Subscriber Line Ac-
cessMultiplexers (DSLA Ms) to which usersare connected.
Accessnodesaggregate tra ¢ from usersin the same neigh-
borhood or small town. Each access node is dual-homed to
the closest pair of metro nodesby 0.75 Gbps capacity links.

In this paper we consider a network composed by 372
routers: 8 core nodes, 52 backbone nodes, 52 metro nodes
and 260 access nodes 718links in total are presert.

To model the energy consumption of routers and links,
we consider the sped cations of real devices as provided by
the router manufacturers. Table 1 reports the mean power
consumpti on for the di ere nt classesof nodes’. Each trans-
mission line card is assumed to consume 100 Wh, as in [9].

!Notice that chief POPs are composed also by other ele-
mernts, e.g the Network Access Servers (NASs) that allows
userkauthentication. T hesedevices are not consideredin this
work.

2Thesevalues do not consider air conditioning costs, which
can be of the same order of magnit ude of device power con-
sumption.
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Figure 5: Power Saving vari ati on versus ti me and

3.4 Results

Thebottom plot of Fig. 3 showsthetotal power consumed
by the access nodesversus the time of the day. We set =
0:5 for simplicity. For completeness we report the power
consumpti on of today access network, computed assuming
no ACS is presert, i.e, = 0. Two considerations holds:

rst, the ACS guarantee a power saving proportional to the
overprovisioning constraint (50% in our case), which forces
trac tonot exceed Cj . Seoond, the energy saving strictly
follows the trend of G(t), since the ACS nodes are able to
adapt their power to the current load. The peak power
is reduced to 260 kW, while during the o peak-time the
total accessnode power consumption is lessthan 156 kW,
guaranteeing a reduction of more than 70%.

Fig. 4 details the utilization of links between access and
backbone routers, considering the peak and the o- peak
hours. Links are sated into deaeasing link utilization for
easy of visualization. Interestingly, during the peak hour
about half of the links are utilized for more than 30% (with
some of them closethe overbooking constraint). This is due
to the dual homing policy, according to which two links con-
ned one accessnode to two backbone nodes. Due to single
path routing, tra cis preferentially routedthrough only one
link, the semnd being used for failure protedion, resulting
in an unbalanced trac . During o- peak time, all li nks are
lightly utilized, never exceedng 20% utili zation, suggesting
that great savings can be achieved by the ACS mechanism.

To give more insight, Fig. 5 report sthe possble power sav-
ingsfor di erent values of : Power saving is computed as
the percentage of the di erence from the peak-hour and cur-
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