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ABSTRACT

IPTV services are the fastest growing television services in
the world today. This is a bandwidth intensive service, re-
quiring low latency and tight control of jitter. To guarantee
the quality of service required, service providers opt to mul-
ticast all TV channels at all times to everywhere. However,
a significant number of channels are rarely watched, so this
method is provably resource- and energy-inefficient.

In this paper, we argue that the expected increase in quan-
tity and quality of TV channels will become a serious issue,
both in terms of bandwidth and energy costs. To overcome
this problem, we propose a dynamic scheme that pre-joins
only a selection of TV channels. This scheme was evaluated
by means of trace-driven simulations using a large dataset
from a commercial nationwide IPTV service. The dataset
comprises 255 thousand users, 150 TV channels, and covers
a 6-month period.

We show that by using our scheme IPTV service providers
can save a considerable amount of bandwidth while affecting
only a very small number of TV channel switching requests.
To understand how these bandwidth savings are translated
in energy savings, we developed a power consumption model
for network equipment based on real measurements. The
main conclusions are that while today the bandwidth sav-
ings will have reduced impact in energy consumption in the
core network, with the introduction of very high definition
channels this impact will become significant, justifying the
use of resource-efficient distribution schemes such as the one
proposed.
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1. INTRODUCTION AND BACKGROUND

We have been depleting the natural environment since the
times of the industrial revolution. There is a scientific con-
sensus that our planet will be unable to provide long-term
support if this trend persists. Today, the Internet (exclud-
ing home networks, PCs and datacenters) consumes about
0.5% of the current electricity supply of a typical OECD na-
tion. Although this still represents a relatively small share
of the global energy consumption, this fraction is expected
to increase quickly[2, 21].

Global IP traffic will quintuple from 2008 to 2013, at a
compound annual growth rate of 40%[10]. The sum of all
forms of video (IPTV, VoD, P2P) will account for over 91%
of global consumer traffic by 2013. Due to the growing im-
portance of this type of services, we have decided to focus
on IPTV. In particular, we target broadcast IPTV, rather
than Video on Demand. This is a resource intensive service,
requiring high bandwidth, low latency and low jitter. Each
video stream is encoded at a bit rate that can vary from
around 4Mbps (SDTV) to 20 Mbps (HDTV). In the future
this figure may increase by one or two orders of magnitude,
with the advent of ultra high definition video standards (2K,
4K, UHDTV)[12]. IPTV networks will thus need to be made
more resource- and power-efficient that they are today.

Power consumption at the still low bit access rates of
today is dominated by the access network. At high ac-
cess rates, however, the energy bottleneck will move to the
core[4]. Electronic routers will dominate energy consump-
tion[3], while the power consumed by links will represent


http://crossmark.crossref.org/dialog/?doi=10.1145%2F1851290.1851301&domain=pdf&date_stamp=2010-08-30

only a small percentage of the total[21]. For this reason, in
this work we decided to focus on the routing equipment.

Networks are provisioned at present for the worst case sce-
nario and many times overprovisioned. In normal operation
they are thus underutilised. There is, therefore, room for en-
ergy savings. The problem is that nowadays energy cost is a
function of capacity, not throughput. For this reason energy
proportionality [5] is becoming a primary design goal in net-
work systems: energy consumption should be proportional
to the amount of work performed. This has been a topic
of research in wireless networks [15] and computer archi-
tectures[19] for some years now. Developments in this area
have been significant. In contrast, energy management for
wired networks (hubs, switches, routers) has not received
much attention until recently. Gupta and Singh [13] were
probably the first to bring these matters to light. These and
other researchers have since then proposed several strategies
to make routers and switches more energy aware. Most tech-
niques consist in putting components to sleep or adapting
link rate during periods of low traffic[16, 13, 8, 1].

Taking in consideration recent developments in this field
and anticipating some of the future technological advances,
in this paper we propose a scheme to reduce bandwidth and
energy consumption for IPTV distribution networks. The
IPTYV services considered here target a TV viewing environ-
ment integrated with set-top boxes (STBs), providing cable
TV-like experience. This service is offered on top of an IP
network, instead of the hitherto predominant cable networks
or free air broadcasts.

In order to guarantee the QoS required (i.e., to minimise
channel change time), service providers opt to multicast all
TV channels to all clients at all times (in other words, each
node in the network pre-joins all multicast groups). This is
provably inefficient. As soon as the number of channels sur-
passes the number of users at a certain access node, sending
all channels becomes wasteful. Also, recent work [7, 18] has
shown that channel popularity is highly skewed (following a
zipf-like distribution). While a small number of channels is
very popular, dozens or even hundreds of TV channels are
very rarely watched. Service providers seem to recognise
this problem and are already concerned with the efficiency
of their IPTV networks[6].

By analysing our dataset - a large number of traces from
a commercial nationwide IPTV service, scaling to 255 thou-
sand users and 150 TV channels -, we have realised that in-
deed for the most popular channels there is always at least
one viewer in any access node (a DSLAM in the network
analysed), at any one time'. However, the number of active
channels in each DSLAM is rarely above 60. This can be
observed in Figure 1, where the number of actives channels
in a node (DSLAM or regional router®) are presented, as
a function of the number of users. It can be observed that
the network is provably wasting resources by distributing all
150 TV channels everywhere. In the figure, the shaded area
represents the bandwidth saving opportunities for an IPTV
service provider. With the expected increase of the number
of channels (AT&T, for instance, is already offering more
than 700 TV channels[17]) this inefficiency will only worsen.

'In this paper a channel that has at least one viewer in a
node (DSLAM or router) is called an active channel in
that particular node.

2In this paper we use the terms regional, metro, and edge
network interchangeably.
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Figure 1: Relationship between number of users and
number of active channels

Considering the above, we propose to reduce these ineffi-
ciencies by not distributing all IPTV channels to everywhere
at all times. Instead of pre-joining all multicast groups, we
propose to pre-join only a selection of channels. We designed
our scheme with two goals in mind: 1) it should be simple to
implement, and 2) it should be dynamic. This second point
is relevant, since users from different regions may have differ-
ent preferences, and these preferences may change with time
(the dynamic nature of channel popularity was analysed in
[18]). We achieve these two design goals by each node (be it
a core, edge, local router or a DSLAM) pre-joining only the
active TV channels plus a small subset of the inactive ones.
This scheme is very simple to implement and is dynamic,
since the list of pre-joined channels varies with user activity.

We evaluate our scheme in two ways. Firstly, we analyse
the bandwidth savings and contrast these with the number
of requests affected. A request is considered affected when
the user requests a channel that is not in the selection list
(i.e., that particular node has not pre-joined that particular
multicast tree). In such case, the user will experience a zap-
ping (or channel switching) delay higher than usual. This is
due to the fact that the join message to the multicast group
will have to go some levels up to the next nearest branch of
the multicast tree. In Section 4 we explain why this will not
compromise user experience seriously. Secondly, we analyse
the impact these bandwidth savings will have on energy con-
sumption. For this purpose we create a power consumption
model for two routers, based on real measurements[8], and
evaluate it considering present and futuristic scenarios.

To evaluate our scheme we performed trace-driven simula-
tions on the dataset described above. The results show that
it is possible to significantly reduce the bandwidth used in
the network, affecting only a very small number of switching
requests. Today, these savings will have negligible impact on
energy consumption. In the future, however, energy savings
will start to become meaningful. We anticipate that the
expected developments in network equipment will have dif-
ficulty to cope with the increase of very high quality IPTV
bandwidth demands.

Our results are in line with the recent conclusion that the
energy bottleneck will move to the core[21], and that energy
consumption will be dominated by the routing function in
the future. For this reason, IPTV service providers will need
to reconsider their IPTV distribution networks.



2. DESCRIPTION OF AN IPTV NETWORK

Incumbent operator’s IPTV networks are “walled gardens”,
well provisioned to guarantee the user experience required
by TV viewers. Current networks use static IP multicast
within a single network domain. The TV head-end injects
live TV streams encoded as IP packets to the network core.
These packets travel through the network to routers that
are connected to the access nodes (DSLAMs if it is a DSL
network, as in the network here analysed). These DSLAMs
aggregate traffic from several users (usually in the order of
the hundreds) connecting them to the high-speed backbone.
The TV channels are distributed from the TV Head-end to
the DSLAMs through bandwidth-provisioned, static, mul-
ticast trees. The network is dynamic exclusively between
DSLAMSs and customers, where multicast trees are extended
or pruned based on the channel switching signals. The Set
Top Box translates a channel switching event from a user
remote control into a pair of Internet Group Management
Protocol (IGMP) messages: one to inform of the user’s de-
parture from the multicast group of a TV channel, and the
other to join another multicast group of the new channel.

3. DESCRIPTION OF THE TRACES

The evaluation of the scheme presented in this paper is
made by trace-driven simulations. The dataset used for this
purpose is from a commercial, nationwide, IPTV service.
The logs were collected over a six month period. The traces
scale to 255 thousand users, 623 DSLAMs, 150 TV channels,
and 11 regions.

The trace includes all switching events during this 6-month
period, and each event comprises the following information:
timestamp in units of seconds; DSLAM ID; Set-top-box
(STB) ID; IP address of the multicast group (TV channel);
Type of switching event: join or leave channel. Note that all
data was anonymised for the purpose of this study. No infor-
mation that could directly or indirectly identify individual
subscribers was included.

4. SELECTIVE PRE-JOINING

Currently, IPTV operators distribute all IPTV channels
to everywhere at all times, in order to minimise channel
switching (zapping) delay. This means that all DSLAMs are
leafs of the multicast tree of every TV channel. Therefore,
multicast nodes in the network pre-join all TV channels.
Our proposal is for each node to pre-join only a subset of
the full selection of TV channels. Namely, each node will
join a) the channels for which there are viewers (the active
channels) plus b) a small subset of inactive ones. We call
the number of inactive channels that are pre-joined in the
node the room size.

Our scheme requires two simple data structures: one to
maintain information on the pre-joined channels, and an-
other to record if each of these is active or inactive. When
a TV channel A becomes inactive, one of two things can
happen: 1) if the number of inactive channels is smaller or
equal to the room size, keep channel A in the list of pre-
joined channels; 2) if the number of inactive channels is big-
ger than the room size, then we randomly remove one of the
inactive channels, by sending a leave message towards the
source.

If the user requests a channel that is not active, the request
has to go up to the nearest branch of the multicast tree. It
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will therefore experience a larger than usual delay, due to
an increase in network delay. This network delay is a small
contributor to the overall zapping delay in IPTV: buffering
and stream synchronisation are the main culprits[20]. Also,
if we satisfy one of the objectives of our scheme - to affect
a very small number of channel requests - the number of
signalling messages transported in the network will not be
significant, and hence overall network delay should not be
affected.

A relevant point to emphasise is that this scheme “auto-
matically” pre-joins the channels that have an higher prob-
ability of being watched in the future. Popular channels are
the ones people watch more, so these are always pre-joined.
Since the pre-joining list maintains the active channels at
any given moment, the selection changes dynamically with
user demand.

4.1 Evaluation

To evaluate our scheme we have performed trace-driven
simulations on the large dataset presented before. All re-
sults presented in this section arise from the analysis of the
full data set. In Figure 2 we present a graph with the band-
width savings achieved with the several schemes tested. The
figure presents the median, 10th- and 90th-percentile over
the whole dataset. We analysed two types of nodes: local
(access/DSLAM level) and regional (edge routers). At the
access network level we tested our scheme for five different
values of room size. With a room size of 20, bandwidth can
be reduced by 50%. At the regional level we pre-joined only
the active channels, so the room size was zero. The aver-
age bandwidth savings were equal to 33%. We compare our
schemes with the one currently used by network providers
(“All channels”).
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Figure 2: Bandwidth savings

In order to analyse the effect these schemes will have on
the QoS, we inspected the percentage of requests to channels
not pre-joined in the node. This is shown in Figure 3. For
a room size of 20 (in the figure, r represents room size),
the percentage of requests affected at the DSLAM level is
less than 2%. At the regional level this figure is almost
negligible. Therefore, we believe using a room size of 20 at
the access level offers interesting results. In regional routers,
pre-joining active channels only seems a good option.

The bandwidth savings mentioned before correspond to a
reduction in the number of TV channels pre-joined. By pre-
joining less channels, the nodes will have to process less bits,
and the links immediately above in the network hierarchy
will transport less bits. How significant these savings are,
both in resource and energy terms, is intrinsically dependent
on the bitrate at which channels need to be distributed. To
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Figure 3: Percentage of requests affected
Table 1: Description of scenarios
Scenario ‘ Media format Bit rate TV channels Bandwidth savings
Today SDTV 4 Mbps 150 0.3 Gbps
In 2-4 years HDTV 20 Mbps 700 7 Gbps
In 10-15 years 4K 200 Mbps 3000 300 Gbps

clearly understand the significance of the savings achieved
by our scheme, we analyse three scenarios, characterised in
Table 1.

In the network just analysed 150 TV channels are dis-
tributed in Standard Definition format (SDTV). A band-
width saving of 50% means reducing load by 300 Mbps. This
is not very significant. Currently, however, most IPTV net-
works already offer more channels (AT&T offers 700[17])
with many in high definition (HDTV). Assuming such sce-
nario we are now talking of bandwidth reductions of around
7 Gbps. Looking a bit further into the future, we can antic-
ipate even higher quality streams (digital cinema standard
4K, for instance, or UHDTV([12]). In addition, according
to a recent press release by the European Commission[11],
over one thousand channels have been established in the UK
alone until 2009, so assuming 3000 TV channels are offered
in 10 to 15 years seems reasonable. In this case, bandwidth
savings would be very significant, with a magnitude of sev-
eral hundreds Gbps.

The scale of our dataset offers confidence in the results ob-
tained. Furthermore, we believe this scheme would achieve
similar gains in other IPTV networks. This is because the
basis of our scheme is the observation that only a subset of
TV channels are being watched at any one time, and this is
rooted in a specific fact: channel popularity is highly skewed
(zipf-like), meaning that some channels are very popular,
while others are very rarely watched. This fact was observed
by different research groups using different datasets: one
group [7] analysed the same dataset used in this study (150
TV channels, 250k users), and another group [18] analysed
a different dataset with a different scale (700 TV channels,
1 million users). Both reached the same conclusion in terms
of channel popularity, so we are confident that our analysis
can be generalised.

S. IMPACT ON ENERGY CONSUMPTION

Saving bandwidth may be, per se, an important objective.
In this paper, however, we additionally proposed to analyse
the impact of our scheme on energy consumption. In princi-
ple, bandwidth savings should result in energy savings. Less
bits need to be transported in the links, and less bits need
to be processed in the routers. Reducing load in the net-
work offers more opportunities to put some equipment to
sleep or to adapt line rates, in order to save energy. In this
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section we will try to understand if these bandwidth savings
are translated in relevant energy savings.

Unfortunately, there is a lack of power measurement stud-
ies from live networks. Besides this, there is no good under-
standing of how the energy consumed by network equip-
ment varies under different loads and router configuration
settings. For this reason, we will devise a power consump-
tion model based on one study that offers real measurements
of existing network equipment [8].

5.1 Power consumption model

Energy consumed by a router depends on five variables:
1) power to maintain the chassis on: a fix amount indepen-
dent of load; 2) number of active linecards; 3) number of
active ports in each linecard; 4) port capacity; and 5) port
utilisation.

Considering this, in our model we assume that the routers:
1) will be always on; 2) support a mechanism to turn off line
cards; 3) do not support a mechanism capable of turning off
specific ports in an active linecard; 4) cannot change port
capacity; and 5) the energy usage per port is independent
of utilisation. We also assume that any pair of routers will
maintain multi-bonded channels to inter-communicate. This
is commonly the case, with the links between pairs of routers
transporting multiple parallel channels, either through mul-
tiplexing or by using multiple optical fibres. Finally, we
assume that the routers will use each of these parallel chan-
nels to its full capacity before deciding to use a new free
channel.

This is a conservative model because assumes only that
linecards can be turned off automatically when not needed.
We expect in the near future routers to not only being ca-
pable of doing this, but also of automatically turning off
specific ports from an active linecard and generically have a
more energy proportional behaviour (the IEEE, for instance,
already has a working group devoted to these matters[14]).

Based on these assumptions, we consider the two routers
analysed in [8]. We assume the Cisco 7507 equipped with
six 1GE linecards, and the Cisco GSR 12008 equipped with
eight 4x1GE. The model developed for our analysis is shown
in Figure 4, with the inputs defined in Table 2.

Max power

Power consumption

Load Max capacity

Figure 4: Model of power profile

As one line card is turned on, the power consumption in-
creases by A, hence the discrete-steps increase. The energy
per bit figures included (from [8, 21, 9]) allow us to extrap-
olate the power consumption profiles of the more advanced
Cisco CRS-1 and Cisco CRS-3 routers in the next section.

5.2 Evaluation of different scenarios

We will now analyse the impact the bandwidth savings



Table 2: Model inputs

Router | Ap(W) A(Gbps) Energy per bit
Cisco 7507 30 [3] I 650J /bit [8]
Cisco GSR 12008 | 92 [§] 4 360J /bit [8]
Cisco CRS-1 N/A N/A 10nJ/bit [21]
Cisco CRS-3 N/A N/A 3nJ/bit [9]

reported in Table 1 would have in energy consumption. We
consider again those three scenarios. For all scenarios, we
assume the network is composed of 250 edge routers and 50
core routers. Intel network has approximately 300 routers
and was used as reference in earlier energy-related work[16],
so we assume this to be also a representative figure for a
nationwide IPTV provider. In the first scenario, “today”,
we assume the edge routers to be Cisco 7507, while the core
uses Cisco GSR 12008. In the futuristic scenarios we need
more powerful routers, so we assume for the second scenario
Cisco GSR 12008 in the edge and Cisco CRS-1 in the core,
and for the medium-long term scenario CRS-1 in the edge
and CRS-3 in the core. Since we do not have details from
real measurement on these routers, we will extrapolate their
A, and A; values. We will assume the same values as for
the GSR 12008, but considering also the increased power
efficiency of these routers, represented by the energy per bit
figures. Specifically, we will assume the CRS-1 to be three
times as efficient as the GSR 12008 (based on [21]), and the
CRS-3 to be three times as efficient as the CRS-1 ([10]).

The energy and cost savings for all three scenarios are
presented in Figure 5. We present the results in terms of
reduced power consumption (in kWh per year) and reduced
cost (in €per year, considering 0.1€per kWh).
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Figure 5: Energy and cost savings

Today, the bandwidth savings achieved with our scheme
will have negligible impact on energy consumption, at least
in the core network. Nevertheless, it is important to note
that we have not considered the access network. An ADLS2+
DSLAM, for instance, has an energy per bit figure two orders
of magnitude higher than that of the Cisco 7507 router[2].
It is therefore quite probable that reducing the number of
bits that need to be processed at this level offers significant
energy savings. Unfortunately, we do not have data to cre-
ate a power profile model for this equipment, so this remains
a supposition.

In the future, however, the energy savings will start to be-
come meaningful, even considering our conservative power
profile model. This is grounded in the observation that the
energy per bit figure in network equipment has been reduced
by around one order of magnitude per decade in the past and
we expect it to follow a similar trend in the future. By con-
sidering an increase of IPTV network bandwidth demands
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by three orders of magnitude, the energy footprint caused
by this type of service may become significant.

6. CONCLUSIONS AND FUTURE WORK

Delivering TV streams using an IP network means con-
suming a significant amount of the network’s resources. As
the number of TV channels increases and the quality of the
streams improves (with the resulting increase of the band-
width requirements), a network provider will have to think
carefully if it can handle that burden. Fortunately, the ma-
jority of users tend to enjoy the same TV channels: 90%
of all TV viewing is restricted to a small selection of chan-
nels[7, 18]. We argue, therefore, that an IPTV provider can
use this fact for its own benefit. Instead of broadcasting all
channels at all times, it can judiciously choose which TV
channels to distribute where at any one time.

In this paper, we propose each network node to pre-join
only a selected list of these channels: the active TV channels
plus a small subset of the inactive ones. We evaluated this
scheme by performing trace-driven simulations on a large
dataset from a nationwide IPTV network. We contrasted
the bandwidth savings achieved with the number of requests
affected, and concluded that it is possible to reduce band-
width significantly without compromising service quality.

A power consumption model was developed to assess the
impact these bandwidth savings will have on energy con-
sumption. The main conclusions were that nowadays energy
savings in the core are not significant, in the not improbable
scenario of IPTV bandwidth demands increasing faster than
electronic routers energy-efficiency developments, network
inefficiencies will become an issue deserving consideration.

As future work, we will continue investigating techniques
to improve the efficiency of IPTV networks. We intend to
mature this work, by refining the power consumption model
and by performing detailed sensitivity analysis. We will take
into consideration the expected evolution of routers in the
next decade. We are also planning to consider optical by-
pass as a strategy to make the growth of IPTV network
power consumption more manageable in the future. Using
this technique for long-lived flows (popular channels are a
good target), we reduce router work (less bits to process)
and make good use of the low power consumption proper-
ties of optical cross connects (switching energy of an all op-
tical circuit switched cross connect is lower by two orders of
magnitude when compared to its electronic equivalent [2]).
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