326 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS/SUPPLEMENT, VOL. 31, NO. 9, SEPTEMBER 2013

Providing Fast Channel Switching in
P2P IPTV Systems

Daniel A. G. Manzato and Nelson L. S. da Fonseca

Abstract—In spite of the increasing deployment of IPTV
services, various functionalities still need to be improved. One of
the main challenges is a reduction in startup delays, especially
in channel switchings, a problem which is quite relevant in P2P
IPTV systems due to bandwidth limitations, as well as the em-
ployment of buffers and overlay structures. This paper presents
and compares four novel schemes for providing fast channel
switching that reduce the occurrence of latency. The results
suggest that, in general, the proposed schemes are all capable
of performing 68% of all channel switchings instantaneously on
average. Moreover, the Fast 2 scheme, which presented the best
performance, reduces the overall stream quality received less
than 19%, on average.

Index Terms—IPTYV, fast channel switching, peer to peer
networking, peer to peer computing, multimedia streaming, mul-
timedia communication, multimedia systems, digital multimedia
broadcasting, quality of service.

I. INTRODUCTION

N spite of the increasing deployment of IPTV services,
Ivarious functionalities still need to be improved [1], [2].
One of the main issues is a reduction in startup delays,
especially in channel switchings. In P2P IPTV systems, due to
bandwidth limitations, only a portion of the broadcast content
is transmitted to the users. Moreover, although buffers and
overlay structures are employed to ameliorate the problems
arising from network bandwidth fluctuations and connection
failure, these cause playback latency and degrade the usability
of the system, especially when fast navigation through multi-
ple channels is desired.

The PPLive, a typical P2P IPTV system [3], needs a certain
amount of time to store tens of seconds of video frames in
buffers before playback [1]. New peers can spend as long
as 10 to 15 seconds before they can join a P2P overlay [4],
and it can take another 10 to 15 seconds to launch the media
player and store the video frames in the buffers. Since the users
of traditional television expect to be able to switch channels
quickly [1], P2P IPTV services must reduce startup delays to
just a few seconds [1].

This paper presents and compares four novel schemes for
providing fast channel switching in P2P IPTV systems that re-
duce the occurrence of latencies caused by buffers and overlay
structures. The novelty of these schemes is the employment
of multiple description coding (MDC) [5]-[7] and multiple
distribution trees. Multiple description coding generates sub-
streams with a minimum quality for each channel. These are
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transmitted through multiple distribution trees. By combining
a set of sub-streams, it is possible to provide users with the
option of multiple channels with minimum quality instead of
a single channel with full quality, but the reduced quality is
still sufficient to verify the programs being broadcast. When
the user requests a channel that is received in background, the
switching of channels is immediate. This approach yields bet-
ter network resource utilization and facilitates the adjustment
of stream qualities according to user viewing state, as well as
the adjustment to different situations of bandwidth contention.

To increase the probability of immediate switching, the
proposed schemes define strategies for the selection of the
content most likely to be requested. The set of sub-streams
selected for transmission will have either various descriptions
of the same channel or single descriptions of multiple chan-
nels. In previous work [8], [9], the benefits of this approach
were shown. Although other proposals in the literature have
adopted the transmission of redundant streams with minimum
quality [10]-[12], to the best of the authors’ knowledge, the
proposed schemes are the first to employ multiple description
coding and multiple distribution trees for this purpose.

The effectiveness of the proposed schemes was evaluated
via simulation using various scenarios employing realistic
values for network parameters, different arrival patterns and
different sizes of distribution trees. The proposed schemes
are all capable of performing 68% of all channel switchings
instantaneously on average. Moreover, the Fast 2 scheme,
which presented the best performance, reduces the overall
stream quality received less than 19%, on average.

The remainder of this paper is organized as follows. In
Section II, related work is presented. In Section III, an example
of an architecture for P2P IPTV in which the proposed
channel switching schemes can be employed is discussed. In
Section IV, the proposed schemes are introduced, and in Sec-
tion V, simulation experiments are described. In Section VI,
the schemes are evaluated, and in Section VII, conclusions are
drawn.

II. RELATED WORK

Several schemes have been proposed for channel switching
in IPTV systems, all designed to reduce different components
of the total switching delay. According to the literature [10],
[13], [14], these schemes can be classified into four categories.
One of them is formed by schemes that try to reduce the
network delay [14]-[16], which is the period of time the set-
top box needs to leave the current multicast group and join
the multicast group of the newly requested channel. Although
Ramos et al. [13] consider the network delay to be irrelevant
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to the total delay, given that in commercial IPTV it is usually
shorter than 100-200 ms, this delay is quite significant in P2P
IPTV, since it can reach values as long as 10-15 seconds [4].

In [16], a channel switching scheme was proposed for
P2P mesh systems [3], [17]. In this scheme, peers maintain
information about contact neighbors in the overlay of the
watched channel, as well as about contact neighbors in the
overlays of the channels most likely to be requested. Although
results show that this scheme performs 58% of the switchings
locally, without any need of contacting the server, they do not
show the real impact on startup delays. Moreover, a major
drawback of the scheme is that it is specific for P2P mesh
systems, which naturally involve longer startup delays than
do P2P multiple tree systems [2].

Another category comprises schemes employing certain
video coding techniques to reduce the synchronization de-
lay [18]-[20], which is the period of time the set-top box
needs to wait for a reference frame to start decoding the video
stream. The synchronization delay takes, on average, half the
group of pictures (GOP) duration [13], and typically lasts from
500-2000 ms [18]. This period of time is more significant in
commercial IPTV than it is in P2P IPTYV, considering the total
delay of both types of systems.

A third category is composed by schemes employing proxy
servers with boost streams [13], using either unicast [21], [22]
or multicast [12], [23], [24]. Such schemes seek to reduce
both the synchronization and buffering delays by furnishing
a secondary stream with a higher bit rate or a larger number
of reference frames concurrent with the main one. When the
main stream is ready to be reproduced, the secondary stream
is dismissed. The buffering delay varies depending on the
amount of protection required by the system, with typical
values of 1-2 seconds in commercial IPTV [13], and of 10-15
seconds in P2P IPTV [4]. Thus, this delay is quite significant
in the total delay of both types of systems.

The scheme proposed in [12] is similar to ours; using
additional multicast groups, it delivers streams with minimum
quality for each channel. However, while in the present paper
multiple description coding and multiple distribution trees
are used to enable pre-joining of multiple channels, in [12]
the coding scheme is MPEG-4 and only a single additional
multicast group per channel is employed as a means of
providing boost streams. The results of the two approaches
differ mainly in the following: while the scheme in [12]
reduces the playback latencies of all channel switchings fo
half, the schemes in the present paper nullify the playback
latencies of a significant portion of the channel switchings
(67.74% of all switchings). One disadvantage of the scheme
proposed in [12] is the 50% I/O overhead on the servers
for any channel with at least one user surfing. Moreover, all
channels need to be recoded in order to obtain the streams
with minimum quality. The schemes proposed in the present
paper do not impose any such overheads, since they employ
multiple description coding.

The fourth category comprises pre-join schemes [10], [11],
[13], [25]-[29] which try to predict the next channels that will
be requested by the user and then transmit them redundantly
in advance in order to make them available by the time of
the next channel switching. This approach reduces the total
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TABLE I
CATEGORIES OF CHANNEL SWITCHING SCHEMES AVAILABLE AND
COMPONENTS OF THE TOTAL SWITCHING DELAY ADDRESSED, INCLUDING
SIGNIFICANCE IN P2P AND COMMERCIAL IPTV.

Categories of Channel Network | Synchron. Buffering
Switching Schemes Delay Delay Delay

1. Reduction of Network Delay X

2. Video Coding Techniques X

3. Proxies with Boost Streams X X

4. Pre-join Schemes X X X
[ Significance in P2P IPTV [ coo ] 00 [ ocoo |
| Significance in Commercial IPTV_|| o | coo | oo0o |

delay by addressing all the above mentioned delays (network,
synchronization and buffering). The schemes proposed in the
present paper fall into this category.

To address the disadvantage of the existing pre-join schemes
which assume that the user’s bandwidth will be large enough
to receive simultaneously multiple streams in full quality, the
pre-join schemes proposed in [10], [11] employed an extension
of the H.264/AVC video coding, called scalable video coding
(SVC), to generate low quality streams. The scheme in [10]
extended the idea of [11] by pre-joining a small number of
channels with minimum quality during watching periods, in
addition to the watched channel in full quality. During surfing
periods, only channels with minimum quality are pre-joined,
as in [11]. Although this approach has similarities to ours
including the adoption of low quality streams and two viewing
states, our proposal differs from that in [10] by the use of
multiple description coding; moreover, it seeks to reduce as
much as possible the occurrence of delayed channel switching
events while maintaining as much as possible the stream
quality, so that the user’s bandwidth can be better utilized.
Furthermore, our proposal employs three different strategies
for selecting the redundant channels to be transmitted in
advance (adjacent, popular and old channels), whereas that
in [10] considers the buttons most recently pushed by the
user in a similar fashion as in [27]. A further difference is
that the schemes proposed in the present paper employ a
gradual transition from one viewing state to the other, which
is facilitated by the use of multiple description coding and
results in enhanced stream quality.

Table I summarizes the categories of channel switching
schemes available and the components of the total switch-
ing delay addressed, including their significance in P2P and
commercial IPTV.

III. P2P IPTV ARCHITECTURE

There are two main approaches for video distribution in
P2P networks: trees [30]-[32] and mesh [3], [17]. The tree
approach, based on multicasting at the application layer, has
a distribution structure always ready for transmission, thus
avoiding the overhead of transmission scheduling and, as a
consequence, reducing the startup delay. The mesh approach
employs connections on demand, thus avoiding the cost of
maintaining active distribution structures. However, it adds
overhead for content dissemination, as well as for transmission
scheduling. Since one of the main challenges of P2P IPTV
systems is to reduce startup delays, especially in channel
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Example of Architecture for P2P IPTV
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Fig. 1. Example of an architecture for P2P IPTV which employs multiple
distribution trees [2].

switchings, the tree approach is considered to be the most
interesting [2].

Fig. 1 provides an example of an architecture for P2P IPTV
which employs multiple distribution trees [2]. Components
called Dedicated Super Nodes (DSNs) are responsible for
propagating streams from all channels and making them avail-
able to users. The streams are generated by components called
Stream Providers (SPs) and transmitted directly to DSNs,
with each DSN admitting one or more SPs. Since streams
are encoded in multiple description coding, all DSNs make
available all descriptions of all existing channels.

Peers are classified into two categories according to their ca-
pacities: Temporary Super Nodes (TSNs) and Regular Nodes
(RNs). The TSNs connect directly to DSNs and admit RN,
cooperating with the system in the tasks of tree management
and content distribution. Each RN is admitted under a TSN
through multiple distribution trees, with each tree used for
the transmission of a description of a specific channel. As
each TSN provides only a single channel in full quality, the
channel selection of an RN will determine its admittance under
a specific TSN. In addition to serving this channel in full
quality, a TSN also forwards navigation descriptions of other
channels, thus enabling fast navigation to RNs.

IV. PROPOSED CHANNEL SWITCHING SCHEMES

This section introduces the proposed channel switching
schemes.

A. Background

The idea behind the proposed schemes is that users do not
need to receive streams in full quality to verify the content
being broadcast on a channel. For the identification of this
content, only minimum quality is sufficient [8], [9]. Since such
streams have low bandwidth demands, multiple channels can
be transmitted simultaneously, and media players can keep
multiple buffers continuously filled for immediate playback
of these channels. It is thus possible to provide instantaneous
channel switching to the content stored in the buffers. The set
of channels stored can vary depending on the user, as well as
on the bandwidth of the streams [8], [9].

The proposed schemes rely on only two specific charac-
teristics of video streaming: multiple distribution trees and
multiple description coding. The employment of multiple
distribution trees in P2P IPTV systems is common and prefer-
able to mesh topologies [2], [33]. For channel switching,
this approach helps to reduce startup delays by avoiding
the overhead of transmission scheduling. Multiple description
coding is employed to divide a single channel into multiple
sub-streams (or descriptions) with minimum quality, which
are then transmitted via multiple distribution trees. There are
various ways of implementing multiple description coding [5],
[34] and the proposed schemes are not affected by a specific
implementation. For instance, in platforms for which a video
codec is already available, a technique based only on pre-
/post-processing and the use of legacy coders [34] could be
used. Besides significantly reducing the development time,
this technique demands minimal infrastructure change [34].
Moreover, since P2P IPTV systems usually employ multicas-
ting at the application layer, no infrastructure change will be
required to implement multiple distribution trees. In this way,
the proposed schemes can be easily adopted for P2P IPTV.

Multiple description coding presents several advantages.
First, all the descriptions have the same importance; as a
consequence, any one of them can provide the stream with
minimum quality for the channel, and the loss of a subset of
the descriptions does not compromise the reassembly of the
original stream, as would be the case with layered coding.
Another advantage is that the final quality of the reassembled
stream is proportional to the number of descriptions received.
This feature allows incremental improvement of the stream
with minimum quality as additional descriptions are received.
In P2P IPTV, this flexibility is very important in providing
adaptations for bandwidth heterogeneity. Finally, this approach
eliminates the need for recoding the original video to gener-
ate streams with minimum quality, thus avoiding additional
overhead of I/O and processing at the stream providers [8].

The employment of the proposed schemes in P2P IPTV
requires only the availability of the streams with minimum
quality to the connected users. This means that a user must
be able to be admitted into at least one distribution tree for
each channel, as well as into all distribution trees for the
watched channel when she/he is not surfing [2]. In a P2P
IPTV environment, the management overhead of employing
multiple trees is distributed among peers, as in the architecture
proposed in [2], which distributes the overall load by employ-
ing multiple temporary servers (TSNs), which are themselves
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User's Bandwidth in the State Watching
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Fig. 2. Utilization of the user’s bandwidth in the state watching.
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Fig. 3. Utilization of the user’s bandwidth in the state browsing.

peers.

The availability of the descriptions of all channels, offered
via multiple distribution trees, makes it possible to select
and transmit a subset of them to the user. It is important to
note, however, that the aggregate bandwidth of this selection
cannot exceed the user’s incoming bandwidth. Depending on
whether the user is surfing or not, the selection received will
vary. Therefore, the proposed schemes define two viewing
states: watching and browsing, illustrated in Figs. 2 and 3,
respectively, for the bandwidth of a single user. In the state
watching, the user’s bandwidth is employed primarily for the
reception of the descriptions of the watched channel, while
in the state browsing the bandwidth is used primarily for the
reception of descriptions of different channels, i.e., streams
with minimum quality from other channels.

In order to decrease the probability of startup delays at
the beginning of a channel switching operation, in the state
watching part of the user’s bandwidth is reserved for the
reception of a reduced selection of streams with minimum
quality. These streams consist of the channels most likely to
be requested in that state. There is a clear trade-off between
providing higher quality of reception for a watched channel
and providing access to more channels to increase the proba-
bility of instantaneous channel switching when this operation
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is initiated. In the state browsing, part of the user’s bandwidth
is also reserved for partially maintaining the reception of the
old channel. Thus, if the user returns to the old channel at the
end of a channel switching operation, this channel will already
be available and will have an intermediate quality, higher than
that provided during navigation, but lower than that obtained
in the state watching. According to [35], the probability
of a user returning to the old channel after terminating a
channel switching operation is about 17%, since many channel
switchings occur during advertisements, when users check
what is being broadcast on other channels.

It is also known that 56-60% of channel switchings involve
sequential channels (linear), with 69-72% of them upward and
28-31% of them downward [35], [36]. This information sug-
gests that in both states part of the user’s bandwidth reserved
for navigation should be for channels which are adjacent to the
watched one, with the relevant upward/downward proportions
preserved. Switchings to non-sequential channels (non-linear)
correspond to 40-44%, which suggests that another part of the
user’s bandwidth reserved for navigation should be for popular
channels, since these have a high probability of being se-
lected. Considering these patterns, three different strategies for
the selection of navigation descriptions have been proposed:
old channel, popular channels and adjacent channels. These
strategies should always be used together by the proposed
schemes for a better prediction of the channels most likely
to be requested by a given user.

Whenever a new channel is requested, if at least one
description of this channel is available in the buffers of the
media player, the change is immediate, because the content is
ready to be played. If, however, no description of the requested
channel is available, latency is introduced due to the time
required for admission into the new distribution tree, as well
as to the time used for synchronizing and buffering the video
frames. The proposed schemes fall into the fourth category
discussed in Section II (pre-join schemes), addressing all three
of these components of the total switching delay: network,
synchronization and buffering.

Since the probability of channel switching is higher in
the state browsing, channel diversity is given priority with
the transmission of single descriptions of multiple channels,
whereas in the state watching, the quality of reception is given
priority with the transmission of multiple descriptions of the
same channel. The proposed schemes are thus designed to
address not only usability, but also the quality of service of
the system.

Next, the schemes themselves are introduced.

B. Linear Scheme

Fig. 4 illustrates the state transitions for the Linear, Fast
and Slow schemes. When a user is in the state watching
and starts a channel switching operation, most of the in-
coming bandwidth is released by dismissing a subset of the
descriptions received for the watched channel. This bandwidth
is used to receive more navigation descriptions of other
channels. Such an operation is implemented by the removal
of the user from one set of distribution trees and her/his
admission into another, with the state changed to browsing.
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State Transitions for the Linear, Fast and Slow Schemes
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Fig. 4. State transitions for the Linear, Fast and Slow schemes.

Each time a user enters the state browsing or requests a
new channel change, an individual timer is started, which
counts the time elapsed since the last channel change. During
an initial period, i.e., the timer value is in the interval of
[0:TransitionStartTime) seconds, no change is made in the
descriptions provided to the user. During the following period,
i.e., while the timer value is in the interval of [T'ransition-
StartTime:TransitionFinishTime], a gradual transition
back to the state watching takes place. If the timer reaches
the value of TransitionFinishTime seconds, the state is
changed back to watching; otherwise, the user remains in the
state browsing. Both parameters TransitionStartTime and
TransitionFinishTime are subject to configuration.

In the Linear scheme [8], the gradual state transition
consists in increasing linearly with time the number of de-
scriptions received for the watched channel until the quality
of reception reaches the maximum value (which is that of
the state watching). This is accomplished by periodic update
events every TransitionUpdatePeriodicity seconds during
the interval of [TransitionStartTime:TransitionFinish-
Time]. The parameter TransitionU pdatePeriodicity can
also be configured. Let T be the number of update events in
the interval (I' = | (TransitionFinishTime — Transition-
StartTime)/TransitionUpdate Periodicity|), t the dis-
crete number of the current update event (0 <=t <= 1),
and M the maximum number of descriptions in the state
watching. The number of descriptions received (n) for the
watched channel at the current discrete time (¢) is given by:

n(t) =1+ [(t/T)* (M —1)] M

The number of descriptions varies in the set [1..M], since at
least one description of the watched channel must be provided
to the user at any given time. To avoid the aggregate band-
width exceeding the user’s incoming bandwidth limitations,
the Linear scheme gradually releases the descriptions of the
non-watched channels. This operation is also implemented by
the user’s departure from one set of distribution trees and
acceptance into another. If, during the state transition, the

user requests another channel, then the additional descriptions
received for the watched channel are released, and new navi-
gation descriptions are requested. Since the update of the old
channel only occurs when the user leaves the state watching,
no change related to this strategy occurs at this moment. At
the end of the transition, the user is already receiving all the
descriptions of the new watched channel, all the descriptions
of the old channel have been released, and the state is changed
back to watching.

When releasing the descriptions of the non-watched chan-
nels, n — 1 descriptions of the old channel are first gradually
dismissed, so that at least one description remains to ensure
immediate switching in case the user decides to return to that
channel. The scheme then gradually dismisses the navigation
descriptions with a low probability of being requested until
the number of navigation descriptions is equivalent to what
is established for the state watching. At this time, the last
description of the old channel is dismissed, thus completing
the transition.

C. Fast Scheme

In the Fast scheme [9], the transition from the state watching
to the state browsing occurs in the same way as in the
Linear scheme, with the user initiating a channel switching
operation. As with the Linear scheme, the transition from the
state browsing to the state watching is a gradual one over
the same interval of [TransitionStartTime:Transition-
FinishTime] seconds. However, in the Fast scheme, the
number of descriptions received for the watched channel
increases at a logarithmic rate during the gradual transition,
with the steepness of this logarithmic rate defined by the factor
C. The number of descriptions received (n) for the watched
channel at the current discrete time (¢) is given by:

As in the Linear scheme, the descriptions of the non-
watched channels are released gradually, following the same
order. The value of C varies between 0.5 and 2000, giving rise
to two versions of the scheme. In the Fast I/ scheme, the value
of C'is defined so that an increase of 80% in the descriptions
is completed during the first half of the interval. In the Fast 2
scheme, the value of C is defined so that an increase of 80%
in the descriptions is completed during the first 10% of the
interval.

Both of these Fast schemes are designed to improve the
stream quality in the state browsing in comparison to the
Linear scheme, while maintaining as much as possible its
reduction of the number of delayed channel switching events.
This is done by advancing the release of the navigation
descriptions during the gradual state transition, thus allowing
more room to accommodate additional descriptions of the
watched channel.

D. Slow Scheme

In the Slow scheme [9], the transition from the state watch-
ing to the state browsing is also similar to what happens in the
Linear scheme, with the transition from the state browsing to
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the state watching taking place gradually during the same in-
terval of [TransitionStartTime:TransitionFinishTime]
seconds. Nevertheless, during the gradual transition in the
Slow scheme, the number of descriptions received for the
watched channel increases at a rate which is the inverse of
the logarithmic function adopted for the Fast scheme. The
number of descriptions received (n) for the watched channel
at the current discrete time (%) is given by:

0= (- () o]

The descriptions of the non-watched channels are also
released gradually, following the same order of the Linear
scheme. Two versions are also available, with the value of C
varying between 0.5 and 2000. In the Slow I scheme, the value
of C'is defined so that an increase of 20% in the descriptions
is completed during the first half of the interval, whereas in the
Slow 2 scheme, the value of C' is defined so that an increase
of 20% in the descriptions is completed during the first 90%
of the interval.

Both of these Slow schemes are designed to further reduce
the number of delayed channel switching events in comparison
to the Linear scheme, while maintaining as much as possi-
ble its stream quality in the state browsing. To accomplish
this, these schemes postpone the release of the navigation
descriptions during the gradual state transition, so that there
is a higher chance of at least one description of the requested
channel being available when channel switching occurs.

E. Immediate Scheme

Fig. 5 illustrates the state transitions for the Immediate
scheme [9]. This scheme does not employ a gradual transi-
tion. When the user is in the state browsing and the initial
interval of [0:TransitionStartTime) seconds has elapsed,
the additional navigation descriptions are released all at once,
including the descriptions of the old channel. Moreover, all the
additional descriptions of the watched channel are requested
at the same time, and the state is immediately changed back
to watching. The transition from the state watching to the
state browsing occurs in the same way as in the previ-
ous schemes, and the parameters TransitionFinishTime
and TransitionUpdatePeriodicity are not included in the
scheme.

The number of descriptions requested (n) for the watched
channel at the time ¢t = T'ransitionStartTime is given by:

n(t) =M “)

The TransitionStartTime parameter varies in the set:
[5, 30, 60] seconds, giving rise to three versions of the
scheme. In the Immediate 1 scheme, the immediate transition
occurs at the same time that the gradual transition starts
in the other schemes (T'ransitionStartTime = 5). In the
Immediate 2 scheme, the immediate transition occurs at a
time corresponding to the middle of the gradual transition time
in the other schemes (T'ransitionStartTime = 30). In the
Immediate 3 scheme, the immediate transition occurs at the
same time as the gradual transition ends in the other schemes
(TransitionStartTime = 60).

State Transitions for the Immediate Scheme

Part of the descriptions of the watched channel is dismissed
Additional navigation descriptions are requested

[Channel Switching Request] /
Timer=0

/ \
i‘\
|

Browsing

[Timer > TransitionStartTime] Lo
(t1) —— [Channel
Switching
Request] /
. . i . Timer =0
Descriptions of the watched channel are immediately increased
Descriptions of navigation channels are immediately released

Fig. 5. State transitions for the Immediate scheme.

While the aim of the Immediate I scheme is similar to that
of the Fast schemes, the aim of the Immediate 3 scheme is
similar to that of the Slow schemes. The Immediate 2 scheme
represents an intermediate trade-off between them. Moreover,
all of these Immediate schemes balance the benefits of a
gradual state transition, as well as establishing upper bounds
for advancing or postponing the release of the navigation
descriptions.

V. SIMULATION EXPERIMENTS

A simulator for P2P IPTV systems was developed to assess
the effectiveness of the proposed schemes, since to the best
of the authors’ knowledge, none of the existing simulators
implementing the fundamental operations of IPTV services is
publicly available. Although a tool was developed in [36] for
the generation of synthetic traffic (constructed from statistical
models derived from real traces), it was not available for
use at the time of the development of this paper, so the
simulator developed had to implement the fundamental oper-
ations of IPTV services from the statistical models introduced
in [35] and [36]. The simulator was validated considering the
different characteristics of the synthetic traffic generated, the
correctness of processing for each event type, and the resulting
effects on the system, such as the total number of users at
a time, daily usage patterns, rates of arrival, departure and
channel switching, channel popularity and transition proba-
bilities, as well as the distribution of the existing connection
classes. Although the models from [35] and [36] were derived
from a commercial IPTV system, they were used because there
were no equivalent models for P2P IPTV available at the time
of the development of this paper; moreover, the traffic for
commercial IPTV is more demanding than that for P2P IPTV,
typically with a higher rate of channel switching requests, and
its use yields to evaluation of the P2P IPTV system under high
demands.

The arrival of new peers was modeled by a non-stationary
process consisting of sequences of piecewise-stationary Pois-
son arrival processes, each lasting 15 minutes [37], [38]. The
rates of these sequences varied from 5 to 2000 arrivals per
minute, and they were defined to reflect the total number
of users of a real system per stationary period [35]. As a
result, daily patterns of real systems were reproduced, with
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two main peaks around 3PM and 10PM, and a smaller one
around 8 AM [35]. The session duration followed a Lognormal
distribution, with the parameters p = 6.351 and o = 2.01 [37],
for an average period of 4320 seconds (1.2 hours) [35]. Chan-
nel holding times were modeled using a histogram built from a
trace collected in an operational IPTV system [35] (mean and
median of 14.8 minutes and 8 seconds, respectively). A seven-
day period was simulated, generating more than 62 million
channel switching events.

The number of channels used was 105 [35]. Channel
popularities and transition probabilities were derived from
information and data obtained from [35] and [36]. The viewing
time threshold was set at 60 seconds [35]. To simulate het-
erogeneous access profiles, connection classes were defined
according to the statistics of the Brazilian Internet access
pattern [39], with classes of ADSL 1 Mbps, ADSL 2 Mbps,
ADSL 4 Mbps, ADSL 8 Mbps, HFC 500 Kbps, HFC 3 Mbps,
HFC 6 Mbps, and HFC 12 Mbps. Stream bandwidth values
varied in the set: 300 Kbps, 1024 Kbps and 2048 Kbps [1].
The number of distribution trees varied in the set: 4, 8, 16
and 32 [30], [40]. Startup delays (period of time necessary
for admission into the trees and for buffering video frames)
were modeled by a uniform distribution in the interval [5—20]
seconds [1], [4].

Since most of the channel switching events occur about
4 seconds after the last change [35], the default value of
TransitionStartT'ime was set at 5 seconds. Following
the viewing time threshold adopted in [35], the value of
TransitionFinishTime was set at 60 seconds. The value of
TransitionUpdatePeriodicity was set at 1 second. In the
state watching, the fraction of the user’s bandwidth reserved
for navigation was set at 50%, with the remainder employed
to receive the descriptions of the watched channel. In the
state browsing, the fraction of the user’s bandwidth reserved
for receiving the descriptions of the old channel was set
at 50%, with the remainder employed to receive navigation
descriptions. In both states, the fraction of the navigation
bandwidth used for adjacent channels was set at 56%, with
the remaining bandwidth employed for popular channels (70%
for upward channels and 30% for downward ones). Before
being set at 56%, the fraction of the navigation bandwidth
used for adjacent channels was varied from 40% to 60%,
having produced similar results for the same traffic demand.
Indeed, this fraction value may require further fine-tuning in
operational IPTV systems.

The following metrics were obtained in the simulations:

e Delayed/immediate channel switching events, i.e., per-

centage of channel switching events with/without latency;

e Stream quality, i.e., mean number of descriptions re-

ceived for the watched channel by the peers during their
sessions.

The metrics are disjunct and complementary to each other,
i.e., while the number of navigation descriptions received
by a peer affects the delayed/immediate channel switching
events, the number of descriptions received for the watched
channel impacts the stream quality. Since the user’s bandwidth
is limited, the two metrics are important to balance the
numbers for each set of descriptions in the two viewing
states. Moreover, the stream quality is closely related to user-

perceived quality, since the final quality of the reassembled
stream is proportional to the number of descriptions received
for the watched channel (one of the properties of multiple
description coding) [5].

VI. EVALUATION OF THE SCHEMES

In this section, the proposed channel switching schemes
are evaluated. This evaluation is conducted in two steps. In
the first, we evaluate the benefits of employing a channel
switching scheme in a P2P IPTV system. For that, we compare
a P2P IPTV system with the Linear scheme to one system
without the use of any scheme to support channel switching
(subsection VI-A). The Linear scheme was chosen for com-
parison not only because it features a gradual state transition,
but also because this transition is linear. We also investigate
here the effectiveness of the three strategies proposed for
the selection of navigation descriptions: old channel, popular
channels and adjacent channels. After showing the benefits of
adopting a scheme for the support of channel switching in P2P
IPTV, we compare the performance of the Linear scheme to
that of the other proposed schemes, Fast, Slow and Immediate
(subsection VI-B). This comparison was designed to identify
which of the proposed schemes would lead to the best system
performance.

In both steps, the stream bandwidth of existing channels
and the number of distribution trees employed were varied
to investigate the performance of the schemes in different
situations of bandwidth contention. The scenario with the
greatest bandwidth contention (worst case scenario) is that
with the largest stream bandwidth and the lowest number of
trees, since the bandwidth of each description is proportional
to the total stream bandwidth and inversely proportional to
the number of trees. Conversely, the scenario with the least
bandwidth contention (best case scenario) is that with the
smallest stream bandwidth and the highest number of trees.
The scenario with a stream bandwidth of 1024 Kbps and 16
distribution trees is used here as an average case scenario,
since it has intermediate values for both variables.

A. Linear Scheme

In this subsection, the Linear scheme is compared to a
system with no scheme. Table II shows the configurations for
the different scenarios considered.

1) Delayed and Immediate Channel Switching Events:
Fig. 6 shows the percentages of channel switching events
with latency, for each scenario considered in this subsection.
When no scheme is employed, no reduction in the number of
delayed events is observed. The use of the Linear scheme
led to varying reductions in latency, which are greatest in
those scenarios with the least bandwidth contention. This is
due to the fact that the number of navigation channels that
each user can receive is determined by the bandwidth of each
description, and the more navigation descriptions received, the
higher is the probability of a channel requested being available
for playback.

In the best case (scenario S300T32, with a stream band-
width of 300 Kbps and 32 distribution trees), the use of the
Linear scheme led to a reduction of 89.94% in the number
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TABLE II
SCENARIOS CONSIDERED, VARYING STREAM BANDWIDTH (STR.),
NUMBER OF TREES (TRS.) AND EMPLOYMENT OF THE LINEAR CHANNEL
SWITCHING SCHEME (SCH).

[ Scenario | Str. | Trs. | Sch. |[ Scemario | Str. [ Trs. | Sch. |

S300T4 4 Off S1024T16 16 Off
On 1024 On

S300T8 8 Off S1024T32 Kbps 32 Off
300 On On

S300T16 Kbps 16 Off S2048T4 4 Off
On On

S300T32 32 Off S2048T8 8 Off
On 2048 On

S1024T4 4 Off S2048T16 Kbps 16 Off
1024 On On

S1024T8 Kbps 8 Off S2048T32 32 Off
On On
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Fig. 6.  Percentages of channel switching events with latency, for each

scenario considered.

of delayed events. In the worst case (scenario S2048T4, with
a stream bandwidth of 2048 Kbps and 4 distribution trees),
the reduction was only 16.31%. In the average case (scenario
S1024T16, with a stream bandwidth of 1024 Kbps and 16
distribution trees), a reduction of 67.74% was obtained.

Fig. 7 describes the percentages of channel switching events
without latency, separated by the three strategies for the selec-
tion of navigation descriptions: old channel, popular channels
and adjacent channels. Only the scenarios that employ the
Linear scheme are shown, since no immediate events exist
in the scenarios employing no scheme. The percentages of
immediate events per strategy are relative to the total number
of events for each scenario.

Fig. 7 shows that in the scenarios with greatest bandwidth
contention (S1024T4, S2048T4, S2048T8 and S2048T16) the
adjacent channels strategy produces higher percentages of im-
mediate events than does the popular channels strategy. This is
due to the fact that the adjacent channels strategy requires less
bandwidth than does the popular channels strategy, because it
has a good likelihood of having hits simply by ensuring that
the channels immediately above and below the current one
are available for the linear switchings, whereas the popular
channels strategy must make a higher number of channels
available for the non-linear switchings. In general, the greater

Immediate Channel Switching Events
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Fig. 7. Percentages of channel switching events without latency, separated
by strategy of the proposed schemes, for each scenario considered.

the bandwidth contention, the lower is the hit probability of the
popular channels strategy, whereas with the adjacent channels
strategy this number increases.

An analysis of the old channel strategy shows that the
percentages of immediate events are fairly constant. This
is due to the fact that the descriptions made available by
this strategy are descriptions of the same channel. The hit
probability of this strategy is related to the chances of the last
channel watched being reselected in a switching operation.
Thus, the number of descriptions available affects only the
quality of reception when the old channel is resumed, with
no effect on the chances of immediate switching, since only a
single description is sufficient for that. As a consequence, the
variation in bandwidth contention imposed by the scenarios
considered has no effect on the hit probability of this strategy.

2) Stream Quality: Fig. 8 describes the mean numbers of
descriptions received for the watched channel by the peers
during their sessions, for each scenario considered in this
subsection. In the case of this metric, scenarios with different
numbers of trees produce different maximum numbers of
descriptions. When no scheme is employed, the number of
descriptions received is close to the maximum value in the
scenarios with a small stream bandwidth (300 Kbps). In the
scenarios with a large stream bandwidth (1024 and 2048
Kbps), however, there is a slight decrease in that number, since
the increase in the bandwidth contention means that there are
more users who are unable to receive all the descriptions of the
channels. This trend, however, is independent of the adoption
of a scheme.

The employment of the Linear scheme leads to a further
reduction in the number of descriptions received for the
watched channel, because part of the user’s bandwidth is
used for the reception of navigation descriptions. This metric
thus reveals the cost of using the scheme, although this cost
varies according to the bandwidth contention. In general, the
greater the contention, the greater is the reduction in the stream
quality.

This reduction does not vary, however, as a function of
the number of trees used, being almost constant for all the
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Fig. 8. Mean numbers of descriptions received for the watched channel by
the peers during their sessions, for each scenario considered.

TABLE III
SCENARIOS CONSIDERED, VARYING STREAM BANDWIDTH (STR.) AND
NUMBER OF TREES (TRS.); AND SCHEMES EVALUATED, VARYING
LOGARITHMIC FACTOR (C') AND TIME OUT FOR STATE TRANSITION (t).

(a) Scenarios considered. (b) Schemes evaluated.
Scenario | Str. | Trs. Scheme | Variation
S300T16 300 16 No Scheme N/A
S300T32 Kbps 32 Linear N/A
S1024T16 1024 16 Fast 1 C=0.5
S1024T32 Kbps 32 Fast 2 C = 2000
S2048T16 2048 16 Slow 1 C=0.5
S2048T32 Kbps 32 Slow 2 C = 2000

Immediate 1 t =5s
Immediate 2 t = 30s
Immediate 3 t = 60s

scenarios with the same stream size. In the best case (scenarios
with a stream bandwidth of 300 Kbps), the cost of using the
scheme provides an average reduction of 4.88%, whereas in
the worst case (scenarios with a stream bandwidth of 2048
Kbps), the cost undergoes an average reduction of 34.33%. In
the average case (scenarios with a stream bandwidth of 1024
Kbps), the cost reduces 19.48%.

B. Fast, Slow and Immediate Schemes

In this subsection, the Fast, Slow and Immediate schemes
are evaluated. Table III illustrates the configurations for the
different scenarios considered, as well as the variations of the
schemes evaluated. Due to the number of different schemes
evaluated, we show only the results for scenarios with 16 and
32 distribution trees; as a consequence, the scenario S2048T16
(with a stream bandwidth of 2048 Kbps and 16 distribution
trees) is now the one with the greatest bandwidth contention
(worst case scenario).

1) Delayed Channel Switching Events: Fig. 9 shows the
percentages of channel switching events with latency, for
each scenario and scheme considered in this subsection. The
results are in agreement with those in Fig. 6: when no
channel switching scheme is employed, no reduction in the
number of delayed events is achieved; whenever a scheme is

Percentage of delayed events

Fig. 9.

Delayed Channel Switching Events

N \ ; K
S300T16 S300T32 S1024T16 S1024T32 S2048T16 S2048T32
Scenarios considered
ez No Scheme  £===3 Fast 2 Immediate 1
| inear rzzz2 Slow 1 wxzzd Immediate 2
B Fast 1 Slow 2 EXxx3 Immediate 3

Percentages of channel switching events with latency, for each

scenario and scheme considered.

employed, the reduction obtained is inversely proportional to
the bandwidth contention. In comparison to the Linear, all the
schemes except the Immediate I led to a similar reduction in
the number of delayed events.

The reduction from the use of the Immediate 1 scheme is 7%
smaller than that of the other schemes. This is due to the fact
that most of the navigation descriptions are dropped simulta-
neously 5 seconds after the last channel change, without taking
full advantage of the state browsing. Although most channel
changes do occur in the first 5 seconds after the last change,
some take place later, which is why both the Immediate 2 and
Immediate 3 schemes provide a better performance than does
the Immediate 1. Even without the gradual state transition,
the Immediate 2 and Immediate 3 schemes wait 30 and 60
seconds after the last channel change, respectively, to drop
the navigation descriptions.

The effectiveness of these schemes for the three strategies
for the selection of navigation descriptions (old channel,
popular channels and adjacent channels) was the same as that
of the Linear scheme (Fig. 7).

The Slow 1, Slow 2, Immediate 3, and (to a certain extent)
the Immediate 2 schemes were unable to reduce the number
of delayed events any more than the Linear scheme (reduction
of approximately 0.04%). Since postponing the release of the
navigation descriptions has a negative impact on the stream
quality, these schemes are less effective than the Linear one.

2) Stream Quality: Figs. 10, 11 and 12 present the mean
numbers of descriptions received for the watched channel
by the peers during their sessions, for each scenario and
scheme considered in this subsection. Figs. 10 and 11 show
this metric for the states browsing and watching, respectively,
while Fig. 12 shows the overall results for the two states. The
results in Fig. 12 are in agreement with those in Fig. 8: fewer
descriptions are received when a channel switching scheme is
employed than when no such scheme is employed due to the
cost of using the schemes. Moreover, the greater the bandwidth
contention, the greater is the reduction in the stream quality.

The three versions of the Immediate scheme produced the
worst stream qualities, as can be seen in Figs. 10 and 11. For
the scenario S1024T16 in the state browsing, for example,
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Stream Quality in the State Browsing
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Fig. 10. Mean numbers of descriptions received for the watched channel by
the peers during their sessions in the state browsing, for each scenario and
scheme considered.
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the stream qualities of the Immediate 1, Immediate 2 and
Immediate 3 schemes were 76.05%, 56.89% and 51.5% lower
than that of the Linear scheme, respectively. The only reason
the Immediate 2 and Immediate 3 schemes produced slightly
better stream qualities than the Immediate 1 scheme was the
postponement of the transition to the state watching, which
enabled the old channel strategy to be used more often while
the state was still in browsing. Since these three schemes
produced the worst stream qualities and did not reduce the
number of delayed channel switching events any more than
the Linear scheme, they provide no special benefits. Moreover,
these results suggest that the gradual state transition employed
by the other schemes does help in reducing the occurrence of
changes with latency, as well as improving the stream quality
received.

The second worst group of schemes in relation to stream
quality consists of the Slow I and Slow 2 schemes. To
illustrate this, let us consider the scenario S1024T16 in the
state browsing. In this case, they produced stream qualities
31.14% and 45.81% lower than that produced by the Linear
scheme, respectively. Since these two schemes yielded such
low stream qualities and were unable to reduce the number of
delayed channel switching events any more than the Linear
scheme, they have also been shown to provide no special
benefits.

In the state watching, the Fast I and Fast 2 schemes
produced stream qualities equivalent to those produced by the
Linear scheme. However, in the state browsing, the stream
qualities achieved were considerably better. In the scenario
S1024T16, for example, the Fast I and Fast 2 schemes
produced stream qualities 42.81% and 78.74% higher than
that of the Linear scheme, respectively. The Fast I and Fast 2
schemes were thus both successful in improving the stream
quality in the state browsing in comparison to the Linear
scheme, while maintaining basically the same reduction in
the number of delayed channel switching events. The Fast 2
scheme, however, surpassed the Fast I scheme in all scenarios,
proving to be the best scheme evaluated here. The improve-
ment of 78.74% over the Linear scheme was in the average
case (scenario S1024T16, with a stream bandwidth of 1024
Kbps and 16 distribution trees). In the best case (scenario
S300T32, with a stream bandwidth of 300 Kbps and 32
distribution trees), the Fast 2 scheme led to an improvement of
87.65%, and even in the worst case (scenario S2048T16, with
a stream bandwidth of 2048 Kbps and 16 distribution trees),
the improvement was of 72.65%. Thus, the Fast 2 scheme was
just as competent as the Linear scheme in reducing the number
of delayed channel switching events (68%, on average), doing
so with an improvement of 78.74% (on average) in the stream
quality during the channel switching operations (in the state
browsing).

Since the probability of a peer being in the state browsing
is considerably lower than being in the state watching, the
great variations observed in Fig. 10 are smothered by the rare
variations seen in Fig. 11, resulting in the overall metric given
by Fig. 12. Although in this subsection the stream quality was
analyzed separately in relation to viewing state, in actual use
the overall metric is what matters when evaluating the cost of
employing the channel switching schemes. Thus, the Fast 2
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scheme results in an average reduction of 3% in the best case
(scenarios with a stream bandwidth of 300 Kbps), whereas in
the worst case (scenarios with a stream bandwidth of 2048
Kbps), the average reduction is 33.9%. In the average case
(scenarios with a stream bandwidth of 1024 Kbps), the average
reduction is 18.85%. Given that these costs are lower than
those for the Linear scheme, presented in subsection VI-A,
the Fast 2 has proved to be the most efficient scheme to be
adopted for channel switching in P2P IPTV systems.

VII. CONCLUSION

In this paper, four novel schemes for fast channel switching
in P2P IPTV systems were presented and compared, all
designed to reduce the occurrence of latencies caused by
buffers and overlay structures, while maintaining the stream
quality as much as possible. Multiple description coding and
multiple distribution trees were employed to generate sub-
streams with minimum quality for each channel, providing
either a greater channel diversity or a higher quality of
reception. Moreover, three different strategies were defined for
the selection of navigation descriptions, namely old channel,
popular channels and adjacent channels. The popular channels
strategy addresses the non-linear changes, while the adjacent
channels strategy deals with the linear ones. The old channel
strategy, on the other hand, not only addresses the changes
back to the last watched channel, but also improves the quality
of service by ensuring that the old channel has an intermediate
quality when resumed. When the bandwidth contention is
great, the adjacent channels strategy is more efficient.

The benefits of the adoption of a channel switching scheme
have been highlighted by comparing the use of the Linear
scheme to a system which does not employ any scheme. The
performance of the other proposed schemes (Fast, Slow and
Immediate) was then compared to that of the Linear scheme.
The results suggest that the Fast 2 is the most efficient scheme
to be adopted for channel switching in P2P IPTV systems.

As future work, a performance evaluation study of all of the
proposed schemes in a commercial IPTV setting, with stream
bandwidths varying from 4 Mbps (SDTV) to around 20 Mbps
(HDTYV), will be conducted. Moreover, studies on the Visual
Quality Experience and Perceived Latency will be conducted
to evaluate user experience in various different situations of
bandwidth contention, complementing the metrics analyzed in
the present work.

REFERENCES

[1] X. Hei, C. Liang, J. Liang, Y. Liu, and K. W. Ross, “A measurement
study of a large-scale P2P IPTV system,” I[EEE Trans. Multimedia,
vol. 9, no. 8, pp. 1672-1687, Dec. 2007.

[2] D. A. G. Manzato and N. L. S. da Fonseca, “Peer-to-peer IPTV ser-
vices,” in Proc. 2nd IEEE Workshop Enabling Future Service-Oriented
Internet, Nov. 2008.

[3] “Pplive,” Mar. 2011 [Online]. Available: http://www.pplive.com/en/
index.html

[4] J. Liu, S. G. Rao, B. Li, and H. Zhang, “Opportunities and challenges
of peer-to-peer Internet video broadcast,” Proc. IEEE, vol. 96, no. 1,
pp. 11-24, 2008.

[5] V. K. Goyal, “Multiple description coding: Compression meets the
network,” IEEE Signal Process. Mag., vol. 18, no. 5, pp. 74-93, Sep.
2001.

[6] P. A. Chou, H. J. Wang, and V. N. Padmanabhan, “Layered multiple
description coding,” in Proc. Packet Video Workshop, Apr. 2003.

[7]1 J. G. Apostolopoulos, T. Wong, S. J. Wee, and D. Tan, “On multiple
description streaming with content delivery networks,” in Proc. IEEE
INFOCOM, June 2002, vol. 3, pp. 1736-1745.

[8] D. A. G. Manzato and N. L. S. da Fonseca, “A channel switching
scheme for IPTV systems,” in Proc. 53rd IEEE Global Commun. Conf.
(GLOBECOM), Dec. 2010, pp. 1-6.

[9] ——, “A comparison of channel switching schemes for IPTV systems,”
in Proc. IEEE Int. Conf. Commun. (ICC), June 2011, pp. 1-6.

[10] C. Y. Lee, C. K. Hong, and K. Y. Lee, “Reducing channel zapping
time in IPTV based on user’s channel selection behaviors,” IEEE Trans.
Broadcast., vol. 56, no. 3, pp. 321-330, Sep. 2010.

[11] Y. Lee, J. Lee, 1. Kim, and H. Shin, “Reducing IPTV channel switching
time using H.264 scalable video coding,” IEEE Trans. Consum. Elec-
tron., vol. 54, no. 2, pp. 912-919, May 2008.

[12] D. Banodkar, K. K. Ramakrishnan, S. Kalyanaraman, A. Gerber, and
O. Spatscheck, “Multicast instant channel change in IPTV systems,”
in Proc. IEEE 3rd Int. Conf. COMmun. Syst. softWAre MiddlewaRE
(COMSWARE), Jan. 2008, pp. 370-379.

[13] F. M. V. Ramos, J. Crowcroft, R. J. Gibbens, P. Rodriguez, and I. H.
White, “Reducing channel change delay in IPTV by predictive pre-
joining of TV channels,” in Signal Processing: Image Communication,
2011 [Online]. Available: http://www.sciencedirect.com/science/article/
pii/S0923596511000257

[14] M. Sarni, B. Hilt, and P. Lorenz, “A novel channel switching scenario in
multicast IPTV networks,” in Proc. IEEE 5th Int. Conf. Netw. Services
(ICNS), 2009, pp. 396-401.

[15] J. Kim, H. Yun, M. Kang, T. Kim, and J. Yoo, “Performance evaluation
of channel zapping protocol in broadcasting services over hybrid WDM-
PON,” in Proc. 7th Int. Conf. Advanced Commun. Technol. (ICACT),
Feb. 2005, vol. 2, pp. 1152-1155.

[16] A.-M. Kermarrec, E. L. Merrer, Y. Liu, and G. Simon, “Surfing peer-to-
peer IPTV: Distributed channel switching,” in Proc. 15th Int. Euro-Par
Conf. Parallel Process. (Euro-Par), Aug. 2009, pp. 574-586.

[17] X. Zhang, J. Liu, B. Li, and T. S. P. Yum, “Donet/coolstreaming: A
data-driven overlay network for live media streaming,” in Proc. IEEE
INFOCOM, Mar. 2005, vol. 3, pp. 2102-2111.

[18] J. M. Boyce and A. M. Tourapis, “Fast efficient channel change,” in
Proc. Int. Conf. Consum. Electron. (ICCE), Jan. 2005, pp. 1-2.

[19] U. Jennehag, T. Zhang, and S. Pettersson, “Improving transmission
efficiency in H.264 based IPTV systems,” IEEE Trans. Broadcast.,
vol. 53, no. 1, pp. 69-78, Mar. 2007.

[20] U. Jennehag and S. Pettersson, “On synchronization frames for channel
switching in a GOP-based IPTV environment,” in Proc. 5th IEEE
Consum. Commun. Netw. Conf. (CCNC), Jan. 2008, pp. 638—642.

[21] D. E. Smith, “IP TV bandwidth demand: Multicast and channel surfing,”
in Proc. 26th IEEE Int. Conf. Comput. Commun. (INFOCOM), May
2007, pp. 2546-2550.

[22] N. Degrande, K. Laevens, D. D. Vleeschauwer, and R. Sharpe, “Increas-

ing the user perceived quality for IPTV services,” IEEE Commun. Mag.,

vol. 46, no. 2, pp. 94-100, Feb. 2008.

S. K. Mandal and M. MBuru, “Intelligent pre-fetching to reduce channel

switching delay in IPTV systems,” Department of Computer Science,

Texas A & M University, Tech. Rep., 2008 [Online]. Available: http:

//students.cs.tamu.edu/skmandal/research/channelswitching.pdf

[24] Y. Bejerano and P. V. Koppol, “Improving zap response time for IPTV,”
in Proc. 28th IEEE Int. Conf. Comput. Commun. (INFOCOM), Apr.
2009, pp. 1971-1979.

[25] C. Cho, L. Han, Y. Jun, and H. Lee, “Improvement of channel zapping
time in IPTV services using the adjacent groups join-leave method,”
in Proc. 6th Int. Conf. Advanced Commun. Technol., 2004, vol. 2, pp.
971-975.

[26] J. Lee, G. Lee, S. Seok, and B. Chung, “Advanced scheme to re-
duce IPTV channel zapping time,” in Proc. 10th Asia-Pacific Netw.
Operations Manage. Symp. Managing Next Generation Netw. Services
(APNOMS), 2007, pp. 235-243.

[27]1 Y. Kim, J. K. Park, H. J. Choi, S. Lee, H. Park, J. Kim, Z. Lee,
and K. Ko, “Reducing IPTV channel zapping time based on viewer’s
surfing behavior and preference,” in Proc. IEEE Int. Symp. Broadband
Multimedia Syst. Broadcast. (BMSB), Mar. 2008, pp. 1-6.

[28] F. M. V. Ramos, J. Crowcroft, R. J. Gibbens, P. Rodriguez, and I. H.

White, “Channel smurfing: Minimising channel switching delay in

IPTV distribution networks,” in Proc. IEEE Int. Conf. Multimedia Expo

(ICME), July 2010, pp. 1327-1332.

U. Oh, S. Lim, and H. Bahn, “Channel reordering and prefetching

schemes for efficient IPTV channel navigation,” IEEE Trans. Consum.

Electron., vol. 56, no. 2, pp. 483—487, May 2010.

[23]

[29]



SUPPLEMENT: EMERGING TECHNOLOGIES IN COMMUNICATIONS — PART 1

[30] V. N. Padmanabhan, H. J. Wang, and P. A. Chou, “Resilient peer-to-peer
streaming,” in Proc. 11th IEEE Int. Conf. Netw. Protocols (ICNP), Nov.
2003, pp. 16-27.

M. Castro, P. Druschel, A.-M. Kermarrec, A. Nandi, A. Rowstron,
and A. Singh, “Splitstream: High-bandwidth multicast in a cooperative
environment,” in Proc. 19th ACM Symp. Operating Syst. Principles
(SOSP), Oct. 2003, pp. 298-313.

V. Venkataraman, P. Francis, and J. Calandrino, “Chunkyspread: Mul-
titree unstructured peer to peer multicast,” in Proc. 5th Int. Workshop
Peer-to-Peer Syst. (IPTPS), Feb. 2006.

D. A. G. Manzato and N. L. S. da Fonseca, “An incentive mechanism
for peer-to-peer networks with media streaming,” in Proc. 49th IEEE
Global Telecommun. Conf. (GLOBECOM), Nov. 2006, pp. 1-6.

C. Greco, M. Cagnazzo, and B. Pesquet-Popescu, “H.264-based multiple
description coding using motion compensated temporal interpolation,”
in Proc. IEEE Int. Workshop Multimedia Signal Process. (MMSP), Oct.
2010, pp. 239-244.

M. Cha, P. Rodriguez, J. Crowcroft, S. Moon, and X. Amatriain,
“Watching television over an IP network,” in Proc. 8th ACM SIGCOMM
Conf. Internet Meas. (IMC), Oct. 2008, pp. 71-84.

T. Qiu, Z. Ge, S. Lee, J. Wang, J. Xu, and Q. Zhao, “Modeling user
activities in a large IPTV system,” in Proc. 9th ACM SIGCOMM Conf.
Internet Meas. (IMC), Nov. 2009, pp. 430-441.

E. Veloso, V. Almeida, W. Meira, A. Bestavros, and S. Jin, “A hierarchi-
cal characterization of a live streaming media workload,” in Proc. 2nd
ACM SIGCOMM Workshop Internet Meas. (IMW), 2002, pp. 117-130.
K. Sripanidkulchai, B. Maggs, and H. Zhang, “An analysis of live
streaming workloads on the Internet,” in Proc. 4th ACM SIGCOMM
Conf. Internet Meas. (IMC), 2004, pp. 41-54.

“Teleco,” Mar. 2011 [Online]. Available: http://www.teleco.com.br/

V. N. Padmanabhan, H. J. Wang, and P. A. Chou, “Supporting het-
erogeneity and congestion control in peer-to-peer multicast streaming,”
in Proc. 3rd Int. Workshop Peer-to-Peer Syst. (IPTPS), Feb. 2004, pp.
54-63.

[31]

[32]

[33]

[34]

[35]

[36]

(371

[38]

[39]
[40]

Daniel Antonio Garcia Manzato is a Ph.D. can-
didate in computer science at the State University
of Campinas, Brazil. He received his B.S. degree in
computer science from the University of Sao Paulo
in 1998, and his M.S. degree in computer science
from the State University of Campinas in 2006. He
has worked for more than 11 years as a software
engineer and project manager at companies such as
UOL, a leading online media portal and Internet
access provider in Brazil. His main research interests
are peer-to-peer networks, IPTV, video on demand
services, and incentive mechanisms for cooperation.

337

Nelson Luis Saldanha da Fonseca received his
Electrical Engineer (1984) and M.Sc. in computer
science (1987) degrees from The Pontificial Catholic
University at Rio de Janeiro, Brazil, and the M.Sc.
(1993) and Ph.D. (1994) degrees in computer engi-
neering from The University of Southern California.
He is a Full Professor at the Institute of Computing
of The University of Campinas, Campinas, Brazil.
He has published 300+ papers and supervised 50+
graduate students. As a Visiting Professor, he lec-
tured at the University of Trento, the University
of Pisa, and the University of Basque Country. He has also held Lecturer
positions at The Pontificial Catholic University at Rio de Janeiro and worked
in the Computer Communications group at the IBM Rio Scientific Center.
He is the recipient of the ComSoc Latin America Service award (2011). He
received the Medal of the Chancelor of the University of Pisa in 2007. He is
the recipient of the 2003 State University of Campinas Zeferino Vaz award for
academic productivity, the Elsevier Computer Network Journal Editor of Year
2001 award, the 1994 University of Southern California International Book
award, and the Brazilian Computer Society First Thesis and Dissertations
award. His graduate students have received over 10 awards in Latin America
Thesis contests.

He is past EiC of IEEE COMMUNICATIONS SURVEYS AND TUTORIALS,
past EiC of the ComSoc Electronic Newsletter, and past Editor of the Global
Communications Newsletter. He is Senior Editor for IEEE COMMUNICA-
TIONS SURVEYS AND TUTORIALS and [EEE Communications Magazine.
He is a member of the editorial board of Computer Networks, Peer-to-
Peer Networking and Applications, the Journal of Internet Services and
Applications, and the International Journal of Communication Systems. He
served on the editorial board of the IEEE TRANSACTIONS ON MULTIME-
DIA. He founded the IEEE Latin America Conference on Communications
(LATINCOM) and the Latin America Conference on Cloud Computing and
Communications (LATINCLOUD). He has been technical chair of over 10
ComSoc conferences.

Nelson is an active IEEE ComSoc Volunteer. Currently, He is ComSoc
Vice Chair for Member Relations. He has served as: Member-at-Large on
the ComSoc Board of Governors, Director of the Latin America Region,
Director of on-line Services, Chair of the Multimedia Communications
technical committee, and Chair of the Communications Systems Integration
and Modeling technical committee.

14(‘




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeFangsongStd-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


