
Abstract In this paper, we propose a new
broadcasting scheme, called P2P broadcasting, for
eliminating the service latency time of the existing
broadcasting schemes. Our broadcasting scheme is
based on the simplest staggered broadcasting
protocol and then we use peer to peer caching
technique, in which a number of clients that share a
segment of a stream delivered from the same
channel forms a group. Each client in a group plays
a role of a prefix caching server to deliver the first
segment of the stream for other clients. During the
fixed time interval of one segment, each client in a
group caches a portion of the first segment received
from another channel that starts to transmit the first
segment of the stream, and then they support the
first segment to new clients during the time interval
of the segment. As a result of the P2P caching, our
broadcasting scheme can eliminate the service
latency of the broadcasting scheme along with less
storage requirement than the existing broadcasting
schemes.

Keywords : Caching, Peer to peer, Periodic
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1 Introduction
Video-on-Demand(VOD) service is one of the

most important technologies for many multimedia
applications, such as home entertainment, digital
video libraries, distance learning, electronic
commerce, and so on. A typical VOD service
allows that a number of remote clients playback a
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desired video from a large collection of videos
stored in one or more video servers. The main
bottleneck for a VOD service is the storage
bandwidth of the VOD server and the network
bandwidth connecting to the VOD server to the
client due to the high bandwidth requirements and
long-lived nature of digital video.
Previous research has shown that performance of

VOD system can be greatly improved through the
use of multi-casting or broadcasting scheme[1].
Multi-casting schemes try to let user share the same
stream of data as much as possible[8,9]. While
some of the multi-casting approaches can provide
immediate service and save server bandwidth by
avoiding unnecessary transmission of data, they are
subject to data loss and can not guarantee on time
delivery of data if user requests are bursty or too
high. Broadcasting schemes can address this
problem by periodically transmitting video segment
and guarantee service latency within certain amount
of time[2-7]. The idea behind periodic broadcasting
schemes is to divide the video into a series of
segments and broadcast each segment periodically
on dedicated server channels. While user is playing
the current video segment, it is guaranteed that the
next segment is downloaded on time and the whole
video can be played out continuously. User will
have to wait for the occurrence of the first segment
before they can start playing the video. User
waiting time is usually the length of the first
segment.
Staggered broadcasting[12] is the simplest

broadcasting protocol proposed in the early days. It
allocates K server channels each with bandwidth b
to transmit the whole video. The beginnings of each
video replica are staggered evenly across the
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channels at fixed time intervals. Client service
latency is S/K, where S denotes the total length of
the video, and it could not be improved without the
expense of linear increase in the corresponding
server bandwidth. Some more efficient
broadcasting protocols, such as Skyscraper
Broadcasting[3], have been proposed[2-7]. All
these protocols divide each video into n segments
that are simultaneously broadcast on different
channels. One of these channels transmits nothing
but the first segment of the video. The other
channels transmit the remaining segments at their
designated bandwidth. When clients want to watch
a video, they wait for the beginning of the first
segment from the first stream. While clients start
watching that segment, they also start downloading
enough data from the other stream so that it will be
able to play each segment of the video in turn.
In the case of popular video, they can reduce the

server bandwidth significantly, because the
broadcasting scheme transmits a stream to many
users simultaneously without additional bandwidth
requirement. However, all the broadcasting
schemes have a common problem to achieve the
true VOD service due to their service latency times.
To address the drawback, many broadcasting
schemes[2-7] have been designed to keep the
smaller service delay by making the first segment
as small as possible, so that the broadcasting
protocol becomes complicated and requires a large
amount of client storage space.
In this paper, we propose a new broadcasting

scheme, called P2P broadcasting, for eliminating
the service latency time of the existing broadcasting
schemes. Our broadcasting scheme is based on the
simplest staggered broadcasting protocol and then
we use peer to peer (P2P) caching technique in
order to realize the true VOD service. In the P2P
caching, a number of clients that share a segment of
a stream delivered from the same channel forms a
group. Each client in a group plays a role of a prefix
caching server to deliver the first segment of the
stream for other clients. During the fixed time
interval of one segment, each client in a group
caches a portion of the first segment received from
another channel that starts to transmit the first

segment of the stream, and then they support the
first segment to new clients during the time interval
of the segment. As a result of the P2P caching, our
scheme can eliminate the service latency of the
broadcasting scheme along with less storage
requirement than the existing broadcasting
schemes.
The remainder of this paper is organized as

follows. Section 2 describes the related work to the
broadcasting schemes for VOD systems. In section
3, we represent our P2P broadcasting scheme.
Section 4 evaluates the performance of the
proposed scheme. Finally, we conclude this paper
in section 5.

2 Related Works
During the past decade, there have been a large

amount of research works on the topic of VOD
systems. We first investigate the related research
works for VOD systems, especially focused on the
techniques for reducing server bandwidth
requirement. Although a VOD server has high
capacity of computation and storage resources, the
performance of VOD system can be constrained by
increasing more clients. In order to overcome the
drawbacks caused by limited server bandwidth,
many techniques based on broadcasting[2-7] or
multi-casting scheme have been proposed[8,9].
Staggered Broadcasting[12] is the simplest

broadcasting protocol proposed in the early days. It
allocates K server channels each with bandwidth b
to transmit the whole video. The beginnings of each
video replica are staggered evenly across the
channels. Client access latency is S/K, where S
denotes the total length of the video, and it could
not be improved without the expense of linear
increase in the corresponding server bandwidth.
Some more efficient broadcasting protocols have

been proposed. All these protocols share a similar
organization. They divide each video into n
segments that are simultaneously broadcast on
different channels. One of these channels transmits
nothing but the first segment of the video. The other
channels transmit the remaining segments at their
designated bandwidth. When clients want to watch



a video, they wait for the beginning of the first
segment from the first stream. While clients start
watching that segment, they also start downloading
enough data from the other stream(s) so that it will
be able to play each segment of the video in turn.
In Pyramid Broadcasting(PB) protocol[2], the

segment size of the videos follows a geometrical
series and different videos are mingled together in
each logical channel. To provide on time delivery
of the videos, each segment channel has to transmit
the segments in a very high rate and client I/O
bandwidth and storage requirement are also high.
Clients can download the next segment at its
earliest occurrence and at any time they download
at most two consecutive channels. To address the
problem of high client side requirement in PB,
Permutation-based Pyramid Broadcasting(PPB) [4]
was proposed. Instead of transmitting a segment in
a very high bandwidth, PPB multiplexes the
segment channel into P subchannels and
transmitted them in P times lower rate. The P
substreams are staggered with each other to meet
the same timing requirement as in PB. Another
important broadcasting protocol is the Skyscraper
Broadcasting(SB) protocol[3]. SB transmits each
segment in the video consumption rate b and its
segment series progression is much lower but still
meets the timing requirement. Client needs to
download from at most two streams at any time.
The client disk storage requirement is constrained
by the size of the last segment.

3 P2P Broadcasting Scheme
In this section, we first present the basic

staggered broadcasting scheme and then propose a
new P2P broadcasting scheme that jointly uses the
staggered broadcasting and a peer to peer caching
approach for eliminating the service latency of the
existing broadcasting schemes.

3.1 Staggered Broadcasting
In our broadcasting scheme, we basically use the

staggered broadcasting scheme[12] to transmit a
regular stream from a server to clients. As shown in
Figure 1, the staggered broadcasting starts video

broadcasts over the allocated channels at fixed time
intervals. Assume that there are K channels
dedicated to a video of length S. The K channels are
labeled as 0, 1, 2, ..., K-1. The video broadcast
starts every S/K(= d) seconds and each channel
broadcasts the whole video repeatedly. If the
broadcast of a video starts at channel 0 at the
system setup time t0, the broadcast starts over
channel k at t0 +kd and is repeated. Therefore, the
video is broadcast every d seconds over K channels
and accordingly, the maximum service latency is d
seconds. Here, the K video chunks of length d that
make up the video are called segments. During a
segment time (i.e., d seconds), all K segments are
broadcast over different channels.

Figure 1. Staggered broadcasting scheme

Since the staggered broadcasting receives a
segment from one channel at a time, it is not
necessary additional client storage, but on the other
hand most of the existing broadcasting
techniques[2-7] require additional storage space and
channel bandwidth to receive multiple segments
from different channels simultaneously. Although
the staggered broadcasting scheme is very simple
and efficient for both the storage and the bandwidth
requirements, it has a long latency time, so that it is
difficult to achieve a true or near VOD service.

3.2 Overview of P2P Broadcasting

In this paper, we propose a new P2P
broadcasting scheme based on the simple staggered
broadcasting protocol to eliminate the service
latency time along with minimizing the client
storage requirement by using P2P caching
scheme[10,11]. Figure 2 depicts the overall system



architecture for our P2P broadcasting scheme,
where the VOD system consists of a central VOD
server and P2P client group. Each client has its own
storage for caching the segments of a stream from
P2P client.

Figure 2. System architecture of P2P broadcasting

In the P2P caching, a number of clients that share
a segment of a stream delivered from the same
channel forms a group. Each client in a group plays
a role of a prefix caching server to deliver the first
segment of the stream for other clients through the
P2P channel. While receiving the regular stream
from the server through broadcast channel, each
client in a group caches a portion of the first
segment received from another channel that starts to
transmit the first segment of the stream. Since all K
segments are broadcast over different channels
during a segment time d, each client can receive the
first segment from one of the K channels at any
beginning of segments. During the segment time d,
these clients support the first segment to new clients
that request the same video during the same
segment time interval. After that, the client releases
the cached first segment from the storage. As a
result of the P2P caching, our broadcasting scheme
can eliminate the service latency of the staggered
broadcasting scheme along with minimizing client
storage requirement.

3.3 Service Scenario of P2P Broadcasting
Figure 3 describes the basic service scenario of

P2P broadcasting scheme, where Ci denotes ith

client starting at time ti and group i means a set of
clients that share a segment received from the same
channel. All the clients in a group play two roles of
both the playing client and the prefix server for
other clients. As soon as a client request arrives, the
client is assigned to a broadcast channel that
currently transmits the first segment for receiving
the broadcast stream from the server. The client
starts to play the stream by receiving the first
segment from clients in another group and
simultaneously receiving the broadcast stream from
the server. While the client plays the prefix stream,
the regular stream from the server should be saved
in a buffer to play it after playing all the prefix
stream. In Figure 3, PB denotes the playing buffer
for storing the regular stream and playing it
sequentially. For each client Ci, the required amount
of the buffer      in time.

Figure 3. Service scenario of P2P broadcasting

As a prefix server, each client in a group caches a
portion of the first segment received from another
channel that starts to transmit the first segment of
the stream and then they support the first segment
to new clients during the time interval of the
segment. We assume that all the clients in a group
have the same amount of buffer storage as same as
one segment size. The whole client buffer is divide
by two partitions, one is the playing buffer and the
other is the caching buffer for prefix caching
received from other clients. The caching buffer is
distributed into all the clients in a group, where the
rest of the playing buffer in the whole buffer is used



for the caching buffer. In Figure 3, CB denotes the
caching buffer and for each client Ci the required
amount of the buffer      in time. The
total amount of the caching buffer in a group is the
same as the one segment size.

3.4 Failure Recovery
In P2P broadcasting scheme, the departure of a

client or an underlying network failure, such as link
breakdown or available bandwidth fluctuation, can
disrupt the delivery of the first segment from a
client to other clients. The proposed scheme
provides failure recovery by replacing the failure
client to another client in the same group or the
central VOD server. When a client fails in our P2P
broadcasting scheme, the next client of the failed
client has to be connected to the forward client of
the failed client in order to receive the prefix
seamlessly. For reforming the chain of the clients
without the failed client, each client should store
additional streams in its available buffer until two
consecutive requests arrive. Figure 4 describes such
a situation for leaving C2 from the group 1. As soon
as the client C2 leaves C1 starts to cache the prefix
and then deliver the prefix instead of C2.

Figure 4. Failure recovery procedure of P2P
broadcasting scheme

4 Performance Evaluation
In this section, we evaluate the performance of

the P2P broadcasting scheme through simulation
experiments. We examine the client buffer
requirement varying the number of channels and the
request interval time. We then compare the

performance of our scheme with the existing
broadcasting scheme with respect to the client
buffer requirement and service latency time. The
parameter used in the simulation study is shown in
Table 1. In our simulation, we suppose that the
client request rate to VOD server follows the
Poisson distribution with the default request
frequency  and there is no failure client. We also
suppose that access pattern to videos follows
Zipf-like distribution with skew factor  and the
default skew factor for our simulation is 0.271. A
uniform distribution corresponds to the value of 1,
and a value of 0 represents a highly skewed
distribution. The request probability to video i
obtains by the following formula,   

  .

Parameter Default Variation
Number of videos 1 N/A
Mean inter-arrival time
(second) 5 5~50

Video length (minute) 60 N/A
Number of broadcast
channels 6 6~10

Skew factor 0.271 N/A

Table 1. Performance parameters

Figure 5 presents the effect of mean request
interval times for the client buffer requirement. We
fix the video length at 60 minutes and the number
of broadcast channels is varied from 6 to 9. The
graph shows that client buffer requirement
increases as the client request interval time
increases. It is because the amount of the prefix
stream to be cached increases as the request interval
time is longer. The client buffer requirement
decreases as the number of the broadcast channels
increase. According to increase of the number of
the broadcast channels, the size of the first segment
is getting smaller, therefore, the amount of the
cached prefix stream are getting smaller also.
Among the existing broadcasting schemes,

Skyscraper Broadcasting has shown the best
performance with respect to the requirement of
client buffer. We compare the buffer requirement of
our broadcasting scheme with that of Skyscraper
Broadcasting. In Skyscraper the buffer requirement



and the service latency time are derived as
follows[3] :
Service latency time 




 






seconds (1)

Maximum buffer requirement
 × seconds (2)

In the above formulas, D denotes the video
length, and W is the width of the skyscraper which
can be controlled to achieve the desired service
latency time. A smaller W corresponds to a larger
D1 and also to decrease the buffer requirement.
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Figure 5. Client buffer requirement for varying the
mean request interval

Figure 6 represents the effect of the number of
channels for the buffer requirement. We fix the
video length at 60 minutes and the number of
broadcast channels is varied from 5 to 65. In Figure
6, the number of channels increases, the size of the
first segment decreases in both schemes. According
to increase the number of broadcast channels,
therefore, the buffer requirement is smaller.ents for
varying the number of channels
We compare the performance of our scheme

about service latency time by change of number of
channel with the Skyscraper Broadcast scheme.
Figure 7 represents the effect of number of channel
for the service latency time. The graph shows that
P2P broadcasting scheme has zero service latency
time regardless of the number of channels. The

service latency time of Skyscraper Broadcasting
scheme decreases as the number of channels
increases, because the size of D1 decreases as the
number of broadcast channels increases.
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Figure 6. Comparison of the buffer requirements for
varying the number of channels
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Figure 7. Comparison of the service latency times
for varying the number of channels

5 Conclusion
The main bottleneck for a VOD service is the

storage bandwidth of the VOD server and the
network bandwidth connecting to the VOD server
to clients. Periodic broadcasting is one of the most
efficient techniques to overcome the bottleneck of
the VOD system, because the broadcasting scheme
transmits a stream to many users simultaneously



without additional bandwidth requirement.
However, all the broadcasting schemes have a
common problem to achieve the true VOD service
due to their service latency times. In this paper, we
proposed P2P broadcasting for eliminating the
service latency time of the existing broadcasting
schemes. Our broadcasting scheme is based on the
simplest staggered broadcasting protocol and then
we used the P2P caching technique in order to
realize the true VOD service. In the P2P caching, a
number of clients that share a segment of a stream
delivered from the same channel forms a group.
Each client in a group plays a role of a prefix
caching server to deliver the first segment of the
stream for other clients. During the fixed time
interval of one segment, each client in a group
caches a portion of the first segment received from
another channel that starts to transmit the first
segment of the stream, and then they support the
first segment to new clients during the time interval
of the segment. As a result of the P2P caching, our
broadcasting scheme can eliminate the service
latency of the broadcasting scheme along with less
storage requirement than the existing broadcasting
schemes.
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