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Abstract
Large-scale live media streaming is a challenge for traditional 
server-based approaches. To appropriately support big audiences, 
broadcasters must be able to allocate huge bandwidth and 
computational. A number of commercial peer-to-peer systems 
for live streaming have been introduced in recent years. In this 
paper , we describe  a receiver-based, peer-division multiplexing 
engine to deliver live streaming content on a peer-to-peer network. 
The same engine can be used to transparently build a hybrid P2P/
CDN delivery network by adding Repeater nodes to the network. 
By analyzing large amount of usage data collected on the network 
during one of the largest viewing event in Europe, we have shown 
that the resulting network can scale to a large number of users 
and can take good advantage of available uplink bandwidth at 
peers.We have also shown that error-correcting code and packet 
retransmission can help improve network stability by isolating 
packet losses and preventing transient congestion from resulting 
in PDM reconfigurations. 
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I. Introduction
With the improvement of network bandwidth, multimedia services 
based on streaming live media, such as IPTV [5], have gained 
much attention recently. Significant progress has been made on 
the efficient distribution of live streams in a real-time manner over 
a large population of spectators with good QoS [4]. Due to the 
practical issues of routers, IP multicast [6] has not been widely 
deployed. Therefore, researchers have expended a lot of effort 
building an efficient streaming overlay multicast scheme based on 
P2P networks [7], in which spectators behave as routers for other 
users. Efficient and scalable live-streaming overlay construction 
[8] has become a hot topic. Different from traditional distributed 
systems, streaming overlays focus on the following three metrics: 
startup delay, source-to-end delay, and playback continuity, as 
these metrics have a direct bearing on the interactive usability of 
a live streaming system.
There is an emerging market for IPTV. Numerous commercial 
systems now offer services over the Internet that are similar to 
traditional over-the-air, cable, or satellite TV. Live television, time-
shifted programming, and content-on demand are all presently 
available over the Internet. Increased broadband speed, growth 
of broadband subscription base, and improved video compression 
technologies have contributed to the emergence of these IPTV 
services.
Peer-to-peer Live Streaming (P2P-TV) systems are candidates 
for becoming the next Internet killer applications as testified by 
the growing success of commercial systems such as PPLive [1], 
SopCast [2] and TVants [3]. They allow to “watch television” over 
the Internet, granting to anyone to become a content provider by 
limiting the infrastructure costs, while giving the chance to break 
broadcasting constraint so that anyone can watch any content 
anywhere, at anytime.
P2P-TV systems have already attracted an audience up to several 
millions of users [4] and drawn the attention of Internet Service 
Providers (ISP). In particular, ISPs are worried by the impact that 

P2P-TV traffic can have over the network infrastructure. Indeed, 
while from the application point of view it is perfectly legitimate 
to exchange content with any peer worldwide, from the network 
perspective, it is much more efficient if peers download (and 
upload) chunks from “close” peers, e.g., peers in the same subnet, 
Autonomous System or country.
Video and audio streaming account for a large percentage of content 
accessed over the web. One popular style of streaming on the web 
is on demand, in which users access pre-stored content at will. 
Another style requires streams to be generated and disseminated 
in real-time. This may be the case with important social, political, 
or sporting events. An important property of live-streaming is 
that data is not available in advance, being generated just before 
transmission at the sender. Furthermore, interested users ideally 
want to receive the stream without much delay from its original 
transmission.
Peer-to-peer(P2P) networks used in three ways: delaytolerant 
file download of archival material, delay-sensitive progressive 
download of archival material, and real-time live streaming .

A. Delay-Tolerant File Download of Archival Material
In this case, the completion of download is elastic, depending 
on available bandwidth in the P2P network. In this case, The 
completion of download is elastic, depending on available 
bandwidth in the P2P network. The application buffer receives 
data as it trickles in and informs the user upon the completion of 
download. The user can then start playing back the file for viewing 
in the case of a video file

B. Delay-Sensitive Download of Archival Material
In this case, video playback starts as soon as the application 
assesses it has sufficient data buffered that, given the estimated 
download rate and the playback rate, it will not deplete the buffer 
before the end of file. If this assessment is wrong, the application 
would have to either pause playback and rebuffer or Slow down 
playback. While users would like playback to start as soon as 
possible, the application has some degree of freedom in trading 
off playback start time against estimated network capacity.

C. Real-Time Live Streaming
In this case , has the most stringent delay requirement. While 
progressive download may tolerate initial buffering of tens of 
seconds or even minutes, live streaming generally cannot tolerate 
more than a few seconds of buffering.The Zattoo peer-to-peer 
live streaming system was a free-touse network serving over 3 
million registered users in eight European countries at the time of 
study, with a maximum of over 60000 concurrent users on a single 
channel. The system delivers live streams using a receiver-based, 
peer-division multiplexing scheme.
The Zattoo peer-to-peer live streaming system was a freeto- use 
network serving over 3 million registered users in eight European 
countries at the time of study, with a maximum of over 60,000 
concurrent users on a single channel. The system delivers live 
streams using a receiver-based, peer division multiplexing scheme.
To ensure real-time performance when peer uplink capacity is 
below requirement, Zattoo subsidizes the network’s bandwidth 
requirement.
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II.   System Architecture
The Zattoo system rebroadcasts live TV, captured from satellites, 
onto the Internet. The system carries each TV channel on a separate 
peer-to-peer delivery network and is not limited in the number of 
TV channels it can carry. Although a peer can freely switch from 
one TV channel to another, and thereby departing and joining 
different peer-to-peer networks, it can only join one peer-to-peer 
network at any one time. We henceforth limit our description of the 
Zattoo delivery network as it pertains to carrying one TV channel. 
Fig. 1 shows a typical setup of a single TV channel carried on 
the Zattoo network. TV signal captured from satellite is encoded 
into H.264/AAC streams, encrypted, and sent onto the Zattoo 
network. The encoding server may be physically separated from 
the server delivering the encoded content onto the Zattoo network. 
For ease of exposition, we will consider the two as logically co-
located on an Encoding Server. Users are required to register 
themselves at the Zattoo website to download a free copy of the 
Zattoo player application. To receive the signal of a channel, the 
user first authenticates itself to the Zattoo Authentication Server. 
Upon authentication, the user is granted a ticket with limited 
lifetime. The user then presents this ticket, along with the identity 
of the TV channel of interest, to the Zattoo Rendezvous Server. 
If the ticket specifies that the user is authorized to receive signal 
of the said TV channel, the
Rendezvous Server returns to the user a list of peers currently 
joined to the P2P network carrying the channel, together with a 
signed channel ticket. If the user is the first peer to join a channel, 
the list of peers it receives contain only the Encoding Server. The 
user joins the channel by contacting the peers returned by the 
Rendezvous Server, presenting its channel ticket, and obtaining 
the live stream of the channel from them.
In the search phase, the new joining peer determines its set of 
potential neighbors.In the join phase, the joining peer requests 
peering relationships with a subset of its potential neighbours. 
IOB:(Input Output Buffer) a zattoo player application with virtual 
circuits established to four peers. As packets from each sub stream 
arrive at the peer, they are stored in the IOB for reassembly to 
reconstruct the full screen. Portions of the stream that have been 
reconstructed are then played back to the user.
In addition to providing a reassembly area, the IOB also allows a 
peer to absorb some variability’s in available network bandwidth 
and network delay.
The IOB is referenced by an input pointer, a repair pointer, and 
one or more output pointers. The input pointer points to the slot 
in the IOB where the next incoming packet with sequence number 
received so far will be stored. The repair pointer always points 
one slot beyond the last packet received in order and is used to 
regulate packet retransmission and adaptive PDM.
The output pointer of a destination indicates the destination’s 
current forwarding horizon on the IOB. In accordance to the three 
types of possible forwarding destinations listed, we have three 
types of output pointers: player pointer, file pointer, and peer 
pointer. The Zattoo player application does not currently support 
recording.
We could move the output pointer to match the input pointer 
so that we consistently forward the oldest packet in the IOB to 
the destination. However, requires checking the input pointer 
against all output pointers on every packet arrival. Instead, we 
have implemented the IOB as a double buffer. With the double 
buffer, the positions of the output pointers are checked against 
that of the input pointer only when the input pointer moves from 
one sub-buffer to the other.

The Zattoo system rebroadcasts live TV, captured from satellites, 
onto the Internet. The system carries each TV channel on a separate 
peer-to-peer delivery network and is not limited in the number of 
TV channels it can carry. Although a peer can freely switch from 
one TV channel to another, thereby departing and joining different 
peer-to-peer networks, it can only join one peer-to-peer network 
at any one time. We henceforth limit our description of the Zattoo 
delivery network as it pertains to carrying one TV channel.

Fig. 1: Zatto Delivery Network Architecture

III Existing System
The streaming system was one of the earliest systems that utilize 
the Gossip protocol for constructing a random overla for live 
streaming applications.

A. Delay-Tolerant File Download of Archival Material
Application buffer receives data as it trickles in and informs the 
user upon the completion of download. The user can then start 
playing back the file for viewing in the case of a video file.

B. Delay-Sensitive Progressive Download of Archival 
Material
In this case, video playback starts as soon as the application 
assesses it has sufficient data buffered that, given the estimated 
download rate and the playback rate, it will not deplete the buffer 
before the end of file.

C. Drawbacks
To Maximize the Packet Processing time of a stream .• 
Bandwidth delay problems• 
Buffering problems• 

IV. Proposed System

A. Peer-Division Multiplexing
To minimize per-packet processing time of a stream, the Zattoo 
protocol sets up a virtual circuit with multiple fan outs at each peer. 
When a peer joins a TV channel, it establishes a Peer-Division 
Multiplexing (PDM) scheme amongst a set of neighboring peers, 
by building a virtual circuit to each of the neighboring peers. 
Baring departure or performance degradation of a neighbor 
peer, the virtual circuits are maintained until the joining peer 
switches to another TV channel.With the virtual circuits set up, 
each packet is forwarded without further per-packet handshaking 
between peers. We describe the PDM boot strapping mechanism 
in this section and the adaptive PDM mechanism to handle peer 
departure and performance degradation. The PDM establishment 
process consists of two phases: the search phase and the join phase. 
In the search phase, the new, joining peer determines its set of 
potential neighbors. In the join phase, the joining peer requests 
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peering relationships with a subset of its potential neighbors. Upon 
acceptance of a peering relationship request, the peers become 
neighbors and a virtual circuit is formed between them.

1. Stream Management
A Zattoo player application with virtual circuits established to 
four peers. As packets from each sub-stream arrive at the peer, 
they are stored in the IOB for reassembly to reconstruct the full 
stream. Portions of the stream that have been reconstructed are 
then played back to the user. In addition to providing a reassembly 
area, the IOB also allows a peer to absorb some variabilities in 
available network bandwidth and network delay.
The IOB is referenced by an input pointer, a repair pointer, and one 
or more output pointers. The input pointer points to the slot in the 
IOB where the next incoming packet with sequence number higher 
than the highest sequence number received so far will be stored. 
The repair pointer always points one slot beyond the last packet 
received in order and is used to regulate packet retransmission and 
adaptive PDM as described later. We assign an output pointer to 
each forwarding destination. The output pointer of a destination 
indicates the destination’s current forwarding horizon on the 
IOB. In accordance to the three types of possible forwarding 
destinations listed above, we have three types of output pointers: 
player pointer, file pointer, and peer pointer. One would typically 
have at most one player pointer and one file pointer but potentially 
multiple concurrent peer pointers, referencing an IOB. The Zattoo 
player application does not currently support recording.
Since we maintain the IOB as a circular buffer, if the incoming 
packet rate is higher than the forwarding rate of a particular 
destination, the input pointer will overrun the output pointer of that 
destination. We could move the output pointer to match the input 
pointer so that we consistently forward the oldest packet in the IOB 
to the destination. Doing so, however, requires checking the input 
pointer against all output pointers on every packet arrival. Instead, 
we have implemented the IOB as a double buffer. With the double 
buffer, the positions of the output pointers are checked against 
that of the input pointer only when the input pointer moves from 
one sub-buffer to the other. When the input pointer moves from 
sub-buffer a to subbuffer b, all the output pointers still pointing to 
sub-buffer b are moved to the start of sub-buffer a and sub-buffer 
b is flushed, ready to accept new packets. When a sub-buffer is 
flushed while there are still output pointers referencing it, packets 
that have not been forwarded to the destinations associate with 
those pointers are lost to them, resulting in quality degradation. To 
minimize packet lost due to sub-buffer flushing, we would like to 
use large sub-buffers. However, the real-time delay requirement 
of live streaming limits the usefulness of late arriving packets and 
effectively puts a cap on the maximum size of the sub-buffers.

Fig. 2: IOB Input/Output Pointers and Packets Map

An IOB consisting of a double buffer, with an input pointer, a 
repair pointer, and an output file pointer, an output player pointer, 
and two output peer pointers referencing the IOB. Each output 
pointer has a packet map associated with it. For the scenario 
depicted in the figure, the player pointer tracks the input pointer 
and has skipped over some lost packets. Both peer pointers are 
lagging the input pointer, indicating that the forwarding rates 
to the peers are bandwidth limited. The file pointer is pointing 
at the first lost packet. Archiving a live stream to file does not 
impose real-time delay bound on packet arrivals. To achieve the 
best quality recording possible, a recording peer always waits 
for retransmission of lost packets that cannot be recovered by 
error correction.

B. Global Bandwidth Subsidy System
Each peer on the Zattoo network is assumed to serve a user through 
a media player, which means that each peer must receive, and 
can potentially forward, all n sub-streams of the TV channel the 
user is watching. The limited redistribution capacity of peers on 
the Zattoo network means that a typical client can contribute 
only a fraction of the substreams that make up a channel. This 
shortage of bandwidth leads to a global bandwidth deficit in the 
peer-to-peer network. Whereas bittorrent-like delay-tolerant 
file downloads or the delay-sensitive progressive download of 
video-on-demand applications can mitigate such global bandwidth 
shortage by increasing download time, a live streaming system 
such as Zattoo’s must subsidize the bandwidth shortfall to provide 
real-time delivery guarantee.
Zattoo’s Global Bandwidth Subsidy System (or simply, the Subsidy 
System), consists of a global bandwidth monitoring subsystem, a 
global bandwidth forecasting and provisioning subsystem, and a 
pool of Repeater nodes. The monitoring subsystem continuously 
monitors the global bandwidth requirement of a channel. The 
forecasting and provisioning subsytem projects global bandwidth 
requirement based on measured history and allocates Repeater 
nodes to the channel as needed. The monitoring and provisioning of 
global bandwidth is complicated by two highly varying parameters 
over time, client population size and peak streaming rate, and one 
varying parameter over space, available uplink bandwidth, which 
is network-service provider dependent. Forecasting of bandwidth 
requirement is a vast subject in itself .
When a bandwidth shortage is projected for a channel, the Subsidy 
System assigns one or more Repeater nodes to the channel. 
Repeater nodes function as bandwidth multiplier, to amplify the 
amount of available bandwidth in the network.Each Repeater 
node serves at most one channel at a time; it joins and leaves a 
given channel at the behest of the Subsidy System. Repeater nodes 
receive and serve all n sub-streams of the channel they join, run the 
same PDM protocol, and are treated by actual peers like any other 
peers on the network; however, as bandwidth amplifiers, they are 
usually provisioned to contribute more uplink bandwidth than the 
download bandwidth they consume. The use of Repeater nodes 
makes the Zattoo network a hybrid P2P and content distribution 
network.

C. Server-Side Measurements
In the Zattoo system, two separate centralized collector servers 
collect usage statistics and error reports, which we call the “stats” 
server and the “user-feedback” server respectively. The “stats” 
server periodically collects aggregated player statistics from 
individual peers, from which full session logs are constructed 
and entered into a session database. The session database gives 
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a complete picture of all past and present sessions served by the 
Zattoo system. A given database entry contains statistics about a 
particular session, which includes join time, leave time, uplink 
bytes, download bytes, and channel name associated with the 
session data sets.
The “user-feedback” server, on the other hand, collects users’ error 
logs submitted asynchronously by users. Zattoo player maintains 
an encrypted log file which contains, for debugging purposes, 
detailed behavior of client-side P2P engine, as well as history 
of all the streaming sessions initiated by a user since the player 
startup. When users encounter any error while using the player, 
such as log-in error, join failure, bad quality streaming etc., they 
can choose to report the error by clicking a “Submit Feedback” 
button on the player, which causes the Zattoo player to send the 
generated log file to the user-feedback server.

D. Client-Side Measurements
To further study the P2P overlay beyond details obtainable from 
aggregated session-level statistics, we run several modified 
Zattoo clients which periodically retrieve the internal states of 
other participating peers in the network by exchanging SEARCH/
JOIN messages with them. After a given probe session is over, the 
monitoring client archives a log file where we can analyze control/
data traffic exchanged and detailed protocol behavior.

V. Conclusion 
A Number of commercial Peer-To-Peer (P2P) systems for live 
streaming have been introduced in recent years. The behaviour 
of the popular systems has been extensively studied in several 
measurement papers. However, these studies have to rely on a 
“black-box” approach, where packet traces are collected from a 
single or a limited number of measurement points, to infer various 
properties of the traffic on the control and data planes. Although, 
such studies are useful to compared different systems from the 
end user’s perspective. It is difficult to intuitively understand 
the observed properties without fully reverse engineering the 
underlying systems. In this paper, we describe the network 
architecture of Zattoo, one of the largest production, live streaming 
providers, in Europe, at the time of writing, and present a large-
scale measurement study of zattoo, using data collected by the 
provider. To highlight we found that even, when the zattoo system 
was heavily loaded with as high as 20000 concurrent users on a 
single overlay, the median channel join delay remained less than 
2-5 s, and that, for a majority of users, the streamed signal lags 
over-the-air broadcast signal by more than 3 s.
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