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Measurement Study of Peer-to-Peer Multimedia
Streaming Systems

José Lucas

Abstract—Large-scale and heterogeneous peer-to-peer (P2P)-based multimedia streaming systems, for the distribution
of Live and time-shifted (or On-demand) contents, have emerged in last years. However, most, if not all, of current
solutions are closed-source or proprietary in terms of both architecture and streaming protocols used, and hardly reach
high-quality streaming levels. The work developed in this thesis advances with a proposal of a monitoring solution for P2P
video streaming systems that use the protocols being developed by the P2P Streaming Protocol (PPSP) working group
of IETF. The monitoring system provides traffic analysis, with end-users able to monitor quality and system information
on a web-based interface. Monitoring agents, implemented in peers, trackers and media serving nodes, are able to
collect adequate information about the received quality of adaptive and scalable 2D/3D streamed contents in the P2P
network. This information is useful for helping service providers to assess the streaming system performance as well as
the quality of the service.

Index Terms—P2P Multimedia Streaming Systems; PPSP; Quality Assessment; Monitoring System.
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1 INTRODUCTION

S TREAMING Media services became recently
highly globalized, with users from all over

the world not confined anymore to their “home
providers” to get access to contents. Large-
scale and heterogeneous CDN-based or P2P-
based streaming systems, for the distribution of
Live and On-demand contents, have emerged
to cope with this demand. These systems try to
accommodate the temporal and spatial dynam-
ics of the demands, like location and network
heterogeneity and the increasing quality of the
distributed media, so far up to High Defini-
tion (HD) videos but still with several quality
constraints. However, most, if not all, of cur-
rent solutions are closed-source or proprietary
in terms of both architecture and streaming
protocols used and hardly reach high-quality
streaming levels. The Peer-to-Peer Streaming
Protocol (PPSP) working group of the Internet
Engineering Task Force (IETF) is developing
standard Peer-to-Peer (P2P) streaming proto-

• José Lucas, nr. 70685,
E-mail: jose.lucas@tecnico.ulisboa.pt,
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cols aimed to cope with the aforementioned
issues. While there is no complete implemen-
tation of solutions using these open protocols,
is important to monitor and evaluate their
scalability and effectiveness, starting with the
existing prototypes developed in the scope of
the European projects SARACEN [1] [2] and
P2PNext [3].

Therefore, a monitoring system capable of
providing Quality Of Service (QoS) and Qual-
ity Of Experience (QoE) metrics for this type
of solutions, is becoming essential to access
their performance and quality, providing ade-
quate data for comparison with existing closed-
source systems. In the monitoring system, the
following information is presented through
web-based output: (1) Content quality infor-
mation: the receiving quality of the end users,
start-up time and re-buffer events, (2) Traffic
information: the upload/download volume for
both media streaming peer and the end users,
and (3) System information: CPU/memory us-
age of the media streaming peer and end users.
The paper is organized as follows. In section 2,
we describe the related research of multimedia
streaming monitoring system. Section 3 shows
the architecture of the proposed monitoring
system and its relevant design. The implemen-
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tation of the proposed system and the perfor-
mance evaluation are provided in section 4.
Finally, some conclusions are presented in sec-
tion 5.

2 BACKGROUND

2.1 The P2P Streaming Protocols of IETF

The core protocols, i.e., Tracker Protocol and
Peer Protocol are being developed by IETF
to standardize signaling operations in the P2P
streaming system.

The PPSP design includes a signaling pro-
tocol between trackers and peers (the PPSP
Tracker protocol) and a signaling protocol
among the peers (the PPSP Peer protocol), as
illustrated in Figure 1. The two protocols enable
peers to receive streaming content within the
time constraints.

Figure 1. PPSP System Architecture.

The functional entities related to PPSP are
the Client Media Player, the service Portal, the
Service Tracker and Peers. The Service Tracker
is a logical entity that maintains the lists of
PPSP active peers storing and exchanging seg-
ments for a specific content. The tracker an-
swers queries from peers, collects information
on the activity of peers, and stores the status
of peers to help in the selection of appropri-
ate candidate peers for a requesting peer. The
service Portal is a logical entity typically used
for client enrollment and content information
publishing, searching and retrieval. The Client
Media Player provides a direct interface to the
end user at the client device, and includes the
functions to select, request, decode and render

contents. In PPSP the Client Media Player inter-
faces with the peer using request and response
standard formats for Hypertext Transfer Proto-
col (HTTP) Request and Response messages.

The process used for streaming distribution
relies on a segment transfer scheme whereby
the original content is re-encoded using adap-
tive or scalable techniques and then chopped
into small video segments corresponding to
a short play-out duration (in the order of a
few seconds). With this method the system can
support the following streaming mechanisms
[4]:

• Adaptive - alternate versions of the con-
tent with different qualities and bit rates;

• Scalable description levels - multiple ad-
ditive descriptions of the content (i.e., ad-
dition of descriptions refine the quality of
the video);

• Scalable layered levels - nested dependent
layers corresponding to several hierarchi-
cal levels of quality, i.e., higher enhance-
ment layers refine the quality of the video
of lower layers;

• Scalable multi views - views correspond
to 2D and to stereoscopic 3D videos, with
several hierarchical levels of quality.

2.2 Related Work

There are several researches which measure
and monitor P2P live streaming systems.
Among these measurements, there are mainly
three types of data collection methodologies:

• Passive Monitor
• Active Crawler
• Log Collection
The passive approach uses devices to watch

the traffic as it passes by. A passive measure-
ment of two commercial P2P video streaming
systems [5], concluded that P2P live stream-
ing has an even greater impact on network
bandwidth utilization and control than P2P
file transfer applications. In [6] a framework
was proposed, to analyze the traffic that P2P
applications generate. The selected metrics al-
lowed to analyze some of the most popular P2P
application nowadays, highlighting their main
similarities and differences.In [7] during the
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2006 FIFAWorld Cup, an extensive measure-
ment was performed, on network traffic gen-
erated by the most common P2P IP Television
(IPTV) applications, namely PPLive, PPStream,
SOPCast, and TVAnts. They extracted several
statistics, which help in having a better under-
standing of the behavior of P2P IPTV systems.

An Active Crawler is able to take full advan-
tage of the partial membership list maintained
by each peer, and recursively query online
nodes in a P2P system [8] [9].Existing literature
has shown that a good crawler can find 95%
of peers for a channel within 5 seconds [8].
Though the active crawler is able to monitor
a much larger set of peers than the passive
monitor, it cannot obtain the detailed status
of a peer, as only a few bytes of information
are allowed to be exchanged between each
other due to overhead concerns. In [9] the two
techniques are combined to provide reasonably
accurate estimates of ongoing video playback
quality throughout the network. To inspect the
run-time behavior of UUSee P2P streaming,
detailed measurement and reporting capabil-
ities were implemented within its P2P client
software [10].

The Log Collection method requires that a
dedicated log server is placed in this system,
and each peer periodically reports its activities,
such user behavior events and internal status,
to the log server. In [11] the information from
a peer is compacted into several parameters
of the Uniform Resource Locator (URL) string.
The log server stores the reports received from
peers into a log file. In the log file, each log
entry is a normal HTTP request URL string
referred as a log string. In [12]–[14] an agent-
based real-time monitoring system for large
scale P2P video streaming platforms is pro-
posed, which provides traffic, user receiving
quality and system information through web-
based presentation. The monitoring agents are
installed in both servers and end-users to col-
lect information and send the information to
the real-time monitoring system. The system
has an Log server that collects statistics and
notification logs from the monitoring agents,
parsing the information carried in the logs and
stored them into database. In the meanwhile,
the data in the database will be aggregated for

web-based output.

3 SYSTEM DESIGN

In order to provide traffic, system information
and content quality about P2P streaming appli-
cations using the PPSP, a log collection method-
ology is proposed. The target P2P streaming
is illustrated in Figure 2, in this system the
centralized services should be interpreted has
logical entities in terms of their role.

Media Serving Peer 
(VoD) 

Media Serving Peer 
(Live) Tracker 

Monitoring Server 

Web Based Data 
Presentation 

Seed 
Seed 

Peer 

Peer Peer 

Peer End-
User 

Under 
NAT 

Peer 

Monitoring Report 

Figure 2. Monitoring system and target peer-to-
peer streaming system.

There are three types of statistics in the
monitoring report send by peers:

Traffic Statistics: In this monitoring system,
traffic statistics are important in measuring
QoS of multimedia streaming. For Serving
Nodes and Peer Nodes, the traffic statistic
contains the incoming and outgoing traffic
from other Serving Nodes and Peer Nodes.

System Information Statistics: System
information statistic includes the current
systArchitecture Design Requirementsem
status information of a device, a Serving Node
or Peer Node, such as CPU utilization and
memory consumption.

Content Quality Measurement Statistics:
The content quality measurements statistics
includes the number of re-buffer events and
its duration, start-up time and receiving
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quality for the allowed streaming mechanisms.
The information provided about streaming
mechanisms, within the log interval, should
identify the maximum and average bit rate of
an adaptive stream and the maximum layer of
a stream encoded with Scalable Video Coding
(SVC). Regarding 3D streaming, the log report
should identify the number of received views
and their quality levels. These information
are closer to the user’s service experience and
reflect user’s player status and therefore play
an important role in the QoE measurement.

Additionally, peers send notifications about
their actions, e.g join a swarm or send status
report to tracker.

The log classification scheme in Figure 3
was adopted, in order to adapt the monitoring
system to the P2P distribution system
developed by the PPSP working group of
IETF.

Figure 3. Log Classification.

The Monitoring System, illustrated in Fig-
ure 4, is the combination of three servers: 1) log
server, 2) database server and 3) web server.
To dynamically monitor the entire streaming
system, detailed measurement and reporting
capabilities will be implemented within the

client application.

Figure 4. Monitoring System Architecture.

3.1 Monitoring Agents

The monitoring agents are responsible for col-
lect and parse the logs from the P2P nodes. The
generated data is stored containing information
of one minute of log and the report is send
to the Monitoring Server periodically, with a
configurable time interval that aggregates all
the generated files within that period. The com-
munication between this two entities relies on
HTTP request messages POST and response as
illustrated in Figure 5.

Figure 5. Monitoring System message se-
quence.
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3.2 Log Server

The log server is responsible for receiving all
the statistics reports and to handle the files
posted to the server by the Monitoring Agents,
validating and storing them. This storage area
is continuously waiting for new files trans-
ferred from all the Monitoring Agents in the
P2P streaming system, and calls the the Ex-
traction, Transformation and Load (ETL) pro-
cedures from the Database Server when new
files arrive into the server.

3.3 Database Server

In the database design, the data generated by
the streaming system was analyzed to build a
Logic Entity-Relationship (E-R) model. Entity-
relationship model is an abstract and con-
ceptual representation of the data in the P2P
streaming system.

Figure 6. E-R Model of the database.

Each rectangle shown in Figure 6, is an
entity. A relationship, which is a diamond in
the figure, describes the entities related to the
other entities. The content requested by a client,
“End-user”, represent a “Service” witch can be
Live or On-Demand. The service is available
for consuming at “Media Server Peer”. Based
on the E-R model, we create the tables to store
data in the database. The data comes from flat
log files generated by Peers and is stored in
the database after the ETL process. This process
includes three steps:

• Extract stage: the data is parsed into the
desired format for transforming;

• Transform stage: applies a series of rules
to the extracted data from the source such
as data aggregation;

• Loading stage: stores data into end target.

These steps have the objective of transform-
ing received information into stable, valid, con-
sistent and periodically updated data, capable
of being used for reporting, data visualization
and further analysis of streaming conditions.

3.4 Web Server

The web server is responsible for presenting
measurement data to an administrator or sys-
tem operator. Therefore, the server has a Web
UI engine, capable of retrieving data from the
database, and generate charts and tables in
HTML format for presentation to the user.

4 EXPERIMENTS AND EVALUATION

The P2P streaming network was implemented
in laboratory using the Common Open Re-
search Emulator (CORE)1, an emulator that
allows the deployment of network topologies
running in real-time [15]. Each host on the net-
work is a virtual machine that runs a simplified
version of a Linux operating system, capable of
running the Monitoring Agent, the Peer Agent
and a Player Emulator. The emulated network
is connected to a live network where is the
Monitoring Server.

All the components of the Monitoring Server
are external to the CORE emulator, but run-
ning on the the same host system. The CORE
emulated network provides connection to ex-
ternal networks, allowing all elements in the
emulated network, to communicate with the
Monitoring Server.

The UI of the monitoring system is shown in
Figure 7

Figure 7. Web UI of the monitoring system.

1. http://cs.itd.nrl.navy.mil/work/core/
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We monitored the streaming system in a
scenario where height peers try to get content
in the presence of one tracker and one media
server peer.

Peers bandwidth is 12 Mbps for down-link
and 1 Mbps for up-link, and latency was set to
5 ms.

The video content is streamed in SVC, and
has the characteristics described in tables 1 and
2.

Table 1
Video Characteristics

Streaming # Bandwidth Bandwidth Video
Type Layers Min. Layer Max. Layer Length
SVC 4 0.25 Mbps 2 Mbps 80 seconds

Table 2
SVC Layers Size

Layer File Min. Size File Avg. Size File Max. Size
L0 28140 bytes 73027 bytes 119251 bytes
L1 45935 bytes 131314 bytes 213735 bytes
L2 121506 bytes 351068 bytes 560592 bytes
L3 234691 bytes 673065 bytes 1155548 bytes

In Figure 8 is illustrated the scenario where
peer joins the swarm and start receiving con-
tent, sending statistics reports in periods of
thirty seconds. When the streaming ends, this
interval return to the default period of ten
seconds, showing that the peer stayed in the
swarm after receiving all chunks from the
seeder.

0 20 40 60 80 100 120 140

Time (s)

JOIN

STAT REPORT

Figure 8. Peers actions

In peer mode notifications, the peer sends
to the monitoring system, the percentage of
available chunks from the streaming content, as
illustrated in Figure 9. This type of notification
is only possible in Video On Demand (VoD)
contents where the duration of the streaming
is well known.
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Figure 9. Peer Mode
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Figure 10. Memory consumption

The memory utilization of PPSP peer agent,
player and monitoring agent are negligible (a
maximum of around 8 MB), as illustrated in
Figure 10.

The CPU load of PPSP peer agent, player
and monitoring agent is illustrated in Figure 10.
The average CPU load of monitoring agent is
only four percent, and lower than the peer
agent witch is the process with a central role
in streaming mechanism. In terms of CPU load
the monitoring agents presents a good perfor-
mance.

For traffic statistics, the monitoring agent
collects upload and download values for each
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Figure 11. CPU load

peer and media server in the swarm. Figure 12
illustrate the cumulative sum of download traf-
fic of all peers for each time step of stream-
ing emulation. Regarding the overhead traffic
generated by monitoring reports, the average
size of reports is 190 KB for one minute of
log. Taking into account that peers are prepared
to wait a random period, between one and
ten seconds, to send the report, the traffic is
effectively spread in time.
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Figure 12. Download Traffic from Seeders

The time elapsed, between the client request-
ing the content and the first frame displayed by
the player is computed as the start-up delay of
the streaming. This means that the cumulative
downloading time of all consumed layers at
first chunk, plus the read delay of the player,
represent the start-up delay for each peer in
a given swarm, as illustrated in Figure 13. For
all peers in the streaming network, the start-up
time was inferior to one second.
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Figure 13. Start-Up time

The number of quality layers received by
peers can be correlated to a good quality of
experience by the end-user. In this streaming
scenario, peers receive the maximum layer of
quality in the overall streaming duration, as
illustrated in Figure 14.
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Figure 14. Downloaded Layers
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Figure 15. Re-buffer events

The SVC video content is streamed in two
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second period chunks. This means that, in or-
der to avoid a freezing image, the next chunk
must arrive in less than two second. There-
fore, the metric is computed by finding the
number of periods in chunks arrivals that are
superior to this interval, and also its average
time. With the network links described above,
no re-buffer events occurred, so we decrease
available bandwidth to 512 Kbps for down-link
and 128 Kbps to up-link. Figure 15 illustrate
the the occurrence of re-buffer events in this
conditions.

5 CONCLUSION

The PPSP working group of the IETF is devel-
oping standard P2P streaming protocols, and
while there is no complete implementation of
solutions using these open protocols, it was es-
sential to develop a monitoring system capable
of providing QoS and QoE metrics for this type
of solutions, to access their performance and
quality, providing adequate data for compari-
son with existing closed-source systems.

This paper proposed a monitoring system for
P2P streaming systems based on PPSP proto-
cols of IETF and the log classification adopted
is capable of describe this streaming solutions
regarding, system, QoS and QoE metrics, pro-
viding the necessary statistics for comparison
with other commercial systems.

The evaluation of the implemented proto-
type demonstrated a system capable of re-
trieving the proposed metrics, with monitoring
agents implemented in peers, trackers and me-
dia serving nodes.
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