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Abstract

Peer-to-Peer (or Client-to-Client) systems such as
Gnutella and BitTorrent have recently attracted the
interest of the Internet audience because of their
ability to share content at remarkably high speeds
while lowering the burden on the initial data owner.
Besides optimizing the transfers, researchers have
been focusing on issues like robustness, scalability,
and high tolerance to faults. All these aspects are
inextricably linked with the location and social
behavior of the users. In this study we analyze a
large BitTorrent data set covering over 40 million
direct observations made for over 100 different
media streams. Our analysis offers three unique
views of the location and social behavior of the
BitTorrent community: geographical, geopolitical
and organizational. We show that these views yield
non-trivial results and that their use could greatly
benefit the world of P2P systems.

Keywords: P2P analysis, geographical view,
geopolitical view, organizational view, user-network
view.

1 Introduction

Peer-to-Peer file sharing systems are becoming
more and more present in the day-to-day life of con-
tent consumers. Recent studies show that P2P file
sharing traffic occupies as much as one third and over
of the global data traffic [3, 4, 6], which makes it the
most important data traffic in the world. By compar-
ison, Web surfers produce 10 times less traffic than
P2P users [6]. The main challenge with such systems
is to make the dynamic, ad-hoc networks of users to
efficiently share data, a task which relies heavily on

the peer characteristics of such networks [8].

With BitTorrent becoming the dominant P2P file-
sharing system (in terms of bandwidth consumption),
a complete study of its geographical, geopolitical,
and organizational components is becoming critical
to understanding the P2P world at large. Indeed, es-
tablishing patterns can result in understanding, and
most likely optimizing such systems. For instance, a
P2P system could exploit the possibility that users
from a given country would develop communities
based on common taste, or that users from the same
country would exhibit a similar time pattern for data
access. On the same level of adaptation, some ISPs
could realize that caching P2P data transfers would
result in huge savings, due to optimized use of the
network capacity. Also, with shared media being in
many cases duplicated in the eyes of the consumers,
it is imperative to study the behavior of users in such
cases (see the discussion in Section 2.2.3).

However, obtaining accurate information about a
P2P network (tracking) is much like the anecdotic
search for Carmen SanDiego, the world’s most fa-
mous spy. Carmen used to hide herself from the
world’s police and fans alike; from time to time, she
would leave a sign on a hotel or at some other pub-
lic place, just for fun. The sign would be a symbol
of the next possible location of another sign, which
would reveal another sign, and so on. Only a mind
accustomed to the local traditions from the places sit-
uated all across the world would know how to link the
clues to future locations. Even if Carmen was never
caught, finding all the clues and establishing the rela-
tionship between them would have eased considerably
that task; but this was also never fully accomplished.
We argue that this is also the case for BitTorrent.
To complete the parallel between Carmen SanDiego
and BitTorrent, it is sufficient to call the set of clues



set of peers and the search for all possible locations
tracking the clues — we are now looking for Carmen
BitDiego, the (currently) world’s most famous P2P
network.

In this study we analyze BitTorrent data cover-
ing several months, over 40,000,000 contacts, over
200, 000 unique users, for a number of 120 files and
9 specific media type categories. Our analysis offers
three unique views of the location and social behavior
of the BitTorrent community: geographical, geopolit-
ical and organizational. We think that such a study
would bring a new and non-trivial light upon the pat-
terns that are forming up in the world of BitTorrent
and, possibly, other P2P networks.

The main contributions of our work are:

e The first unitary set of geographical, geopoliti-
cal, and organizational views of the BitTorrent
network for a large set of files coming from very
different media categories;

e The first view of BitTorrent’s alias media phe-

nomenon (see Section 2.2.3) for a very popular
file;

e The proof that BitTorrent shared media presents
trivial and non-trivial locality features.

The paper is organized as follows. In Section 2 we
give some preliminary information about this work.
In Section 3 we present the methods employed for
analyzing the BitTorrent network, and the expected
results. In Section 4 we discuss our results. Section
5 compares our work with a number of related stud-
ies. Finally, section 6 presents our conclusions and a
possible road map for future work.

2 Preliminaries

This section introduces the subject of our work, the
BitTorrent P2P network, and the vehicle of our work,
the data set.

2.1 A brief introduction to BitTorrent

BitTorrent is a second generation peer-to-peer net-
work. As such, its main feature is the high data

transfer speed. Data exists in the network in the
form of torrents (files or archives with multiple files).
BitTorrent employs a tit-for-tat mechanism for data
sharing — each user has to contribute to the network
in order to obtain something from it; this leads in
turn to data spreading at much higher speeds. To fa-
cilitate the exchange process, files are split in smaller
parts, called chunks; the whole tit-for-tat mechanism
is used to exchange chunks. Another important Bit-
Torrent design issue is the lack of a contents search
system at the peer level.

BitTorrent’s world is composed of peers, trackers,
and web sites. As in any other P2P network, peers
have theoretically equal rights to download files.
However, to ensure high speed transfers, users with
higher bandwidths are favored by the data transfer
algorithm. The trackers are semi-centralized compo-
nents (their activity is centralized but their number
makes the whole level work as a decentralized net-
work) used to keep track of the network transfers,
as such, each file (content) in the network is moni-
tored (tracked) by a tracker. By using the services
of a tracker, BitTorrent peers can find our who are
the other peers that can chunks of the desired file, so
trackers also act as redirector services for the peers
network. Web sites are used to locate data. For this,
the web sites provide pages with BitTorrent digital
content description (movie and music titles, authors,
number of user that have the complete file or parts
of it, and so on) that a network user may need to re-
trieve the desired digital data. The most important
aspect regarding web sites is that they help providing
moderated contents — that is, the web site supervisors
verify the content that is inserted on the web and do
not allow polluted data to be shared with unsuspect-
ing users. Because of this, the BitTorrent network is
virtually pollution-free.

To summarize, the life of a BitTorrent user would
look very much like the following: the user would first
go to a specialized BitTorrent web site, find the files
that she desires (movies, music or any other digital
content), download the description of the file tracker,
in the form of a .torrent file, and then open the
tracker description with her BitTorrent client (peer
software). From this, the user would just wait online
until the complete file is downloaded from the net-



Group size | # of Records
Group name | (# of Files) (in M)
All 120 42.81
Big 12 34.83
Small 108 7.98

Table 1: The major groups of files.

work; the client software automatically handles the
BitTorrent protocol and tit-for-tat mechanism.

2.2 The data set

This section describes the data set used in this study.
A complete description on the data acquisition meth-
ods can be found in [7]. It is important for this study
that the data set covers over 95% of the available
peers [7].

2.2.1 Data set structure

The data set tracks the peer behavior during the
download of 120 files shared using the BitTorrent net-
work. File tracking data is stored in trace files, which
consist of time-stamped observations. Each obser-
vation consists of an (IP, port, number of chunks)
record.

The data set was acquired between December 2003
and March 2004. A number of 12 big trace files
have been acquired in the period December 2003-
January 2004. Another 108 small trace files have
been acquired during March 2004. The terms Big
and Small refer to the number of time-stamped obser-
vations, with Big files containing over 500,000 time-
stamped observations, and Small files containing un-
der 500,000 time-stamped observations.

2.2.2 Data set distribution

The 120 trace files in the data set cover a wide set of
file types, from games to movies and from music to
computer applications. There are 3 general groups:
all the files available in the data set—group All—,
all the files in the big files data subset—group Big—,
and all the files in the small files data subset—group
Small.

Category # of
Category name size Records
(# of Files) (in M)
Movie, popular 10 19.73
In English 7 9.54
In German 2 9.67
In French 1 0.51
Movie, themed 1 2.12
Movie, animé 2 0.01
Game, popular 1 13.14
Game, themed 1 0.17
Music, popular 1 0.15
Music, album 1 0.05
Application, popular 1 0.02
App, educational 1 0.03
Table 2: The nine categories of files. The group

Mowie, popular is sub-divided into the English, Ger-
man, and French versions.

We have also split the data set into 9 specific cat-
egories (e.g. popular movies or themed games). The
files belonging to the 9 specific categories are also part
of the larger groups. Table 2 shows various statistics
about the categories.

2.2.3 Aliased Media

From each of group of files we have selected the most
representative file as the file with the highest number
of unique downloaders. As an observation, the same
media contents (e.g. movie "X”) can be available in
the same P2P network in several forms, in very simi-
larly, but not identically, named files (e.g. movie ?X”
may appear as " X.by.YYY”, ”X.created.on.03.2004”
and so on). We call the whole set of files regarding
the same media contents as alias media. In the case
one of our selected files referred to such a media con-
tent, we have selected all the traces corresponding
to its alias media. Table 1 shows the 9 major cate-
gories and the cardinality of the alias media for that
category (column Group size).

We show in Section 4 that these categories of files
yield non-trivial results and represent one of the ma-
jor achievements of this study.



3 Methods, or how to catch ’er

3.1 Geographical analysis

Because of the locality features of the underlying net-
work, BitTorrent needs a proper characterization of
the geographical identity of its users — the continents
where they are located. For this, we have mapped
the tracked IPs (see Section 2.2.1 for more informa-
tion on the data) to specific countries, and then to
their corresponding continents. Using the observed
data number of chunks information, we were able to
also measure the users weight (the total consumed
bandwidth) for each continent.

The novel approach is to perform this IP-continent
association also for specific groups of files, instead
of only for the whole data set. This approach can
provide interesting insights into the coarse locality of
the data, a feature that cannot be derived from a
model of the network under study.

3.2 Geopolitical analysis

As an extension to the geographical description of
BitTorrent users, we focused on the description of
the geopolitical characteristics of the same users. For
this, we mapped the tracked IPs (see Section 2.2.1
for more information on the data) to specific coun-
tries and cities. Using the observed data number of
chunks information, we were able to also measure the
users weight (the total consumed bandwidth) for each
country or city discovered in the IP matching process.

3.2.1 Country-based analysis

Analyzing the distribution of users per country is
critical for understanding the locality of shared me-
dia. The most important question to be answered
by the analysis is whether there are countries which
display a clear preference for specific types of me-
dia. We are interested in the trivial correlation coun-
try /preferred language, but also to more interesting
ones, like the ones displayed in section 4.2. These cor-
relations could prove interesting for optimizing traffic
at the country level.

Our country analysis tools are based on MaxMind’s
[5] GeoIP libraries and databases. Having a local

copy of an IP-country lookup database allowed us to
track our complete data set in a reasonable amount
of time. Also, the novelty of the database ensured
correct answers to the question What is the distribu-
tion of users/country for all the media categories in
our data set?

3.2.2 City-based analysis

The existence of a city/shared media preference cor-
relation could be very important for local ISPs and
for optimizing the immediate (local) data sharing
alike.

Our city analysis tools are based on MaxMind’s
GeolP libraries and databases and on WebLog Ex-
pert’s [9] databases. Again, the local availability of
the IP-city matching engine was key to analyzing the
huge data set at hand. However, the accuracy of the
matching was below that expected, with over 30%
of the IPs not being associated with a specific city.
The reason is twofold: first, the database was publicly
available and therefore restricted in contents, and sec-
ond, the information itself (the name of the city an
IP belongs to) is not always publicly available.

3.3 Organizational analysis

The organizational analysis is critical for establishing
the impact of caching shared media transfers at ISP
level. We are not referring to the legal aspects here -
it is an established fact that P2P networks are used
now also for transferring legal content (for a typical
example see [2]). Using the observed data number
of chunks information, we were able to also measure
the users weight (the total consumed bandwidth) for
each ISP identified during the analysis.

To answer the question What are the ISPs that sup-
port the network?, our tools rely again on MaxMind’s
GeolP libraries and databases and on WebLog Ex-
pert’s databases. This time the matching IP-ISP is
almost perfect, with at most 1% of the observations
not being matched, and with all Top20 ISPs con-
tributing to the network, both in terms of number of
users and of consumed bandwidth, being established.
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Figure 1: The distribution of users per continent: (a)
for group Small; (b) for group Big.
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4 Results, or how we caught ’er

4.1 Geographical analysis

Continent-based analysis The most important
information in this section is that Europe is the most
important contributor to the BitTorrent network (see
fig.1. It is noteworthy that Europe is leading for the
Big group as well as for the Small group. This means
that European users dominate both the spectrum of
files with lots of users, and the files with relatively
few users, all from our data set.

Each continent in Figures 1 (a) and (b), has a block
of 2 bars associated. The first (leftmost) bar refers
to the number of users, while the second (rightmost)
refers to their weight. The figures clearly indicate
that, for a given continent, the percentage of users
(from the total number of users in the world) is very
close to the percentage of their weight (from the to-
tal weight in the world). The weight percentage is
higher up to 5 percentage points than the number
of users percentage for the continents that have a
good network infrastructure, like North America, and
lower below 5 percentage points for countries with a
worse network infrastructure, like Asia. This leads
to the (unverifiable from the data presented in this
work) conclusion that users in BitTorrent have simi-
lar download patterns.

Figure 2 also demonstrates that the distribution
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Figure 2: The distribution of users per continent: (a)
for group Apps; (b) for group Games.

of users per continent varies with the data subsets.
In Fig.2 (a), North America dominates the transfers
of the themed application group, while in Fig.2 (b),
Asia overcomes North America for the themed game
group. This proves the existence of a coarse locality
property for certain files or groups of files.

The same discussion as in the case of Fig.1 holds
for Fig.2: the percentage of users per continent (from
the total number of users in the world) is very close to
the percentage of their weight (from the total weight
in the world).

4.2 Geopolitical analysis

4.2.1 Country-based analysis

Unlike the situation from the distribution of users
per continents, the distribution of users per coun-
try has no clear winner. Fig.3 (a), shows that, for
the Small group of files, US is the clear winner, with
Great Britain, Canada and Germany following from
the distance. However, 3 (b), shows that, for the
Big group of files, Germany takes the former posi-
tion of US, with US, Great Britain and France being
the distant followers. As an affective remark, The
Netherlands is occupying only the 6th place, while
Romania only around the 50th position.

We move now to the locality properties of the
shared data. Figures 4 and 5 show that some coun-
tries present very interesting preferences. Fig.4 shows
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Figure 3: The distribution of users per country: (a)
for group Small; (b) for group Big.

that Israel is the most important contributor to the
sharing of a themed movie, while Japan is only mak-
ing marks in downloading Animé Movies. Fig.5 shows
that Hong Kong and Chile are surprisingly important
contributors to the sharing of a themed game. We
attribute (very speculatively) the presence of Hong
Kong to the fact that the themed game was a soccer
management simulator which has proven to model
very accurately the English and other European soc-
cer competition, which are subject to intense (and il-
legal) gambling in Hong Kong [1]. It is important to
also note that in the case of all these countries, their
interest for other similar media (movies for Israel and
Japan and games for Chile and Hong Kong) was at
best reduced. Figures 4 and 5 show that, in these
countries, the cumulated interest for other media in
the same category was at most 20% of the interest
for the media which presented a distinctive locality
feature.

A similar discussion as in the case of Fig.1 holds
for Figuress 3, 4 and 5: the percentage of users per
country is very close to the percentage of their weight.

4.2.2 City-based analysis

The city-based analysis did not result into meaningful
results for our goals. Indeed, many of the users gather
around several important cities, like Madrid, Paris, or
Atlanta, but the fact that over 30% of the IPs could
not be matched to real cities prevents us from gen-
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eralizing our conclusion. Another aspect has become
an obstacle to creating a conclusive users/city dis-
tribution: the existence of buffer cities—small cities
that host important network conjunction nodes, like
Oldenburg and Eschborn (DE), and Herndon (US).
The buffer-cities cover another 15% of the total IPs.

4.3 Organizational analysis

ISP-based analysis Our measurements show that
the top 20 organizations are attracting over 37% of
the world-wide traffic for the Small group and over
54% of the world-wide traffic for the Big group. Table
3 shows the top 10 ISPs, with regard to the weight
of their users.



Organization (Country) Weight (%)
Deutsche Telekom AG (DE) 5.51
Comcast Cable (US) 4.85
America Online (US) 2.30
Road Runner (US) 3.28
British Telecommunications (GB) 2.09
Pac Bell Internet Services (US) 2.12
Proxad Free SAS (FR) 1.90
Telewest HSD Platform (GB) 1.86
Telia Network Services (SE) 1.63
Neostrada Plus (PL) 1.23
Total 26.77

Table 3: The Topl0O organizations by users weight,
group Small.
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Figure 6: The distribution of users per organization
for the popular movie subgroups (EN, DE, FR).

Fig.6 shows that, for some files, only a few ISPs
cover the vast majority of the users. For instance,
for the German version of a popular movie, over 60%
of the users use the services of only one ISP, Deutsche
Telekom AG. However, for the French version of the
same movie, the top 4 ISPs, Prozad/Free SAS, France
Telecom, T-Online France - Club Internet, and Amer-
ica Online cover only approximately 50%. It is clear
that, in some cases, ISP-based optimizations are pos-
sible, while in others, despite the locality of the data
in terms of country (over 60% of the users for the
aforementioned French version came from France),
there are too many ISPs that serve the majority of
the users.

A similar discussion as in the case of fig.1 holds for

figs.6: the percentage of users per organization (from
the total number of users in the world) is very close to
the percentage of their weight (from the total weight
in the world).

5 Related work

Our work is similar in goals to a number of recent
studies on Gnutella, KaZaa and even BitTorrent.
Our work complements and builds upon these pre-
vious efforts by providing and correlating informa-
tion for two layers of characterization: the locative
layer (geographical, geopolitical, and organizational
views) and the behavioral layer (temporal, network
robustness, the downloads consistency, and special
peer behavior views).

A comprehensive study of BitTorrent’s high-level
characteristics has been performed by the very au-
thors of this work in [7]. This work should be re-
garded as the logic complement of the previous study,
in that it provides detailed insights into the low-level
and social characteristics of the BitTorrent network.

One of the first studies regarding the character-
ization of P2P file-sharing systems is the work of
Saroiu et al. [8]. They characterize the one-point-to-
target latency, bottleneck bandwidth, the user con-
nection/disconnection frequency, and the number of
files and correlate this data.

To our knowledge, the only complete study of the
geographical aspects of a P2P network is the study of
Gnutella’s global geographical, geopolitical and orga-
nizational views by Yazti et al. [10]. Our work adds
the needed details for specific media types, resulting
in proving the existence of a locality property of Bit-
Torrent shared media.

In [2], the authors present the life of a file shared
using BitTorrent. The file comes from the operating
systems domain and is particularly large, thus be-
ing outside the targets of a common P2P file-sharing
system user. Our study enhances this work with an-
other 9 specific and 2 general categories of files, and
advances the knowledge of user behavior.



6 Conclusions and future work References

In this paper we have presented a threefold view
of the geographical, geopolitical and organizational
structure of the BitTorrent file-sharing system.

Four important lessons surface our study. The
most important lesson is that BitTorrent shared me-
dia displays various levels of locality, both trivial
and non-trivial. The most obvious types of locality
are the communities of users speaking the same lan-
guage sharing localized versions of some data. The
non-trivial examples include the preference of some
countries for special categories of contents (e.g. Hong
Kong downloading a soccer management simulator)
and the presence of single ISPs that serve over 50%
of some media’s users. The second lesson is that Eu-
rope is the most important contributor to BitTor-
rent’s traffic. The third lesson is that some BitTor-
rent exhibits the presence of aliased media—the same
contents presented under different names and/or lan-
guages. The final lesson is that the percentage of
users per continent, country, or organization (from
the total number of observed users) is very close to
the percentage of their weight (from the total ob-
served weight).

For the future, we plan to improve this study with
a more recent and diverse set of data, and to add
temporal and peer activity analysis. This would help
us conclude on several issues that have arisen in this
work, but which could not be proved because of the
nature of the study. The continuation of this work
would most likely also lead to a number of possible
improvements of the BitTorrent network.
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