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Abstract: Active measurement on peer-to-peer system is the best way to provide the real data for the system
simulation and optimization. Based on coupon collector’s problem, an optimized tracing model was proposed to
guide the active measurement on BitTorrent swarm. With the optimization of lowering expectations and
requesting concurrently, the information repetition rate was 67.12 % off, while still covering the 95 % peers in a
swarm. Moreover, the measurement time were further shortened by interacting with peers through the
Distributed Hash Table and Peer Exchange. Based on the theoretical model, a lightweight measurement platform
was set up to trace the 49,854 Torrentz swarms and 98 HDChina swarms over 9 months. Most of them hosted no
more than 10,000 peers, and the average snapshot time on them was less than 21.4 minutes. Furthermore, the
geographical characteristics, user preference and transmit performance of peers were also analyzed. Because
HDChina provided Private Tracker download, so the swarm size is smaller, and peers’ distribution is more

centralized, but the peer’s download speed is faster than Torrentz. Copyright © 2013 IFSA.
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1. Introduction

P2P applications provided efficient way to share
information. But they also caused many problems in
network management, which encouraged researchers
to conduct measurements for optimization. For
example, peers choose their neighbors without
considering the underlying topology, therefore
generated massive of cross AS traffic. So topology-
aware or locality-aware technologies was proposed to
optimize the neighbor selection algorithm [1-6].
However, the assumptions of peer distribution were
too ideal, e.g. Blond et al. assumed that peers in
the BT (BitTorrent) obey uniform distribution [5].
However, the actual peer distribution was extremely
skewed [7]. So it is necessary to measure the P2P
system in Internet to acquire real information. There
were two measurement methods, active and
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passive [8]. Passive measurement was often used to
analyze characteristics like traffic speed, transport
bandwidth, and connection time [9]. It’s unable to
measure the behaviors of whole system. Active
measurement can join in the system to get real
information of peers and network behaviors. So it has
been widely used.

Recently, BT applications contributed nearly
35 % of the Internet traffic. So, it has being the main
target of active measurement. In 2004, 1zal et al. built
Tracker snapshots with a particular torrent file and
analyzed download time of peers [10]. Pouwelse et
al. built snapshots of multiple trackers, and analyzed
the popularity, reliability, and life cycles of
swarms [11]. These were just off-line analysis on
Tracker snapshots. Later then, researchers started to
use public experiment platform or built their own
environment to conduct large-scale measurement on
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BT in Internet. Wang et al deployed 200 nodes in the
PlanetLab [12] and Hobfeld et al deployed 219 and
153 nodes in PlanetLab and G-Lab respectively [13].
Otto et al used many volunteers in Ono and NEWS
project [14], and Zhang et al used 51 computers [15].
They used massive of torrents to continuously
request Trackers to get IP and port of other peers.
Results showed that the distribution of peers in ASes
is extremely skewed, which is not benefiting for
applying locality-aware neighbor selection algorithm.

These results provided reliable data for system
modeling and optimization. However, there still exist
some problems. First, these methods got peers
information by continuously requesting Trackers
only. Limited by the protocol, it can’t be requested
frequently. Therefore lots of computers have to be
used. Second, they only got peer information from
Trackers, and not from DHT (Distributed Hash
Tables) or PEX (PeerEXchange). Finally, all those
conclusions were based on the measurement on
Public Trackers not from PT (Private Tracker).

Therefore, our contributions including:

1) Optimized tracing model was proposed for BT
swarms measurement.

2) Expanded the source of data using DHT and
PEX, and which can get more information like user
preferences and transport performance.

3) Measured HDChina PT swarms for the first
time, and compared with globally distributed ones.

2. Active Measurement Model
2.1. Coupon Collectors’ Problem

It is possible to get peers of BT Swarms from
Tracker, DHT, and PEX. Limited by the protocol, it
can only get all of peers information per request.
Therefore, this is a classical Coupon Collectors’
Problem (CCP) [6]: there’re n different types of
coupons, each one has an equal probability of
selection, and the amount of coupons of each type is
unlimited. The question is if it takes out & coupons
every time, how many times should be repeated to
get all n coupons.

Assume it already get i types of coupons, let p; be
the probability of getting the next new type of
coupon, x; be the times that we have to repeat to get a
new one. So P(x, =z)=(1-p,)"" p,. Thus x; obeys
geometric  distribution, with the mathematical
expectation E(x,)=1/p, . Let X, be the times of
repetitions until we get all n coupons if we take k
coupons every time. Thus, X = Zx, and,

n—1 n—1
E(X))=2 E(x)=21p, (M
i i=0
Ifk=1, p,=(n—i)/n, therefore:
n—1

E(X},):Zi_i:nzn:l_:an, @)

i=0 1 i=1 1
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where H, is the harmonic number of n. When n—oo,
H,=Inn+y+0(l/n). y is the Euler-Mascheroni
constant. Therefore:

E(X))=nlnn+yn+0(1) 3)

If k>1, p, =1-CF/C* (i<k, CF =0). According
to (1) and CCP [7], when n—o0,

E(x})=E(x))/k (4)

2.2. Optimized Measurement Model

According to (3), for a fully covered snapshot to a
swarm of size n, it is supposed to get nlnn+yn
peers, which contains massive duplicates, and the
duplication rate r is:

r:E(X,ll)/n=lnn+}/+0(l/n) 5)

The duplication rate r is proportional to Inzn. It is
extremely not good for the measurement of large
swarm. Actually, due to the low duplication rate at
the beginning, it can get different peers per request.
With the raising duplication rate, the cost of
acquiring new peers is become higher. As such, CCP
model need to be optimized in two methods.

First, it should reduce the expected value without
ever losing timeliness. The reason why CCP has a
really high duplication rate is that it tries to acquire
all n types of coupons. If the question is “acquire u of
the total n types of coupons, where u/n—1”, it can
greatly reduce the times of duplicated experiments.

Let random variable X|, be the average times of
experiments, if it can get k peers per request, from a
swarm of size n, until u of n peers are acquired.

According to (2), the average number of peers
collected when =1 is

n 1 n*ul
=n| o= |=n(H,-H,.,) (6)

—n lnn—ln(n—”)JrO[%j_O(niujj

If n and u are sufficiently large, the last two terms
can be omitted. Therefore:

(M

E(X1 ):nln

n—u

If it is able to get k& (k>1) peers per request,
according to (4), the average times should be:

E(XE,) :%E(X,lw):%lnn:l
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The second method is to use multiple hosts to
request in parallel. If the minimum interval between
two consecutive requests is Af, and the entire
snapshot process takes a time of ¢, then the number of
hosts should be:

y=E(X},)/(t/a0) ©)

This is only theoretical value for ideal cases.
Considering network conditions and system load, it’s
not impossible that each request is replied with
proper messages. Therefore, the number of hosts is
supposed to be Y, where Y>y. Suppose each request
per host is an independent random experiment, and
the probability of a successfully conducted
experiment is g (0 < g <1). If Y hosts are requesting
in parallel, and y of them are successful, then
P(y=z)=Ciq’ (l—q)yfz (0<z<Y). In this case,
y obeys binomial distribution, and its mathematical
expectation is E(y)=Yxq. Thus, ¥ should at least
satisfy Y xq =y, i.e. the number of hosts is:

kY. n-ln -At
Y:X:E(Xn,u) AL (10)
q q-t k-q-t

4. Experiments and Analysis
4.1. Active Measurement Platform

According to analysis, a lightweight active
measurement platform for BT swarm was designed
and implemented. The platform consisted of
45 computers, and had 4 different types of nodes,
including 2 spiders, 2 database nodes, 40 measuring
nodes, and 1 coordination nodes. Spider was
responsible for resolving HTML code and
acquiring .torrent files from torrentz.eu automatically.
And some .torrent files from HDChina were selected
manually, which is a famous PT (Private Tracker) in
China. Measurement nodes were running a
customized open-source BT client, which was
modified from Vuze 4.2.0.2. Database nodes were
responsible for storing peers' information from the
spider and measuring nodes. Coordination node was
responsible for task scheduling and data analysis.
According to the system load, it assigned torrents to
each measuring node, and analyzed the data in real
time. In addition, the coordination node would
analyze the swarm size every 24 hours, and expires
those swarms whose number of peers is less
than 50 for one consecutive week, which won’t be
measured in the future.

Measurement experiment was conducted from
March 15, 2012 to December 20, 2012, traced 49,854
Torrentz swarms, as well as 98 HDChina
PT swarms, and collected 14,178,812 and 13,310
peers respectively.

4.2. Swarm Scale

Firstly, the distribution of the scale of BT swarms
was measured. Fig.1 shows the cumulative
distribution of the scale and peers number of those
49,854 swarms from Torrentz. One obvious
characteristic is that most majorities of swarms have
a small scale, and the average size of most swarms
(96.2 %) is less than 10° peers. The scale of swarm
roughly obeys the Pareto Law, i.e. up to 81.5%
swarms contribute only 34.83 % peers. Everyone of
them has no more than 300 peers, and the average
size is 284. Especially those swarms among 10°~10*
peers, which only have a percentage of 3.68 %, but
contribute nearly 31.36 % peers.
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Fig. 1. Cumulative distribution of the scale and peers
of Torrentz swarms.

Fig. 2 shows the cumulative distribution of the
scale and peers count of those 98 PT swarms from
HDChina. Similar to Torrentz swarms, the scale of
most of which are relatively small. Nearly 92.22 %
of swarms have no more than 300 peers, and the
average size is 135. Since HDChina is a regional
PT system, therefore, the scale is relatively small.
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Fig. 2. Cumulative distribution of the scale and peers
of HDChina swarms.
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4.3. Snapshot Time

Fig. 3 shows a contrast of actual snapshot time
with the theoretical one. The theoretical time is
calculated from (10), where k=300, u = 0.95 n,
At=300 s, Y=40, g=0.8. As shown, it takes a long
time to finish measurements on swarms whose
average size is greater than 10°. For swarms that have
less than 10* peers that snapshot time is close to the
theoretical value. The average snapshot time for
swarms greater than 10* is 21.4 minutes. Although
the swarms are dynamically changing, however, such
difference is extremely small within 20 minutes.
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Fig. 3. Average snapshot time.

4.4. Geographical Distribution

GeolP database [15] was used to analyze the
geographical distribution of peers as shown in Fig. 4.
We sort the countries and regions with respect to
peers count, and draw this diagram of geographical
distribution of peers.
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Fig. 4. Geographical distribution of peers.

Fig. 4 exhibits exponential distribution, which
implies BT peers are widely distributed all around
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the world. Those 14,178,812 peers from Torrentz
belong to 222 countries or regions, and 62.40 % of
which belong to top 10 countries. Peers of the other
206 countries or regions less than 1 %. Peers from
HDChina exhibits much more obvious geographical
preference, where the 13,310 peers belong to
30 countries and regions.

4.5. Communication Port

Fig. 5 shows the distribution of ports that peers
from Torrentz and HDChina used, with an interval of
1024. Only a small fraction of Torrentz users prefer
small ports, while others are uniformly distributed. In
contrast, the ports distribution of HDChina users are
extremely skewed, that most of its users prefer small
ports, especially those less than 1024.
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Fig. 5. Distribution of communication port.

4.6. Download Speed

The distribution of download speed of Torrentz and
HDChina peers were also analyzed, as shown in Fig. 6.
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Fig. 6. Distribution of download speed.

The download speed of HDChina peers is
obviously faster than Torrentz peers. The download
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speed of Torrentz peers majorly falls in a range of
102~103 Kbps, and the average speed is 1434.3 Kbps,
while the range for HDChina peers is 103~104 Kbps
with an average of 5076.6 Kbps. Because HDChina
is a typical PT website which provides resource
sharing among limited users, and use incentive
strategy to encourage users to upload as well as
limiting users’ download traffic.

5. Conclusions

Measurements on P2P systems are fundamental
for system modeling and optimization. However,
current measurement models have some shortages.
An optimized tracing model based on Coupon
Collectors’ Problem was proposed, and a lightweight
active measurement platform was implemented to
conduct long-term measurement on Torrentz and
HDChina swarms. As a result, more than 99 %
swarms was less than 10* peers that contributed more
than 92.49 % peers in total. The average time to
finish snapshot was in 22 minutes. For peers in the
extracted swarms, geographical distribution,
communication port, and download speed were
further analyzed. Besides, results showed that
HDChina, as a regional PT system, had limited user
group, which results in the small scale of swarms and
the concentration of the geographical distribution of
peers, but a faster average download speed. However,
there still some problems in our measurements result,
e.g. overlong snapshot time for large swarms. These
are topics that to be addressed further in future.
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