
• What is the distribution of the observed performance by
individual peers in a torrent?

• What peer- or group-level properties primarily determine
the observed performance by individual peers in a torrent?

The Þrst question reveals how similar (or dissimilar) are
the observed performance by individual peers. This in turn
determines whether a few peers can properly represent the
entire population of participating peers and how they should be
selected. The second question explores any potential dominant
factor(s) that affect the observed performance by individual
peers. To our knowledge, these questions have not been
investigated by previous measurement studies on BitTorrent.

In this paper, we try to answer these two important ques-
tions by capturing the observed performance for almost all
participating peers in several torrents with different groups
of users. We present our methodology to derive peer- and
group-level properties of participating peers in a torrent from
its tracker log. We also describe various challenges in our
approach including the difÞculty to accurately estimate the
observed performance by all participating peers. To tackle
the Þrst question, we examine the distribution of the derived
peer- and group-level properties in our candidate torrents and
illustrate that both the observed performance and the observed
group level properties signiÞcantly vary among participating
peers. To answer the second question, we investigate the
correlation between the observed performance by each peer
and both its peer-level and its observed group-level properties
using several classic techniques. Our analyses demonstrate that
while the performance of each peer has the highest correlation



TABLE II
L INEAR REGRESSION RESULTS FORREDHAT TORRENT. (COEFFICIENT, P-VALUE)

Model R-square outbw.50p avg.grp.pop avg.grp.cont.avail avg.grp.churn
util 0.0651 0.0091, 0 -0.1206, 0 0.3493, 0 0.0015, 0

util-log 0.0603 0.0965, 0 -0.0311, 0 0.4367, 0 0, 0
util-step 0.0603 0.0965, 0 -0.0309, 0 0.4358, 0 removed

sdev 0.0709 -0.0142, 0 0.2245, 0 -0.3344, 0 -0.0029, 0
sdev-log 0.0741 -0.1585, 0 0.0778, 0 -0.6486, 0 -0.0005, 0.0095
sdev-step 0.0741 -0.1585, 0 0.0778, 0 -0.6486, 0 -0.0005, 0.0095

instead of deriving a model that incorporates all the properties,
we explore the pairwise correlation between the observed
performance and each property which is easier to observe in
the next subsection.

B. Spearman’s Rank Correlation

We use SpearmanÕs rank correlation test as powerful tech-
nique to quantify the degree of correlation between each
performance metric and peer- and group-level properties.
SpearmanÕs rank correlation coefÞcient is a non-parametric
measure of correlation that assesses how well an arbitrary
monotonic function could describe the relationship between
two variables, without making any assumptions about the
frequency distribution of the variables. Table III presents
the SpearmanÕs rank correlation coefÞcient between our two
performance metrics and the following properties for all three
candidate torrents in Table I: normalized standard deviation
of upload rate (dev.upload), average group population (pop),
average content availability (cont), and average churn rate
(churn).

This table illustrates several interesting points: First, despite
difference between three torrents, both performance metrics
appears to have the highest correlation with the upload rate.
This suggests that the variability of upload rate has the
highest effect on the observed performance which in turn
implies that tit-for-tat mechanism has the most noticeable
impact on performance. Furthermore, in all three torrents, the
correlation coefÞcient between our two performance metrics
and outgoing bandwidth have a close absolute value with
opposite signs. Second, aside from the upload rate, the effect
of other parameters on observed performance by individual
peers seems to vary across different torrents and in some
cases between different performance metrics. In the RedHat
torrent, both performance metrics have a relatively stronger
correlation with group population and churn. This could be
due to the fact that the log for this torrent contains the
initial ßash crowd phase where more than half of the captured
sessions lie. Average content availability has a relatively larger
coefÞcient for both metrics in the Debian torrent. This is most
likely due to the small population in this torrent. Finally, in
the Gaming torrent, the Þrst performance metric (access link
utilization) has a small and comparable coefÞcient for all three
properties while the second performance metric (normalized
standard deviation of download rate) has larger coefÞcients for
all three properties. Clearly, the potential error in estimating
the incoming access link bandwidth could affect the derived
coefÞcients in our analysis. However, since the coefÞcients for
upload rates and both metrics are similar, we believe that the

TABLE III
SPEARMANÕS RANK CORRELATION COEFFICIENT(3 TORRENTS)

Torrent Perf. dev.upload Pop Cont Churn
RH inbw.util -0.46 -0.13 0.05 -0.12
RH inbw.nsdev 0.49 0.20 -0.03 0.19
DE inbw.util -0.42 -0.02 0.10 -0.02
DE inbw.nsdev 0.47 0.03 -0.10 0.00
GA inbw.util -0.36 -0.05 0.04 -0.05
GA inbw.nsdev 0.47 0.14 -0.11 0.14

impact of error on the largest coefÞcients is rather small. In
summary, our results suggest that upload rate by individual
peers (i.e., its contributed upload rate to the system) has the
primary effect on their observed performance. This Þnding
is based on both performance metrics and across all three
torrents.

VII. C ONCLUSION

In this paper, we examined a repeated claim that BitTor-
rent can provide high performance (i.e., download rate) to
participating peers in a torrent. We derived peer-level perfor-
mance along with observed peer- and group-level properties
among all peers in three different torrents. We showed that
the distribution of performance among participating peers in
the a torrent is roughly uniform. We also investigated the
impact of various properties on the observed performance by
individual peers and illustrated two points:(i) There is no clear
relationship between peer-level performance and main peer-
and group-level properties,i.e., the relationship could signif-
icantly vary among peers, and(ii) average upload rate (i.e.,
contribution) of individual peers has the highest correlation
with its observed performance. This suggests that the tit-for-
tat mechanism in BitTorrent is the primary factor that affects
peer-level performance. These Þndings reveal that a common
approach of using a few instrumented clients does not provide
a representative view of BitTorrent behavior. Instead, a more
global view must be considered in order to derive a reliable
and general conclusion.
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