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ABSTRACT
BitTorrent, the immensely popular file swarming system,
suffers a fundamental problem: content unavailability. Al-
though swarming scales well to tolerate flash crowds for pop-
ular content, it is less useful for unpopular content as peers
arriving after the initial rush find the content unavailable.

Our primary contribution is a model to quantify content
availability in swarming systems. We use the model to an-
alyze the availability and the performance implications of
bundling, a strategy commonly adopted by many BitTor-
rent publishers today. We find that even a limited amount of
bundling exponentially reduces content unavailability. Sur-
prisingly, for swarms with highly unavailable publishers, the
availability gain of bundling can result in a net improve-
ment in download time, i.e., peers obtain more content in
less time. We empirically confirm the model’s conclusions
through experiments on PlanetLab using the mainline Bit-
Torrent client.

Categories and Subject Descriptors
C.4 [Performance of Systems]: Modeling techniques

General Terms
Measurement; Performance; Reliability; Theory

1. INTRODUCTION
Despite the tremendous success of BitTorrent (estimated

to account for 30–50% of all Internet traffic today), it suf-
fers from a fundamental problem: availability. Although
peer-to-peer swarming in BitTorrent scales impressively to
tolerate massive flash crowds for popular content, swarming
does little to disseminate unpopular content as their avail-
ability is limited by the presence of a seed or publisher. The
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extent of publisher unavailability is severe, e.g., our measure-
ment study shows that 40% of the swarms have no publishers
available more than 50% of the time.

To appreciate the availability problem, consider a swarm
for an episode of a popular TV show. When a publisher first
posts the episode, a flash crowd of peers joins the swarm to
download it. The original publisher goes offline at some
point, but peers may continue to obtain the content from
other peers while the swarm is active. If a peer arrives af-
ter the initial popularity wave, when the population of the
swarm has dwindled down to near-zero, it finds the content
unavailable and must wait until a publisher reappears.

Our primary contribution is a mathematical model to
study content availability in swarming systems such as Bit-
Torrent. We use an M/G/∞ queue to model the self-scaling
property of BitTorrent swarms, i.e., more peers bring in
more capacity to the system. The key insight is to model
uninterrupted intervals during which the content is available
as busy periods of that queue. The busy period increases ex-
ponentially with the arrival rate of peers and publishers and
the time spent by peers and publishers in the swarm.

Our model enables us to analyze the impact of bundling, a
common strategy adopted by BitTorrent publishers wherein,
instead of disseminating individual files via isolated swarms,
a publisher packages a number of related files and dissemi-
nates it via a single larger swarm. To appreciate why bundling
improves content availability, consider a bundle of K files.
Assume that the popularity of the bundle is roughly K times
the popularity of an individual file as a peer requesting any
file requests the entire bundle. The size of the bundle is
roughly K times the size of an individual file. Our model
suggests that the busy period of the bundled swarm is a fac-

tor eΘ(K2) larger than that of an individual swarm. Indeed,
if busy periods supported by peers alone last until a pub-
lisher reappears, the content will be available throughout.

Surprisingly, in some cases, the improved availability can
reduce the download time experienced by peers, i.e., peers
download more content in less time. The download time of
peers in the system consists of the waiting time spent while
content is unavailable and the service time spent in actively
downloading content. If the reduction in waiting time due
to bundling is greater than the corresponding increase in
service time, the download time decreases. We validate this
conclusion in Section 4 through large-scale controlled exper-
iments using the mainline BitTorrent client over Planetlab.



Our experiments also show that the conclusions of our model
qualitatively hold even with realistic arrival patterns, peer
upload capacities, and heterogeneous popularities.

In summary, we make the following contributions.

Measurement: We present a large-scale measurement study
of real BitTorrent swarms that shows that (1) content avail-
ability is a serious problem due to publisher unavailability,
(2) bundling of content is a widely prevalent, and (3) bun-
dled content is more available than unbundled content.

Availability model: We present a novel queuing-theoretic
model to analyze content availability and download times in
BitTorrent-like swarming systems. To our knowledge, this
is the first model that relates content availability to arrivals
and departures of peers as well as publishers.

Implications of bundling: We use the model to analyze
the implications of bundling, a widely prevalent yet little
studied phenomenon, and show that (1) bundling improves
availability, and (2) bundling can reduce download times for
unpopular content when publishers are highly unavailable.

Experimental validation: We validate the model using
large-scale controlled experiments with the mainline BitTor-
rent client on PlanetLab showing that the model accurately
predicts download times in swarms with intermittently avail-
able publishers for both bundled and individual content.

2. MEASURING CONTENT AVAILABILITY
AND BUNDLING IN BITTORRENT

In this section, we present a large-scale measurement study
of BitTorrent that shows that 1) content unavailability is a
serious problem in BitTorrent today, and 2) bundling of con-
tent is widely prevalent and bundled contents shows greater
availability. We begin with a brief overview of how swarming
in BitTorrent works and why content becomes unavailable.

2.1 Why unavailability?
A swarm consists of a set of peers concurrently sharing

(downloading or uploading) content (a file or a bundle of
files) of common interest with the help of a coordinating
tracker. Content is divided into blocks and peers obtain
meta-data about constituent blocks as well as identities of
other peers in the swarm from the tracker. A peer exchanges
blocks with other peers using a tit-for-tat incentive strategy
until it completes its download. Peers that have not yet
completed their downloads are called leechers while peers
that possess all blocks in the content are called seeds.

Content is available if either at least one seed is present or
sufficiently many active leechers are present so as to collec-
tively make all constituent blocks available. Seeds may be-
come unavailable in practice due to several reasons. Publish-
ing sites serving a large number of files may take down seeds
after the initial popularity wave subsides in order to reduce
bandwidth costs. A seed may also be an average user pub-
lishing home-generated content that can not afford to stay
online all the time. Seeds illegally uploading copyrighted
material often disappear quickly for obvious reasons. Even
for legitimate content, maintaining highly available seeds en-
tails administrative effort and cost, which runs counter to
the goals of content publishers that value BitTorrent as a
cheap alternative to a client-server approach.

Throughout this section, we measure content availability
by equating it with seed availability. In the next section, we

model content availability resulting both from seeds as well
as from leechers alone. In the rest of this paper, we use the
terms publishers and peers interchangeably with seeds and
leechers respectively.

2.2 Measuring unavailability
How available is content in BitTorrent swarms today? To

answer this question, we conducted a seven-month long mea-
surement study of BitTorrent swarms as follows. We de-
veloped and deployed BitTorrent monitoring agents at 300
nodes on Planetlab from August 3, 2008 to March 6, 2009.
Once every hour, a host at the University of Massachusetts
Amherst receives an RSS feed advertised by GoogleReader
of recently created torrent URLs from Mininova (a large tor-
rent hosting site), and sends each URL to a subset of the
monitoring agents on Planetlab. The agents fetch the tor-
rent metadata by joining the swarm and begin to monitor
its peers. Our agents leverage the Peer Exchange (PEX)
protocol extension, that enables it to discover new neigh-
bors from other peers in addition to the tracker. To avoid
copyright issues, our agents collect information only about
the control plane without actually uploading or downloading
content, which suffices for our purposes as we equate content
availability with seed availability.

To distinguish seeds from leechers, our agents record the
bitmaps received from connected peers. The bitmaps are
part of the BitTorrent protocol and a peer uses them to
convey the blocks it possesses to its neighbors. Each en-
try in the trace collected by the agents consists of a swarm
identifier, a peer identifier (IP address and port number)
and its bitmap recorded roughly periodically for each dis-
covered peer in the swarm. Our traces consist of more than
14 million distinct IP addresses and 66K distinct swarms.

Figure 1 shows the distribution of seed availability for the
monitored swarms. The solid curve shows the availability
in the first month after the creation of the swarm, when we
expect the content to be more popular. The extent of pub-
lisher unavailability is severe: less than 35% of the swarms
had at least one seed available all the time. The availability
of swarms over the entire duration of the measurement is
even lower as shown by the dotted curve: almost 80% of the
swarms are unavailable 80% of the time.
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Figure 1: CDF of seed availability in 45,693 swarms
each monitored for at least one month.



2.3 Content bundling
Bundling of content is a common practice in BitTorrent

today. In this section, we study the extent of bundling and
its impact on availability. The trace used in this section is a
snapshot of BitTorrent swarms taken on May 6, 2009. For
each of the 1,087,933 swarms in this snapshot, we record its
content category (e.g., movies, TV, books etc.), names and
sizes of constituent files, creation date, and instantaneous
number of seeds and leechers. Note that we could afford to
monitor many more swarms in this dataset than the previous
one as we did not have to measure details of peer arrivals
and departures inside each swarm.

2.3.1 Extent of bundling
We analyze the extent of bundling in three of the nine cat-

egories present in Mininova, namely, music, TV shows and
books. These three categories together account for 45.98%
of the swarms and 31.93% of the peers in the system. We
chose these three categories because it is easier to automati-
cally detect bundling by checking for the presence of multiple
files with known extensions (e.g., .mp3 for songs, .mpg for
TV shows and .pdf for books). Detecting bundling is non-
trivial in some categories, e.g., a DVD for a single movie is
often organized as a collection of video files that are never
distributed individually, making it difficult to check for the
presence of multiple movies without manual inspection.

Among music swarms, albums are common. We classify
a music swarm as a bundle if it has two or more files with
common audio file extensions such as .mp3, .mid and .wav,
which results in 193,491 of the 267,117 monitored swarms
being classified as bundles.

Among TV show swarms, many bundles consist of sets of
episodes in a season. We classify swarms that have two or
more files with common video file extensions such as .mpg

and .avi as bundles, which results in 25,990 of the 164,930
monitored swarms being classified as bundles.

Among book swarms, we observe that collections, i.e., tor-
rents containing the keyword “collection” in their titles, usu-
ally consist of a bundle of contents connected by a broad
theme, e.g., the “Ultimate Math Collection (1)” of size 5.81
GB has 642 books. We classified 841 of the 66,387 monitored
swarms as collections. Classifying swarms that contain 2 or
more files with common file extensions such as .pdf and
.djvu as bundles results in an additional 6,270 bundles.

2.3.2 Bundled content is more available
In this section, we present evidence suggesting that bundling

is correlated with higher availability. We first consider book
swarms. We find that 62% of all book swarms had no seed
available on May 6, 2009, whereas that number drops to
36% if we consider only collections. Furthermore, the aver-
age number of downloads for a typical book swarm is 2,578,
whereas for collections it is 4,216.

One reason for higher seed availability may be that con-
tent publishers are intrinsically more willing to support seeds
for bundled content. The higher number of downloads for
bundled content may be either because of higher demand for
bundled content (as any peer seeking any of the constituent
files may opt to download the bundle), or because of higher
availability, or both. Higher seed availability in turn may
in part be because of the increased number of downloads
as some peers may choose to altruistically disseminate the
content further. Although it is difficult to discern cause and

Figure 2: Illustration of busy and idle periods.

effect in our measurement data, our analytic model in the
next section quantifies how the higher demand and higher
seed availability for bundled content produce improved con-
tent availability.

We next analyze our traces more closely for content that
is available both in isolation and as part of a larger bundle.
We observe that among the unavailable collections, some of
them were subsets of bigger collections, e.g., the 23 swarms
consisting of collections of Garfield comics from 1978 to 2000
had no seeds. However, each of these collections can be
found in a single super-collection aggregating all Garfield
comics. The super-collection had seven seeds. After a man-
ual inspection of all 841 book collections, we concluded that
210 had no seeds and were not subsets of other collections,
which results in 210/841 = 25% unavailability for content
disseminated through collections (compared to 62% above
for a typical swarm).

As another example, we consider swarms for the popular
TV show “Friends”. There were a total of 52 swarms asso-
ciated with this show. Among them, 23 had one or more
seeds available, and the remaining 29 had no seeds. The
23 available swarms consisted of 21 bundles (and 2 single
episodes), whereas the 29 unavailable swarms consisted of
only 7 bundles. These observations suggest a strong corre-
lation between bundling and higher availability. The next
section presents an analytic model that quantifies the causal
relationship between the two.

3. MODEL
In this section, we develop a model for content availabil-

ity in BitTorrent. The key insight underlying the model is
to view BitTorrent as a coverage process or equivalently an
M/G/∞ queuing system. The model shows that 1) bundling
improves availability, and 2) for swarms with highly unavail-
able publishers, the availability benefit of bundling more
than offsets the increased time to actively download more
content, resulting in a net decrease in user-perceived down-
load times.

3.1 Model overview
Figure 2 illustrates how content availability in BitTorrent

depends upon the arrivals and departures of publishers and
peers. Each horizontal line segment represents the time in-
terval during which a peer (represented using thin lines) or




















