
Extending BitTorrent for Streaming Applications
(Extended Abstract)

David Erman
School of Engineering, Dept. of Telecommunication Systems

Blekinge Institute of Technology
Karlskrona, Sweden

Email: david.erman@bth.se

Abstract— Large-scale, real-time multimedia distribution over
the Internet has been the subject of research for a substantial
amount of time. A large number of mechanisms, policies, methods
and schemes have been proposed for media coding, scheduling
and distribution. Internet Protocol (IP) multicast was expected to
be the primary transport mechanism for this, though it was never
deployed to the expected extent. Recent developments in overlay
networks has reactualized the research on multicast, with the
consequence that many of the previous mechanisms and schemes
are being re-evaluated. One of the most important multicast
services is real-time media streaming.

This extended abstract discusses ongoing research on adapting
a popular overlay distribution system, BitTorrent (BT), to provide
a streaming service with soft Quality of Service (QoS) guarantees.

I. INTRODUCTION

One of the applications expected to become the next Internet
“killer application” is large-scale multimedia distribution, and
in particular multimedia streaming. Multimedia is considered
as being an integral part of the next generation telecommuni-
cation networks, and the Internet as the primary distribution
channel for this media. A multitude of media applications have
been suggested in connection with the appearance of Internet
Protocol Multicast (IPMC). IPMC provided a method to send IP
datagrams to several recipients without increasing the amount
of bandwidth needed to do this. As IPMC was not natively
implemented in most IP routers at the time, the Multicast
Backbone (MBone) was put forth as an interim solution until
router manufacturers got around to implementing IPMC in
their hardware. The MBone provides an overlay network, which
connects IPMC capable parts of the Internet via unicast links.
However, connecting to the MBone requires administrative
support, and not all Internet Service Providers (ISPs) allow
access through their firewalls to provide MBone tunneling.
Thus, IPMC is still not deployed to a significant extent in the
Internet. Additionally, as there were no real killer applications
making use of IPMC, ISPs have been reluctant to increase their
administrative burden for providing a service which is not
requested by their customers.

An additional issue with IPMC is that it lacks native buffer-
ing capabilities. This becomes a significant problem when
providing streaming services, and many solutions have been
proposed to solve this problem. Patching and chaining are
examples of solutions using both application layer caching
for buffering and IPMC for transmission. Another way is to

move the functionality of the network layer to the application
layer, forming overlay networks that can take into account
more diverse parameters and provide more complex services,
while at the same time simplify deployment and remove the
dependence on the underlying infrastructure.

One specific type of overlay network that has been gaining
attention during the last few years are the Peer-to-Peer (P2P)
networks. Systems such as Napster, Gnutella, eDonkey and
BT have been used for searching for or distributing files by
millions of users. Additionally, much research is being done
on implementing multicast as an overlay service, i. e., Overlay
Multicast (OLMC).

BT is one of the most popular P2P applications [1]. While the
original BT distribution model was designed for distributing
large files in an efficient way, researchers have designed
adaptations to the BT protocols and mechanisms so as to be
able to use them as foundations for streaming systems [2], [3].

II. BITTORRENT

BitTorrent is a P2P protocol for content distribution and
replication designed to quickly, efficiently and fairly1 replicate
data [4]. It uses swarming to distribute load among partici-
pating peers. A BT network, also denoted as a swarm, does
not provide any resource query, lookup, routing or topology
forming functionality. The sole purpose of a BT swarm is
to efficiently disseminate data. Consequently, the system is
primarily used to distribute large pieces of content, such as
operating system distributions or compressed video files.

A swarm consists of peers and at least one tracker. A peer
refers to a network node running a BT client and engaging
in data exchange with other peers. The role of the tracker is
to provide peers with IP addresses of other peers; it does not
participate in the content distribution. Peers are partitioned into
seeds and leechers. A seed is a peer that is in possession of
the entire content of the swarm, while a leecher is a peer that
still needs to download parts of the content. An initial seed is
necessary for a swarm to be successful.

The content distributed in a BT swarm is divided into pieces.
Data is requested among peers using piece numbers and byte
ranges within these pieces as identifiers. These byte ranges are
also known as subpieces or chunks.

1In the sense that peers engage in reciprocating data exchange.



The leech phase of a BT peer may be partitioned into three
different sub-phases. During the first sub-phase, the peer tries
to connect to a predefined maximum number of peers. This
means that the number of connected peers increases during this
phase, thus increasing the number of outgoing piece requests
as well. On entering the second phase, the peer has connected
to enough peers. During this phase, the number of connected
peers and outgoing messages fluctuate around some average
value. The final phase is the end-game mode, which occurs
when a peer only has a few pieces of the content left to
download. To quickly obtain the last few pieces, requests are
broadcasted to all connected peers, resulting in a dramatic
increase in the upstream request rate.

To join a specific BT swarm, a potential peer must first
acquire a set of metadata, known as a torrent file. The torrent
file contains, among other information, the address to the
swarm tracker and a set of Secure Hash Algorithm One (SHA1)
hash values for the content pieces. The SHA1 hash for the
torrent file itself acts as an identifier of the swarm and is used
in both peer handshakes and tracker queries.

Fairness in the BT system is implemented using a scheme in
which peers express desire to download by sending interested-
messages to peers that have needed pieces. The serving peers
may allow or disallow download with unchoke- or choke-
messages respectively. Data transfer takes place by the down-
loading peer issuing request-messages to randomly selected
serving peers and the serving peers responding with piece-
messages. Each request–piece message exchange refers to one
subpiece. Once all subpieces are downloaded, a have-message
is transmitted to all connected peers.

A. Piece Selection and Reciprocation

The two most important algorithms in BT are the choke
algorithm, i. e., the peer selection algorithm, and the rarest-
first algorithm, i. e., the piece selection algorithm. In [5], the
authors present a detailed study of both the choking algorithm
and the rarest-first piece selection algorithm. The rarest-first
algorithm uses four policies:

a) random first: a peer selects pieces to download at
random until it has downloaded four full pieces.

b) strict priority: when a part of a piece (termed block
or chunk) is downloaded, the remaining blocks of this piece
are prioritized.

c) end game mode: when a peer has received or has
outstanding requests for all pieces, requests for the not yet
received blocks are sent to all connected peers that have
the pieces. For every received block, the peer sends cancel
messages to the peers that were sent requests previously.

d) rarest first: a peer keeps a list of what pieces that
every participating peer has, and uses this to maintain a list of
the most rare pieces, i. e., the pieces that are available from the
fewest number of peers. The peer then requests these pieces.
This increases the popularity of the peer itself, since it now
has a rare piece to share with the rest of the swarm.

The choke/unchoke and interested/not interested mechanism
provides fairness in the BT protocol. Since it is the transmitting

peer that decides whether to allow a download or not, peers
not sharing content are reciprocated in the same manner.

To allow peers that have no content to join the swarm
and start sharing, a mechanism called optimistic unchoking
is employed. Optimistic unchoking means that from time to
time, a peer with content allows even a non-sharing2 peer to
download. This allows the non-sharing peer to share the small
portions of data received so far and thus enter into a data
exchange with other peers.

This means that while sharing resources is not strictly
enforced, it is strongly encouraged. It also means that peers
that have not been able to configure their firewalls and/or NAT
routers to forward ports properly are only able to download
the pieces altruistically shared by peers through the optimistic
unchoking scheme.

More detailed descriptions of the BT system are available
in [4]–[6].

III. STATE OF THE ART

Though the popularity of BT has resulted in a fair amount
of research, much of the publications regarding BT are mea-
surement studies or analytical performance studies [6]–[11].
However, recent developments indicate that BT is becoming
interesting as an alternative method for delivering not only
large files, but also as a viable option for streaming media.

In [2], the authors present BitTorrent-Assisted Streaming
System (BASS), a hybrid client–server/P2P streaming system. In
BASS, BT is used to leverage a media server by downloading
non-time critical parts of a stream for future consumption.
A BASS client downloads pieces sequentially (except pieces
that have already been downloaded via BT) from the media
server. The standard BT mechanisms are used for downloading
the suffix of the stream, i. e., the part of the stream after
the current playback position. The authors show, using trace-
driven simulations, that the average required bandwidth on
the media server can be decreased by up to 34 % when using
BASS compared to the pure media server case. Additionally, the
authors show that the average client waiting time is decreased
by 27 % compared to the pure media server case, and by 10 %
compared to the pure BT case.

In contrast with BASS, BitTorrent Streaming (BiToS) [3] does
not employ a central media server at all, but rather completely
relies on BT functionality to provide a near-zero delay Video-
on-Demand (VoD) service. However, like BASS, BiToS modifies
the original BT piece selection algorithm to facilitate in-time
delivery of data. The system is based on partitioning the non-
downloaded pieces into three sets: the received pieces set, the
remaining pieces set and the high priority set. The high priority
set contains those pieces that are close to be consumed by the
peer playback device, while the remaining pieces set contains
pieces that are not under such strict timing demands. The
term received pieces is used to denote all the pieces that have
been downloaded. The normal BT piece selection algorithm is
augmented with selecting the high priority set with probability

2A new peer typically has no data to share.



p, and with probability (1− p) from the remaining pieces set.
Once a set has been selected, a modified version of rarest-
first algorithm is used within the set to select which piece
to download. The modification consists of selecting the piece
with the shortest time to consumption in the case of two pieces
being equally rare. When a piece from the high priority set has
been downloaded, the piece with the shortest deadline from the
remaining pieces set is moved to the high priority set.

In [12], the authors provide analytical models for the effi-
ciency (i. e., the fraction of the total upload capacity available
to the P2P application) of a BT system with regards to the
number of peers in the swarm and the number of pieces
available for sharing. The authors show that the efficiency
is over 97.5 % with only 40 pieces available for sharing.
Additionally, using more than 7-8 peers does not yield higher
efficiency.

IV. STREAMING EXTENSIONS FOR BITTORRENT

In this section we discuss several suggested additions and
changes to the BT system to facilitate efficient streaming
between peers, as well as providing soft QoS guarantees for
this.

A. On the Suitability of BitTorrent for Streaming

BT has become one of the most popular P2P applications and
is primarily being used as an efficient distribution system for
large files. There are, however, few applications and systems
that make use of BT as a streaming media solution. We
presented a few in the previous section, and while there are
other proposals for using BT as a media delivery system,
such as BT.com and Azureus, these do not provide streaming
services. Whether this is because of technical reasons or
administrative reasons is difficult to know. However, we feel it
to be instructive to discuss the factors that affect the adoption
of a BT-like system for streaming. By “BT-like”, we refer to
systems which:

• Use some form of meta-data that describe the object to
be streamed. Peers thus have full a-priori knowledge of
the content to be streamed.

• Use swarming and thus implicitly segmentation.
• A central entity may be present. If present, it manages

peers, but does not partake in the data transmission.

The following is a brief discussion on these factors.
1) Beneficial Factors: BT has several characteristics that

make it interesting as a possible solution for streaming media
to a large subscriber group. The following is a discussion of
these characteristics:

a) Segmentation: The BT system is based on segmen-
tation by default. It has support for requesting segments of
various sizes on a peer-to-peer basis. This means that there
is no necessity for a media server to make compromises
in the segmentation scheme to handle various client access
patterns. Peers request the segments they need from other
peers, regardless of any server segmentation scheme.

b) Metadata: To be able to join a BT swarm, a peer must
obtain the set of metadata corresponding to the swarm. This
provides several desirable features:

Implicit access control: Unless a peer has the metadata, it
cannot join the swarm, since the SHA1 of the metadata is the
identifier of the entire swarm.

Implicit group management: The swarm can be viewed as
an Application Layer Multicast (ALM) multicast group, but
without the need for management protocols. The metadata is
the group identifier or address.

A-priori stream information: The original version of the
torrent-file format contains information about the data dis-
tributed in the swarm and SHA1 hashes to verify reception
of the data. However, it is possible to extend this information
with extra data, for instance regarding bitrates and bitdepths
of a video object. This can facilitate more intelligent decisions
regarding piece selection and also allow for optimal smoothing
of Variable Bit-Rate (VBR) video objects.

2) Detrimental Factors: As BT was not intially designed
for streaming media, some mechanisms are not well suited
for streaming media. To design a streaming system with BT as
a foundation, a few issues must be addressed:

a) Piece selection: The original piece selection worked
according to the rarest-first algorithm (Section II-A), which
does not presuppose any ordering requirement of segments.
A streaming solution has requirements on both ordering and
timeliness, which means that the original piece selection
algorithm must be modified.

b) Peer selection: The original peer selection algorithm
favored peers with high upload rates. Version 4.0.0 of the
reference client changed this to favor peers that have been
downloading for shorter amounts of time, and used bandwidth
as a tie-breaker. Transmission latency is not considered in any
of the versions. The only latency considered is the response
delay from a peer. If a peer does not send any data in a
certain amount of time, it is punished, i. e., snubbed, for not
cooperating.

B. Proposed Extensions and Additions

In this section we briefly outline some changes we propose
towards making the core BT algorithms and protocols provide
streaming services with soft QoS guarantees. Some of the
extensions (most notably the QoS extensions) may introduce
compatibility issues with older clients, but the general idea
is that older clients should be able to participate in the same
swarm as the extended clients. As long as the old client ignores
unknown messages, new clients should be able to share data
with them.

1) Piece Selection: As mentioned above, the original piece
selection algorithm is not suited for streaming because of the
rarest-first algorithm, and it is clear that some modification
to this algorithm must be made. A suitable algorithm must
not only take into account the availability of the piece in the
swarm, but also the usefulness of the piece. There is a tradeoff
of downloading a piece that is needed sooner to one that may
be more beneficial from, e. g., a smoothing perspective.



Additionally, if the system is running on less-capable hard-
ware, e. g., set-top boxes, where storage capabilities are less
than those required for the size of an entire video object, the
issue of cache replacement needs to be considered. This means
that peers must be able to notify other peers in the swarm that
pieces are being dropped from the cache of a peer. We thus
propose a new protocol message: nohave, which takes a single
parameter: the number of the piece being ejected from the peer
cache.

Furthermore, research has shown that the request- and
have-messages are the most common messages in a BT
swarm [6]. We also propose two additional protocol mess-
ages: range have and range request, which both take two
parameters: a piece number, and a piece count. For instance,
range have(4765,100) would indicate that the sending peer
now has pieces 4765–4865 and range request(4765,100) that
the peer would like to download the same pieces. This would
decrease the bandwidth needed for have- and request-messages
substantially.

A similar range nohave is also proposed, which takes the
same parameters as the range have message.

2) Peer Selection: In addition to changing the piece se-
lection algorithm to pick better suited pieces, the peer se-
lection algorithm should also be changed to more efficiently
pick peers that provide higher QoS. This means taking client
latencies into account as well as bandwidth.

While it is important to consider the delay and bandwidth to
a specific peer, using only these as peer selection criteria would
likely not result in a very good situation. The system must also
be able to cater to peers that have higher delay, since situations
may occur where no peers that fulfil the timing constraints
are available, or when there are no extended clients available.
Currently, we are investigating mechanisms for topologically
aware peer selection.

3) QoS Extensions: In addition to the protocol messages
and considerations given above, we also suggest adding a
capability exchange as part of the protocol. For instance, a
peer should be able to communicate not only interest in a
given piece of data, but also add constraints to this interest,
e. g., “I am interested in pieces 3–12, at 25 kbps sustained rate,
and no later than 500 ms after my request.” Alternatively, peers
will be able to claim to support a specific level of upstream
QoS.

The initial BT already contains a semblance of a capability
exchange: the bitfield-message. We suggest adding a second
message to be sent during the handshake: require, which takes
two parameters: a minimum sustained bitrate that the peer
wishes to receive at, and a maximum response delay stating
how long the peer is willing to wait before receiving requested
data.

Additionally, we also propose adding information on the
amount of bandwidth available at the local peer, as well
as delay-information from the local peer to the peers it is
connected to. This would enable the tracker to make more
informed decisions when responding to peer requests for new
peers to connect to.

V. FUTURE WORK

We will evaluate our proposed additions to the BT algorithms
and protocols in several ways. We will also perform a simu-
lation study using the peer dynamics results obtained in [6]
using both the original mechanisms and our modifications. The
original mechanisms will be used to validate the simulation
model, to facilitate the use of our mechanisms in the model.

In addition to the simulation studies, our extensions will be
implemented and tested in a LAN lab setting – to verify that
the extensions do not cause unnessecary stress on the network
– as well as on PlanetLab [13], to evaluate the performance
of our mechanisms in a real-world scenario.

More specifically, we intend to:
• Evaluate the decrease in required bandwidth for have and

request messages using our extensions compared to the
original BT messages.

• Design new piece selection mechanisms for streaming
media, and implement these in the reference BT client
to be further deployed in a local LAN and on PlanetLab
for testing. The performance of our mechanisms will be
compared to those of BASS and BiToS.

• Implement a prototype of the QoS extensions and associ-
ated peer selection mechanisms.
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