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ABSTRACT

Over the past decade BitTorrent has established itself as the
virtual standard for P2P file sharing in the Internet. How-
ever, it is currently not possible to investigate BitTorrent
with ns-3 due to the unavailability of an according appli-
cation model. In this paper we eliminate this burden. We
present a highly modular BitTorrent model which allows for
the easy simulation of different BitTorrent systems such as
file sharing as well as present and future BitTorrent-based
Video-on-Demand systems.

Categories and Subject Descriptors

C2.2 [Computer Communication Networks]: Network
Protocols; 16.8 [Simulation and Modeling]: Discrete event
simulation

Keywords
ns-3, BitTorrent, P2P networks

1. INTRODUCTION

The usefulness of any network simulator grows with every
protocol and communication system it is able to model. ns-3
has significantly progressed lately in this regard, as it now
provides models for a rich set of protocols at all layers of
the protocol stack. However, regarding application layer
models, one of the most prominent protocols in the Internet
eco-system is missing: BitTorrent.

BitTorrent [5] is a P2P system originally designed for effec-
tively sharing large amounts of data over the Internet. Over
the past years, many extensions and changes to the original
BitTorrent protocol have been proposed and implemented
into client software. They range from performance improve-
ments, such as Super-seeding [8], to tracker-less operation
that allows for a fully decentralized sharing of data using
a DHT [10]. More lately, adapted BitTorrent clients have
been proposed in the literature that alter the piece trading
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strategy, for example in order to improve the own download-
ing performance [16] or to create Video-on-Demand services
on top of the BitTorrent protocol [20].

This variety in existing BitTorrent systems shows that
an according model for ns-3 should not only model a spe-
cific BitTorrent client, but instead should allow for the easy
replication of the behavior of different BitTorrent systems.
This is the main objective of this paper, whose specific con-
tributions are the following;:

e In Section 3 we present the high-level design of our ns-3
BitTorrent model. The design is highly modular and
allows for the easy implementation of different BitTor-
rent systems, ranging from common file sharing appli-
cations to BitTorrent-based Video-on-Demand (VOD)
systems.

e We discuss a BitTorrent model for ns-3 (Section 4)
that we have implemented based on these conceptual
considerations. It not only features the modular recre-
ation of different BitTorrent systems, but also facil-
itates the easy scripting of the BT simulation’s pro-
gression using so-called story files.

e We evaluate the BitTorrent model using a set of micro-
benchmarks (Section 5). We also show that our sim-
ulation model provides a good modeling accuracy of
common BitTorrent file sharing for most parameter
settings.

We also discuss the current limitations of the model in
Section 6. In Section 7 we compare our model with exist-
ing BitTorrent simulation models and simulators. Section 8
concludes the paper with final remarks.

2. BITTORRENT: A BRIEF OVERVIEW

BitTorrent [5] (BT) is a Peer-to-Peer (P2P) system for
the distribution of bulk data such as multimedia content or
software installation images. A BitTorrent swarm consists
of two kinds of parties, a set of BitTorrent clients and the
BitTorrent tracker.

The BitTorrent clients implement the BT protocol [1] that
carries out the data exchange between the nodes. In the fol-
lowing, we refer to this TCP-based protocol as Peer wire
protocol (PWP). BitTorrent divides the shared data into
small pieces of data. The length of a piece typically ranges
between from 128KB to one MB. In order to start down-
loading data from a BitTorrent swarm, the client is supplied
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Figure 1: Conceptual overview of our BitTorrent
client model: All distinctive features of a BitTorrent
client are encapsulated in functional blocks, allowing
for a flexible adaption of the client behavior.

with a .torrent meta-information file that contains a list of all
pieces. The .torrent file also contains a SHA-1 hash value for
every piece in order to allow the BitTorrent clients to verify
the integrity of the pieces it retrieves. All BitTorrent clients
may request any piece from all other peers in the swarm. Be-
fore requesting actual data, a BT client informs the remote
client of this intent by sending a so-called interest message.
Besides the mere exchange of data, the BT clients also ex-
change messages among each other to notify other BT clients
about the pieces of data they posses. A very important par-
ticularity of BitTorrent is the so-called “choking” principle.
After having expressed the interest in downloading a piece,
a BT client may be first blocked (choked) from downloading
by the remote peer. This allows a BT client to implement a
“tit-for-tat” strategy that favors clients from which remote
peer has already retrieved data. To avoid deadlock situa-
tions, the clients periodically optimistically unchoke other
peers and hence allow them to request data without any
prior data transfer. It is noteworthy that, although the mes-
sage formats used by the PWP are well described in the pro-
tocol description [1], there is no exact specification for the
algorithms of the choking/unchoking behavior or the piece
selection strategy. Hence, all available BitTorrent client im-
plementations exhibit a different behavior in this regard.

The so-called BitTorrent tracker centrally observes a Bit-
Torrent swarm. It keeps track of all clients that are sharing
data in the swarm and provides new peers with a list of
BitTorrent clients that are also participating in the swarm.
The so-called tracker protocol that allows clients to retrieve
a list of nodes in the swarm is built on top of HTTP and
solely uses GET requests.

3. CONCEPTUAL DESIGN

Corresponding to the architecture of BitTorrent, our ns-3
model in fact consists of two models, a BitTorrent client
model and a BitTorrent tracker model.

3.1 BitTorrent Client Model

Figure 1 displays a high-level architecture of our BitTor-
rent client model. The model consists of the core BitTorrent
model that sits on top of the network simulator’s network
stack model and two singletons that govern the swarm con-
trol and hold the shared node state.
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3.1.1 Swarm Control

The swarm control component is responsible for the the
configuration and the execution of a BitTorrent simulation.
For this purpose, it parses a so-called story file. The story file
consists of a set of commands in a domain-specific language
(DSL), allowing for specifying the simulation set-up and the
activity of the BitTorrent clients during the simulation run.
Hence, the user of the BitTorrent simulation uses the story
file for example to instruct a set of nodes to start requesting
a file at a certain point in time. Other commands in the
story file allow one to configure the piece selection strategy
used by the clients, the user to set the initial distribution of
pieces in the swarm or to hand over a .torrent meta-info file
to the simulation.

3.1.2  Shared Node State

A major design goal of our BitTorrent simulation model
is to enable large-scale BitTorrent simulations with hun-
dreds or thousands of simulated clients. In order to achieve
this goal we reduce the individual state space required by
each node by storing redundant node state information only
once. The most significant state information in this regard
is the file shared in the swarm that may range from a few
megabytes to a couple of gigabytes. While using an ac-
tual payload would not be required for a pure BitTorrent
simulation, we decided to use real-world payloads to enable
emulation studies with BitTorrent at a later point in time.
Storing the data payload at one central component dramat-
ically reduces the memory footprint of one simulated node
and hence the memory requirements of the entire simulation.
We later evaluate the memory requirements of our model at
greater detail.

3.1.3 BitTorrent Application Model

The BitTorrent client model aims at reproducing differ-
ent BitTorrent systems and software clients. For this reason
we abstained from “hacking” together a monolithic BitTor-
rent client and rather designed the BitTorrent model in a
highly modular fashion, in which compositions of different
functional units define the actual client logic of the model.

Peer & Request Engine.

Its core task is to translate the high information specified
in the supplied .torrent file and the behavior specified by the
story file into the logic of the model. It keeps track of the
pieces a client has retrieved and provides this information to
the other functional units. The peer and request engine also
maintains state information for the peers a client is aware
of and if these clients are choked, or an interest message has
been sent to them.

Tracker Communication.

The tracker communication unit carries out all interac-
tion with the BitTorrent tracker, mostly in order to obtain
a number of peers that participate in the swarm. For the
actual communication, the tracker communication unit en-
capsulates a HTTP client and adequate sub-components to
parse the meta-information it retrieves from the tracker.

Download Strategy.

The download strategy unit controls which parts of the file
are downloaded next from other BitTorrent clients. Clas-
sic BitTorrent file sharing clients typically use a rarest-first



strategy. As the global availability of the pieces is not known,
the clients count how many of the peers they are connected
to possess each piece. This information is then used to re-
quest the least popular pieces with the goal of maximizing
the availability of each piece.

The encapsulation of the download strategy into a own
logical unit is important to support other schemes in our
model: The pure sequential strategy downloads the parts of
the file one after another. This scheme is a very naive strat-
egy for the delivery of streaming media. We are currently
also in the progress of supporting more sophisticated VOD
strategies, for example Give-To-Get [12].

We do not schedule the requests at the piece level, but
at the block level of BitTorrent. BitTorrent internally splits
a piece into a set of a few blocks in the magnitude of tens
of kilobytes. By operating at the block level, we can re-
trieve a piece from several peers and thus are able to avoid
problems if the remote peer goes offline while a client is still
downloading a piece from that peer.

Choking/Unchoking Strategy.

The choking/unchoking strategy is responsible for block-
ing/unblocking other clients from downloading pieces. In
the classic BT file-sharing service this decision is largely de-
pendent on the amount of data a remote peer has already
sent to the client, resulting in a tit-for-that trading scheme.
However, the modularization of the choking/unchoking be-
havior allows for arbitrary strategies to be implemented, like
randomly (un)-choking remote peers or basing this decision
on recommendations from other peers.

Peer Connection Handling.

This functional unit implements the Peer Wire Protocol
(PWP) and exchanges both payload data as well as status
messages with other peers. It uses the socket layer abstrac-
tion of the underlying network simulator - in our case ns-3.

3.2 BitTorrent Tracker Model

In addition to the client model, we also created a rather
straightforward BitTorrent tracker model. Once a node joins
the swarm, it registers at the tracker. The BT tracker model
stores the client information, most importantly its IP ad-
dress and the peer ID, in a local data structure. It then
sends a tracker response to the client, which, among differ-
ent status information, contains a list with the IDs of other
peers in the swarm, their IP addresses and the TCP ports
at which they are listening. As all communication tasks are
handled using HTTP, our tracker models also incorporates a
respective HT'TP sub-component. This sub-component pro-
vides basic mechanisms for sending GET requests and for
parsing HTTP headers; it provides its functionality to upper
layers using according callbacks. In the following, we omit
a further discussion of the tracker model’s implementation
due to its simplicity and because of the space constraints of
this paper.

4. CLIENT MODEL IMPLEMENTATION

Figure 2 gives an overview of the implementation struc-
ture and the component interaction of our BitTorrent client
model. Its core is formed by the BitTorrentClient class,
which is inherited from the Application class of ns-3. A
BitTorrent client in the simulation is represented by one
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instance of this class. It stores information about the cur-
rent client state and acts as a dispatcher among the different
components of the client. First, there is the Peer class. This
class represents an interface to a remote BitTorrent client.
It implements the real-world network representation of the
BitTorrent protocol and encapsulates an ns-3 TCP socket
for communication with a remote client. All data sent out
via the Peer class is binary compatible with the BitTor-
rent protocol specification. This allows hybrid evaluation in
emulated networks with existing BitTorrent software. The
control logic of a (BitTorrent-based) protocol is captured in
several strategies. The concrete strategies are implemented
in classes which are inherited from the class AbstractStrat-
egy. A protocol implementation usually consists of several
strategies each of them covering a dedicated aspect of the
protocol logic. This approach allows us to easily adapt the
simulation to the variety of possible strategies for choking,
piece selection and neighbor discovery (tracker- and DHT-
based). Hence, we are able to compare the performance of
different protocols with low implementation effort.

4.1 Component Interaction

A BitTorrentClient object represents one instance of a
BitTorrent client in the simulation. It stores the status in-
formation of the client such as already received pieces, con-
nections to remote clients, and information on the shared file
and the swarm. Furthermore, the client object coordinates
the communication between the network implementation of
the protocol in the Peer objects and the protocol logic im-
plementation in the strategies.

The structure of the program flow and component inter-
action was strongly influenced by the event-based paradigm
of the ns-3 simulator. We introduced client-internal events
for all network interactions of the BitTorrent protocol, such
as reception of a choking message or the completion of the
upload of a requested piece. The events are generated by
Peer objects and passed on to the BitTorrentClient ob-
ject. The BitTorrentClient class implements an event dis-
patcher infrastructure based on ns-3 Callbacks. Strategies
can register for certain events and are notified by the client
class upon their occurrence. This allows strategies to mon-
itor the subset of the current state of the client they need
for operation without having to implement a polling policy
for state changes.

The communication from the strategies to the client and
the Peer objects is realized by direct method invocation. We
intended the peer and client classes to provide the full set of
communication subroutines needed and the protocol logic
to fully reside within the strategy classes. Hence, we saw
no benefit in using an event-based approach here. The less
number of indirections increases the readability and speed
of the code. Following the spirit of ns-3, all requests are
handled internally in an asynchronous first-come-first-served
fashion, while simulation time is guaranteed to be advanced
only after all event listeners have been given time to react.
Our model hence regards a client node’s computational effort
as zero for all operations.

4.2 Strategy Implementation

We decomposed the logic of the original BitTorrent pro-
tocol as given in [1] into four aspects: part selection, chok-
ing/unchoking, peer connection choice, and request schedul-
ing. The part selection strategy determines which parts
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The Peer class announces any Peer

Wire protocol events to the strategies via an event notification mechanism provided by the BitTorrentClient
class, whilst communication with remote peers can be initiated directly through method calls with the Peer
class. For an scripting of scenarios, the StoryReader interprets a DSL and schedules actions of selected clients.

of the shared file should be acquired next and from which
peer. The choking/unchoking strategy decides which remote
clients are allowed to request pieces from the client. The
peer connection choice strategy administrates the pool of
connections with other peers. It decides which connections
are closed and what new connections should be established.
Finally, the request scheduling strategy determines how re-
quests received from remote peers are scheduled for trans-
mission.

We chose this decomposition in order to provide basic im-
plementations of the most important aspects of the BitTor-
rent protocol. All four provided strategy classes have no
inter-dependencies. This allows them to be re-used for the
implementation of further BitTorrent-based protocols. Pro-
tocols which, as the one presented in [20], alter the part
selection strategy but otherwise make no claims about fur-
ther changes to the protocol logic can hence be built simply
by implementing the new part selection strategy and link-
ing it with the other basic implementations in the provided
protocol factory. This factory is called by each BitTorrent-
Client class instance upon start-up and creates the needed
set of classes.

Our implementation of the decomposition shown above
proved to be in no need for inter-strategy communication.
As a consequence, we have not yet implemented an inter-
strategy communication scheme. However, we recognized
that there is some potential for synchronization among the
strategies. For example, it can be beneficial for a part se-
lection strategy when certain peers which have interesting
parts get unchoked so that these peers, in turn, may also
unchoke the initiating client in a “tit-for-tat” manner. For
this, the part selection strategy would have to request who-
ever is in charge of unchoking to unchoke that specific peer.
We are hence planning to integrate a broadcast communica-
tion scheme among the active strategies with a standardized
interface for requests and responses.

4.2.1 Part selection

The original BitTorrent protocol subdivides requests for
each piece into smaller-sized block requests to avoid down-
loading large chunks of data from slow or overloaded peers.
Our part selection strategy implementation adheres to this
principle and maintains two associative arrays, one for all
blocks which have to be requested in order to complete the
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download as well one for all requests sent out to a specific
remote peer. An internal scheduling function is triggered
whenever a new client is connected, a new have message
is received, or if a requested block has been received or
has timed out. This scheduling function iterates through
all available peers, checks whether it is allowed to send re-
quests to that peer (i.e., the peer is not choking and a max-
imum threshold of requests per peer is not exceeded) and
calls the GetHighestPriorityBlockForPeer method which
determines which block to request next. When a block to
request is found, a request for it is issued via the Peer class
and a timeout event for the request is inserted into the simu-
lation’s global event queue. In the standard implementation,
blocks (and hence, full pieces) are requested in sequential or-
der, from lowest to highest. In order to determine available
pieces, the strategy listens for connecting and disconnect-
ing remote peers and their sent bitfield messages, as well as
for arriving have messages. A derivative class implements
the BitTorrent-default rarest-piece-first strategy by overrid-
ing the GetHighestPriorityBlockForPeer method and also
listening to the aforementioned events, keeping track of the
peers that announced a certain piece.

4.2.2  Choking/Unchoking

The choking/unchoking of BitTorrent is represented by
a strategy which works in accordance with the algorithm
definition found in [1]. Periodically, upon client connec-
tion/disconnection, and upon the reception of “(un)inter-
ested” messages, the strategy calls a method which dissects
the set of remote peers into those which “choke”, “unchoke”
and no choking-related messages are sent to. The decision
to unchoke a peer (GetPeersToUnchoke method) is based
on the perceived performance of a peer according to the
download rate, which is calculated automatically by the
Peer class in a rolling-average fashion based on the total
amount of TCP payload data received from the client. Note
that this is sufficient because of the usually relatively small
overhead of the Peer Wire Protocol compared to the re-
ceived file data. The top peers are sent “unchoke” messages
(if not already unchoked) and peers displaced by the new
top ones (GetPeersToChoke) are sent “choke” messages. We
also implemented BitTorrent’s optimistic unchoking scheme
by periodically sending an “unchoke” message to a biased-
randomly-selected peer and choking the old one, if necessary.



4.2.3 Peer connection choice

Whereas the communication between already-connected
BitTorrent clients is relatively easy, BitTorrent’s peer dis-
covery mechanism is not since the original protocol involves
a HTTP-based tracker system. In order to support seamless
operation in emulation scenarios, we had to incorporate a
minimalistic HT'TP client model into our base peer connec-
tion strategy. This model periodically opens a TCP-based
HTTP connection with an instance of the tracker model
described in section 3.1.3 and, upon the reception of the
tracker’s answer, adds the addresses of new clients it received
to the client’s list of known peers. Since the server’s answer
by protocol standard includes nothing but the addresses of
peers, the strategy then randomly establishes connections by
instantiating new Peer objects until a client-specific connec-
tion threshold is reached. The strategy also takes care for
any timeouts which may occur during both peer- and tracker
connection establishment and also assures that at most one
connection between two peers exists. Not implemented is an
automatic closing of a connection in cases of Peer Wire pro-
tocol errors such as too large requests (see [6]) since some
experiments may very well lead to non-standard behavior
and in such cases directly closing “off-bound” connections
would be counterproductive.

4.2.4 Request scheduling

The request scheduling strategy is intended to provide a
counterpart to the part selection strategy on the sending
side, which may prioritize requests received from peers. In
our basic (stub) implementation, this strategy solely checks
whether the requesting peer is unchoked and the requested
block is locally available. If so, it directly issues the initiation
of the block transfer, otherwise it silently drops the request.
We want to note that using this scheme, the available up-
load bandwidth is equally shared among all peers a client
has unchoked. This may result in a degradation of over-
all performance if too many peers are unchoked. However,
we opted against the implementation of a more elaborated
traffic scheduling policy since BitTorrent’s choking mecha-
nism was essentially created to mitigate problems arising
from TCP’s congestion control (see [5]). In our basic imple-
mentation, it is hence the responsibility of the choking/un-
choking strategy to provide sufficient upload speeds to every
unchoked peer, either by using proven standard settings such
as those found in [1] or by using more advanced techniques
taking into account the available upload bandwidth, such as
the one presented in [12].

4.3 Communication wrapping

Communication with remote peers, as pointed out before,
is carried out by instances of the Peer class, one instance
per connected peer per client. The Peer class capsules a
TcpSocket object used to establish the remote connection.
To transmit data to the remote peer, the Peer class provides
methods for sending out each available message as specified
in [1] as well as for the BitTorrent Extension Protocol spec-
ified in [14], with arguments as appropriate for the type of
message to send. When such a method is called, the message
is created in form of derivatives of ns-3’s Packet class and
appended to an internal queue of the Peer object. In case of
a “piece” message, i.e., a block of actual file data, the Stor-
ageManager singleton is called to retrieve the appropriate
part of the file to transmit. BitTorrent’s “have” and “cancel”
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0hOmOs :

topology set node count 125
0hOmOs: client 1 set initial bitfield full
0hOmOs: clients 2 till 125 join group

leechers
0hOmOs: group leechers set initial bitfield

gaussian mean 0.5 stddev 0.2

random tail
0hOmOs: client 1 init
from O0hOm15s till Oh10ml15s: group leechers

init
1hOmOs: group leechers set strategy options

request_size=16384 max_peers=42

Figure 3: Excerpts from a simulation story file.

messages, which represent changed state information and
messages used to prevent unnecessary data transmission, re-
spectively, are prioritized by prepending them. This queue
is emptied by a method triggered by the Socket’s send call-
back which also takes into account possible buffer overflows
of the socket. Data reception is handled by a small state-
machine which empties the TCP socket’s reception buffer
into a further internal buffer. Since all BitTorrent messages
include length-prefixes and are not interleaved, the end of
a message reception is easy to determine and messages are
only processed after they have been fully received. As a con-
sequence, our model does not support the announcement of
a starting or ongoing block transmission, since this would
have introduced too many additional notification events with
little information gain (note that the SHA-1 hashes in Bit-
Torrent are on piece level, meaning that a correct down-
load of data can only be announced when a full piece was
completed). Each processed message is announced through
the client’s internal event dispatcher; the contents of the re-
ceived message is supplied to the registered event listeners
as function parameters. Our implementation allows one to
use real SHA1 hashes for the verification of pieces in order
to achieve full compliance with other BitTorrent systems.
The default configuration of the model, however, discards
the checksum calculation entirely to reduce the overall sim-
ulation run-time.

4.4 Scenario Setup in Stories

To aid the inevitable scripting of swarm behavior, we de-
cided to implement a scenario setup manager which takes
a human-readable plain-text file (to which we refer as a
scenario’s “story”) and generates the desired swarm behav-
ior by triggering appropriate actions offered by our client
model. For this purpose, our BitTorrentClient class offers
a number of public member methods which grant access to
general client actions and settings (such as joining/leaving
the swarm and the client’s initial download status repre-
sented by its bitfield) as well as a generalized interface for
strategy-specific parameters (such as the size of block re-
quests). The StoryReader singleton then for each BitTor-
rent client-related event inserts the corresponding method
call with appropriate parameters for each affected client into
the simulation’s global event queue. Single-client events can
be given exact points in time and events affecting multiple
clients (which may be joined into client groups) can also
be assigned “fuzzy” times, meaning that the events are dis-
tributed randomly within a given time range (cf. figure 3
for an example). Moreover, the StoryReader can be used
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Peer ID: 33203131 E2E2E2E2E2E2E2E2E
00EE 00 21 45 0 00 6¢c 00 02 00 GO 40 06 66 B3 0a 00 JES L LE.
0010 00 05 Oa OO0 00 03 cO 01 la el 00 0O 00 O1 00 @O  ........ ..
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OJFile: "adsl. 1325638411 .node-3-0 pcap" 9731 KB 00:16:09 {Packets: 10871 Displayed: 10871 Marked: 0 i Profile: Default i

Figure 4: Wireshark correctly dissects a PCAP trace produced using our BitTorrent Model. This demon-
strates that the peer wire protocol as implemented by our BitTorrent client model is compatible with real-

world BT software.

to set globally-effective settings such as those of the tracker
model, the used “.torrent” input file and the random seed
(to enable repeatable simulations). Additionally, it can also
be used to create nodes in a given network and install Bit-
Torrent clients on them when interfaced with a specialized
version of a topology reader. For the latter, our model cur-
rently supports working on BRITE topologies using a sim-
plistic self-written topology reader.

Note that our whole BitTorrent model may also be scripted
using ns-3’s common C++ or Python scripts and that the
StoryReader is intended as a mere convenience interface to
the simulation model. During our initial tests, however, it
showed that using our story setup utility greatly speeded up
simulation setup as especially node grouping and -retrieval
and scheduling of method calls was greatly simplified, lead-
ing to far better readability of our “story” scripts than those
written in one of ns-3’s “native” languages.

5. PRELIMINARY EVALUATION

The preliminary evaluation in this paper investigates two
aspects of our BitTorrent model, namely the validity of the
peer wire protocol implementation and the performance of
the client model.

5.1 Peer-Wire Protocol Validity

In order to model the peer wire protocol in a realistic
fashion, it is important to accurately reproduce its protocol
semantics and to correctly recreate the protocol messages.

We validated the protocol semantics by adding a large
amount of logging statements to all the components of our
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model. We then compared the logging output and the logical
sequence of the messages with application traces obtained
from a real-world BitTorrent client (Unworkable [2]) and
iteratively adjusted the behavior of the BitTorrent client
model. In the present stage of the model the handshake and
all standard messages are fully compliant to the BitTorrent
specification BitTorrent-spec-1.0.

We also investigated if the messages passed among the
simulated clients resemble the message formats used by real-
world BitTorrent clients. For this purpose, we first investi-
gated the message compatibility by obtaining a PCAP trace
from a BitTorrent simulation and by opening the trace in
the Wireshark [4] network protocol analyzer (see Figure 4).
Wireshark correctly dissects the packets and the information
displayed in the protocol analyzer is consistent with the be-
havior specified in the simulation, which uses a pure sequen-
tial retrieval of pieces in the depicted example. Secondly, we
set-up a simple emulation scenario containing one simulated
tracker, one simulated seeder and one Vuze [3] BitTorrent
client. Vuze was able to correctly download the file from the
BitTorrent simulation, with the download speed matching
the link capacity specified in the story file.

5.2 Simulation Performance

We now investigate the overall simulation performance of
our BitTorrent client model by looking at two performance
metrics, memory consumption (measured in Megabytes) and
stmulation run-time (seconds). For this purpose, we used
a star topology in which a varying number of BitTorrent
clients is connected to one central router using point-to-
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Figure 5: We evaluated the performance of our BitTorrent client model by investigating the simulation
run-time and the memory use for different node counts. With our simulation model, it is possible to simulate
also larger BitTorrent swarms if sufficient memory resources are available.

point links. The link capacity for each client was set to
448 kbps on the uplink and 2048 kbps on the download,
resembling a typical ADSL line. For all node counts, we
use a seeder /leecher ratio of 2/3 in our simulations as initial
swarm configuration. All simulated leechers start requesting
the data at the same time, yielding to a flash-crowd behav-
ior. The payload data size exchanged among the nodes was
10 MB, the piece size was configured to 128kb. All runs
were carried out on a Intel Xeon computer with 24 cores
at 3.33 GHz each. No parallelization was used to speed up
the execution. All presented results are averages over three
simulation runs. We observed very little variations in the
measured simulation run-time and the memory required.

The outcome of our measurements is depicted in Figure 5.
The run-time of the simulation rapidly grows for larger node
counts. However, the simulation run-time for the largest
experiment with 2000 nodes was still shorter than five hours,
indicating that even experiments with mid-size swarms can
be carried out with this simulation model

The larger issue are the memory requirements of our sim-
ulation model. The memory required for the BitTorrent
model grows linearly with the nodes in the simulation, re-
sulting in quite high RAM requirements. The experiment
with 2000 nodes used over 18 GB of RAM. This shows that
packet-level simulations of mid-size BitTorrent swarms are
possible on machines available today if sufficient RAM ca-
pacities are available. We are currently investigating code
optimizations to lower the RAM requirements.

5.3 Download Completion Time

In addition to the simulation’s performance we also briefly
investigated the downloading performance of our BitTorrent
client model. Figure 6 visualizes the download completion
time for all 1333 leechers in the 2000 node experiment. The
vast majority of the clients completes the download between
220 and 280 seconds, demonstrating a coherent model be-
havior. The theoretical minimum to transfer 10MB over
a 448kbitps link would be 178 seconds and 39.06s for a
2048kbit/s link. We explain these large differences of down-
loading performance by the protocol overhead of BitTorrent,
the flash-crowd nature of the scenario and the fact that our
rarest-first strategy is yet unoptimized. However, these re-
sults also indicate that a further validation and adaptation
of the model is needed before it can be used for real BitTor-
rent experiments.
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Figure 6: Distribution of the download comple-
tion time of 1333 leechers in a simulated BitTorrent
swarm. Most of the clients complete the download
within 220 and 270 seconds.

6. LIMITATIONS

Our model currently only implements the basic ingredi-
ents of the BitTorrent protocol. Except for the Extension
Protocol (see section 4.3), none of the more than 20 pro-
posed extensions, such as DHT-based operation or UDP-
based communication with the tracker, are currently sup-
ported. However, note that only few real-world clients sup-
port a large subset of these proposals. A further limitation
of the client model is the currently missing support for traf-
fic shaping on a per-peer basis. Some BitTorrent clients like
BitTyrant [16] regulate the outgoing traffic to some of their
peers in order to improve their own downloading perfor-
mance, while our implementation currently lacks a strategy
to impose these restrictions, preventing the simulation-based
recreation of the behavior of such clients and traffic-shaping-
based strategies.

A general shortcoming is the limited validation of the
model behavior we conducted so far. While our simulation
model correctly recreates the behavior of the BitTorrent peer
wire protocol and the communication with the tracker, we
still need to validate how much the download performance
of our client model resembles that of real-word BitTorrent
systems.



7. RELATED WORK

To our knowledge there is no BitTorrent model for the
ns-3 network simulator so far. The only P2P models for
ns-3 we are aware of target the Chord DHT [18] and Pas-
try [17]. However, different BitTorrent models already exist
for other network simulators. GPS [22] is a specialized dis-
crete event-based simulator for BitTorrent. While it uses an
exact model for the BT protocol, it abstains from modeling
data payload and uses a flow-based approach to recreate the
behavior of TCP streams. This makes the model very effi-
cient, but hinders its use e.g. for emulation purposes. There
are also BitTorrent models for specialized P2P simulators
like PeerSim [13] or even a distinct BitTorrent simulator by
Microsoft [11]. Similar to GPS, all these models and simula-
tors mostly model TCP/IP only at an abstract level in order
to improve the efficiency of the simulation. Eger at al [7]
compare the accuracy of flow-based BitTorrent models with
outcome of a packet-based BitTorrent model for ns-2 [15].
They conclude that although flow-based and packet-based
models yield to similar results, the latter are required to
study cross-traffic interaction. Another packet-based Bit-
Torrent model has been proposed for OMNeT++ [19] by
Katsaros et al [9]. While the model seems to well recreate
the behavior of BitTorrent, the use of the INET framework
with its proprietary message formats hinders the use for em-
ulation studies. In contrast to all the BitTorrent models pro-
posed for other simulators, we aim at reproducing not only
the BitTorrent protocol mechanics, but also the packet for-
mats in a way that we achieve message compatibility with
real BT software. We are aware that this will limit the
scalability of the model to a certain degree, but will enable
simulation-driven emulation studies with BitTorrent.

8. CONCLUSION AND FUTURE WORK

In this paper we have presented the design and the im-
plementation of a BitTorrent model for ns-3. To our knowl-
edge, this is the first BitTorrent model for this simulator. It
uses the same message formats as used by real-world Bit-
Torrent systems and allows for the simulation of BitTorrent
swarms with hundreds to thousands of nodes. We are cur-
rently performing further validations of the BitTorrent client
model and investigate both experiments in the context of
BitTorrent-based Video-on-Demand systems and an integra-
tion with SliceTime [21] for large-scale BitTorrent emulation
studies. The source code of the model is available at www.
comsys.rwth-aachen.de/research/projects/vodsim/.
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