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MTorrent: A Multicast Enabled BitTorrent Protocol
Piyush Agrawal Hitesh Khandelwal and R. K. Ghosh

Abstract—In this paper we address the problem of repetitive
data transmission in BitTorrent. and propose a new protocol
called MTorrent to restrict the same by exploiting IP Multicast
functionality wherever available. A prototype system of our
protocol have been implemented, and large scale measurement
studies were conducted over Emulab network consisting of 44
nodes, spread over 9 LANs and 36 end clients. MTorrent leads
to 44% reduction in download time, 65% reduction in traffic
load on the Internet links and 40% reduction in download of
redundant packets when compared to the BitTorrent. MTorrent
is interoperable with BitTorrent, and requires only a few changes
at the client end.

I. INTRODUCTION

The recent wide-spread use of P2P applications

such as SETI (setiathome.ssl.berkeley.edu), Napster

(www.napster.com), and Gnutella (gnutella.wego.com)

indicate that there are many potential benefits of deploying a

fully distributed P2P system. Two of the obvious advantages

are: (i) more resilience, and (ii) higher availability through

large scale replication of content at large numbers of peers.

However, in a heterogeneous environment such as the Internet,

the performance is an equally important consideration.

Multicast is extremely useful for building highly distributed

applications, It provides marked improvements in performance

over that of unicast transmissions. A number of interesting

non-trivial real-time multi-media applications have been de-

veloped in recent years by leveraging multicast services [18],

[30], [23]. Though the importance of multicast communi-

cation is well recognized, the problem in its deployment

lies in concerns over its requirements for fair amount of

states information [6], and also the fact that it should be

supported by routers from Internet Service Providers (ISPs).

The researchers have divided opinions on the question whether

multicast should be implemented at the IP layer or at the end

systems [22], [11], [8].

The lack of support for IP multicast in today’s Internet

has been a major road block for building many multicast

applications. In fact, the development of ALM protocol can be

entirely attributed to the above scenario. There have been fair

amount of research to leverage application layer multi-casting

(ALM) [30], [13], [12] for reducing transmission latencies in

P2P applications [27], [7]. ALM is implemented on an overlay

network which uses Pastry [20], Chord [24], CAN [19] or
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Tapestry [33] for routing and location schemes. Since, the

physical network is hidden, ALM increases delay in deliver

packets compared to IP multicast. It will also likely to increase

the stress1 on Internet (core) links as a node’s neighbor may

not necessarily be its topological neighbor in the underlying

physical network. Furthermore, multicast in overlay networks

is implemented by maintaining trees. It treats all nodes having

equal power and same bandwidth. The root of the tree can

potentially be subject to overload and may become a single

point of failure.

In Internet, IP multicast is deployed in a limited scale on

LANs, and by a few ISPs [31]. We believe IP multicast can be

leveraged in content delivery not only to reduce transmission

latency but also to reduce stresses on internet links. It can

lead to a win-win situation for ISPs as well as individual

enterprises. With the reduction in stresses on the core links,

ISPs can add more subscribers. On the other hand, the sub-

scribers could substantially bring down the cost for repetitive

data transfers by supporting IP multicast functionality at the

access links.

Keeping the performance improvement of IP multicast over

unicast in view, in this paper we propose a new content

distribution protocol called MTorrent. It co-exists with the

standard BitTorrent [10] protocol, and exploits the IP Multicast

functionality, wherever available, to eliminate repetitive data

transmissions. MTorrent uses a unique combination of IP

multicast and unicast for torrent download. It does not rely

on IP multicast in the Internet links. Any packet which is to

be downloaded from the Internet outside a LAN (or a local

island) is received by unicast. Since the local islands are likely

to be under the control of a single administrative authority,

multicast functionality can be turned on for these networks.

This way IP multicast can be leveraged only over the access

links to optimize stresses on the core links. MTorrent protocol

has been implemented and extensive experiments were carried

out over the network testbed provided by Emulab [28] to find

out the performance improvement over BitTorrent.

Initially, experiments were carried out on Emulab environ-

ment to determine the effect of data repetitiveness in BitTorrent

and WWW protocols. It was found that on most commonly

configured network topologies, BitTorrent suffers from severe

data repetitiveness. On the basis of this key observation, we

designed MTorrent. The key features of MTorrent include

the simplicity of its design and inter-operability with other

BitTorrent clients. Furthermore, it does not require any mod-

ification on the tracker part of the BitTorrent protocol. Both

the protocols are compared with respect to data repetitiveness.

The results of the experiments indicate that MTorrent reduces

1Stress is defined by the ratio of number of total packets and number of
unique packets traversing over a link978-1-4233-5489-1/10$26.00 c© 2010 IEEE
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the download time by 44%, load on Internet links by 65%,

and download of redundant data packets by as much as 40%.

This paper is organized as follows. Section II deals with

related work. Section III explains the problem of data repeti-

tiveness. Section IV presents the details of experimental setup

over Emulab. Section V deals with implementation of content

distribution models, and provides the motivation behind our

new protocol MTorrent. Section VI deals with the design

and implementation of MTorrent, and its comparisons against

BitTorrent as well as WWW-based content distribution models.

The paper concludes with section VII.

II. RELATED WORK

P2P traffic is found to be highly repetitive. In absence of IP

multicast functionality, caching [15] has been used reduce data

repetitiveness in transmission. There have been good deal of

research highlighting the importance and feasibility of caching

P2P traffic [15], [14]. Also most of the current P2P protocols

are not ISP-friendly, because they impose unnecessary traffic

on the Internet links [14]. Some researchers suggest deploying

smart caching techniques or making P2P protocols locality-

aware [29], [21].

In a P2P system, peers collaborate to form a distributed

system for the purpose of exchanging data. A file that one

peer downloads is often made available for upload at other

peers. In ’pure’ P2P networks:

• Peers act as equals, merging the roles of client and server

• There is no central server managing the network

• There is no central router

Some examples of pure P2P application layer networks de-

signed for file sharing are Gnutella and Freenet [9]. There are

also countless hybrid P2P systems, which share the following

characteristics:

• A central server that keeps information of peers and

responds to requests for that information.

• Peers are responsible for hosting available resources

(as the central server does not have them), for letting

the central server know what resources they want to

share, and for making its shareable resources available

to requesting peers.

A popular example of hybrid peer-to-peer application layer

network is the BitTorrent protocol.

BitTorrent uses the tit-for-tat method for seeking pareto
efficiency. With BitTorrent based file downloads, when mul-

tiple clients concurrently download a file, they upload pieces

of this file to each other, redistributing the cost of uploads

among the downloaders. Although BitTorrent is a successful

P2P protocol, it has following notable drawbacks:

• For small files, BitTorrent tends to show higher latency

and overhead.

• Though several downloaders, downloading a file, might

be located physically close to each other (e.g. several

clients on a LAN downloading a software patch), the

tracker returns a random list of peers to which a new

downloader should connect. This leads to wastage of

resources because of redundant downloads of same pieces

by peers close-by.

Server hosting
files
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router
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Fig. 1: Concurrent downloads cause heavy load on server

bandwidth and network resources

To counter the problem of geographically distant peers

exchanging data with other peers in BitTorrent protocol, a

location-aware BitTorrent protocol has been proposed [32].

However, the proposal is in a very loose form with no real

world implementation or performance results.

III. REPETITIVE TRANSMISSION OF DATA

Consider the scenario depicted by figure 1. A file server

hosts a file to be downloaded by 9 clients. It is connected to

a core router which in turn is connected to three other access

routers. Each client is connected to one of these access routers.

A client establishes an independent TCP connection to the

file server to fetch the file. If all the clients need to download

the file at the same time, nine parallel TCP connections will be

sourced at the file server. The server should open 9 different

sockets to serve each of above TCP connections. Each core

router in turn sends 3 copies of the same data on each of the

access links to clients.

Now imagine the scenario when the number of interested

clients increases from nine to say around a few hundreds.

This is a very common scenario, specially when new files

(like movies) are installed for hosting on websites or critical

security patches are made available by the software developers.

The problem of data repetitiveness due to attempts of multiple

clients to download the same content leads to significant drop

in download speed for individual clients.

IV. EXPERIMENTAL SETUP

In order to examine the problem of repetitive data transmis-

sion in commonly used content distribution models like WWW

and BitTorrent, which are used over the Internet, we designed

an experimental set up over Emulab2. Emulab provides inte-

grated access to a wide range of experimental environments,

including Emulations, Live-Internet Experimentations and also

Simulations.

2http//www.emulab.net
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Fig. 2: The network topology used for the performance study

A. Network Topology

MTorrent is one of the few proposed extensions to BitTor-

rent protocol which was actually implemented and tested on

real nodes. We preferred doing a moderate scale emulations

(real experiments) over large scale simulations using NS-2 [3].

This approach exposed a number of issues which originate

while building real systems.

The Internet can be assumed to be composed of two entities:

1) Backbone Network: It consists of the high bandwidth,

high delay, long distance network links, which typically

run across continents and countries. These backbone

links are generally hosted by various ISPs and account

for the major cost in running the Internet.

2) High Speed LANs: Most organizations today have access

to high speed LANs which in turn are connected to

the backbone Internet via routers. LANs are generally

error-free, congestion free and administered by the local

organizations.

The two entities described above are connected through

access links between the access routers which are part of

high speed LANs with the core routers present in Backbone

network. These access links are maintained by ISPs who

charge their customers for data transmission over these links.

Figure 2 illustrates the network topology we used for study-

ing performance of the content distribution models on Emulab.

A total of 200 nodes were available on Emulab for any

experiment. In reality we were able to grab just about 40-48

nodes by writing a script (a practice very strongly discouraged

by Emulab). So, any experiment with large number of nodes

or a sufficiently large representative topology was not possible

under Emulab environment. We wanted the experminental

topology that has at least three LANs with one not having

IP multicast functionality. This explain why we settled for a

sythetically constructed topology consisting of just 44 nodes

in our experiments in Emulab environment.

The Internet backbone is made up of four core

routers, named as coreRouter0, coreRouter1, coreRouter2 and

coreRouter3. Each of the core routers run the Red Hat

Linux 9.0 standard operating system. The four core routers

are connected to each other in a symmetrical manner. The

links between these core routers are named as corelink0, . . . ,

corelink5. Similarly, the links between core routers and the

access routers are named as link0, . . . link3. The correspon-

dence of the links with their respective names and labels

are as shown in Table I. Note that labels are, odd numbers,

for representing data transfer in forward direction over the

respective links. Since, all links are symmetrical, data transfer

also takes place in backward direction. To represent traffic in

backward direction on a link l we represent the same by label

l + 1.

TABLE I: Mapping of links with names and labels.

Links Connecting nodes Label Flow of traffic
coreLink0 (coreRouter0, coreRouter1) 1 forward

(coreRouter1, coreRouter0) 2 backward
coreLink1 (coreRouter2, coreRouter1) 3 forward

(coreRouter1, coreRouter2) 4 backward
coreLink2 (coreRouter0, coreRouter2) 5 forward

(coreRouter2, coreRouter0) 6 backward
coreLink3 (coreRouter0, coreRouter3) 7 forward

(coreRouter3, coreRouter0) 8 backward
coreLink4 (coreRouter1, coreRouter3) 9 forward

(coreRouter3, coreRouter1) 10 backward
coreLink5 (coreRouter2, coreRouter3) 11 forward

(coreRouter3, coreRouter2) 12 backward
link0 (coreRouter0, router0) 13 forward

(router0, coreRouter0) 14 backward
link1 (coreRouter1, router1) 15 forward

(router1, coreRouter1) 16 backward
link2 (coreRouter2, router2) 17 forward

(router2, coreRouter2) 18 backward
link3 (coreRouter3, seeder) 19 forward

(seeder, coreRouter3) 20 backward

Each of the core link is a 10 Mb link with a 20 ms end-to-

end delay and a Drop Tail queue. For convenience in showing

the performance plots, the links are represented by their labels

instead of names. Three of the core routers (coreRouter0,

coreRouter1 and coreRouter2) are each connected to a set

of three high speed LANs via routers (router0, router1 and

router2). Each of the three routers run on FreeBSD 6.0. The

link between a router and a core router is a 2 Mb link with

a 10 ms end-to-end delay and a Drop Tail queue. Each router

is in turn connected to three 10 Mbps LANs (for example,

router0 is connected to lan0, lan1 and lan2). Each LAN is

composed of 4 end nodes and a switch. The nodes are named

from node0 to node 35 (total 36 end-nodes/clients).

A dedicated node (named seeder) is connected to

coreRouter3 via a 2Mb link with a 10 ms end-to-end delay

and a Drop Tail queue. This node is used for initially hosting

the file which is to be distributed.

B. Performance Metrics

We measure the following two key metrics in each experi-

mental run, for each link, in each direction:
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TABLE II: Link Statistics for file download using BitTorrent

Link Flow direction No. of Bytes Stress
coreLink0 Forward 4.1 MB 5.712

Backward 3.6 MB 6.078
coreLink1 Forward 3.9 MB 5.429

Backward 3.1 MB 5.896
coreLink2 Forward 2.8 MB 6.368

Backward 4.0 MB 5.221
coreLink3 Forward 15 KB 2.800

Forward 0.8 MB 1.544
coreLink4 Forward 16 KB 3.620

Backward 1.2 MB 1.855
coreLink5 Forward 15 KB 2.880

Backward 0.9 MB 1.366
link0 Forward 8.5 MB 6.630

Backward 6.9 MB 7.013
link1 Forward 9.3 MB 7.155

Backward 6.7 MB 7.300
link2 Forward 6.8 MB 6.516

Backward 8.0 MB 6.933
link3 Forward 47 KB 3.184

Backward 3.0 MB 2.797

1) Number of Bytes: It represents the raw amount of data

transfered over a link in a particular direction.

2) Stress: It represents the ratio of the number of total

packets transmitted over a link against the number of

unique packets transmitted over the link.

V. IMPLEMENTATION OF BITTORRENT ON EMULAB

For our experiments on BitTorrent, we needed a client which

supports at least the following features:

• A console based interface to allow remote execution over

Emulab nodes.

• Implemented preferably in C/C++, so that BSD socket

could be used to extend for supporting IP multicast

functionality.

Many exhaustive comparisons of different BitTorrent imple-

mentations are available [17], [25], [5]. We found CTorrent [1]

to be a light weight BitTorrent client, written in C++ and being

actively supported by developer community. So, we based our

experiments with the P2P model on CTorrent.

For each of the content distribution models, we initially

hosted a 1 MB file on the seeder node, which is then

downloaded by all 36 end nodes, using one of the models.

The evaluations for each model is presented below. It shows

several important trends. Most notable among these

• All the links participate in data transfers to the order of 4-

6 MB. But data transfer occurs in both directions (uplink

and downlink).

• The other important observation is regarding the link

stress. The link stress values are smaller in the case of

core links. This means that there are less number of

duplicate packet transmissions over the Internet links.

Table II show that the Internet links suffer from non-

ideal stress values. Since the coordination (if any) among the

downloading clients is at a very high level (application layer),

redundant downloads of packets do happen. This is particularly

the case when several downloading clients are located on the

Fig. 3: Multicast transmission sends a single multicast packet

addressed to all intended recipients (Source: [2])

same or near-by LANs, and individual clients unaware of their

physical proximity. Consequently, in the case of BitTorrent,

although the clients collaborate, they may be separated from

on another by several Internet backbone links.

VI. MTORRENT

We propose to augment the BitTorrent protocol with a

simple yet efficient coordination protocol, through which re-

dundant downloads of pieces in BitTorrent could be avoided

at the level of local islands or LANs, thus saving network

resources and speeding the download process.

In particular, we utilize the IP Multicast functionality avail-

able in some of the networks to share the pieces downloaded

by BitTorrent with the local peers, instead of letting them

download those pieces from the remote peers located in

different islands. The underlying idea is that the design of the

protocol should be such that it can be deployed on LANs and

be interoperable with BitTorrent without requiring any extra

support for traffic over core links.

We could have used an application level multicast (ALM)

mechanism instead of relying on LAN being enabled with IP

multicast functionality. Our decision in this regard are influ-

enced by the following reasons. ALM is usually implemented

on an overlay network which relies on efficient implementation

of distributed hash table [20], [24], [19], [33] for routing

and location schemes. Also explained at the beginning, ALM

increases not only the latency for packet delivery, but also the

stresses on core links. The tree for multicast tree maintained

by the underlying ALM mechanism could also be a source of

the single point failure.

We believe a LAN administrator will become favorable to

idea of enabling IP multicast functionality when they realize

the benefit of avoiding data repetitiveness in the Internet traffic.

Therefore, for the simplicity in protocol implementation, we

have assumed LANs to have IP multicast functionality.

Figure 3 demonstrates how the data from one source is

delivered to the several interested recipients using IP Multicast.

All the clients can initially send IGMP request messages

to join a multicast group, and the source (or the seeder)

multicasts the data on this group. Since the routers are aware

of the physical topology and the positions of the clients,

the data traverses through shortest paths to reach the clients,
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guaranteeing optimal download time and stress of 1 on the

links. Although such an approach is promising, it is not viable

in today’s Internet because of lack of support for IP Multicast

on Internet.

In section IV, we observed that bulk data download happens

using P2P systems and there are several instances where

multiple clients downloading the same contents exist within

the same island (a collection multicast enabled LANs), for

example, an enterprise, or a university network. These clients

are unaware of each others presence, and fetch data packets

from outside the island over BitTorrent. We propose to use

IP Multicast as an enabling technology to anonymously share

downloaded packets with the local clients on the same island.

This forms the basis of our proposed protocol, which we

call MTorrent. It leads to a win-win situation for all stake

holders. The users experience improvements in download time.

The LAN administrators see twin improvements in terms of

users satisfaction and a reduction in data repetitiveness in

downloads. The ISPs witness improvements in terms of the

volume of traffic due to user satisfaction.

A. Overview

We associate a class D IP Multicast address with each file to

be downloaded. This IP address can be embedded in the torrent

file available on the web server. The BitTorrent client reads

information available in the torrent file, which comprises of the

URL of the tracker, the piece size, checksums of the pieces,

etc. We have modified the client to also read the embedded

class D IP address.

Conceptually, the class D IP address associated with a file is

the multicast address of the group of clients who are interested

in this file. Before the download starts, each client tries to join

the multicast group by sending IGMP messages in its own

island. If the network to which the client is connected is IP

Multicast enabled, the client successfully joins the group, and

thus becomes a part of the island. Otherwise, the client stays

as a isolated island, which means it does not receive or send

data via IP multicast.

Note that the class D address is used by all the clients in

different islands, which are connected to each other by normal

unicast links, without any support for IP Multicast. Due to this,

several groups may be formed on the Internet, who share the

same class D IP address.

In MTorrent, each client participates in the normal download

process using unicast. As soon as a piece has been successfully

downloaded over unicast by a client, it multicasts the piece

over the local multicast group (corresponding to this file).

Since other clients on the same island must have also joined

this group, they receive the pieces on the multicast socket, in

addition to the normal pieces on the unicast socket.

When some client is in the process of downloading a file,

it is very likely that other clients may also be anticipating the

pieces of the same file over unicast links at the same time. Each

client has a helper thread, independent of original BitTorrent

client thread, which periodically checks for the receipt of

any multicast packets. If the helper thread detects that a

piece is now available over the multicast socket, it tries to
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No

Perform normal
BitTorrentoperations

Client
called helper thread

Has the

already been
packet received
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Discard the packet
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Download torrent file

Server

serverUpload to webaddressClass D

Start a new thread
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Fig. 4: Flow chart showing MTorrent operations

verify the integrity of the piece by calculating and comparing

the checksum with that read from the torrent file. If the

checksum matches, the helper thread places the received piece

at its correct location on the disk and updates the local data

structures to indicate that this piece need not be downloaded

by unicast again. The helper thread also immediately issues

cancellation of all requests for the received piece which may

have been sent to other clients over the unicast link to avoid

receiving the same piece from other peers by unicast.

Figure 4 summarizes the sequence of operations performed

while uploading the torrent file on web server and while

downloading of file by a MTorrent client.

One problem with IP Multicast is that unlike TCP, it is an

unreliable protocol which works over UDP. Since IP Multicast

does not have any mechanisms for rate control and checking

packet losses (due to random errors etc.), it is not necessary

that pieces shared over multicast by clients would be received

by all other clients on the island. The clients which have small

receive buffers or which are busy with other operations often

are unable to completely receive packets sent over multicast.

However, a simple observation makes the operation of

MTorrent much easier. Since it has been designed to be a

module completely independent from the standard BitTorrent,

the clients which are unable to successfully receive multicast

pieces can subsequently receive them using the normal unicast

connections. Furthermore, as the fraction of the clients which

are unable to receive multicast pieces is very small, the benefits

obtained from multicast packets more than offsets the cost of

fetching some packets over unicast. Consequently the overall

download process becomes much more efficient and cost

effective.
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One criticism about our experiment could be it subsumes

a structured peer-to-peer dynamics by assuming that many

peers will be interested to download the same file at the same

time. However, in an environment typical to ours, this criticism

does not stand. Indeed, we found a sizeable number of peers

online at the same time during weekends on our LAN. This

structuredness in behavior with respect to internet traffic at our

LAN is primarily due to the fact that ours is fully residential

institute. The students stay in dorms which are provided with

LAN connection. They get free time for Internet browsing

during weekends. Our logic about extension of structured

behavior is that the area served by an ISP is much larger than

the institute LAN. So, P2P dynamics would perhaps exhibit

above structured behavior more often than not in a 24-hour

clock.

B. Experimental Issues

We evaluate the performance of MTorrent on a topology,

same as that used in section IV. All the LANs in each island

are connected to each other via the access router (i.e., router0,

router1 or router2). Each of the access routers run the FreeBSD

6.10 operating system. In order to allow IP Multicast across

different LANs on the same island, we run mrouted [26] on

each of the access routers.

The mrouted utility is an implementation of the Distance-

Vector Multicast Routing Protocol (DVMRP), an earlier ver-

sion of which is specified in RFC-1075 [16]. It maintains topo-

logical knowledge via a distance-vector routing protocol (like

RIP, described in RFC-1058 [4]), upon which it implements a

multicast datagram forwarding algorithm called Reverse Path

Multicasting.

The mrouted utility forwards a multicast datagram along

a shortest (reverse) path tree rooted at the subnet on which

the datagram originates. The multicast delivery tree may be

thought of as a broadcast delivery tree that has been pruned

back so that it does not extend beyond those subnetworks that

have members of the destination group. Hence, datagrams are

not forwarded along those branches which have no listeners

of the multicast group. The IP time-to-live of a multicast

datagram can be used to limit the range of multicast datagrams.

Thus, any multicast packet in one of the LANs reach all

other LANs on the same island, provided their are clients on

the other LANs who have subscribed to the corresponding

multicast group.

Also, we set the TTL value of multicast packets to 3 to allow

them to cross multiple levels of multicast enabled routers. Note

that a TTL value of 1 means that packets are limited to the

same subnet.

C. Performance Metrics

As already explained, there are two types of links, namely,

(i) core links: which serve the traffic across the Internet by

connecting the core routers; and (ii) access links: which are

used to provide Internet access to the islands consisting of

various high-speed LANS. Since the traffic patterns on two

types of links are of interest to separate stake holders namely,

ISPs and Internet users, we show the evaluation of these
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patterns separately. Apart from the two metrics number of

bytes transferred and the stress, which have been already

introduced in section IV-B, we also record time to download

files for each client.

D. Comparison of MTorrent, BitTorrent and WWW

For all the experiments in this section, we run a seeder and

a tracker at the seeder node (connected to coreRouter3 in the

topology shown in Figure 2. The seeder serves a file of size 1.2
MB. All the results reported in this section have been obtained

after proper averaging over 5 to 10 runs of each experiment.

Figure 5 shows the Cumulative Distribution Function (CDF)
of the time for download at each client. X-axis shows the time

for download in seconds while Y-axis represents the cumula-

tive percentage of clients which completed their download till

this time.

Figure 5 shows that 100% of clients complete their down-

load within 30 seconds by using MTorrent protocol. In con-

trast, it takes about 60 seconds for all the nodes to complete

their download using BitTorrent. Both MTorrent and BitTor-

rent distribute download load on several links, and the clients

collaborate with each other in fetching data. Furthermore data

packets fetched from outside the island are instantaneously

shared with other clients in the same island via IP Multicast

in the case of MTorrent. Consequently the wait time for each

packet is reduced considerably.

The performance of WWW protocol is the worst. It takes

about 180 seconds for all nodes to complete the download.

WWW model is not relevant to our experiments. But, ini-

tially, in order to assess the importance of torrent downloads,

we carried some experiments to compare the performance of

BitTorrent against the WWW protcol. Since, the results of

those experiments are already available to us, we have included

them here for the sake of completeness. It also provides a

three-way performance comparison among the protocols. To

download data using WWW model, we used GNU wget
(www.gnu.org/software/wget). Since wget is a non-interactive
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Fig. 6: Amount of data transferred over each link using

MTorrent, BitTorrent or WWW

command line tool, it could be called easily from scripts, cron

jobs, terminals without X-window support.

TABLE III: Download time (in seconds) statistics.

Minimum Maximum Average
MTorrent 22.5 26.3 24.6
BitTorrent 34.2 51.0 43.4

WWW 147.4 181.2 171.2

Table III reports the minimum, maximum and the average

download times over all the 36 clients using WWW, BitTorrent

and MTorrent protcols. Based on the reported values, we

conclude that the improvement in time for download of files

using the proposed MTorrent protocol is about 44% over

the conventional BitTorrent protocol and about 86% over the

WWW HTTP protocol.

Figure 6 shows the amount of data transferred over each of

the links using MTorrent, BitTorrent and the WWW protocol.

From Figure 6, it is clear that the amount of data transferred

over the access links is much higher as compared to the core

links. Also, in case of WWW protocol, some of the links

observe zero utilization because in that case, each client has

a fixed single route to the seeder, and some of the links do

not lie on any of such paths. Also, in case of WWW protocol,

there is a clear difference in the utilization of up/down links

due to the asymmetric nature of download.

All the links have to carry comparatively lesser amount

of data in the of MTorrent protocol as opposed to either

BitTorrent or WWW. This is explained by the fact that in

MTorrent, packets once downloaded in an island, normally

need not be downloaded again from the Internet. Thus, the

amount of bytes transferred over Internet links is lower.

Figure 7 shows the stress observed over each link using

MTorrent, BitTorrent and the WWW protocol. It is clear

from this figure that the stress on each of the links is much

lower with MTorrent protocol, as compared to that with either

BitTorrent or the WWW protocol. This proves that MTorrent is

successful in reducing the duplicate download of packets over
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Fig. 7: Stress on link using MTorrent, BitTorrent or WWW.

the Internet links by effectively sharing downloaded packets

with local clients.

Table IV shows the total amount of data transfers over all

type of links as well as the respective stress statistics obtained

using MTorrent, BitTorrent and WWW protocols . It reports

minimum, maximum and average over all the 20 links.

TABLE IV: Volume of data transfers and stress statistics on

various links using different protocols.

Protocol Type Data transfer (in sec) Stress statistics
Min Max Avg. Min Max Avg.

BitTorrent Core 0.01 4.8 2.4 1.8 7.4 5.0
Access 0.4 9.4 6.6 3.4 7.8 6.6

MTorrent Core 0.007 2.4 0.7 1.2 7.3 3.1
Access 0.01 0.4 2.4 1 5.7 3.8

WWW Core 0 14.5 3.6 0 14 5.4
Access 0.001 30.3 9.2 0 39 13.0

The amount of data transferred over core links indicates

the traffic which ISPs need to support while traffic over the

access links is important for the LAN administrators. The

file being downloaded by the clients is of size 1.2 MB.

Therefore, in the case of MTorrent, on an average, each access

link transfers about 2.4 MB of data to serve 12 concurrent

downloading clients on the corresponding island. This means

only two copies of the original file are downloaded by all 12
clients collectively. As opposed to this, each access link, on

an average, transfers about 6.6 MB of data using BitTorrent. It

means approximately 5 copies of the same file are downloaded

in each island. The performance of WWW is the worst with

around 8 copies of the original file getting downloaded in each

island. Based on the statistics shown in Table IV, we conclude

that an improvement of about 65% over BitTorrent and about

75% over WWW protocol in amount of data transferred is

achievable using the proposed MTorrent protocol.

The last three columns of Table IV show the stress statistics

on all types of links using the 3 protocols. The minimum stress

achieved on an access link is as low as 1 using MTorrent

protocol, which is the theoretical lower bound on stress that
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Fig. 8: Time for download with packet loss percentage in each

LAN.

any link can have. Thus, in one of the islands (island contain-

ing LAN0, LAN1 and LAN2 in topology shown in figure 2),

exactly one copy of the original file was downloaded using

the proposed MTorrent protocol, which is the best performance
achievable by any content distribution protocol!. Based on our

results (in Table IV) we conclude that MTorrent is about 40%

more effective over BitTorrent and about 60% more effective

over WWW protocol in reducing the redundant traffic load on

Internet links.

E. MTorrent and Multicast Unreliability

As discussed in section VI-A, there is no guarantee that

multicast packets reach their destinations, the effectiveness

of MTorrent, which shares packets with local clients via IP

Multicast needs to be examined. Multicast packets on an island

can be lost or delayed due to following reasons:

• The clients and links on a LAN show abnormal behaviour

(due to load or misconfiguration) leading to random

packet losses.

• There is congestion on the LANs due to other ongoing

heavy traffic exchanges among the clients, e.g., VoIP etc.

Effect of random link losses: To model the random behavior

of the clients and the links, a random packet loss module is

installed in each of the LANs, whose packet loss rate can be

configured. The packet loss rate for each LAN was varied in

the range 0−5%, and one experiment was performed for each

percentage unit to measure the three metrics mentioned earlier

in section VI, separately for MTorrent and BitTorrent.

Figure 8 shows the average time for download over all

the clients with increasing values of packet loss percentage.

As observed earlier, at 0% packet loss (no artificial random

packet losses injected), MTorrent completes the download

much faster than BitTorrent. However, some multicast packets

might still be lost due to receiver buffer overflow, etc. As the

random packet loss percentage increases, the effectiveness of

sharing packets via IP Multicast decreases. As consequence,

the failed packets have to be obtained by the clients via normal
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Fig. 9: Average amount of data transfers with packet loss %

in each LAN.

unicast procedure. Thus, the time for download in the case

of MTorrent increases with increasing packet loss percentage.

However, the download time in the case of BitTorrent also

increases with random losses because even unicast packets are

dropped; and hence more TCP retransmissions occur resulting

in increasing the download time.

At packet loss percentage of more than 4%, the time for

download using MTorrent is higher than that using BitTorrent.

This is because at such high loss rates, most multicast packets

are lost and thus, there packets have to be fetched using normal

unicast procedure. In addition, the module which sends and

receives multicast packets incur extra overhead on the client,

which exceeds any possible gains in time for download due

to the successful multicast packets received. However, random
packet loss percentages as high as 4% are quite rare in most

LANs today and thus represent an unnatural scenario.

Figure 9 shows the average amount of data transferred on all

Internet links with increasing values of packet loss percentage.

The amount of data transferred increases in case of both

MTorrent as well as BitTorrent. Still, MTorrent performs better

than BitTorrent by downloading lesser amount of data from

Internet.

Finally, Figure 10 shows the variation of average link stress

with packet loss percentage. The stress on the Internet links

increases with random packet loss due to the higher number

of TCP retransmissions to deliver data across islands. Note

that more retransmissions mean same data packets traversing

Internet links again and again.

Effect of congestion: To model the scenario of congestion in

each island, we start a Constant-Bit Rate (CBR) traffic source

on each of the LANs which send the traffic to one of the clients

on another LAN in the same island. Thus, each island has 3
CBR traffic sources. The rate of CBR traffic for each source

is varied from 0 Mbps to 10 Mbps to model the severity of

congestion.

Figure 11 shows the variation of average time for download

over all clients with increasing value of CBR traffic rates.

Although MTorrent consistently performs the download faster
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Fig. 11: Time for download with varying congestion level

than BitTorrent even at high levels of congestion, we do

not observe any clear dependence of congestion level on the

effectiveness of IP Multicast and thus MTorrent.

VII. CONCLUSIONS

In this paper we studied the problem of repetitive data

transmission over Internet in widely used content distribution

protocols and proposed a new protocol called MTorrent which

leverages IP multicast to eliminate the data repetitiveness

over Internet links. We obtained the following three important

results with MTorrent:

• Reduction in download time of each client using MTor-

rent by 44% over BitTorrent and by 86% over WWW

protocol.

• Reduction in traffic load on Internet links and access links

(maintained by ISPs) by 65% and 75% over BitTorrent

and WWW protocols respectively.

• Reduction in the wastage of resources like bandwidth due

to redundant packet downloads by 40% over BitTorrent

and 60% over WWW protocol.

Most ISPs today observe heavy traffic load on their Internet

links due to increasing number of users using P2P file sharing

systems. With more and more users migrating to a system

like MTorrent, the load on ISP resources (Internet links) can

be reduced by as much as 65% for the comparable amount

of downloads by end clients. The load on access links is

also reduced by similar proportions. It may noted that all our

experiments are with respect to small file size (1MB only).

As the file size increases, the number of pieces will also

increase. So, we expect the relative gain over BitTorrent by

using MTorrent will be more pronounced.

Finally, our work on MTorrent is distinct from other similar

research because of the following reasons:

• Standard compliance. The proposed MTorrent protocol

is interoperable with BitTorrent protocol. It only requires

changes at the client level, unlike other solutions, which

would need network wide support and upgrades for both

hardware and software.

• Simplicity.
The protocol is easy to understand and implement, thus

can be readily integrated with most of the widely used

BitTorrent clients like Azureus and BitComet, etc.

• Actual Implementation. In place of theoretical results or

network simulations, we resorted to actually implement-

ing a prototype system of our protocol and have evaluated

it on a large scale real network.
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