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Abstract

This paper describes the main ideas of DRMTP (Dis-
tributed Real-time Multicast Transport Protocol), an adap-
tive application-level protocol which allows cooperative
multicast of real-time streams. Our protocol is designed
for peer-to-peer operation, where multiple sources resid-
ing on end-user machines may be present in the network,
and is based on a dynamic stream aggregation and con-
gestion control scheme. The protocol solves the problem of
network asymmetry that plagues residential broadband net-
works and allows for fast fail-over and adaptation to depar-
ture of source nodes, mitigating the reliability and upstream
capacity problems of end-user nodes. Coupled with traf-
fic localization, stream patching, and TCP-friendly conges-
tion control, we design a protocol that enables scalable soft
real-time media distribution in a completely decentralised,
serverless fashion.

1. Introduction

Real-time media distribution is a resource and bandwidth
intensive operation, exacerbated by network effects. The
majority of media distribution systems and protocols today
are server centric, with a single entity controlling the dis-
tribution, from either a single concentrated location or by a
distributed networks of servers. Unfortunately, server cen-
tric approaches face severe scalability problems as the num-
ber of media files and clients increase.

A lot of research effort has been put into scalable and
congestion adaptive [1] multicast transport protocols [2, 6],
oftentimes tuned for real-time distribution with a particu-
lar class of coding schemes [3]. While these protocols al-
leviate many scalability problems at large, they still rely on
centralized distribution and significant infrastructure invest-
ment from the distributor, even when a distributed network
of servers is used.

The explosive popularity of peer-to-peer systems in the
recent years has indicated that a decentralised distribution
system may be applicable to the problem. Despite the ques-

tionable business models of early peer-to-peer systems like
Napster, the ability to use an ad-hoc distributed network of
peer nodes may be able to provide a scalable and low-cost
solution for the problem. Unfortunately, there are currently
no transport protocols designed for scalable real-time distri-
bution in a peer-to-peer environment.

We discuss the main ideas behind the design of such
a protocol, the Distributed Real-time Multicast Transport
Protocol (DRMTP), in the remainder of the paper.

2. Cooperative Media Distribution with
Lightweight Sessions and Stream Aggrega-
tion

The protocol is based on the idea of multiple nodes, nor-
mal Internet hosts, cooperating for the distribution of me-
dia files. Each node maintains a local store of media files,
which can be locally accessible by the owner or transmit-
ted in part or whole to other nodes. Each file has a unique
immutable identifier, a well defined length, and for the pur-
poses of distribution a well defined framing. The framing is
a subdivision of the file in smaller parts, each with a well-
defined length. Individual frames can be locally stored at
a node, with local store including storage devices of the
node and temporary memory. The real-time schedule for
the file is defined as the relative times of delivery of indi-
vidual frame.

Files are transfered in the system in sessions. A ses-
sion is specific to a file, and includes all participating nodes.
Data flows in the session within streams of the DRMTP pro-
tocol. Each stream represents a localized flow of frames
within a single multicast address. The frames that comprise
the stream are a subset of the file frame set. Each stream
has a single source and is dynamically established.

A node can participate in a stream either as a source or
a sink. A node however can participate in more than one
streams at the same time, acting as a source in some streams
and as a sink in others. Thus a node can aggregate data from
multiple streams.

The stream aggregation mechanism is the core of the
protocol. It allows us to consistently handle late joins, lo-
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Figure 1. Local stream patching for late joins.
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Figure 2. Real-time operation with aggrega-
tion of two half-rate streams.

calize traffic and provide a congestion control mechanism
which can achieve the real-time rate of the stream, while re-
acting in a TCP-friendly manner. Figure 1 illustrates how
late joins in a stream, are handled with local patching. Fig-
ure 2 illustrates how we can aggregate a number of slow in-
terleaved streams to provide real-time operation for a node,
even though none of the sources of each stream can support
it.

3. Overview of the DRMTP Protocol

The protocol provides algorithms for dealing with implo-
sion control, stream establishment, congestion avoidance
and control, and failure recovery.

The basic mechanism for controlling implosion is coor-
dination among nodes. eedback coordination in all cases
that may cause implosion is handled using a randomized
feedback suppression algorithm. The protocol uses timers
generated from a truncated exponential distribution, an op-
timal timer for large multicast group as shown in [4].

For each DRMTP stream, there is a single source and a
primary controller elected during on stream establishment.
The source is passive and transmits frames in bursts accord-
ing to a schedule provided to it by the primary controller.
The primary controller is solely responsible for scheduling
bursts of frames, by multicasting schedule messages to the
stream group. Hence all sinks compute distance samples
from the source and the primary controller, used in select-
ing the schedule transmission times, setting time-outs for
detecting packet losses and failures.

Streams are established using multiple rounds and ex-
panding ring search. The sink will engage up to a maxi-
mum number of rounds or until enough streams have been
found to provide the entire frame set. Stream establishment
is receiver initiated, and implosion feedback suppression is
used at all phases. At any time, actively flowing streams are
reused with any node in the stream cooperatively announc-
ing relevant information in response to a request.

During the lifetime of a stream there are four classes
of error conditions that can arise: frame loss for some
sinks, persistent congestion for some sinks, and controller
or source failures. Frame loss occurs when packets are lost
in some network links, but with a rate that does not signify
congestion. In general, sinks will perceive different frame
loss rates, as the paths from the source may differ. If the loss
rate exceeds that of an equivalent source-sink TCP connec-
tion, the remaining stream frame set is partitioned into two
interleaved sets by the controller and is handled with a new
stream by a different source. Finally, failure recovery and
error correction is also handled by each sink individually
establishing a new stream.

4. Conclusion

In this paper we described the main ideas of DRMTP,
an adaptive application-level protocol designed for scal-
able real-time media distribution. The protocol provides
a novel multi-source TCP-friendly congestion control al-
gorithm, supports complete traffic localization and topo-
logically sensitive stream patching, and operates in a com-
pletely decentralised fashion. The protocol algorithms and
performance are analyzed in detail in [5].
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