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Extended Abstract 

We present a model of communication in a packet- 
switched nehvork called continuous-media (CM) dissemi- 
nation, which is the distribution of digital audio, video, and 
other periodic time-correlated data streams, from a source 
to multiple receivers. This model is similar io that of a 
Cable TV system. We discuss an important design princi- 
ple, the Principle of Loose Coupling between a source and 
multiple receivers, for supporting this type of communica- 
tion. 

1.0 Introduction 

As high-bandwidth packet-switched networks connect 
our homes and businesses, CM dissemination will be a 
major service provided by the network. Applications such 
as product advertising for home shopping, home reception 
of movieslvideos on demand, which are becoming more 
and more popular through standard cable television ser- 
vices, will be major users of such a service and will offer 
more value due to the greater flexibility and efficiency 
achievable by a packet-switched network. 

In fact, this greater flexibility and efficiency will support 
many more sources of specialized programming, with 
much finer selectivity of receivers. It will be economically 
feasible to start one’s own multimedia information dissem- 
ination service, providing what today’s newspapers and 
magazines provide but with audio, video, and end-user pro- 
grammabili ty. 

Current communication abstractions do not adequately 
model this type of service. In this paper, we briefly present 
a model of CM dissemination (Section 2), we discuss the 
Principle of Loose Coupling for supporting this model of 
communication (Section 3), and finally we present conclu- 
sions (Section 4). 

This work is funded in part by grants from NSF, DEC, IBM, 
NCR, TRW, and UC MICRO. 

2.0 A Model of CM Dissemination 

To support such a service, we propose a communication 
model similar to that of a Cable TV service. The CM dls- 
semination model [l] comprises CM streams, multi- 
streams, and channels. A CM stream is a typed sequence of 
segments comprised of samples of continuous media such 
as video or audio. A CM multi-stream is a set of related 
CM streams; typically, the relationship is based on time- 
correlation, where segments of different CM streams are 
synchronized at playback time. A channel carries a CM 
multi-stream. A source is any node transmitting a CM 
multi-stream on a channel. A receiver is any node which 
“tunes in” to a channel and receives a CM multi-stream of 
interest. Generally, many receivers can tune in to a chan- 
nel: however, only one source can transmit onto a channel. 

This communication model is different from traditional 
computer data communication. There are generally multi- 
ple, often a very large number of, receivers for any single 
source, implying group addressing and multicast-tree rout- 
ing. The communicated data is a stream of time-correlated 
segments (e.g. video frames, audio samples); these seg- 
ments, for proper playback, must be fed to a presentation 
device with regularity and with bounded delay, implying 
constraints on end-to-end delivery time. As for perfor- 
mance considerations, an important one is that since the 
data rate can be quite large, especially for video, care must 
be taken to make efficient use of the available network 
bandwidth. These differences lead us to propose a design 
principle which we believe is of central importance when 
designing communication protocols for CM dissemination. 

3.0 The Principle of Loose Coupling 

The main design principle we advocate is that of loose 
coupling between the source and receivers [2]. By this we 
mean that influences by any individual receiver on the 
source should be minimized. With a large number of 
receivers, the complexity of keeping track of the individual 
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states of all receivers and to react to all state changes would 
be overwhelming. We consider how the application of this 
design principle affects addressing, dynamic control, and 
coordination between what is sent and received. 

3.1 Addressing 

Consider the problem of addressing: a source should not 
have to keep track of the individual addresses of all receiv- 
ers, as this set may be large and can change dynamically. 
This principle of loose coupling suggests that the source 
use a group address to which it logically sends; by some 
mechanism of the network, receivers join a group which 
has a single address, and whenever messages are sent to 
this address, the network creates and routes multiple copies 
and delivers them to the receivers. Group addressing is 
fairly well established as the appropriate way a sender 
refers to a group of receivers. 

3.2 Dynamic Control 

A more novel application of this principle is to the prob- 
lem of dynamic control in network protocols, such as flow, 
congestion, and error control. Again, if a source were 
required to respond to any individual receiver whenever an 
exceptional event (e.g. slow down the flow, re-send due to 
error) occurred, it would be overwhelmed by the complex- 
ity of reacting to all the possible states. The problem here is 
that most conventional dynamic control mechanisms are 
based on feedback whenever an exceptional event occurs. 
The principle of loose coupling suggests that feedback 
should be avoided, possibly replaced by proactive control 
mechanisms. For flow control, this suggests component 
coding of CM streams so that a receiver can lower it recep- 
tion rate by receiving some components while ignoring 
others, which allows for gracefully degradation in the qual- 
ity of the received CM stream. For congestion control, this 
suggests admission control and resource (e.g. buffers and 
processing time) reservation. For error control, this sug- 
gests adding redundancy in transmitted messages, such as 
forward error correction or sending multiple copies of mes- 
sages. 

3.3 Coordinating What is Sent and Received 

Finally, consider the problem of the coordinating what 
the source pushes into the network, and what the receivers 
pull out. In general, a source will place a CM multi-stream 
on a channel. The nature of the multi-stream (e.g. number 
and types of streams) is dictated by the source based on 
what it knows how to generate. However, a receiver may 
only be interested in part of the multi-stream: in fact, each 
receiver may be interested in different, possibly overlap- 
ping, parts. For example, if the multi-stream is composed 

of video and audio, those receivers that can only play audio 
do not need the video stream. By the principle of loose 
coupling, these receivers should not affect the behavior of 
the source; the source should continue generating the com- 
plete multi-stream, and the receivers should extract what 
they wish. 

To efficiently implement such a scheme, the network 
may be provided with information by the source, i.e. what 
it intends to place on the channel, and by each receiver, i.e. 
what it intends to extract from the channel. The network 
can then decide how to efficiently deliver the multi-stream 
by only transporting what a receiver actually requests, and 
combining the transport of one or more streams to different 
receivers over a single shared path when such a path can be 
used to at least partially reach all the receivers. An efficient 
multicast routing algorithm such as that in [3] achieves this 
result. A further refinement is to allow the network to indi- 
cate to the source which streams are currently of interest 
and which are not, consequently, relieving the source of the 
act of sending streams which will not be used. One might 
consider this as going against the loose coupling principle 
since receivers, by declaring their non-interest in various 
streams, will indirectly affect the behavior of the source. 
However, note that the source is not reacting necessarily to 
any individual receiver; it is reacting to what the network 
tells it regarding all the receivers. And in fact, the source 
may even ignore this information; it need not be influenced 
if it does not wish to be. 

4.0 Conclusions 

We have described a model of communication based on 
CM dissemination, and a design principle to support this 
model which suggests that senders and receivers should be 
loosely coupled. The main argument for loose coupling is 
that there can be an arbitrary number of receivers for a sin- 
gle source of a CM multi-stream, and that the complexity 
of keeping track of the states of all receivers would over- 
whelm the source. Applications of the design principle 
include group addressing, proactive dynamic control 
mechanisms, and individualized tailoring of the CM multi- 
stream by receivers with limited affect on the source. 
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