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ABSTRACT OF THE DISSERTATION

Packet Switching in a Multi-Access Broadcast Channel
with Application to

Satellite Communication in a Computer Network
by
Simon Sin-Sing Lam
Doctor of Philosophy in Engineering
University of California, Los Angeles, 1974

Professor Leonard Kleinrock, Chailrman

This dissertation considers a packet switching technique appli-
cable to packet communication using a satellite or ground radio channel.
The objective of this research is to develop analytic models for the
evaluation and optimization of the system performance in terms of sta-
bility, throughput and delay.

Advantages of packet switched satellite and ground radio systems
over conventional wire communications for large computer-communication
networks are discussed. The emphasis of this research is on a high-
speed channel shared by a large population of 'small" users. The channel
behavior is typical of ''contention' systems in which the throughput van-
ishes to zero as the load on the system increases. This phenomenon is
called channel saturation. The channel may go into saturation as a
result of (a) time fluctuations, and (b) stochastic fluctuations in the
channel input. The channel response to time varying inputs is first
studied using a deterministic approximation analysis. The effect of
(b) is then studied through probabilistic models. In this case, contri-

butions of this research may be classified into three categories:

xiv



(1) a coherent theory of channel behavior in which the

key result is the characterization of stable and

unstable channels

(2) evaluation of channel performance such as equilibrium

throughput-delay tradeoffs for stable channels and
stability-throughput-delay tradeoffs for unstable

channels

(3) dynamic channel control and estimation procedures

for optimal control of unstable channels.

This study has several implications. First, a coherent theory of
channel behavior has been developed, system design variables have been
identified and operational strategies for the optimization of channel
performance have been evaluated. These results suggest a system design
methodology. Second, the techniques employed in characterizing the sta-
bility behavior and evaluating dynamic channel control schemes may pro-

fitably be applied to probabilistic models of other contention systems.
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