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ABSTRACT

The Effect of Multiple Time Scales and Subexponentiality
on the Behavior of a Broadband Network Multiplexer
Predrag R. Jelenkovi¢

The main theme of this dissertation is the evaluation of the capacity of broadband
multimedia network multiplexers. This problem calls for the modeling of network
traffic streams and the analysis of a network multiplexer that is loaded with the
corresponding models.

For modeling we focus on MPEG video traffic streams that are expected to be
predominant in the traffic mixture of future multimedia networks. We experimen-
tally demonstrate that real-time MPEG video traffic exhibits multiple time scale
characteristics, as well as subexponential first and second order statistics. Then
we construct a model of MPEG video that captures both of these characteristics
and accurately predicts queueing behavior for a broad range of buffer and capacity
sizes. Depending on whether a network multiplexer (loaded with MPEG) is strictly
or weakly stable the dominant effect on the queueing behavior arises from the multi-
ple time scale or subexponential structure, respectively. Correspondingly, we identify
two general classes of stochastic processes, to which the constructed MPEG model
belongs, and advance mathematical tools for the associated queueing analysis.

First, we consider a class of multiple time scale processes. When these processes
are loaded into a strictly stable queue, buffer occupancy probabilities exhibit a dis-
tinctive functional behavior that, as we explain, results from their multiple time
scale structure. In this case, we demonstrate that the Dominant Root queueing

approximation (also called Equivalent Bandwidth (EB)) may be off by orders of






