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Summary

Communication services continuously evolve and become more and more sophisti-
cated. These developments are accompanied by an increasing demand for highly-
performing communication networks to properly support these new services. In
particular, the so-called Quality of Service (QoS) critically depends on the perfor-
mance of the underlying network.

This thesis is concerned with two principal performance modeling and analysis is-
sues in communication network environments that are currently attracting substan-
tial attention: i) the dimensioning of IP-network links, and ii) the impact of resource
sharing on the performance of wireless ad-hoc networks. These two topics are dealt
with in separate parts of this thesis. We use stochastic modeling, and, in particular,
queueing theory, to evaluate the performance of the mentioned issues. A central role
in our research is played by so-called fluid models.

Part I: QoS-aware network dimensioning. In the first part of this thesis we consider
the issue of IP-network link dimensioning. It is crucial to find a proper trade-off
between providing sufficient capacity in order to achieve the desired QoS, and the
related costs.

In Chapter 3 we develop an insightful bandwidth provisioning formula for an
IP-network link; it only requires the (envisioned) load of the IP-network link as its
input. The provisioning formula takes into account the characteristics of the indi-
vidual flows and their QoS requirements. The criterion to determine the required ca-
pacity is that the probability that the traffic supply exceeds the available bandwidth,
over some predefined (small) interval, should be below some small fixed number.
The validity of the bandwidth provisioning rule is assessed through extensive mea-
surements performed in several operational network environments.

In Chapters 4 and 5 we consider the M/M/∞ queue which is used as a flow-
level model for the occupancy of an IP-network link. We are particularly interested
in congestion periods, which are defined as periods during which the offered traffic
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(number of active users) is continuously above a certain value C. For the congestion
periods we are interested in the following performance metrics: the duration DC,
the number of arrivals NC, and the area AC which is the amount of offered traffic
in excess of the capacity. Knowledge of the characteristics of a congestion period is
useful, for instance when dimensioning IP-network links, similar to what we did in
Chapter 3. In Chapter 4 we present a procedure to compute all the moments of the
quantities of the congestion periods. In Chapter 5 we address the tail asymptotics of
these quantities. These are particularly interesting if we wish to find a value for C

such that the probability that the duration of the congestion period exceeds a given
threshold, is kept very small; typically in the order of 10−4 to 10−6. We derive the
tail asymptotics of the quantities, and we show that these are essentially exponential;
the proof techniques stem from large-deviations theory. Additionally, we provide
schemes for fast simulations, which yield a substantial speed-up in simulation effort,
compared to straightforward simulations.

Part II: Impact of resource sharing on the performance of a wireless ad-hoc network. In the
second part of this thesis we focus on wireless ad-hoc networks; these networks can
be deployed instantly without a fixed infrastructure or predetermined configuration.
An important feature of ad-hoc networks is multi-hop connectivity, i.e., if a node is
not directly connected to its destination, it can use other nodes to relay its traffic.
The wireless nodes share the radio transmission capacity; therefore, a node which is
heavily used by many other nodes, is prone to becoming a performance bottleneck.

In Chapter 6 we introduce our fluid-modeling approach of a varying number of
source nodes that transmit flows of data via a common relay node to their desti-
nations. Our main performance metric of interest is the overall flow transfer time,
i.e., the time required to entirely transmit a flow from a source node to its destination.

In Chapter 7 we present a mean-value analysis of the fluid model, and, in par-
ticular, we investigate the impact on the performance metrics when the relay node
may obtain a share of the capacity that is m times as large as the share that each of the
source nodes receive. In the analysis we first consider the special case of exponential
flow sizes; we analyze the source-node dynamics and the workload at the relay node
by our fluid-modeling approach. Then we observe from extensive numerical experi-
mentation over a broad set of parameter values that the distribution of the number of
active source nodes is actually insensitive to the flow-size distribution. Using this re-
markable result as an approximation assumption, we obtain explicit expressions for
the mean workload at the relay node and the overall flow transfer time for general
flow-size distributions. Finally, we illustrate that the overall flow transfer time of a
multi-hop flow improves by granting the relay node a larger share of the medium
capacity.

In Chapter 8 the fluid model is validated to accurately describe the behavior
of wireless ad-hoc networks based on IEEE 802.11 WLAN technology. We first pro-
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pose a mapping between the parameter settings of IEEE 802.11 WLAN and the fluid
model, and then we validate the fluid model and parameter mapping by compari-
son with ad-hoc network simulations that include all the details of the IEEE 802.11
MAC-protocols. The numerical results show that the model accurately captures the
behavior of an IEEE 802.11 wireless ad-hoc network.

In Chapter 9 a special case of the fluid model is studied in more detail, i.e., the
fluid model with equal sharing of the capacity (viz. m = 1) and exponentially dis-
tributed flow-sizes. As a result of these assumptions the model under consideration
can be regarded as a queueing system with Markov fluid input. We compute the
Laplace transforms of the performance measures of our interest. Furthermore, we
determine the exponential decay rates of the corresponding tail probabilities, rely-
ing on large-deviations theory.




