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ABSTRACT

In recent years, we have witnessed a widening adoption of large-scale, self-organized,

radio-frequency (RF) based wireless networks by a great variety of civil and military

applications. However, the scalability of RF wireless networks is challenged by the

nature of limited bandwidth and resources inherent to the RF wireless communi-

cation systems. In particular, the capacity of multi-hop RF wireless networks does

not scale well with the increase of network size. Moreover, the state of a wireless

network may keep changing over time due to channel variations, node mobility,

node instability and many other factors. In order to cope with such dynamic nature

of wireless networks, network operations such as routing protocols may inevitably

produce a significant amount of overhead, which can further diminish the network

resources available to the network users.

In an attempt to solve the capacity-scarcity problem, we propose to establish

a hybrid network structure, in which, on top of a pure RF wireless network, an

additional free-space-optical (FSO) transceiver is installed to some nodes of the

network. We obtain the throughput and delay results by following the flavor of

traditional information-theoretic arguments. First, we derive an upper bound on the

per-node throughput capacity of such a hybrid RF/FSO wireless network. Then,

in order to prove that this upper bound is achievable, a hybrid routing scheme

is designed whereby the data traffic is divided into two classes and assigned with

different forwarding strategies. The capacity improvement with the support of FSO

nodes is evaluated and compared against the corresponding results for the pure RF

wireless networks. Further, under optimal throughput scaling, the scaling of average

end-to-end delay is derived. A significant gain in throughput capacity and a notable

reduction in delay can be achieved if the number of FSO nodes is beyond a certain

threshold. Furthermore, it is found that both throughput and delay can achieve

linear scaling by properly adjusting the FSO transmission range and the number of

FSO nodes.

We adopt an information-theoretic approach in order to understand the trade-
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off between the effectiveness of network operations and the amount of the overhead

produced in dynamic networks. We propose a general analytical framework for

characterizing the minimum overhead incurred by tracking the topology state in-

formation of dynamic networks. We formulate the minimum overhead problem as

a rate-distortion problem, where the minimum overhead is the minimum amount

of state information rate required to understand the current state of the network

within a given accuracy. We evaluate lower bounds on the state information rate

such that the discrepancies between the actual and the perceived network topology

are bounded. Then we use the obtained results to analyze the protocol overhead

of link state routing protocols in wired and wireless packet networks. The results

for the (mobile) wireless networks further lead to the characterization of the deficit

caused by the protocol overhead on the overall transport capacity. Then we derive

a lower bound on the minimum overhead for link state routing protocols capable of

providing routing paths with certain level of accuracy. The derived results further

show that, in order to let each node maintain consistent path accuracy to the entire

mobile wireless network while ensuring a non-zero residual transport capacity, we

must either limit the total number of nodes, or scale down the degree of mobility of

nodes with the increase of the number of nodes in the network.

The proposed information-theoretic framework is then extended to character-

ize the minimum cost of tracking the motion state information, such as locations

and velocities, of nodes in dynamic networks. We formulate the minimum-cost

motion-tracking problem as a rate-distortion problem with side information, where

the minimum cost is the minimum information rate needed to identify the network

state at a random sequence of tracking time instants within a certain distortion

bound. The formulation is general in that it can be applied to a variety of mobility

models, distortion criteria, and stochastic sequences of tracking time instants. Un-

der Brownian motion and Gauss-Markov mobility models, we evaluate lower bounds

on the information rate of tracking the motion state information of nodes in dynamic

networks, where the motion state of a node is 1) the node’s locations only, or 2)

both its locations and velocities. Then we use the obtained results to analyze the

protocol overhead of geographic routing protocols in mobile wireless networks. We
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present the minimum overhead incurred by maintaining the geographic information

of the nodes in terms of node mobility, packet arrival process and distortion bounds.

This leads to precise characterizations of the observation that given certain state-

distortion allowance, protocols aimed at tracking motion state information (such as

geographic routing protocols) may not be scalable beyond a certain level of node

mobility.
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