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Abstract

Networks are everywhere and most of the the networks support a number of
transport processes. Fluctuations in traffic flow constitute one of the main factor
affecting the dynamics of these systems. Fluctuations above a certain threshold
can be labeled as extreme events. This definition of extreme events as exceedances
above a prescribed quantile is not necessarily related to the constraints imposed
by the capacity of the node. It arises from the natural fluctuations in the traffic
passing through a node. The transport model that we have adopted is the random
walk on complex network. Thus, in this thesis we place our results in the context
of both the random walks and extreme events in a network setting.

In the case of a simple random walk, we show that the small degree nodes
of a network are more likely to encounter extreme events than the hubs. The
result remains unchanged even with the use of shortest path strategy on networks.
We also obtain the extreme event probability in the case of topologically biased
random walk and show that biasing the traffic towards hubs can increase the risk
of bottlenecks on networks.

Using the above notion of extreme events, we study the nature of failure of a
network by removing nodes which experience an extreme event and redistributing
the walkers on the remaining or active nodes. We find that in an all-to-all network,
cascade failures cause the sudden collapse of the network.

This thesis, as a whole, is an attempt to understand extreme events occurring
on the nodes due to flow on networks. It discusses the importance of lower degree
nodes in scale free network and presents a different but natural mechanism for the
complete failure of a network. The work done in the thesis can help in designing
the networks which will be better prepared to meet the expected extreme events.
However, extreme events discussed here being due to inherent fluctuations will

nevertheless take place and can not be avoided.
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