CA4 Project suggestions:

1. Foam mechanics at the bubble scale:

Foams behave as elastic solids for small applied shear stress and flow like viscous liquids at large applied shear stress. A simple bubble-scale model, proposed by Durian (1997) is to be implemented for which randomness, dimensionality and liquid content can all easily be varied. Of particular interest are avalanche-like topological rearrangements under shear strain or the exhibition of self-organized criticality, (SOC), Jiang and Glazier (1996), Hutzler and Weaire (2000). Development of code, which accurately mimics real bubble behaviour and investigation of properties of the evolution form the core of this work.
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2. Percolation Model of Financial Market Dynamics

There are a number of microscopic models or multi-agent simulations of stock market fluctuations, whicb attempt to deal with the decisions of traders on the market in order to reproduce real market behaviour, Levy et al.(2000), de Oliveira et al. (2000). Among the most promising is the percolation approach of Cont and Bouchard (2000) and variants thereof, Stauffer (2000). The intent is to focus on this "herding" or clustering approach to cooperative behaviour through assignment of buying/selling strategies for amounts proportional to cluster size. Activity levels are used to model time delays in making a decision to act and  

Traders can be regarded as "rational" or "noisy" to some extent. The focus of this work is the development of code, permitting investigation of basic pricing, activity and rationality assumptions, with a view to obtaining critical thresholds and volatility estimates.
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3. Anomalous diffusion at percolation threshold in high dimensions on billions
of sites.

Using an inverse of the standard linear congruential random number generator, large randomly occupied lattices can be visited by a random walker, without having to determine the occupation status of every lattice site in advance. Oesterkamp et al. (2003 preprint) suggest that for transport in disordered media, it is more efficient, for higher dimensions, where only a small fraction of the lattice is visited to determine the status of a site only on first visit, retaining this status for later visits. To deal with the size of such a problem, the authors used 64-bit Cray-T3E to deal with the arithmetic and succeeded in obtaining good results for well-known scaling properties, such as radius of gyration, average end-to-end distance of the walk etc. The challenge is to attempt something similar on a PC-cluster and assess performance achieved.
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