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Abstract

In a complex financial system, there are many changing factors that are responsible
for the time evolution of the market. There have been efforts to reveal those factors,
which result in the observations of many “stylized facts”. One important observation
is the presence of power laws in the distributions of various quantities. In this thesis,
the author chose to explore such properties on a fundamental level to find whether, or
how power laws can be generated in simple Brownian motion. The author uses a one-
dimensional model to explore the fall and rise of stock prices, treating them as 0 and 1
in binary, respectively. The time evolution of the price changes of a stock is then
realized as a binary sequence. The analysis goes to find the distributions of runs of
ones (sections of consecutive ones) in binary sequences. In our model, the next bit
(price change) at each time step is determined, either at random (trading without
memory) or in accord with the history (trading with memory). The time sequence
eventually converges to some steady state. It is found in this study that, for the
sequences with memory, the mean arrival time of convergence is a power law
function of the memory length. After scale transformation, the curves of the
probability density distributions of arrival times for different memory lengths overlap
with each other nicely. The result suggests the power-law properties in the
distributions of financial data may be related to some underlying scaling behavior of

the system.
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