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Brain Functional Network Research base
on Complex Network

PREFACE

Brain is the most complex matter in nature, and the advanced function of brain
is the most complex activity in nature. Cognition as the advanced function of brain
is a distributed process, which doesn’t occur in single brain area, while is the
result of interactions between different brain areas. Facing with brain, a complex
adapt system, we took the whole brain as one system and focused on the
relationship between subsystems rather than fixed on one special brain area, and
then we analyzed the feature of relationships between subsystems from the statistical
view and the feature of brain as a whale in topological structure.

In this book we used a new method in researching the brain mechanism in
cognitive process rather than the traditional way in psychology and cognition
science, which is called as complex network. We took different brain areas as
nodes of the complex network, the interactions between brain areas as links, thus
we constructed the brain functional network. We mainly studied the feature of brain
functional network in topological structure in this thesis.

We started with a simple cognitive process, finger moving process. We
analyzed the network features of brain functional network in this process and
contrasted the network features between in left finger process and in right finger
process. We got some conclusions and proved the validity of complex network

method in brain science.
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Then we used the complex network method in advanced cognitive process like
numerical cognition. We studied the most basic numerical processing—number
sequence recitation in this part, then conirasted the feature and the robustness of
brain functienal network in numbers’ forward recitation process, in numbers’
backward recitation process, in letters’ forward recitation process aﬂd in letters’
backward recitation precess. '

Results showed that, there were some identical features in different cognitive
processes: the distribution of functional connections is scale-free. The
characteristic path length is relatively small and comparable to those calculated for
equivalent random networks. The clustering coefficient is orders of magnitude larger
than theose of equivalent random networks. All these properties, typical of scale-
free small world networks, reflect important functional information about brain
states. Furthermore the location of voxels with high degree in finger moving process
agrees with that of the active sites in former research. The method of complex
network, gives new hints and brings elicitation to the cognitive neuroscience
research.

There is also some different in the pattern of organization in different cognitive
process. Simply speaking, the structure of brain functional network is tighter, the
links are more redundancy and the network represents better robustness in the more
difficult task.

Through the empirical research of brain functional network, we know that the
existing generation model of network can’t represent the properties of brain networks
well. So we discussed the mechanism of the generation of brain functional network.
By introducing the rule of making link aceording to the distance between two nodes R
we build our generation model in three-dimensional space. When the possibility of
making link is the Gauss function of the distance of the two nodes, we recurred the

real brain functional network of model organisms.
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