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Abstract

This thesis consists of three parts related to the in silico study of the brain:
technologies for large-scale neural simulations, neural algorithms and models
and applications in large-scale data analysis in neuroinformatics. All parts rely
on the use of supercomputers.

A large-scale neural simulator is developed where techniques are explored
for the simulation, analysis and visualization of neural systems on a high
biological abstraction level. The performance of the simulator is investigated on
some of the largest supercomputers available.

Neural algorithms and models on a high biological abstraction level are
presented and simulated. Firstly, an algorithm for structural plasticity is
suggested which can set up connectivity and response properties of neural
units from the statistics of the incoming sensory data. This can be used to
construct biologically inspired hierarchical sensory pathways. Secondly, a
model of the mammalian olfactory system is presented where we suggest a
mechanism for mixture segmentation based on adaptation in the olfactory
cortex. Thirdly, a hierarchical model is presented which uses top-down activity
to shape sensory representations and which can encode temporal history in the
spatial representations of populations.

Brain-inspired algorithms and methods are applied to two neuroinformatics
applications involving large-scale data analysis. In the first application, we
present a way to extract resting-state networks from functional magnetic
resonance imaging (fMRI) resting-state data where the final extraction step is
computationally inexpensive, allowing for rapid exploration of the statistics in
large datasets and their visualization on different spatial scales. In the second
application, a method to estimate the radioactivity level in arterial plasma from
segmented blood vessels from positron emission tomography (PET) images is
presented. The method outperforms previously reported methods to a degree
where it can partly remove the need for invasive arterial cannulation and
continuous sampling of arterial blood during PET imaging.

In conclusion, this thesis provides insights into technologies for the
simulation of large-scale neural models on supercomputers, their use to study
mechanisms for the formation of neural representations and functions in
hierarchical sensory pathways using models on a high biological abstraction
level and the use of large-scale, fine-grained data analysis in neuroinformatics
applications.
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