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Abstract

This thesis presents an abstract model of the mammalian neocortex. The model
was constructed by taking a top-down view on the cortex, where it is assumed
that cortex to a first approximation works as a system with attractor dynamics.
The model deals with the processing of static inputs from the perspectives of
biological mapping, algorithmic, and physical implementation, but it does not
consider the temporal aspects of these inputs. The purpose of the model is
twofold: Firstly, it is an abstract model of the cortex and as such it can be used
to evaluate hypotheses about cortical function and structure. Secondly, it forms
the basis of a general information processing system that may be implemented
in computers. The characteristics of this model are studied both analytically
and by simulation experiments, and we also discuss its parallel implementation
on cluster computers as well as in digital hardware.

The basic design of the model is based on a thorough literature study of the
mammalian cortex’s anatomy and physiology. We review both the layered and
columnar structure of cortex and also the long- and short-range connectivity
between neurons. Characteristics of cortex that defines its computational
complexity such as the time-scales of cellular processes that transport ions
in and out of neurons and give rise to electric signals are also investigated. In
particular we study the size of cortex in terms of neuron and synapse numbers
in five mammals; mouse, rat, cat, macaque, and human. The cortical model
is implemented with a connectionist type of network where the functional
units correspond to cortical minicolumns and these are in turn grouped into
hypercolumn modules. The learning-rules used in the model are local in space
and time, which make them biologically plausible and also allows for efficient
parallel implementation. We study the implemented model both as a single-
and multi-layered network. Instances of the model with sizes up to that of a
rat-cortex equivalent are implemented and run on cluster computers in 23%
of real time. We demonstrate on tasks involving image-data that the cortical
model can be used for meaningful computations such as noise reduction,
pattern completion, prototype extraction, hierarchical clustering, classification,
and content addressable memory, and we show that also the largest cortex
equivalent instances of the model can perform these types of computations.
Important characteristics of the model are that it is insensitive to limited errors
in the computational hardware and noise in the input data. Furthermore, it can
learn from examples and is self-organizing to some extent. The proposed model
contributes to the quest of understanding the cortex and it is also a first step
towards a brain-inspired computing system that can be implemented in the
molecular scale computers of tomorrow.

The main contributions of this thesis are: (i) A review of the size,
modularization, and computational structure of the mammalian neocortex.
(ii) An abstract generic connectionist network model of the mammalian
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cortex. (iii) A framework for a brain-inspired self-organizing information
processing system. (iv) Theoretical work on the properties of the model
when used as an autoassociative memory. (v) Theoretical insights on the
anatomy and physiology of the cortex. (vi) Efficient implementation techniques
and simulations of cortical sized instances. (vii) A fixed-point arithmetic
implementation of the model that can be used in digital hardware.
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