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SYNOPSIS

Complex systems have been attracting much interest in recent years all over the world. There exists a computa-
tional tool called Complexr Adaptive Systems for dealing with complex systems, which is based on a comprehensive
concept including the features of evolvable or learnable systems such as living creatures. Artificial neural networks
can be considered to be a type of complex adaptive system. So far, it has been confirmed that artificial neural net-
works have the ability to learn, generalize and associate, and they have been applied to various fields such as image
processing and speech recognition. Although the usual neural network is a sort of complex adaptive system, it is
too simple to adequately handle complex systems such as economic phenomena, global environmental phenomena
and the like.

In the meantime, there have been several attempts to extend the parameters (weights and thresholds) of the usual
neural networks to higher dimensions (complex numbers, three-dimensional vectors, quaterninons, etc.). In this
paper, we call such neural networks with high-dimensional parameters high-dimensional neural networks. High-
dimensional neural networks will extend the applicable domains of artificial neural networks, and will facilitate
the application of artificial neural networks. We believe that the high-dimensional neural networks can also treat
complex systems very well.

This paper will survey the current status of research on high-dimensional neural networks.

In Chapter 2, the current status of research on high-dimensional autoregressive models, which are the fundamental
theoretical basis of high-dimensional neural networks, is described. In general, there is a close relationship between

autoregressive models and neural networks in the sense that the autoregressive model is a linear approximation
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to the artificial neural network with non-linearity. The progress of research on high-dimensional autoregressive
models facilitates research on high-dimensional neural networks.

Chapter 3 surveys the current status of research on multi-layered high-dimensional neural networks. Some kinds
of complex-valued, ..., quaternion-valued neural network models, their characteristics and their applications will
be described.

Chapter 4 outlines the current status of research on fully connected recurrent high-dimensional neural networks.
Only complex-valued ones have been proposed so far.

Chapter 5 discusses future research topics.
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