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Abstract. Neuronal systems can be described by their
transfer functions, which can be represented by a
Volterra series expansion. While the high level of
abstraction which characterizes this representation
enables a global description, it is problematic, to some
extent, in the context of linking the formal represent-
ation of the system to its actual structure. The formal
representation is unique, yet there are multiple phys-
ical realizations of this representation. Separating the
system’s output into its logical components (linear,
cross-linear, and self nonlinear, in this study), and
inspecting the relative contribution of these compo-
nents, might provide a key towards a linkage between
the formal and actual representations. Based on results
drawn from identification of MGB cells of the squirrel
monkey, it is shown that the relative contributions can
be described in neurobiological terms such as excit-
ation and inhibition and thus be attributed to actual
subsystems.

Introduction

In an attempt to characterize the role of the Medial
Geniculate Body (MGB) of the squirrel monkey in
auditory signal processing, we have recently described
a method for obtaining the first and second order
kernels of the system which culminates in a single
MGB cell (Yeshurun et al. 1985), and presented some
findings based on it (Yeshurun et al. 1987). According
to our approach, data concerning early auditory
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processing (Le. spectral separation taking place be-
tween the ear and the auditory nerve) is incorporated
into the model, so that the input to the system is not the
raw signal impinging on the ear, but rather a multi
input representation, consisting of 6 inputs or 18
inputs, for a spectral resolution of 1 or !5 octave,
respectively. Obviously, any process which can be
directly described and be removed from the “black
box”, reduces the complexity of the system and facili-
tates the interpretation of the results, obtained through
the process of identification.

In neurobiological applications of system identific-
ation methods, attempts were made to define the
relationships between the kernels and the inner logical
structure of the systems under study (e.g., Poggio and
Reichardt 1976). These efforts concern mainly systems
where the information about the inner structure is
available. For example, if it can be assumed that a
system consists of two building blocks, say a rectifier
and an adder, then it is possible to decide according to
the kernels, if the rectifier precedes the adder or vice
versa (Hung et al. 1977). This can be done mainly when
dealing with a small number of neurons, whose
connections are well studied (Marmarelis and Naka
1973).

The process of exploring and understanding the
nature of information processing in a “Black Box™ by
Volterra methods, usually faces a fundamental dif-
ficulty. These methods are aimed at a mathematical
description of the input to output transformations in
the explored system. In an ideal case, when the system
satisfies the related mathematical requirements (Vol-
terra 1930) and can formally be represented by its
transfer function (kernels), this representation is valid
and unique. On the other hand, the relation between
these kernels and the inner structure of the system is
not at all unique: while the kernels are unique in the
functional aspect, there might be numerous realiz-
ations of the implied transformation, all of them valid






