Cerebellum: Space-time metric tensor

FUNDAMENTALS OF THE TENSORIAL
APPROACH TO SPACE-TIME REPRESENTATION
IN THE BRAIN

Basic notions on the  tensorial - represemation of

invarianl events

Our upproich is based on the consideration that a
space-lime coincidence is a phenomenon, inherently
independent of whatever system of coordinates may
be arbitrarily assigned 1o it that we call an invariant.
We further assume that in the CNS an activity-
pattern of fy. foo.... /., firing frequencies over a set of
it neurons can represent, internally, the same invariant
that is represented externally by Cartesian space and
separate Lime coordinates.

The distinction between a Newtonian approach
and the one introduced here becomes evident as fol-
lows. An event-point is usually described in a Newton-
ian frame of reference by a mathematical vector (an
ordered set of real numbers) Mix. ». 2. 1) In the CNS
the same invariant may be represented by another
mathematical vector F(fy. fs..... 0.} which is a differ-
ent ordered set of quantities. The concept put forth
here relies on the fact that the two vectorial descrip-
tions (M and F) are equally appropriate, i.c. neither is,
¢ priori, pre-eminent. Given that both mathematical
vectors arc assigned to the same invariant, it follows
that M and F are tensorially related to one another.
This consideration provides a basis for a tensorial
treatment of the space-lime representation in the
brain,

From a mathematical standpoint the tensorial
approach views the brain in terms of abstract geo-
metry. The intrinsic functional geometry of the CNS
hyperspace (the multidimensional space over the
points F) is an internal representation of the external
physical geometry (the latter existing over the set of
points M), Thus, the adequatc mathematical
approach is that of related geometries: one in the
four-dimensional physical space externally (usually
represented by Euclidean geometry), and another,
structural geometry within the CNS networks. Still
another is the functional geometry in the CNS hyper-
space. a largely unknown, but certainly not Euclidean,
geomelry.

The technical steps of geometrically featuring ‘brain
vectors™® and some experimental approaches to
reveal the coordinate systems inherent in brain func-
tion*® are deseribed elsewhere.

A concise example of the application of tensor network
theory 1o CNS: the cerebellion as a space-metric

The CNS can be viewed, more geometrico, in several
ways and at many levels ol abstraction in each. Figures
| and 2 provide contrasting views of representing the
geometries involved in structuro-functional propertics
of the CNS. The conventional approach is directed at
the structural geometry of the brain (Fig. 1), The de-
seriptions in Figs 1A, B, C, aim at establishing the
system of spatial relations among the physical com-

2951

CONVENTIONAL APPROACH
AIMED AT PHYSICAL (3D) GEOMETRY

GRAPHIC REALISM

GRAPHIC
SYMBOLISM

C

Fig. 1. Levels of abstraction in the conventional represen-
tation of neuronal networks, describing structural geo-
metry only. cireuilry diagram of the cerebellar cortex
(from Fig n ref. 25). B: computer model of the cerchel-
lum (modified from Fig. 6 in ref. 24). C: a graphic symbol
of the cercbellar neuronal Yloop’ {from Fig. 104 in rel. 25).
MF: mossy fibers, GC: granule cells. PF: parallel fibers,
PC: Purkinje cells,

ponents. i.e. of the different types of nerve cells in the
network. The alwernative wensorial view of represent-
ing not only the structural, but also the functional
geometry of neuronal networks is given in Fig. 2, The
tensorial approach also relaies the structural and
functional geometrics 1o one another, since it treals
them by a method that is capable of unifying structuro-
Tunctional descriptions. Thus. Fig. 2 serves as a com-
prehensive introduction of the application of 1ensor
concept to brain function in this paper.

A most conventional way of representing a neu-
ronal assembly is shown by Fig. 1A, Such o descriptive
approach is intuitively clear but has serious limita-




