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PREFACE

Part of the Project RAND research program consists of
basic studies in physiological communication systems. The
present Memorandum is concerned with an electronic digital

simulation of a cortical cylinder.
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SUMMARY

A simple initial model designed to check out the 7090
program for neural nets (see RM-3416-PR) is described and
the results of computation given. The model is grossly

analogous to a small cylinder through the cortex.



AN ELEMENTARY CORTICAL CYLINDER

The schematic of Fig. 1 is intended to represent the
seven layers of neurons in a cylindrical section through
the mammalian isocortex. If this were an anatomical cylinder,
it would be perhaps 1650 i high and 40 U in diameter and
would contain (for man) about 22 neurons, which is roughly
the number used in the model.

The gross connectivity is based on that given by Lorente
de Né [1]. We consider only upward and downward connections
in the cylinder and suppress the important lateral connections
to neighboring cylinders.

The cylinder is driven by four exogenous afferents,
Specific afferents come from other cortical areas, as do the
inhibitory or suppressor afferents. The thalamic input C(here)
is a slow, rhythmic, and non-specific input. ARAS represents
random bombardment from the ascending reticular activating
system in the brain stem. There are 32 afferents entering
the cylinder, which corresponds exactly to the observed
density of 25,000/mm? [2].

Learning cells are restricted to levels 5 and 6. Since
the learning and reinforcing synapses are from a common axon,
this is the simplest type of Milner learning and corresponds
in fact to the more conventional lability assumption.

Although the gross connectivity may be partially
inferred from neuroanatomical evidence, we have no guidelines

whatsoever for the type and strength of synapses. It is
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evident that the choice in parameter space is embarrassingly
rich. Figure 2 is the connectivity matrix adopted. An entry
represents a connection from a column to a row. The upper
left number is a transit time in units of 0.5 msec. For
internal processing we take transmission speeds of 1000
t/msec and choose distances roughly by the spacing of the
levels. The upper right hand number is the synaptic type
(see RM-3416-PR). The lower middle number is the pulse
amplitude, prefixed by a minus sign to emphasize inhibition.
If there are two knobs, the above information is separated
by a bar. An L represents a learning knob. Comparison of
Figs. 1 and 2 will indicate completion of the schematic of
Fig. 1. There are 141 synapses in the model.

This choice appears to be capricious and to rely
heavily on symmetry. Both charges are true. At this stage,
taste is our primary guide, but in addition certain principles
were used.

(1) The plexiform surface layer is assumed to be

stabilizing.

(2) Most downward connections are excitatory and of

simple type.

(3) Most connections upward are inhibitory.

(4) Facilitation at reinforcing knobs is used to

hasten learning.

The four-phase (Type I) threshold with a gate is used

in the computations. "Tuning" these nets is critical. This
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means that pulse amplitudes must be chosen so that the net
is neither too "lively" nor too "dead." 1In a too "lively"
net, many connections are superfluous, and in a "dead" net,
events occur only in rather direct response to external
forcing.

Two problems occur in connection with the computation,
neither of which involves programming. First, even for this
small model, the ratio of 7090 time to "physiologic™” time
is 34 to 1, so that a 10-second run involves about 6 minutes
of machine time, allowing for input, and housekeeping.
Second, even a minimal output, i.e., the times at which cells
fired, is almost impossible to analyze when presented in
normal book form. We resorted to hand work. The printed
output of cell firings along time axes is cut and made into
tapes, one for each second of model time. This tape is
about 6 inches wide and 16.7 feet long. On each tape firings
are printed out (appropriately) as $ signs. These are too
faint to be viewed at a distance, so each firing is accentuated
by a dot from a '"magic-marker." Ten such tapes are mounted
on a wall, photographed by section, and reduced. Figure 3
illustrates a typical run prepared for viewing by this
method., The time to prepare such an output is excessive.

(The resemblance to printed music is evident. It would
be interesting to prepare these tapes as a player-piano roll
and listen to them.)

In the ten-second run of Fig. 3, we use no input from

the ARAS. The programming of inputs is as follows:
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SCHEDULE OF INPUTS IN PULSES PER SECOND

Afferent

Time Interval 3 2 1
0-1 10 0 200
1-2 200 200
2-3 0 0
3-4 0 200
4-5 0 200
5-6 200 0
6-7 0 200
7-8 0 200
8-9 0 0
9-10 4 200 200

This is a stochastic net in regard to the inputs 2 and 3.

We shall not attempt at this time to analyze these results

but shall be content to point out a few obvious features.

(1

(2)

(3)

(4)

The net is very "lively." The learning cells fire
well before learning has occurred, and the effect of
learning is very much submerged.

In this net, inhibition does not have an appreciable
effect.

However, under both excitation and inhibition, the
net throbs at about 50/sec or 1/4 the driving
frequencies (but note that phase difference in these
two driving frequencies has not been investigated).
Under excitation alone, the net throbs at a somewhat

higher rate, between 50/sec and 70/sec.



(5)

(6)

(7

The net is not internally strong enough to maintain
activity under the slow thalamic input alone, only
61 and 71 fire twice. This resembles sleep.
Activity is still less under thalamic plus inhibitory
input (narcotized?)

The most significant event occurs at 4.5 seconds
and again in exactly the same form at 6.9 seconds.
Here the net locks in and throbs at exactly the
input excitatory frequency. This is terminated in
each case by the chance failure to fire of the
input, and is preceded in each case by exactly the
same net firing pattern over the preceding 50 odd
msec. We offer no explanation for the significance

of such a net event with a 2.5-second cycle time.

In sum, the above can only be regarded as an initial and

negative experiment. So far, we have learned the following:

1)

(2)

(3)

A net based on direct anatomical analogy with a very
small portion of the cortex will probably teach us
nothing.

Even a simple net of this type is too rich in regard

to connectivity and synaptic types to permit

systematic study by computation (number of parameters
and computing cost too high).

It is extremely difficult to "tune" a net, i.e., choose

even one set of parameters, so that desired effects

are not submerged.



(4) The problem of presenting an output for analysis is
a major one. We can compound this problem by taking
a "snapshot" of the computer's contents at any time,
showing in full detail the potential of each cell
and the status of on-line pulses.

(5) We have illustrated an old point in the philosophy
of neurophysiology: If you knew the exact history
of all events in a neural system, what would you be
able to say about its functioning?

The preceding negativism does not mean that we must
relinquish neurophysiological guides nor must we put aside
this method of net computation. A more abstract and more
clearly motivated approach is needed. We hope to illustrate

this in later papers in this series.
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