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Abstract:

This paper preseants an architecture
suitable for realization of electronically
programmable neural-systems which c¢an be
implemented in VLS1 form.

I. Introduction

Neural networks, especially the origi-
nal ones of Morshita & Yajima [1] whose
architecture was studied by Dimopoulos (2],
huve become of considerable interest to Al
with their development around the fermula-
tion of Hopfield & Tank {3). This interest
results because of the ability of these
neural networks to conveniently mimic some
of the behavior of the brain (in the cases
studied by Dimopoulos) and {in the case of
Hopfield & Tank) to solve problems that

appear to involve rather complicated rea-
soning, such as the traveling salesman
problem. With the present day capabilities
of VLS it appears that such neural net-
works can be reslized on the scale needed
for making computers of adequate size to
handle interesting Al - problems, and
attempts at such realizeations have been
reported {4]. However, such circujt imple-

mentations of the Hopfield architecture
have led to difficulties in that a change
of problem has meant a change of the system
hardware. Thus, to solve & new problem a
new computer must be constructed.

Although there appear to be electronic
means of solving thia problea wusing the
Morshite-Dimopoplos-Hopfield type of archi-
tecture, it seems wise to look at alternate
architectures, especially since a different

scheme of signal processing is actually
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used in bioclogical systems. Here we intro-
duce an architecture on our neural-type
circuits [§) to allow for electronic repro-
gamming of the neural network chuaracteris-
tics. This is alsec suitable for MOS real-
ization of the various properties as dis-
cussed in [6].

I1. The Architecture

To consider the architecture we first
recall our basic building blocks, the neur-
al-type cell, NTC, and the neural-type
Jjunction, NTJ. The former mimics the pulse
handling properties of the biological cell
while the latter feeds signals into the
NTC, much as biological synaepses do. The
NTC has the ability to shape input signals
into neural-type pulses as well as to pulse
frequency code with the number of pulses
present dependent upon the level of a con-
stant input signal, asubject to threshold
and refractory period constraints. Since it

appears that neural information is really
contained in the frequency of neural
pulses, NTCa are rather important elements
.for neural networks based upon the
frequency of pulsea present. Consequently,
conasiderable effort has been put in the
past on obtaining simple but efficient
electronic NTCs suitable for integrated
circuit construction. NTJa on the other

hand have not received the concentration in
the electronic's world even though they are
equally important to the VLSI realization
of neursl-type systems. A NTJ also does
some type of coding by combining aignals to
excite or inhibit & NTC. And, of wsost
interest here, via threshold levels set to
cause excitation or inhibition, NTJs can be
sade to adapt the Jjunctlioning of their

"inputs sc that the NTJs can in turn adapt

the responses of the NTCa in the system as
desired.

To accomplish this adaptation we con-
sider the configuration of Figure 1 where
we show & NTC fed by its NTJ which is in
turn fed by a set of NTCa, the latter set
pousibly being all the NTCs in the aystem
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but in BoBt : cpses being a more selective
set fixed by the actions desired of the
right hand NTC, The adaptation is under
contrel of adaptation circuitry, the latter
being of a form to implement any of a num-
ber of adaptetiecn rules, such as least mean
Square error between present results and
training regults or minimsun energy in eig=-
nal states, etc,. The results of the adap-
tation circuitry are fed into control ecir-
cuits that adapt the NTJs. In terms of the
MOE circuits that we have been developing,
adaptation can occur via setting of the MOS
transistor thresholds. Several wmeans are
actually avajilable for doing this electron-
ically, one being via the insertion of
charge on =a floating gate [7) and another
being via a change of the substrate biap
voltage [8]. In the former case the thresh-
oid can be electronically pet by the inser-
tion of charge on a floating gate and can
be made to hold for very loeng periods. In
doing this we capn rely upon the proven
technology of electronically programmable

and electronically erasable memories, Jf a
change is desired it can be accomplished
electronically by resetting the charge,

and, thus, if the neural network is desired

to be programmed for another job thig ig
easily done via pProgranming rather than
rewiring. In the case of the setting of

-substrate bims, thig too can be eagsily pro-

generally would be reset to
the neural gystem losses
in the case of neural com-
not be a disadvantage since
the substrete biages could be saved as part
of & program and then restored to desired
values when the computer is repowered.

Eranmed but

zero each time
powver. However,
puters this may

I11. Discussion
In looking for nevw architectures for

Al it is worth looking at nerual-type
structures. The amore popular structures of
the day suffer from some shortcomings, a

Eerious one being that they are not conve=-
Riently electronica]ly reprogrammed. Thig
can be remedied in several ways, the one
which we have discussed here being to turn
tc an architecture Bost suitable to NTCs
and NTJa, where these latter are taken tao
be the cells and Junctions that have been
under development for realization

of Figure 1 where the programming of
the neursl network is done via
of MOS device thresholds via floating gate,
or similar, devicea, or llternntlvely via
the setting of substrate bimges, The actual
circuits to carry out the setting of the
threshold voltages or substrate biages
somevhat depend upon the algorithms used to
deterqlng these voltalep. But'for any given
algorithn sost likely the adaptation cire
cuitry cean be designed using MOS devices so
that the ful}l neural network

including

‘adaptation circuitry can be fubricated
using VLS] techniques,
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" Figure 4
Architecture for Neural-Type Adaptation
via MOS Threshold Settings



