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Abstract types of the vutput signal.
e A, B+. B, G, H, and R nenral-type «fr= b-modules behave like bipolar cells for

cuit modules are introduced. These are
mutivated by physiolopical celis associ-
ated with the recina and are of such a
Niture that the modules can be realized by
CHOS trangistor clircudics. Deslired prop-
crtivs of the modules are llsced and saome
basic¢ Interconneetions gliven.

t. INTRODUCTLION

In che early 1960's M. Crane introduced
Lhe neurlstor [1] as a basie component for
tew types of svstems. lHowever, due to a
lavk e¢f usefal realications the ideas

Lay duormant until recently when break-

throughs in clrcults realizable in inte-
prated cirealt (IC) and very large scale
TC (VILSTY cook place (2] [4]. Ceonse-

quently these aew realizatiens are being

lueaked at in cerms of varfous applica-
tien= [4), One such applicatlon would
appeat to be o the Jesign of systems
which have pulse processing behavior
similae to the retina {3] [6]. Conse-
quent ly, here we introduce ¢lasses of

neurial=cype modules which
wportint to the atratument of this goal.

1. THE NEURAL-TYPE MODULFS

Hased upon the properiies of bioleogical
vells assvctlated wich the retina [7] we
introdoce five types ot clrcuit mudules,
as foellows:

appear to be

1} A-Modules: The A-Modnle
fLe g sinple "all-sr-nene" Fespanse Lo
polarized (multiple) inpunts with levels
abhove thresheld; they respond with 2 single
pulse to inputs crossing, and remaining
abuye, threshold,

The A-modules behave like the hiologlical

vircuics genvr-

amavrine vell Tor which they are named.
L} B=-tudules: The B-Module circuits gen-
ernEF-slou, graded (single outpuc) rae-
sponses to {multiple) inpucts coming from
R=mudules and single il-modutes {defined
below)., These inputs are summed to glve

the B-module ovucput. 7This summation is
wonlincar, but monotenic, and shows quick
saturat bon when suflficienc inputs are
excited. There are two types for negative
(W modnle) and positive (BT-module) going
pulse foputs from H-modules. 1This leads
to tuwe correspondinely different polarity
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which cthere are those that are stimulated
to give excitatory ocutputs and those that
dre stimulated to give inhibitory cutputs.
c¢) G-module:; The G-module circuits get
their (mulciple) inpucr signals from A- and
B-modules., On a single output lead these
clrcuits generate "all-or-none" responses
to positive inpucr pulses and have repet-
ltive spike train outputs with a frequency
dependent on the level of the input.

The G-modules behave Like ganglien cells,
d) H-module; The H-module eircuits take
their (multiple) inputs through R-mecdules
(deflned below) and give slow, graded re-
sponscs, there being simultaneous posicive
and negative ocutputs. As with B-modules,
the inputs are summed nonlinearly, mono-
tonlcally, and with quick saturation when
there is sufficlent input.

H-modules are analogous to biologlceal
cells that are structurally positioned
such as to allow for horizontal spread of
signals, justifying cheir name.

¢} R-modules: The R-module circuit con-
verts a single external pulse signal (of
varyling heights) to two (classes of)
positive going output voltages on a loga-
vithmic scale. These outputs of the H-
module are connecred to H-modules and B-
modules, respectively.

R-modulus bchave like receptor cells
the recina.

TIT. FUNCTTIONAL INTERCONNECTL1ONS

Given the basiec modules thesge may be
interconnected to yield varlous pulse
processing capublliries. Figure | shows
three of the possihilicies with the names
derived from the functlons percelved for
the analopgous interconnecctions of biolog-
feal vells,

LV. DISCUSSION

flere we have nutlined the properties to be
sought in five classes of basic neural-
tvpe circult modules, these properties
belnp those important to five anmalogous
bilologlcal types of cells. With these
propertics on hand CMOS circuits are under
design to realize the desired properties
and mathemacical characterizations are
belng developed to duscribe them,

of
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