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ABSTRACT

A spet of three neuron-type circuit elements
based on logic gate circuits with multi~input mul-
ti-fan ocutput capability is described. These three
elements can be realized with standard logic cir-
cuits and are cascaded to form a neuron-type pro-
cessing element from which neural-type systems can
be constructed using off the shelf devices.

1. INTRODUCTION

The basic computational element or node
employed in neural networks is nonlinear and rela-
tively slow compared with modern digital computer
compenents. The simplest of several analog model
performs the sum of N continuous time, t, inputs
uf{th weighted by weights W, (positive and negative
integer for excitation and inhibitory, respec-
tively) and pesses the results through a nonlinear
operator, F, that perform a thresholding of thresh-
old value 8. The nonlinear operator is that of
threshold logic with the input cutput relationship
as follows [11[2]1(4]

N
y2F{ L W-u ~8) (1-1)
i=1

It must be noted here that the summtion
results can be obtained in the physical neuron by
two kinds of summation; Spatial and Temporal. The
spatial summation is characterized by the fact that
the input signals from different dendrites are
available at the same instant of time, while for
temporal sumation the input signala from one
dendrite are available such that the duration of
their effective times overlap. This operation of
sumation is carried out in the axon base. However,
prior to the axon base, the cell body performs the
function of holding the excitation or the inhibi-
tory pulse for a certain period of time in prepara-
tion for the two kinds of summation. In typical
analog implementations of the summation of (1-1) it
only spatial summation is obtained [3])[4]{5]).
Thus, in order to completely specify the operation
of the physical neuron a time factor must be intro-
duced to accommcdate the function of the sooa for
vwhich purpose a time constraint wvariable <t is
introduced in (1-1). Although this variable ia dif-
ficult to incorporate in an analog type model, dig-
ital techniquea can be utilized. In this paper a
neuron-type processing element (NIPE) based on
logic gate circuits with multi-input multi-fan out-
put capebility is described in terma of three
subelements which mimic portions of the bioclogical
neuron. Using these, NTPEs neural-type pystems,
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including computers can be conceived and con-
structed using presently available off the shelf
components. Section two describes the new logic
based design of the NTPEs. The input pulses to the
neuron and the output pulses of this model will be
shown (Fig. 5).

2. NTPE DESIGN

This section provides the proposed NIPE based
upon its essocimtion to the biological neuron. The
design structure of this NTPE is shown in Fig. 1
vhere three types of subelements are introduced,
one called the dendritic and cell body, ancrhter
representing the axon base, and the final element
representing the axon itself. The logic deaign
implementation is based on NAND gates which perform
the same functions as the physical neuron, namely
temporal summation, spatial summation, and thresh-
olding. The NTPE computes the sum of N inputs u(t)
in continuous time t weighted by the binary weights
W &and pesses the results through a non-linear
binary operator F that performs a thresholding of
threshold 8 and an input combining in time t, as to
be discussed, to give its binary output y{t)
according to

- N
y=F{ZW-u -8), t) (2-1)
i=1

In this we require that the threshold 6 be set so
that the neuron will fire, i.e., y will be 1, Aif
three or more pulses are available and when m input
pulses are present {(vhere m is greateat integer
less or equal to 8 - 1) then a next pulpe must
arrive in an interval of time [0,r] in order to
obtain a pulse output. This time constraint is
apparent when temporal summation is carried out by
the physical neuron but not in spatial summation.
This interval of time requires an action within the
NTPE to maintain the input pulses for a short
period of time to allow the triggering pulse to
have a t interval in which to intersct (this being
like a soma action). Thus, each input pulse has an
effective time. This time interval is easential for
the implementation of temporal summation. For
example, if all excitatiroy and no inhibitory input
pulses arrive to the neuron’s different dendrites
at the same instant, then spatial sumation is per-

formed in which case the threshold wvalue is
reached. However, if pulses arrive to the
dendrites at different times, then temporal summa-
tion is carried out only the during the overlapping
effective time of the pulses.

The designed circuit has the same structure
as asynchronous sequentisl circuita, but it differs
in operation in the sense that this circuit con-
tains one input dependent stable state to which it
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passes after going through appropriate unstable
atates. The stable state will continucusly produce
an output equal to logical 1 when the threshold and
effective time criteria are satisfied. Thia is
exactly the holding of the pulse for certain amount
of time. The memory elements used are time delay
elements that can be adjusted for the time required
for the internal states to transit from cne state
to snother. The input ports receive signals
which are to be processed. These inputs are held
for a period of time t inside the cell body, thus
satisfying the condition of (2-1}. The output of
the cell body is in turn processed in the axon bese
circuit. Finally, a NIPE output is produced after
the processing function of (2-1) is computed,
including summing and thresholding. The structure
of each part will be discussed alone, then the
three elements are cascaded to produce the desired
design model for the NTPE from which the input-
output functions can be illustrated.

2.1 Cell Body

The input signals received by the input ports
of the neuron are held in the cell body circuits
for a finite period of time, t. During this time,
the cell body will send a continuous pulse to the
axon base. At each input port of the cell body, B
logic input port circuit (IFC) is designed to per~
form the required functions; receiving, holding,
and sending pulses. The designed IFCs are struc-
tured to enable performing these operations without
interaction with the other IFCs. Thus each IFC of
any input port of the neuron is completely indepen-
dent from other IPCs. This structured feature
enables the addition of more IPCs s needed if the
mmber of dendrites increases. In Fig. 1 three IPCa
are chosen. This is in proportion to the selected
threshold level for the spatial summation. Each IFC
is composed of a number of block input port sub-
circuits (IPSC). Each of these IPSCs is responsible
for one signal at a time. This feature gives the
IFC the ability to maintain more than one signal,
received through its corresponding input port. In
our proposed model the number of IPSCs is based on
the minimm mmber of pulses as required by the
threshold of the axon base, This will enable the
designed circuit to perform the temporal sumation.
Upon the arrival of the excitation pulse, vhich has
duration at least €, to the input port of IFGi,
IPSC;1 (the first IPSC of the first IFC) is
required to provide the axon bese with & pulse that
has & duraticn greater than that of the input
pulse, this giving the holding effect of the exci-
tation pulse. If a second excitation pulse arrives
to the same IPC, IPSCia will hold the second pulse.
If a third third pulse arrives to IFCi, IPSCis will
hold the third input pulse, etc..

The IPSC is designed gimilar to an asynchro-
nous sequential circuit such that its output pulse
represents the effective time of the input pulse
resulting from the scoa action. That is, the output
will equal a logical 1 for a duraticn equal to the
time required for the circuit to go though its
cycle from the stable atate to unstable states and
return back to the stable state after being stimu-
lated by en input pulee, Accordingly, this time can
be controlled by inserting deley whenever needed,
for example, by using two NAND gates connected in
cancade. The designed circuit is shown in Fig. 2.

In design of any asynchronous sequential circuit,
the problem of race must be resolved., In this
design the race condition is solved by requiring
that the circuit follow & predetermined state tran-
sition path that prevents it from returning to its
gtable state until it pesases though the other
states. This is eccomplished by designing a circuit
containing three NAND gates {gates 3, 4, & 5 of
Fig. 3).

The race problem and its solution introduces a
restriction on the duration of the input pulse in
that the input pulse must be maintained long enough
until the output signal of a fourth gate igs logical
zero. This condition will enable the designed solu-
ticn to prevent the race condition. Thus the mini-
mm duration of the input pulse is equal to five
NAND delays. The width of the sutput pulse is pro-
portional to the delay inserted plus the time
required for the circuit to progresa from a stable
ptate and back to the same stable state. Thus, the
output pulse can be extended to Jast as long as
desired. Typically, this duration is five times the
duration of the input pulse as found in the physi-
cal neuron.

The IFC containg three IPSCs connected to the
input port through the recieving wnit, this being &
NAND gate that steers the input pulses according to
their sequence. For example, if a first pulse
arrives IFSC: will be activated. If the second
input pulse errives IPSC: will handle this pulse.
This is accomplished such that IPSG: is connected
to the input port through a NAND gate that will
insure that IPSC: will hold the input pulse if and
only if IPSC: is busy {holding a previous input
pulse). Similarly for IPSCs with the input of
1PSC:. The total circuit of the cell body is shown
in Fig. 1. It contains three IFCs each handling one
dendrite. Each IPC has three IPSCs connected to one
input port of the dendrite. This enables the cir-
cuit to handle three pulses per input port and
three input ports. This feature coincides with the
charecteristic of the cell body where pulses are
presented to the axon base for temporal and spatial
sumation. Note that an extra IPC is included in
the cell body to handle an iphibitory pulse input
w whenever it occurs and passes it to the axon
base faster than the IFCa of the excitation pulses.

2.2 Axon Base

The axon base of the NTPE performs the sumsa-
tion and thresholding as deacribed by (2-<1). In
this equation we require that the Wi be binary
mmbers with a 1 for positive excitation. The value
of the threshold is determined by requiring that
the axon base takes three input pulses to fire.
This makes the value of 0 equal to three. In order
to perform the two kinds of pummation, temporal and
spatial, using NAND gates, input cutput relation-
ghips are determined based on the availability of
the cell body outputa. If there are three pulses
available, the logic circuit shown in Fig. 3 will
produce an output equal to logical 1 which in turn
is used as an input to the axon. The the firing of
the exon depends on temporal or spatial sumnation
being performed. This restriction is purposely
introduced to simplify the circuit without losing
the functionality of the sxon base. The axon tase
will order the axon to fire if the following logi-
cal functions are true (i is the output IPsG
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belonging to IFC: ):

1 - TBMPORAL Summation:
i- Gy, AND Giz AND Gya OR
ii=~ Gzy AND Gz AND Gy OR
jii- Ga: AND Giz AND Gss (2-2)

2 - SPATIAL Sumatjon:
Gias OR Gz OR Gis AND
Gi OR hx OR Gy AND
Gi: OR Gz OR Gas (2-3)

Since the inhibitory synapse is closer to the
axon base than the excitation synapses, delay func-
tions are inserted at the input ports of the axon
base circuit (as in Fig. 3) to accommodate the tim-
ing of the arrival to the output gate. Thus, if an
inhibitory signal is available at the axon base,
this is immediately executed prior to the excita-
tion signals. The inhibitory effect is mccomplished
by the fourth set of input ports in Fig. 3 which
will try to prevent the firing of the neuron if:

Gui OR Gez OR Gus {2-4)
The function of the axon base is talen as:

Y =
[{G114G124G13 1{G2 1 4G22 4G 3 ) (G 1 +Caa 4Gaa )+
(Gi1 -Gz Gia)#+{Gr1 *Gz2 "Gas )+ (Gay -Ga2 -Gas )]

(Ge2+Giz #Gua ) {2-5)

2.3 Axon

The function of the axon is to produce a num-
ber of output pulses based on the duration of the
axon base output pulse. Thus, the longer the dura-
tion of the pulse the larger nunber of pulses pro-
duced by the axon. A possible logic circuit is
depicted in Fig. 4.

3. Simulation

The operation of a designed NTPFE circuit for
both spatial summation and temporal summation has
been simulated. The input and the output pulses are
shown in Fig. 5a and 5b, respectively. The durstion
of the input pulses were chosen as 6ns. The output,
for the case of temporal summation, becams logical
1 vhen three pulses were completely inside the cell
body. The spatial summation output became logical 1
when three input ports were activated. The final
simulation was the effect of the inhibitory input.
When the input port of the inhibitory input was
activated the output of the circuit, i.e., of the
exon, was logical O for the duration of the effec-
tive time of this pulse. The action of the inhibi-
tory input is illustrated in Fig. 5¢ 1 and 2.

4. CONCLUSIONS

This paper has shown the design of neuron-type
circuit elements besed on logic circuits, mainly
NAND gates. Three types of subcircuits were intro-
duced, one called the cell body with its dendritic
inputs, another representing the axon base, and the
final one mimicing the axon. The resulting design
was an asynchronous sequential circuit. This NTPE
computes the sum of binary weighted input pulses
incorporating temporal as well as spatial summation
and thresholding. This process has been accom-

Plished by introducing the time constraint variable
t in the operation of the NTPE. With the availabil-
ity of VLSI techniques to implement these NTPEs,
full neural-type systems, including computers, can
be conceived and constructed using presently avail-
able IC technology. Alternatively they can be
assembled from off the shelf logic circuits.
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Figure 1 NIPE with IFCs & IPSCs
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Figure § Input - cutput Pulses

(a) Spatial
{b} Temporal
{c) Inhibitory

Typical NAND Gate Delay = 0.56 ns

Input Pulse Duration Used
Inhibitory Pules duraticn

Number Of Input Excitatiory Port Circuits = 3
Number Of Inhibitory Port Circuits = 1
Effective Duration of Effective Time = 36 ns !
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6 na (ports 1-3)
6 ns (port 4)
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