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Abstract

In arifjcial neural networks, implementation of processing units (neurons) which have
programmable connection weights is the most process that takes many research efforts.
Most of these efforts are dedicated to the iroplementation using VLSI techniques.
Unfortunately, VLSI implementations are not available in most developing countries

such as Egypt.

In this paper, simuple design for implementing ADALINE-like neurons in artificial
neural networks (ANN) with complete learning capabilities is presented. The proposed
design is based on the commercially available electronic components, however, it can

be easily extended to be implemented using mixed (digital/analog) VLSI techneclogy.

The used components are 30 minimized to get simple design. Moreover, the number
of input connections for the neuron could simply be increased by adding a small
resistor for each new connection input. While main forward biocks of the neuron, e.g.
summing function, are implemented using anaiog circuitry, the control of connection

weights is implemented using digitally controlled circuitry.

1. INTRODUCTION

Hardware implementation of processing units (neurons) in artificial neural networks
(ANN) has attracted great attention. Most of research attentions are directed to VLSI-
based implementation due to the complexity, on one hand, and the lack of simple

designs that offer complete hardware-based learning capabilities, on the other hand.

The complexity of a design for implementing a neuron, with complete hardware-based
learning capabilities, is even raised from the complexity of weight updating circuitry.
So, to minimize the hardware required for implementation, the main job is to simplify

the weight updating circuitry.
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Generally, ANNs can be implemented using analog, digital, optical and/or mixed
(analog/digital) circuits. Each type has its own advantages and disadvantages [5,8).

Analog circuits are even used to implement ANNs hardware, such as summers, due 10
their simplicity compared to digital. However, during learning, the weight updating
circuitry, which represents large part of the circuit, are easier to be implemented as

digital circuits than in analog circuits.

In this paper, a simple design for a neuron with complete learning hardware-based
learning capabilities is presented. The neuron’s summing function is implemented as
aralog circuit, operational amplifier. On the other hand, the weight control is

implemented as digitally controlled circuitry,
2. BASIC ADALINE NEURON

Many peural networks are using simple perceptron-like neurons as basic building
blocks [9). This is an adaptive threshold logic element that consists of an adaptive
livear combiner cascaded with a hard-limiting element. It is sometimes called
Adaptive Linear Element "ADALINE". An adaptive learning algorithm called “Delia
ruie" is often used to adjust the weights of the ADALINE in order to get the correct
response for specific training pattern set during a supervised learning process. Once
the ADALINE weights are adjusted, it can be used to classify new unknown patterns.
However, a single ADALINE is only capable of classifying or realizing linearly
separable logic functions [5,9].

2.1. The Model

The basic model of an ADALINE is iilustrated in figure 1. It performs weighted sum
of its inputs. The sum is compared to some threshold level. The final output will be
turned ON (HIGH) or OFF (LOW) according to whether the threshold level is

exceeded or not.
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Fig. 1: The basic model of ADALINE element.

To formulate this model mathematically [9]), we can write the actual output O as

follows
:f‘riw,-xf —9]. (1)
L‘=l ]
where: fis the threshold logic function defined as
1 if y20
f(y)‘—’{o if y<0 {(2)

x; is the i-th input, w; is the weight of the i-th input, and 8 is the threshold bias level.

2.2. The Learning Algorithm

Connection weights and the threshold in an ADALINE can be adapted using different
algorithms. Delta rule, originally developed by Rosenblatt [9], is a simple adaptive
learning algorithm used to perform the weight adaptation task. This rule may be

summarized as follows :
« Connection weights and threshold value are initialized to small non-zero values.

s A pew input pattern X with N elements is applied to the input nodes along with the
desired output d.
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# The actual cutput is computed through the formula
N
o) = f[z wi{£)x; — 9:‘ (3
i~
» Connection we-i ghts are adapted according 1o the rule
wi{t+ ) =w, () +nAx for0<is ¥ (4)
where A=d(1)—O(t) and the learning rate coefficient 77 is a positive number
between 0 and |,
¢ The process is repeated for all input patterns.
This algorithm includes a gain term 7 that controls the adaptation rate.

After adjusting the connection weights of the ADALINE, the element will be capable

to perform classification of new unknowa pattern.

3. PROPOSED IMPLEMENTATION OF ADALINE ELEMENT

In this section, a simple design for implementing ADALINE-like neurons in artificial
neural networks (ANN) with complete hardware-based learning capabilities is
preseated. The proposed design is based on the commercially available electronic
components, however, it can be easily extended to be implemented using mixed
(digital/analog) VLSI technology.

The used components are so minimized to get simple design. Morecver, number of
input coannections for the neuron could simply be increased by adding a small resistor
for each new connection input. While main forward blocks of the neuron, e.g.
surmming function, are implemented using analog circuitry, Op. Amp., the conwrol of
connection weights is implemented using digitally controlled circuitry. The proposed
digitally controlled circuitry is based on binary weighted resistor inserted into the
feedback path of the Op. Amp.

The basic idea behind the proposed design may be better explained using the circuit

shown in figure 2.
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Fig. 2: A Circuit diagram for the proposed ADALINE implementation.

In figure 2, a summing-ampliﬁer is used to implement the main function of an
ADALINE efement. Each input signal, including a threshold voltage V, , is fed into the

amplifier through a small random resistor R;. The weight of each input signal X;is

determined by the value

Ry (©)
R-;

where R (f)is the valve of the feedback resistor at the t-th iteration. The value of

wi ()=~

(3

R (t)is determined by the digital control lines fed from the up/down counter used

according to the formula

m=i ,
Re()=R,+RY.B; 2" Q (&)
i=0

where B; is the i-th bit of counter output, it has either 0 or 1 value.

This gives us variable weights for input signals that can be digitally controlled.
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3.1. Operation of the Proposed Circuit

The operation of the proposed circuit is divided into two phases, learning and
operation (classification) phase. During the learning phase the input terminal labeled
(L/C )of the AND gate is connected to HIGH state; however, it will be connected to

LOW state during the classification phase.
The following procedure will be carried out during the learning process :

1. Terminal labeled ( L/ C ) of the AND gate will set to HIGH to pass the clock signal
into the counter to make it ready to count according to the other contol terminals,
Enable and UP/DOWN.

2.Present an input pattern at the input terminals of the summing amplifier as well as

the target output at the desired output terminal of the XOR gate.

3.The output of the amplifier will be determined according to the value of connection

weights as
LOEDRAGE? )]

R
where w;({) = ——1;-;2

4, The output of the comparator will be either HIGH if y(r) 20 or LOW if y(¢)<0.

5.The output of the comparator, i.e. the actual output O, will be compared to the
desired output d ; if they are equal the XOR will cutput LOW, else it will be HIGH.

6.The output of XOR gate controls the counter operation; if it has LOW value, i.e. the
desired and actual outputs are equal, the counter will be disabled and its output will
be kept constant and the learning phase is finished for that pattern. Else, i.e. XOR
has HIGH output, the counter will be enabled to count.

.7.The direction of counting will be determined by the value of the desired output. If it
is HIGH, i.e. the connection weights must be increased, the counter will count
down. In contrast, the counter will be adjusted to count up to decrease the weights if

the desired output is LOW. The weight change has the folrmula



E. 19 Hassan H. Soliman

!

R
Aw; = i_ﬁ_ 3
i

4.5teps 3 to 7 will be repeated until the output of XOR goes to LOW state to end the

learning phase to that pattern.
5.5teps 2 to 8 will be repeated for all training set patterns.

Table 1 surmmarizes the operation of the counter according to its control inputs.

Table 1.: The operation of the counter according 1o its control inputs.

L/C | XOR output | Desired ‘output d Counter state State

HIGH LOW LOW disabled (constant) Learning stop
HIGH LOW HIGH disabled (constant) uarr;ing stop
HIGH HIGH LOW counts UP Learning running
HIGH HIGH HIGH counts DOWN Learning running
LOW X X disabled (constant) Classification

During a classification (operation) process the following procedure will be carried

ot :

1.Terminal labeled (L/C ) of the AND gate will set to LOW to prevent the clock
signal reaching the counter. This makes the counter output constant, also the
connection weights still constant, and no more counting and the other control inputs

become irrelevant.
2.Present an input pattern at the input terminals of the summing amplifier.

3.The output of the amplifier will be determined according to the value of connection

weights as

y= ):wix.- 9
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R .
where w; = ——‘-Qf»- is the final i-th connection weight after learning.
4.The output of the comparator will be either HIGH if y{(r)20 or LOW y(s) <0 to
get the final out O,

4. CONCLUSION

A simple design for implementing ADALINE-like neurons in artificial neural
networks with compiete learning capabilities has been presented. The proposed design
can be implemenied using the cormmercially available electronic compoenents and/or

using mixed (digital/analeg) VLSI technology.
The proposed design permits flexible number of inputs per input pattern, only one

small resistor will be added for each input.

A proto-type element has been implemeated and tested for realizing different simple
logic function such as AND and OR using the available ICs such as CMOS switches
(4066), TTL family counters and logic gates as well as operational amplifiers such as
LF353.
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