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Neural Computing

Welcome to the world of neural computing!

This introduction prepares you to work on actual neural
models by introducing you to nerual computing. It describes
what neural computing is, where it came from, what it can
be used for, and what new technologies have been devel-
oped to facilitate neural computing. The next chapter pro-
vides a brief history of neural computing and the remainder
of this volumne describes neural computing paradigms
(models) in detail.

A glossary of neural network terms discussed throughout
this volume follows those chapters.

What Is Neural Computing?

The human brain is the most complex computing device
known to man. The brain’s powerful thinking, remember-
ing, and problem-solving capabilities have inspired many
scientists to attempt computer modeling of its operation.
One group of researchers has sought to create a computer
model that matches the functionality of the brain in a very
fundamental manner; the result has been neural computing.

Analogy to the Brain

The neuron is the fundamental cellular unit of the nervous
system and, in particular, the brain. Each neuron is a simple
microprocessing unit which receives and combines signals
from many other neurons through input processes (struc-
tures) called dendrites. If the combined signal is strong
enough, it activates the firing of the neuron, which produces
an output signal; the path of the output signal is along a
component of a cell called the axon. This simple transfer of
information is chemical in nature, but it has electrical side ef-
fects which we can measure.

The brain consists of tens of billions of neurons densely inter-
connected. The axon (output path) of a neuron splits up and
connects to dendrites (input paths) of other neurons through
a junction referred to as a synapse. The transmission across
this junction is chemical in nature and the amount of signal
transferred depends on the amount of chemicals (neuro-
transmitters) released by the axon and received by the
dentrites. This synaptic efficiency (or “strength”) is what is
modified when the brain learns. The synapse combined with
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Neurqn

Dendrites

JTT—
T

§ /o

Synapses

The basic structure of a biological neuron.

the processing of information in the neuron form the basic
memory mechanism of the brain.

Neural Networks

In an artificial neural network, the unit analogous to the bio-
logical neuron is referred to as a “processing element.” A
processing element (PE) has many input paths (dendrites)
and combines, usually by a simple summation, the values of
these input paths. The result is an internal activity level for
the processing element. The combined input is then modi-
fied by a transfer function. This transfer function can be a
threshold function which only passes information if the com-
bined activity level reaches a certain level, or it can be a
continuous function of the combined input. The output
value of the transfer function is generally passed directly to
the output path of the processing element (see descriptions
of competition and asynchronous operation later in this in-
troduction for exceptions to this).

The output path of a processing element can be connected to
input paths of other processing elements through connec-
tion weights which correspond to the synaptic strength of
neural connections. Since each connection has a correspond-
ing weight, the signals on the input lines to a processing
element are modified by these weights prior to being
summed. Thus, the summation function is a weighted sum-
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mation. In itself, this simplified model of a neuron is not
very interesting; the interesting effects result from the ways
neurons are interconnected.

Iy= z W X; summation
i

yi=f(lj) transfer

Y

Output path x

Transfer

Processing
element

A neural network consists of many processing elements
joined together in the above manner. Processing elements
are usually organized into groups called layers or slabs. A
typical network consists of a sequence of layers or slabs with
full or random connections between successive layers. There
are typically two layers with connections to the outside
world: An input buffer where data is presented to the net-
work, and an output buffer which holds the response of the
network to a given input. Layers distinct from the input and
output buffers are called hidden layers.

Network Operation

There are two main phases in the operation of a network —
Learning and Recall. In most networks these are distinct.

Learning is the process of adapting or modifying the connec-
tion weights in response to stimuli being presented at the
input buffer and optionally the output buffer. A stimulus
presented at the output buffer corresponds to a desired re-
sponse to a given input; this desired response must be
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Hidden layer

Input buffer

A simple neural network architecture.

provided by a knowledgeable teacher. In such a case the

learning is referred to as “supervised learning.”

If the desired output is different from the input, the trained
network is referred to as a hetero-associative network. If, for
all training examples, the desired output vector is equal to
the input vector, the trained network is called auto-associa-
tive. If no desired output is shown, the learning is called
unsupervised learning.

A third kind of learning, falling between supervised and un-
supervised learning, is reinforcement learning where an
external teacher indicates only whether the response to an in-
put is good or bad. In some instances, the network may only
be graded after several inputs have been processed by the
network.

Whatever kind of learning is used, an essential characteristic
of any network is its learning rule. The learning rule speci-
fies how weights adapt in response to a learning example.
Learning may require showing a network many examples,
many thousands of times, or only once. The parameters gov-
erning a learning rule may change over time as the network
progresses in its learning. The long-term control of the learn-
ing parameters is referred to as a learning schedule.
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Recall refers to how the network processes a stimulus pre-
sented at its input buffer and creates a response at the
output buffer. Often a recall is an integral part of the learn-
ing process such as when a desired response of the network
must be compared to the actual output of the network to cre-
ate an error signal.

The simplest form of a network has no feedback connections
from one layer to another or to itself. Such a network is
called a “feedforward network.” In this case, information is
passed from the input buffer, through intermediate layers to
the output layer, in a straightforward manner, using the
summation and transfer function characteristics of the par-
ticular network. Feedforward networks are interesting
because of non-linearities in the transformations. In some
feedforward networks, a certain amount of feedback is used
to create time-sensitivity in the network. These are called re-
current networks or feedback networks.

If there are feedback connections, information will reverber-
ate around the network, across layers or within layers, until
some convergence criterion is met. The information is then
passed to the output buffer. NeuralWorks uses a control
strategy to govern the sequence in which layers are proc-
essed and to govern how information is passed through the
network.

Many types of networks have an energy function associated
with them. Each state of the network, as defined by a particu-
lar set of processing element outputs, contribute to the
energy value. The recall process iteratively modifies the
processing element states so energy decreases, thus yielding
a state representing a local minimum in the energy surface.
For networks with feedback, a recall schedule or annealing
schedule can be used to control the recall parameters as the
reverberation process progresses.

Another consideration in the performance of a network is
whether it operates in synchronous or asynchronous mode.
Synchronous behavior means that all or select groups of
processing elements in the system fire (that is, release their
output values) simultaneously at each time step. Asynchro-
nous behavior means that processing elements fire
randomly and independently of any other unit in the net-
work. In one system (the P3 system, see “Software
Simulators” later in this chapter), asynchronous behavior is
modified by means of an additional input line to each proc-
essing element that controls whether or not it will be
updated.
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