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C omputer-based medical systems are
playing an increasingly relevant
role in assisting both diagnosis and
treatment. When designing such tools,
certain objectives must be considered
carefully. First of all, physicians should be
able to use low-cost, user-friendly instru-
ments — for example, programs running
on personal computers. Nevertheless, to
satisfy physicians’ requirements, process-
ing time should be short.

Since any failure of such tools could
prove harmful to patients, fault tolerance
and reliability are the most crucial char-
acteristics. At the same time, end users
must be provided with as much information
as possible about how the processing is
carried out.

In the effort to reach these objectives,
developers of computer aids for physicians
face a variety of problems deriving from
the complex nature of biological data. Such
data is characterized by an intrinsic vari-
ability that can occur as the result of
spontaneous internal mechanisms or as a
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Artificial neural
networks provide
effective solutions to
the problems
encountered in
building systems that
emulate a physician’s
expertise.

reaction to occasional external stimuli.
Furthermore, most biological events result
from the interaction of many systems and
subsystems whose different effects are al-
most indistinguishable.
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Clinicians are accustomed to such prob-
lems, but their skills cannot easily be in-
corporated into computer programs. Most
clinical decisions are based on experience
as well as on complex inferences and ex-
tensive pathophysiological knowledge.
Such experience cannot be condensed into
a small set of relations, and this limits the
performance of algorithmic approaches to
many clinical tasks. The breadth of clinical
knowledge is an obstacle to the creation of
symbolic knowledge bases comprehensive
enough to cope with the diverse exceptions
that occur in practice.

Experience-based learning, fault toler-
ance, graceful degradation, and signal en-
hancement are properties of artificial neural
networks that make them effective in solving
the above problems. This points to a way
for implementing reliable computer-based
medical systems that can closely emulate a
physician’s expertise.

This article describes Hypernet (Hyper-
tension Neural Expert Therapist), a neural
network expert system for diagnosing and
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treating hypertension. Hypernet was de-
veloped through the cooperative efforts of
the Department of Electronic Engineering
of the University of Florence, the Interuni-
versity Center of Clinical Chronobiology,
and the CNR Institute of Clinical Physiol-
ogy.

After a brief look at artificial neural
networks, we describe the structure of the
three modules that make up Hypernet. We
start with the specific problem each net-
work is intended to solve and explain how

the network is expected to operate.
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The tools we have developed for imple-
menting the system are a compiler for a
simple descriptive language that enables
us to define, train, and test networks; a
graphic editor that translates the network
drawn by the user into the proper state-
ments; and a set of programs for interac-
tively generating the examples.

After describing the data used as exam-
ples, the learning phase, and the results of
tests for evaluating the performance of
each network, we give our conclusions
about overall system results.

Artificial neural
networks

Most of today’s artificial neurons are
based on the simple model shown in Figure
1. The model is made up of weighted con-
nections feeding into a summation block,
whose output, usually called net input, is a
linear combination of the signals i, feeding
into each connection:

net=3% w,i





















