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PREFACE

This volume presents, insofar as possible, computer technology currently being
applied to neuroscience research. The chapters.represent independent development, in
a number of laboratories, of workable computer systems to be applied. None of the
systems presented can achieve all the objectives of all the laboratories, and most of the
systems utilize a hardware environment that is more than the minimum needed. Each
system required substantial investment of, time and money for development (usually
with little use made of similar systems developed elsewhere).

This work presents the first part of a two-part project aimed at reducing
unnecessary inefficiencies involved in the independent implementation of computer-
aided research from scratch in hundreds of laboratories around the country. Its
objectives are: to specify a minimum hardware environment needed to perform each
research task, with options to expand or adapt to existing hardware systems; to specify
a minimum software package to perform each task or multi-task project; and to design
these systems for easy modification and implementation. Part two will involve the
implementation of these specifications by developing all the specified software. When
this is accomplished, the package will be made available to the research community.
Further expansions and refinements will be made available as need for them develops
and as advances in computer science are made.

The need for this project is clear. To those who offer support for neuroscience
research, duplication of effort in the development of computer research facilities is an
unacceptable luxury. If the development and maintenance costs for software can be
minimized or even eliminated, granting agencies may come to recognize well-developed
general-purpose research computer systems as routine items of equipment. The
development of inexpensive processors and peripherals, all of which can be assembled
in the laboratory by technicians, should encourage such a trend. The possibility of a
computer system that can be used by neuroscientists who have a minimum of
computer science background should increase the use of such systems and open up
new avenues of research not previously available to most neuroscientists.

This volume will alert researchers to the types of research made possible with
computers applied to neurobiology. In some cases, the specific requirements for useful
computer research systems are indicated. In others, specific software procedures and
information are presented, which readers can apply in their own laboratories. Every
effort was made to accurately represent the great breadth of computer applications in
modern neurobiology.

I wish to thank the many neuroscientists from around the country who have
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xvi PREFACE

taken time from their research programs to share their expertise. Most of them are not
computer scientists, but biologists, whose major activity is biological research.

This volume is an outgrowth of a symposium held at West Virginia University in
April, 1975. It was the first of three workshops funded by The National Science
Foundation (grant number DCR74-24765) for the specification of a general-purpose
computer language to be used in neurobiology research. Preparation of the
camera-ready copy was accomplished using the university’s system 360 and the
Department of Physiology and Biophysics’ PDP-12. Cheryl Seim, Dr. T. W. McIntyre,
and Darrell Duffy provided immeasurable assistance in making these systems work.

Paul B. Brown
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chapter 1

DESIGN AND DEVELOPMENT
OF A MULTILABORATORY COMPUTER
COMPLEX FOR BIOMEDICAL RESEARCH

J. MACY, JR. AND M. P. WHITE

Division of Biological Sciences
University of Alabama
Birmingham, Alabama

The Multiple Laboratory Computer Center (MLCC) is a
multiple-processor, distributed 1logic system designed to
support simultaneously the on-line computing needs of
many independent laboratories. It was designed to handle
a wide range of data-rate requirements from these
laboratories, and to provide reasonable efficiency by
shared use of central resources,

This system is a natural outgrowth of previous
experience with on-line hybrid computing in
neurophysiology, neurology, and physiology laboratories
during the 1960's. (1) This experience was the basis for
the development of methods for on-line and real-time
analysis, and closed 1loop experimental control. It
established the methods needed to handle data rates
(sampling rates) required for these experiments. These
rates ranged from 10 samples per second to more than
50,000 samples per second. Sampling rates were chosen to
preserve the bandwidth and avoid aliasing, for complex
waveforms, or to preserve a needed time resolution in the
detection and characterization of specific neural events.

The work described in this chapter was supported in part
by the U, S. Public Health Service, National Institute of
Health Grant RR0O0145.



2 J.MACY, JR. AND M. P. WHITE

This experience 1led to the development of rather
specific forms of "real-time" computing, and established
the special needs of such computing. A brief discussion
of the nature of '"real-time" computing will point out
these distinctions, When this term is used, it appears
to mean many different things to different people,
Experience with one form of on~line computing really
gives very 1little idea of what any other kinds of
real-time computing actually involve, Probably the
simplest and most common form of real-time computing is
used by an airline reservation system, or any other
system which provides terminals into which a human can
put information and can later make inquiries to get some
part of the information back. The terminal may be a
teletype or some combination of cathode ray screen and
keyboard. This "real-time system" can be defined as a
system in which the acceptable time for the computer
performance is determined by the user and not by the
program, The computer, in other words, must keep up with
the demands of the real world. Most timeshared
multiple-user computing systems have access times on the
order of seconds, or some fraction of a second and, as
the number of users and the usage of each terminal
increases, the system reacts to the increased load by
decreasing its performance. If the load is very heavy on
a conventional time-shared system, there is a longer wait
for response from the terminal. This is probably the
only real-time system in which such a wait is acceptable,
If a2 human at the terminal has to wait three seconds
instead of one second he may become a bit annoyed but no
data is lost or mangled because of the wait.

The next order of magnitude of speed for real-time
systems is the world of the process-control system.,
These are the systems used in many factories, steel
mills, and o0il refineries to control machinery and
equipment, This 1is, in effect, the kind of system and
time scale also used in patient monitoring in  the
intensive care units and for delivering patient care
ditectly by computer. The response times are generally
in milliseconds. In monitoring an EKG, for such things
as arrhythmias, for example, the time resolution needed
is milliseconds.

The order of  magnitude of real-time, on-line
computing for which the MLCC was designed originated from
the demands of neurophysiology laboratories, and depends
on microsecond response and additional special features.
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Some examples from neurophysiological work will
illustrate this, At the time the system was first
conceived, much of our work was based on multiple-
electrode, single-cell measurements, because we were
particularly interested in the coding schemes of
different areas of the nervous system and in the time
series performance of some of these cells., We were
attempting to make measurements for which it was
necessary to convert the data continuously amd accumulate
statistics over periods of many minutes. We had runs
which would go continuously for as long as forty-five
minutes, and we were generally working with two to five
channels, To get the time resolution required for most
of the measurements implied a sampling rate for each
channel of at least 5,000 samples per second, sometimes
as many as 10,000 or 20,000. The time between samples
for each channel was 1less than 200 microseconds,
sometimes as little as 20 microseconds. This 1is very
different from the situation in an inquiry terminal or in
intensive care monitoring. "Real real-time" could be
considered as a context in which the time between the
arrival of samples is not more than eight or ten times
the basic machine cycle of the computer being used. The
computer is no longer very much faster than the real
world with which it 1is trying to cope but operates at
about the same speed as the world being computed. Much
of our work in the 1960's used a computer with a basic
machine cycle of 6.5 microseconds, and an average
execution time for commands of 15 microseconds. The
interval between samples in this research was between 50
and 200 microseconds, In the worst case there was time
between samples to execute three instructions,
Furthermore, programming to take in 50, 100 or 5,000
samples and store them to be computed later was not
possible, because in many cases it was necessary to keep
up on a continuous basis wih a continuous process. Data
points came in at a rate of 10,000 to 50,000 a second for
about half an hour. The only possible technique was to
compute fast enough to keep up, starting to build the
answer and throwing away as much as possible of the raw
samples. If the samples arrive on many channels at such
a speed there must be some provision to dispose of
irrelevant or combinable data, because no machine has
enough storage to bring in and store such a flood.

For some processes it is possible to compress the
data. "Outboard" analog or hybrid hardware will
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recognize in one way or another the particular phenomenon
of interest and start sampling when it occurs. This
happens frequently in monitoring where there 1is no real
interest in analyzing every heartbeat for a twenty-four
hour period but only in checking and accumulating derived
measurements at stated intervals, Intermittently a
series of heartbeats will be sampled, the complete
analysis performed and the raw data discarded.

The MLCC was designed to meet the requirements of
laboratories with a legitimate need for sampling rates up
to 50,000 samples per second per channel. Some
laboratories have requirements well below 1,000 samples
per second per channel, so a range of time scales is
needed to match the full range of requirements,

In many cases, there is an additional requirement
for local control of the experiment in response to the
already acquired data so that the progress of the
experiment 1s actually dependent upon the results just
processed: a closed-loop situation,

We started our multilaboratory design on the
assumption that no computer can keep up with the flow of
all the data from ten or more laboratories with 50 ke
sampling rates per channel, It would be necessary to
install additional preprocessing logic at the laboratory
to cut down the actual rate of arrival of data at the
central computer, In such a system, the logic would be
spread and distributed so that the computing power with
high precision, floating point, versatile commands and
other refinements would be located at the center of the
system. In general, the operations to be performed on
the samples as they first come in, at the initial high
rate of speed, are fairly simple and the conversions will
be, at most, twelve bit conversions, so that extremely
high precision is not essential, When the preprocessing
operations have been performed at a very high rate of
speed, the resulting sampling rate may be one-tenth of
the original rate (perhaps 100 per second) and the
machine can operate as a more conventional time-sharing
system with the effectively reduced time scale. The
burden of continuously computing and keeping up has been
shifted out so that a small amount of relatively
inexpensive logic can be dedicated to preprocessing the
data full-time, unshared by other users.

The design philosophy of our system is based on four
considerations. The first is the necessity for the tight
control of time. In terms of Central Processing Unit



