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PREFACE

This thesis represents a system design study wherein the
auth v had the unique opportunity of not only experiencing, but in
being a prime motivational factor and designer for a project from
the time of its inception through development and the first en~ineer-
ing prototypes. Though this system is not yet into production,
three of these four major hurdles following the conceptual idea have
been psssed: Tbresdboard, prototype, engineering model, production

model, The brochure in Appendix A shows the prototype.

Background

The medical concepts used in the system have been proven and
tested over the past six years by the research staff of Dr. Homer R.
Warner in the Latter Day Saints Hospital, Salt Lake City, Utah.
Their system, called "MEDLABY for medical laboratory, is centered
around two medium sized, time shared computers: aCDC 3200 and a CIC
3300. Each has access to a common set of disks, tapes and a 16 channel
anglog miltiplexor with an analog to digital converter used for real
time data sampling, Up to 12 remote atations with CRT displays can
operate concurrently, The tests involve pattern recognition, mathe-
matical calculations and data analyeis in the areas of pulmonary
function teste, ECG interpretation, cardiac catheterization, Intensive
Care Unit (ICU) monitoring and clinical lab data collection.

Two major problems arise with the use of the MEDLAB system:
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CHAPTER I

CBJECTIVES

1.1 Introduction

This thesis presents a design which was originally con-
ceived at Bio-Logics as an equivalent of MEDLAB*, utilizing the
proven medical techniques, but with greater operator contrel anmd
lower cost than the original., However, the basic components of
the gystem can be used for more than collection and analysis of
medical data. The combination of data collection hardware and
system software can provide an extremely powerful tcool in the hands
of a competant researcher or engineer who wants to do interactive
data collection and analysis. Someone has suggested the possibility
of doing statistical data collection and analyeis of psychological
experimenta. Another possible application of the system is irriga-
tion and crop control. In addition, the system shows promise of
£illing the gap between the simple problems which can be done on a

hand calculator and those which require the high speed and large

storage of an all purpose machine such as the Univac 1108 or Burroughs

5500.
Since the medical and mathematical pattern recognition

techniques have already been proven, a postmortem analysis will be

*MEDLAB, meaning medical laboratory, collects physiological
data and does a partial diagnosis of the irregularities. The system
uses a CDC 3200 computer urder the direction of Dr, Homer R, Warner,
Latter Day Saints Hospital, Salt Lake City, Utah. Further discussion
can be found in the preface,
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avoided by concentrating on the hardware and software synthesis,

pointing out their general applicablility.

1,2 Problem Statement

The objective of this thesis was to design a general purpose
data collection arxd analysis system for hospital use. A dedicated
minicomputer, is used to detect lung irregularities and perform ECG
analysis, The system may also be used for patient monitoring in
Intensive Care Units or for automatic data collection in a clinical
laboratory.

Part of the thesis research was to examine the available
minicomputers and select one which would suit the purposes of this
health testing system, Criteria for the selection were cost,
instruction capabilities, updating flexibility and “state of the
art" hardware. Ancillary equipment selection was also made and
included such things as an analog to digital oonverter, real time
claock, keyboard, CRT display, and hard copy output.

A desipgn of system software routines was made; their primary
purposge being to simplify the interface of the applications programs
and the hardware, The routines provide efficient machine language
use of hardware capabilities, yet appear as high level "macro*
instructions to the programmer,

The final objective of the system was to provide an easy
to use tool with which a physician could apply diagnostic algorithms,
such as those used by MEDLAB, to improve the accuracy and speed of

his diagnosis,

~————






A standard of performance determines the criteria, parameters and
constraints of the system. Recognition of the level of component
interaction ig vital to the system design, Just as a spoke is a
subset of a wheel, and not of a chassis,

In this thesis, an sttempt is made to coharently present the
piecas of the system firat, then show how they are combined in a
synergistic way to produce a comprehensive whole which is greater
than the sum of its parts.*

1,3.1 Interdisciplinary Aspects

Borrowing a concept from manggement science, a system model
can be considered as a inverted "cone of resolution," shown in Fig,
1.1 (1). From the manager's point of view or that of the system de-
signer, the organization or system is viewed from the top down. At
each level, greater detall is observed, but the bresdth of view is
reduced, An analysis of each subsystem (component) is made from the
top down., Looking down, a manager or designer can more efficiently
develop and relate the components. He performs both vertical anal-
ysis and horizontal analysis. After the analysis is made, the develop-
ment arxl construction of the system follows from the bottom up.

Jince every system can be considered a subsyatem of an even
greater system, all systems are open-ended. Therefore, there must

be other subsystems at the same level. LEvery system is open except

*Synergy comes from an exceptionally efficient integration of
components, Not all systems are synergistic, but occur when the
system's components interact in a particular manner to give something
greater in value than the normal summation of the parts. This idea of
synergy is gleaned from the Management 613 class taught at Georgia
Tech, by Philip Adler, in the spring quarter of 1971.



Cones of resolution. Each distin-
guishable feature at one level may
represent a wealth of detail when
examined on a larger scale.

Fipure 1,1, Cones 2f Resolution.,
(after Beer)




at infinity. In the gyatems analysis, the system rmst be closed for
study, high enough to get a handle on what is being studied, yet
low enough to be meaningful. Figure 1,2 illustrates the subsystem
analysis of the Health Teating System. Interdependent components
exist at each subsystem level., The analysis, going down, includes
all components shown in Fig. 1.2, but the HTS synthesis goes up,
only as far as the computer. The higher level integration is a
function of the medical management,

This thesis attempts to use an "inter-disciplinary," as
opposed to "multi-disciplinary" approach to the solution of a
gystem design problem, A multi.discipline solution is one in which
designers from various disciplines get together momentarily, then
each goes back to his own specialty to perform his portion of the
task in his own particular way, with little consideration for the
interaction with other disciplines, On the other hand, an inter-
disclplinary system considers how the various disciplines will
interact with each other, It also allows for modification (sub-
optimization) of a particular component in order to accommodate a
significant improvement in another component. For example, the HTS
contains some redundancy in the "Program Selection Switch* functions
(engineering hardware) to allow easier system operation for the
user (behavioral aspects).

During the integration of components, human factors engineer-
ing is used to make the system functional and easy to use, The
medical aspects require consideration of patient safety, e.z.,
electrical shock can be a hazard and must be prevented. Packaging
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must be durable to allow movement over the threshold of elevators
and allow for sterilization with harsh chemicals., Hardware design
combines both electronic engineering and mechanical engineering.
Mathematics and computer science are used for software development.,
The profit motive of business requires sconomic and marketing consid-
erations to be made, The linking thread of commonality between
disciplines is the industrial and systems engineering spproach which

ties everything together as illustrated in Fig. 4.1,

1,4 Systems Approach*

Systems Engineering Definition:

Systems engineering emphasizes the coordination of man
and machines in complex arrangements., It is largely a
development of the last 25 years and has received impetus
from the milding of defense systems and the rapid develop-
ment of other forms of modern technology. Computers and
automated equipment play a role in virtually all systems
engineering efforts (2).

The aystems angineering approach is a step-by-step procedure
where a project is designed through its entire life e¢ycle and inecludes
concept formulation, system definition, acquisition, operation and
phaseout. Some engineers maintain that this method of project organ-
ization is nothing more than good, but ordinary, engineering sense.
They're right, up to a point, but a unique characteristic of the
prodess is the assignment of numerical values to certain system

elements in deciding tradeoffs (3).

*Because the "systems approach" to problem solving is a
loosely defined discipline, with as many definitions as there are
people working in the field, Hall's book entitled A Methodology for
Systems Engineering is used as a standard for defining the various
steps involved.
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4, A machine measures the data and analyzes it; a physician

diagnoses the problem:

a. The data is collected first, then entered manually
into a computer for analysis. This can be done
either by batch processing or by time sharing
(remote computing).

b, Data collection instruments are connected directly
to the computer. The collection and analysis is done
in real time. This can be done either on a time shared
system or on a dedicated minicomputer,

1.4.3 Evaluation of Alternatives

Systemg analysis means deducing the consequences of
the entire list of hypothetical aystems, The deductions
relate to system performance, cost, quality, market, etc,

Selecting the best system involves evaluating the

analyses and comparing these evaluations with the objectives
to select the smallest possible subset of alternative systems
which merit further study (2).

The first two alternatives of the previous section represent
the traditional, manual methods which are acceptable in a slow moving,
low volume environment., The third alternative, using automated
measurement and manual analysis represents the current level of auto-
mation in most present day hospitals and large clinics. ECG machines,
and blood chemistry autoanalyzers are typical.

Considerable research has recently been done in automated data
collection and analysis, Dr, Morris I, Collen at Kaiser Permanente

Hospital in San Francisco has worked extensively in the area of patient

history taking and correlation of disease history. He has designed
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and built a large multiphasic acreening facility (5). Dr. Homer
Warner at the Latter Day Saints (LDS) Hospital in Salt Lake City
has developed pattern recognition techniques for lung volume-rate
tests and for ECG analysis (6).

1,4.4 Commnicating Results

Commnicating results is the final function in this
phase. The function may call for a formal report which
draws one of three conclusions: 1) that specifie devel-
opment will solve the problem, 2) that exploratory devel-
opment in the laboratory is needed on particular alter-
natives before a sound conclusion can be reached, or 3)
that no further work is justified at this time (2).

The first conclusion was communicated to management prior to
the design which resulted in this thesis. Initial development proved
that use of a minicomputer was both feasible and practical. Refine-
nent steps are now being undertaken to prepare the engineering proto-
type for production. Software development and expansion is expected
to continue for the life of the product, which is estimated to be

10 years.

1,5 Significance of the HTS

As mentioned earlier, multiphasic patient screening systems
have been developed at varioua hospitala around the country. The
computer approach has been recognized for well over 12 years as
offering the ultimate solution to massive data collection, analysis
and eventually disgnosis, However, in each of the inatallations
whieh attempt a complete health care sysatem, the approach has been
through the use of large, powerful computers used on a time shared

basis. All these systems have in common the inherent problems of
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user control and cost which originally motivated the development
of this HTS based on the use of a minicomputer.

Two fine examples of minicomputer use in a clinical laboratory
interface are found at Boston General Hospital and at Perth Amboy
Hospital in New Jersey. A recent minicomputer system which combines
the cardio-pulmonary functions can be found at Harbor General Hos-
pital in Torrance, California (7). A new catheterization system
has been announced by Hewlett-Packard (8), developed in a joint
effort with Stanford University Medical Center, which sids to their
already portable ECG family of products which includes the Model
1500A portable electrocardiograph {9).

After a thorough investigation of the literature of the
field, including recent sales brochures from manufacturers, it is the
suthor's opinion that this Health Testing System, is ihe first of
its kind which attempts a solution of the complete health care
gystem using a minicomputer. While there are numerous systems which
perform one or scme of the functions handled by the HTS, they are
limited in scope and expansion capabilities. They also lack the
mobility characteristic of the HTS which allows use of the basic
system in multiple locations, without requiring special electrical
wiring in the facilities or moving crews for relecating the

equipment,
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CHAPTER II

AUTOMATION IN MEDICINE

2,1 Needs of Hospitals, Clinics and Private Practice

eeelt i8 easy for the man who has never used a motorear
to argue that he does not need one becaunse he never travels
more than a few miles, But once he has learned to drive,
a new dimension of interest and opportunity is opened up,
and so it is with the computer. Just as the most arthritic
person who can drive can achieve far greater mobility than
the finest athlete who cannot, so the most humble doctor
who can 'drive! a computer will achieve far greater mental
mobility than his brightest colleague who cannct (10).

It is apparent to both the medical practitioner and layman
alike that something must be done about the rising cost of medical
care. Medical costa over the past 20 years have risen significantly
more than fhe prices for all other items on the consumer price index.

Since 1966, hoapital prices have risen at a rate of about 15 per cent

per year, and other medical care components have risen about 6 per cent.

With reference to the Gross National Product, the proportion spent on
health care has gone from 4,6 per cent in 1950 to 6.5 per cent today,
That's over a 40 per cent increase, and it is expected to climb (11).
The concern about health care costs is widespread. 1In the
sumer of 1969, President Nixon released a "Report on Health Care
Needs," in which he forecast a "massive crises" within the next two
or three years unless prompt steps were taken., Among the items for
which he requested immediate action was the encouragement of "pre-
ventative services, to provide incentives to keep people out of

hospitals" (11).
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Since not everybody who is sick needs to go to the hospital,
it is logical to provides more extensive services for outpatient care,
Services requiring highly skilled personnel or expensive equipment
are often made available only to bed patients, Examples of these are
clinical laboratory tests of blood or urine, electrocardiogram (ECG)
analysis, and pulmonary function analysis. If more of these tests
could be performed outside the hospital, those patients requiring
only minor treatment such as a prescription or rest in bed, would not
require hospitalization, Another case is when a patient spends
several days in the hospital, waiting for a minor operation such as
a gall bladder removal., Laboratory tests are required, but otherwise
the patient could just as well be "resting in bed* at home, saving
himself money and relieving the hospital staff of some of their more
mindane duties.

In addition to moving some of the medical services cutside
the hospital, mich of the staff workload can be relieved by auto-~
mating the routine or repetitious screening and admission tests
required. Automation is ons way to combat rising personnel costs.
Lower skill levels are needed to perform the functions traditionally

reserved for a highly skilled and highly paid person.

2.2 Blood Chemistry Analysis

A major step was made in this direction a few yeasrs ago when
Technicon introduced a 12 channel autocanalyzer for performing blood
chemistry tests. Prior to that time, a highly akilled (usually

college level) medical technologist was required to perform hundreds
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of repetitious chemical analyses each day. Now the autoanalyzer
performs 12 tests per minute and requires only that somsone keep
track of whose test is being plotted on the chart at any particular

moment .

2,3 Patient Monitoring

Another area where automation has made its first steps forward
is in the area of Intensive Care Unit (ICU) patient monitoring. 1In
the MEDLAB system, the program monitors 10 basic physiologic variables
in postoperative cardiac patients. Stroke volume (SV)}, heart rate
(HR), ratio of the time of appearance of maximum pressure to the
duration of the heart cycle (TMAX), peripheral resistance (RST),
syatolic pressure (5.P,) and diastolic pressure (D.P.) are calculated
from the time-course of aortic pressure, The average central venous
pressure (V.P.), its respiratory excursion (or respiratory amplitude,
R.A.), and the respiratory rate (R.,R) are calculated using the time-
course of central venous pressure. The two signsgls are the outputs
of small pressure transducers which are connected to indwelling
arterial and venous catheters, "The system is currently used routinely
by the surgeons and nurses for monitoring cardiovascular functions and
entering nurses' notes for each patient on the intensive care ward (12),"

3imilar procedures have been initiated for patient screening
prior to hospital admittance and for fluorscope analysis of the dye
dilution test used in cardiaec catheterization (13).

A number of approaches have been used in solving the cath.

eterization problem, but most rely heavily on large scale systems,
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often using a small computer such as the PDP-8 or IBM 1800 for such
simple tasks as analog to digital conversion and switching of the

larger system from control of one piece of equipment to the next (14),

2.4 Computerized Record Keeping

The extensive filing capability of computers is an obvlous
step toward automation in hespitals. One of the best systems
incorporating these capabilities with patient admittance has been
installed in the Kaiser Foundation Hospital, San Francisco. The
admittance procedure requires a patlent to pass through a total of
14 stations, filling out information ard submitting to a wide variety
of tests such as ECG, visual acuity, hearing, blood chemistry, body

measurements, pulmonary function and a medical questionnaire (5).

2.5 Future Developments

In addition to the bedside monitor which now exists for
critical patients, new techniques developed by the Apollo space
program will allow a basically healthy patient to carry out his
everyday tasks with electrodes, either implanted or attached to the
skin, monitoring his vital functions., Telemetry equipment might
be employed to monitor mobile patients or for research purposes (15).
0f course one cannot help but consider the awesome responsibility
implied by the possibllity of using such implanted devices for the
science fiction control of human robots.

Statistical correlation of various symptoms leads one step
further toward the day of "computer disgnosis." An information system

called MEDATA was developed for this purpose at the Hollywood
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CHAPTER III

ENGINEERING CONSIDERATIONS OF

PHYSIOLOGICAL MEASUREMENT AND ANALYSIS

3,1 System Considerations

A Health Testing System (HTS) should complement, rather than
attempt to replace, the skills of a medical worker, either a doctor,

a nurse, or a laboratory technologist. One should therefore consider
the kinds of things people can do well and the kimds of things machines
do well, Machines are best at performing high speed, repetitiocus tasks
with extremely low error rstes compared to their human counterparts.

Onn the other hand, humsns do well at analyzing and correcting unexpected
or unpredictable one-time situations.

In the first analysis of a potential system, consider a machine
which will be used to éollect data and perform any required arithmetic
operations, A human operator will be used to pass judgement on the
validity of tests. The validity will be based, in part, on whether the
results look "reasonable® for the particular set of circumstances, and
whether the operator judges the equipment and patient to be interacting
properly.

Since virtually all physiological measurements made on a human
body are of a continuous analog form (with the exception of such things
as blood cell count), the instrumentation must accept analog signals,

Though other mediums can be used, the signals are most often represented
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3.3 Analog to Digital Conversion

Sometimes three digits must be measured even though only two
are needed in the calculations. Consider the lung volume of a large
man compared to that of a small child or an infant, If the same spiro-
meter is to be used for both, a large range of measurable values is
required, The same number of digits accuracy is desired for one as
for the other. However, if thie is not practicgl, it is preferable to
throw away the extra accuracy measured on the man, rather than be lack-
ing sufficiently detalled data for the analysis of the child. To meet
this requirement, one can choose an arbitrary range of 0-1023 for the
Analog to Digital Converter (ADC) and set 1000 equal to the maximum
lung volume of the largest man ever expected., TFor optimum use of the
scale, one would use 1023 rather than 1000 for maximum and set the
minimum lung volume of the smallest child equal to zero on the ADC,
In practice, the child's lung volume is so small that there is little
range wasted if the gzero value is equated to zero lung volume, The
calculations can then be simplified.

Here is how the scale works., A c¢hild may have a minimum lung
capacity of approximately 0.5 liter, and a very large man a maximum of
10 liters. If 10 liters = 1000 units, then 0,010 liters = 1 unit, and

0.5 liters from the child will give 50 units.

1 unit

0.5 liter * 57515 1iter

50 units

This is sufficient resclution for 2 digit accuracy in the measurements.

The preceding data analysis has shown that the ADC will require
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3.4.1 ECG Anslysis

The BECG program has a special case where the first data samples
may or may not be valid, depending on what part of the heartbeat cycle
the sampling was started. The ECG analysis requires a complete heartbeat
pulse of data (about 240 samples x 3 channels) before it can begin the
actual analysis. However, it must first detect the "R" peak in the
@RS complex (Fig. 3.3) before defining where to start looking at the
data for irregularities, After the "R" peak is detected, the algorithm
scans backward toward the previous QRS complex; thus requiring the
previous data be saved. As will be discussed later in Chapter VI,
the analysis requires five sets of data within a 20 second time
interval, Drift of the physiology parameters restricts the tests to

20 seconds total,

Baseline

pe— Valid Data —w4

Figure 3,3. ECG Pattern Recognition
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available on a very short time notice (two weeks) from a local F
supplier, (3) the price was right ($3600) for a one or two quantity

purchase,

This "quick and dirty" solution allowed the breadboard model
of the system to achieve operational status in a very short time.
However, there was a price to be paid when, on subsequent units, it
was noted that the quality control was poor and units had to be
‘returned to the manufacturer. An additional drawback was that the
memoscope CRT on which the unit was based, has a high price tag
(about $1100) and a relatively short lifetime (one year) for contin-
uous operation. In<house development of a refresh display using an
ordinary TV set, an integrated circuit character generator and the
latest MOS-FET memory was soon started. However, it was over six
months before the btugs were out and the unit operational.

The original investment in the quick and dirty method allowed
the project to buy time in getting a deliverable system {shown in
Appendix A) in less than four months from the date of receiving the
first computer, This compares favorably with a "normal” time of
one to two years development for a new product. The crash progran
was one of the system compromises made by suboptimizing one subsystem
(development costs) in order to enhance the valus of another subsystem
(marketing sales). By selling and delivering two systems to a cus-
tomer before the end of the year, the anmual sales (economics) for the
subsidiary company, whose R & D efforts were being subsidized by the

mother firm, were raised significantly.






33

coming years as the development costis are paid off and production
rates go up.*

1. ADC Selsction. Since ADCs are rated in bits and accuracy
is determined by decimal digits, Table 4.1 shows the range of unit

values which can be represented by different AICs.

Table 4,1, Analog to Digital Converter Accuracy

No of Maximum Commercially Decimal Per cent  Approx.
Bits Decimal Value Available Value Error Cost
Min:Max
L is
5 A
6 63 (6) 0:63 1.6%
7 127
8 255 8 0:255 398 $ 800
($99)*
9 511
10 1023 10 0:1023 A% $ 900
($195)*
11 2047
12 4095 12 0:4095 024 $1000
13 8191 13 0:81N1 0124 $1250
14 16383 1L 0:16383 0064  $1600
15 32767
16 65535

As one would expect, the cost of an ADC is proportional to the

number of bits converted, However, the relationship is exponential

*Since the time of the original study (September 1969), thin
film technology has drastically reduced the price of low resolution
ADCs, As of June 1971, an 8-bit converter can be purchased for $99
and a 10-bit converter is $195.
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Because of the high unit cost, only one AIC per system is
used and multiple channels are selected, one at a time, with an
analog multiplexor. Until recently, diode or transistor "switches"
were used for multiplexing a rmumber of channels. Now 16 channel
FET integrated circuits are available, The computer selects which
of the miltiplex channels is to be sampled, cormmands the AIC to
make a conversion, waits momentarily for the ADC to finish, then
reads the digital value from the AIC,

2. Ramp Converter. A ramp converter, generally used in a
IC digital voltmeter, is the least expensive method of conversion,
but is toc slow for computer use, even with the relatively slow
changing physiology data. Ramp converters today operate in the
range of 2 to 5 microseconds per step, giving a maximum conversion
time of 1 to 6 milliseconds for a 10-bit converter (up to 1023 steps).
An BCG signal can complete an entire QRS spike in this much time and
net even be detected, so this converter is too slow.

3. Continuous Converter. The contimuous converter utilizes

an up~-down counter. The counter moves bhackward and forward, contin-
uously tracking the analog signal., This can be a fast conversion
technique, provided the rate of change of the input signal does not
exceed the maximum possible rate of change of the converter, This is

a good converter for single channel operation. However, the Health

Testing System requires at least 3 chammels in the form of multiplexed

inputs from the ECG machine. Also, there should be reserve capabil-
ity for expansion to more channels for a time shsared system doing

concurrent ECG and pulmonary analysis. ICU monitoring requires
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time shared operation of many channels, An N-bit continuous converter
may require as many as ZN steps to catch up after channels are
switched,

k. Simultanecus Converter. A siimltanecus converter has a

separate comparator for each threshold level between the minimum and
maximum., It is extremely fast (less than 1 microsecond), but also
extremely expensive, A converter with an N~bit resolution would require
2N comparators (i.e., 1,024 comparators for a 10-bit converter). The
present limit is 4 to 5 binary bits (15 to 31 comparators) before the
cost and complexity become prohibitive (20).

5. Successive Approximation Converter. The vast majority of

computer applicationa, including the HTS, use a successive approximation
converter. The AIC contains a comparator circuit, a digital to analog
convertsr, a digital buffer and a control circuit as shown in Fig.

4,3, The converter operates by trying different numbers, Each trial,
or step, determines 1 binary bit and narrows the possible range on the
input by one-half,

The lower accuracy convertars opergte around 1 microsecond per
step, giving a typical conversion time of 6 microseconds for a 6-bit
converter, Higher-resolution converters require a longer settling
time per step, with a conversion time of 28 to 70 microseconds being
typical for a ii4-bit converter.

Figure 4.4 illustrates how a damped transient would be converted
and later reconstructed with (a) a continuous converter, (b) a success-
ive approximation type, and (¢) the successive approximation with a
sample-and-hold {20),
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selected and delivery of the first unit made in two weeks, Wwhen

the original order finally arrived, the first vendor was so apolo-
getic that he made no charge for the unita, It was an effort to
recover a potential order of 50 keyboards but hia lack of aystems
plamming had already cost him the permanent loss of a good customer,
Fortunately for the HTS system design, the teletype keyboard could be
used for development purposes. This type of problem should be
axpected, but is very difficult to anticipate in the system design.

4,2,5 Interface

Though much of the interface circuitry oould be purchased
directly from the computer mamfacturer, it was noted that the circuits
were high profit items which were used to make up for the low profit
margin on the central processor unit. This fact, coupled with ine
house design and manufacturing capability made this a "make" rather
than "buy" decision. However, the first three systems, used for
development, were purchased with as much interface circuitry as was
available in order to speed the system design process.

Of the three systems, one was used for hardware development,
one for software development, and one for building the prototype model

shown in Appendix A.

4.3 System Configuration

The AIC is an integral part of the HIS console, shown in
conceptual form in Fig. 4.5. Since the apeed of the computer will
allow the performance of several simultaneous tests, an analog rmlti-

plexor is also contained within the unit. Thanks to the advent of
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area of patient identification and record keeping., The company has
patented a patient 1.D. tagz which is machine resdable and reproducible,
The tag is worn at all times by the patient and a duplicate is easily
made at bedside whenever a blood or urine sample is taken from a
patient. Literally millions of samples are taken for analysis in an
average sized hospital each year. The mumber of errors due to mis-
labeling and lack of labeling is surprisingly high, and is estimated

to be as great as 3 per cent.

4,5 GSynthesis and Integration

After selection of compatible components, one of the first
steps to integration concerns the external packaging design, which
in turn determines the layout of the internal components. The
necessity of a mobile, compact unit is the primary consideration.

4.5.1 Packaging

The package was designed to be as small as possible for
mobility, yet large enough to contain all the hardware components.
It has a low center of gravity so it will not tip over when crossing
elevator thresholds, yet is high enough for comfortable interaction
with a physician standing at bedside in an operating room. A chrome
and anodized finish is used so the unit will be attractive, yet
durable enough to take continual bumping against tables and fixtures
in operating rooms., It also mst withstand harsh chemicals used for
sterilization when it is to be used in a germ free environment.

The evolution of the packaging concept, occurred while the
prototype was being developed. The final production package is now






Clay Model

Plastic Model
and Prototype

Engineering Model



45

it is the same, An external CRT, keyboard and interface package
are being designed for a time shared system.

b,4.2 Component Interfacing

The major internal components of the HIS are shown in Fig. 4,7.
For the first time, the syntheeis of the total system becomes apparent.
Each of the devices shown in the dashed outline is contained within '
the main package of the HTS.

The pulmonary function test is done in conjunction with a
spirometer (shown on the left in Fig. 4.5), which has an electrical
readout. A potentiometer is connected tc the pulley, over which
rides the cable leading to the strip chart recorder on its right.
Below the pulley are two nested cylinders, the top one inside, acting
like an inverted bucket, A small amount of water between the two
cylinders allows a loose fit which will give low sliding friction
and yet be air tight. As the patient breathes in and out of the
attached hose, the top cylinder goes down and up. A nose clip is
used to ensure that there is nc leakage of air.

Zach of the ECG leads requires a signal conditioning amp-
lifier to help filter the 60 cycle noise and to boost the signal from
millivolt level to a maximum of +10 volts for the ADC. All other
devices operate from digital signals of either 0 volta or +5 volts.

The detalls of the component interfacing are too extensive
for this thesis, but can be found in a term paper presented in
Information and Computer Science 632 at Georgia Tech, by the

axthor, May 1971,
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CHAPTER V

SYSTEM SOFTWARE FROGRAMS

5.1 General Purpose Service Routines

All prograrming for the Health Testing System is done in
assembly language. Though time is not critical for most programs,
the cost of core ($3650 for each block of 4096 words) places a
premium on having small programs., Even so, the large data arrays
required by the ZCG programs make an 8K (8192 words) memory necessary.

The primary purpose of the system programs is twofold:

1) prevent often utilized procedures from taking up redundant
blocks of core memory and 2) save programming effort by merely
having to pass parameters to perform common functions.

As shown in the analysis diagram of Fig. 1,1, there is a
natural breakdown between hardware and software functions, Likewise,
there is a natural breakdown between system software which interacts
only with hardware, that which interacts with both hardware and
application programs, and that which interacts only with the applica-
tion programs,

The "hardware only" programs handle such thingas as automatic
data sampling and analog to digital conversion (ATD). The application
programs then need to merely specify the sample rate (samples per
-second), and which data channel is to be‘sampled. The ATD program

will fill a predefined memory buffer, using the Real Time Clock to
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discussed in greater detail in section 5.3. The "hardware amd
applications" programs handle all the routine input and output
functions which require interaction with the operator. No peripheral
hardware interaction takes place in the "applications only" routines,
These routines handle such things as floating point arithmetie,

number base conversions and scaling the data to fit the CRT graph area.
The Nova has hardware instructions for normal binary addition and
subtraction, However, mltiplication and division require special
purpose software programs which handle the iterative sequence
necesgary for the multiply and divide algorithms,

Floating point arithmetic is so extensive that a special
“Interpreter" is required. The interpreter is a manufacturer
supplied software package which is approximately 800 words long.
Because of its length, a programmer can save core storage space by

using only integer arithmetie,

5.2 System Routines

Bach of the program names in Appendix B calls a system aub-
routine., The name is stored in the "Bio-Logics Assembler' symbol
table and is converted with a ",DUSR" command to an indirect jump,
WJSR @XXX", The "XXA" is a page zero address which contains the
starting address of the subroutine. This permits the actual address
to vary without affecting application program assemblys. The only
time it is necessary to reassemble an application program is when a
major change is made to the "Bio-logics Assembler," This has

happened only once.
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There are two types of subroutines in the system:

1. The simple to use, general purpose routines. Thede have a name
with no ".” at the end., To use these, a programmér merely enters
the name in his program, with successive lines containing the argu-
ments for calling that routine. Except for AC3 (Accumulator #3),
which is destroyed by the BJS5R" used to call the subroutine, ail
other accumilators and the carry bit are unchanged after the return
from the system routine,

2., The special purpose routines are meant primarily for use by the
Bio=Logics prograrmers. These names end with a "." and do not save
any accurmlators. It is up to the user to prepare any needed
accumilator values required by these routines., This alternative is
available for a programmer who wants to save the (approximately)
100 micro-seconds extra overhead required to save and restore the
accurmlators,

Within the system routines assembly listing, a general rule
has been to begin the name of an entry point label with a "“,". ror
example, the routine called by the name "KEY,", would actually be
named ".KEY", By using two similar, but different names, the same
assembler can be used for both the application program using the
routine (KEY.) and the assembly of the system routine itself (.KEY).
Similar names are used for calling and entry whenever possible,

All names used for calling system routines are reserved words,
and cannot be used by an application programmer. In addition, there
are a number of cormonly used constants which have their names

contained within the "Bio-logics Assembler" and their values stored

ST ety COEERERREOEEENe 00w



in page zero when the system routines are present. A list of reser=-
ved names (system routines) and a list of page zero constants are
shown in Apperdix B. The appendix also has a brief description for
operation of the routines.

As can be seen in Fig. 5.1, there are several levels of
programns, The application programs call the main system routines,
In some cases, such as "ERASE" the CRT, there is only a single level
of system routine, After the function is performed, contrel is re=-
turned to the calling (application) program. In other cases, such as
"MESI" message insertion, several program levels are required. The
miltiple levels help prevent redundant code in the system routines
themselves, by allowing several main routines to use a single minor

routine such as "KEY," (get a character from the keyboard).

5.3 Hardware Routines

“When the "hardware only" routines are analyzed, it is clear
that an intimate knowledge of both hardware operation and software
capabilities is required, The hardware action can be initiated by
the operator simply pressing a button as indicated in the flowchart
on the left of Fig. 5.2, Depending on which button was pressed and
what program status presently exists, the system software will branch
to the appropriate service routine. In the case of multiple inter-
rupts oceourring similtaneously, the computer selects the highest
priority device, indicated by the interrupt priority sequence in the

center. The various hardware interrupts are discussed below.
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processor, to the ADC, CRT display, keyboard, TTy, and all interface
power supplies contained in the HTS mainframe., The "STOP" and "START"
momentary contact switches are used for program control, amd perform
such functions as temporarily halting the execution of a test sequence
while repositioning the ECG leads on a patient. The "OPTIONY switch
generates a branching condition within the application program, while
the "PROGRAM" switch returns control to the executive monitor. The
®INPUT" and "OUTPUT" switches are for selecting the I/0 device (i.e.,
disk, tape or TTY). The processor controls the lighting of each
switch with a latch c¢ireuit, indicating the current machine status

to the operator.

5.3.3 HRecovery from Catastrophic Software Failure

Stored within readonly memory (ROM) is a short "RESTARTM
program to be used in the unlikely (but probable) event that some
stray noise spike will alter the contents of a c¢ritical memory location
in the dynamic core area of the executive monitor, making normal operae
tion impoasible., The RESTART program is used to reload the monitor and
antomatically starts executing as though contrecl had just been returned
from a major application program.

5.3.4 Real Time Clock

The real time clock (RTC) is an optional hardware item that is
purchased with the computer and mounted on the TTY interface board.
It is not actually a "real time" clock, but rather an interval timer,
It is not normally used for time of day readings as with larger
machines, but is used to generate equally spaced interrupts for data

¢ollection. The interrupt frequency is under computer contrel and
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can be set to 60 cycle (AC line frequency), 10 Hz or 1000 Hz.

The clock is used primarily for low resolution timing
(compared to processor speed), but it has high long-term accuracy.
Initial power turnon or recovery from a power failure resets the
clock to the line frequency.
5¢3.5 Analog to Digital Converter

There are two modes of operation of the analog to digital con-
verter (ADC) software. The first requires the application program to
specify such things as the sample rate, which multiplex channel is to
be sampled first and the number of channels to be sampled for each
clock interrupt.

The second mode of operation controls the actual starting
and stopping of the sampling. The start command normally is generated
by a signal from the "ENTER" key of the sonscle keyboard., Either

a sample count or time interval determines when the sampling atops.

5.4 Synthesis and Integration

While the system subroutines diagram of Fig., 5.1 illustrates a
firat level of program integration, it was found after writing several
application programs that one higher level of integration was required,
Here again, the systems engineering approach allowed a compromise of
the "aystem routines" optimization, in order to achieve greater program.
ming effieciency in the "application programs,' The result was an over-
411 improvement of the system integration.

The application programmers made a request for a "FCRTRAXN

like" formatter program which could be used to simplify message
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CHAPTER VI

SYSTEM OPERATION

6.1 Operation

Programs are called by pressing the "PROGRAM" button which
is above the keyboard. The major program options are listed on the
CRT screen and the operator may choose which one he wants to run,
The program selected will be read from the tape cassette or disk
and its subroutine options will be digplayed. Normally, the
sequence will start with patient history and the program will
antomatically increment to the next subroutine as the previous
routine is finished., The ®OPTION® button allows any of the sub-
routines to be repeated and will overlay any erroneous data pre-
viously entered. It is assumed that people will make errors, so a
simple correction procedure is provided., The OPTION button is one
level lower in hierarchy than the FROGRAM button. It causes a list
of the sections of the program chosen to be displayed, from which
the operator chooses the optional entry point. Using this button,
the operator can perform any or all tests in any order he wishes,

The 'YES" and "NO* keys are used by the operator to respond
to branching decision questions asked by the program. The "ENTER" key
is used when finishing a communication to the machine. It can be
recognized as a carriage return when typing patient information or

as an indication to begin sampling data at the beginning of a
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mgneuver involving the patient testing equipment. After completion
of all tests, the user can type comments which will be printed on
the hard copy report following the test results. The final report
is printed out on the teletype. A sample report was shown in the

previous discussion of the formatter system routine in Fig. 5.5.

6.2 Patient Screening

The term "screening" refers to the performance of a test
with a sufficiently hligh likelihood of detecting a disease, if
present, to separate out persons who probably have the disease from
those who prebably do not. A popular term recently circulated among
medical Journals is *multiphasic screening," meaning the combination
of miltiple tests to screen for a number of diseases. "Automated
miltiphasic screening" is the expanded concept of utilizing automated
or semiantomated electronic and machanical equipment to detarmine
whether the likelihood of disease presence is sufficient to warrant
further speciflic diagnostic testing.

The recent advent of electonics, computers, and auto-

mation, into medicine offers the opportunity to improve

and augment screening techniques and instrumentation, so
that not only more tests but more accurate and quantitative
measurements can be performed. Since diagnosis is defined
as the identification of a specific disease, then as screen-
ing becomes more comprehensive, precise, and quantitative,
disease detection approximates disease diagnosis and auto-
mated multiphasic screening approaches antomated diagnosis.
(23).

The patient screening system is a special embodiment of the
basie HTS with a spirometer, ECG machine and login station. It is
designed to be a free standing, mobile unit which can be quickly

moved to any area of the hospital. For mass commnity health testing

T



and screening, the unit is small enough to be transported in a panel
truck or station wagon for on site testing. The compactness, the
use of standard 115 VAC outlets and the ability to operate wihout
air conditioning makes the unit ideal for these circumstances.

The brochure in Appendix A shows how the login station has
been incorporated into the HTS package and how the spirometer is an
independent unit, This modwlarity allows various types of spirom-
eters and ECG machines to be interfaced with the basic HTS,

6.3 Pulmonary Function Testing
Pulmonary malfunction is the fastest growing disease state

in the country. There are more patient treatments for respiratory
gilments than for any other medical problem. As the rate of the
problem increases, sc does the need for diagnosis,

while pulmonary function testing is not a new technology, it
does require a significant amount of calculations, so has not been
attempted by the general practitioner and internist. Rather, it has
been left gmnerally to the pulmonary physiclogist. With the HIS
computer program, pulmonary function testing can easily be done in
the general practitionerts office, with calculations done on-lina.

The HTS pulmonary program provides the direct and immediate
presentation of results of pulmonary function testing by means of
the CRT screen. As a person enters this station, the technician in-
puts his I.D. number from the keyboard. With a disk system, this
mumber would be displayed back to the operator, along with his full

name, for positive identification.
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After verification of name and I.D. number, a message is
generated, instructing the technician to enter the sex, weight,
height, and age of the person. Other manually taken information
such as skin-fold thicknesas, blood pressure, ocular tension, and
audiometry results may also be entered into the record at this point.
As the values are entered, they are echoed back on the screen for
pesitive verification.

The pulmonary function measurement is made with a 13 liter
Collins Spirometer or equivalent, with electrical readout., A
typical test is made when the person is instructed to perform a
Torced Vital Capacity (FVC) maneuver. The computer samples the
potentiometer output of this maneuver and computes rVC, EEVI_O.
EEF200-1200' and FEF25_75%.

These values, along with the person's predicted per cent of
normal as determined by his age, sex and height, are presented to
the technician on the CRT display. If the measured values are low
(usually less than 80% of predicted), the test is repeated.
Repeating the test is often necessary because there is a certain
amount of learning required before a “VC maneuver is performed
properly., When the technician is satisfied the person has performed
the maneuver adequately, the results, consiasting of the best values
for the four tests and the per cent of predicted, are stored in the
person's file for the final report.

Normal spirometric standards for the four pulmonary function

parameters are currently known and available for all ages, from
children in kindergarten on up.




When the pulmonary program is called via the PROGRAM button,
a list of program gsections is displayed on the screen for selection.
The operator need only follow the instructions displayed for him.
The OPTION button is used to alter normal program flow, which is
similar to the order in which the sections are explained below.

6.3.1 Calibration

One of the exceptions to normal program flow occurs at the
beginning of each working day or whenever the pulmonary program is
loaded into the machine with the PRCGRAM button, Calibration provides
the necessary compensation "constants" used to convert the pure numbers
from the spirometer and ADC to volume representations which are mean-
ingful in the computer calculations., This section need not be
re-entered for each patient unless there has been a change in bara-
metric pressure or temperature.

As this section is entered, the operator is asked whether he
desires to rn the calibration subroutine. He will respond by press-
ing either the YES or No key. An answer of YES assumes that a recent
calibration has been made and is unnecessary. The program will jump
to the next subroutine, leaving the calibration constants undisturbed.
An answer of YES mmst be entered when the program is initiated at the
beginning of the day. When the program has just been reloaded, a YES
answer is antomatically assumed and the program goes directly into
the calibration routine. A general flowchart is shown in fig. 6.1.

6.3.2 Patient Information.

This is an optional section which may be selected at cperator

discretion. It allows the operator to input information identifying
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FEV Forced expiratory volume exhaled for one second

1.0
after 200 ml's below maximum in milliliters

FBF200-1200  Forced expiratory flow rate from 200 ml's below

maxirmm to 1200 ml's below maximum in milliliters
per second
MEFZS-?E% Mid forced expiratoy flow rate from 25% volume
exhaled to 75% volume exhaled in milliliters
per second.
This section usually must be repeated since a patient is not used to
exhaling rapidly.

6,3.6 Maximum Voluntary Ventilation

This routine measures the patient's forced breathing capability.
The patient should be asked to breath as deeply, as rapidly and as
forcefully as possible, After he begins and the operator is sure the
patient is putting forth his best effort, the operator should push
ENTER. The operator should watch the data pattern for abnormalities
which would result in misleading or incorrect results. The test
continues for a time period (e.g., 15 seconds) then the following
results are displayed:

MVY Maximal voluntary ventilstion in milliliters

RR Respiratory rate during this period in breaths per min.

MY Minute volume in liters per minute

BIS Base line shift in milliliters

This test is performed last since it is the most tiring for the
patient. It is not at all unmusual to see a decaying sine wave plot

on the graphic CRT display as the patient gets tired and the lungs
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6.v,. Clagssification

The ECG is classified into one of the morphological or
srrhythemic classifications shown in Appendix A,

The results of the morphological analysis are presented to
the operator on the CRT display. If the result is other than "normal,"
the analysis is usually repeated for verification, or if there is a
question regarding the results, the analysis may be repeated at the
discretion of the operator. Tollowing the morphological analysis,
an arrhythemic analysis is performed by the computer.

The over-all accuracy of the HTS ECG program exceeds 90

per cent and the accuracy on normal ECGa is over 99 per cent.

6.5 Cardiac Catheterization

The HTS procedure for heart catheterization is similar to the
above. Once the program is called, instructions are presented to the
operator and the tests are made. The results are immediately aveilable
to the operator. Because of the volume of data taken (over about a
three hour period), this test requires disk or tape storage. At the
option of the operator, a hard copy may be obtained from the teletype.

The following major tests are performed:

Arterial & Venous Pressures

Cardiac Output (Dye Dillution Method)

02 Saturation

Gradient Analysis

Use of the computerized HTS is especially significant for this

set of tests because of the time savings. The test is performed with
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a local anesthetic at the patient's left wrist and left side of the
groin, the two places where the catheter (a 1/8% diameter, 6' long tube)
is inserted into a vein and fed up into the various heart chambers (24),
The consciousness of the patient is vital since some of the tests with
the catheter in the heart can cause fibrillation (rapid pulsation) of
the heart, and recovery fto normal after withdrawal is faster. It is
algo important for the physician to know the blood pressure (constantly
changing) and oxygen saturation in each of the four chambers for both
the resting and exercising condition of the patient. Some of the tests
are performed while the patient lies on his back and pumps a bicycle
wheel similar to that used in an exercise salon. Of course this can
only be done if he is conscious,

The patient's comfort is usually the limiting factor in the
length of time spent taking test data. The patient must lie flat on
his back on un uncushioned table for the duration of the test. His
endurance limit is generally three to four hours. Taking data by
the old, manual method, using s strip chart recorder requires about
four to five hours, Two separate sessions in the operating room are
often required. Scheduling sometimes makes these sessions days
apart, incurring additional expense while the patient waits in his
hospital room.

Since the physician cannot visually interpret whether the live
data is "reasonable" or not, he tries to perform each test three times
to ensure that at least one test will have good data. For example,
to measure the pressure in the left atrium (top left chamber), it is

necessary to pass the catheter through both chambers of the right side
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of the heart and into the pulmonary artery leading to the lungs. By
wedging the catheter into a small arteriole, near the lungs, he can
gense the back pressure from the left atrium through the pulmonary
vein and the lungs. Until he knows the calculated pressure value at
that point, he is uncertain whether or not his catheter made a good
"seal” in the artericle. He can see the approximate location on

his x-ray fluoroscope, but the resolution is only as good as that of
a fuzzy television picture.

7 Real time data collsction and analysis using the HTS allows
the physicain to take only one set of data, reducing the operating
room time to as little as two hours. If a doubtful set of readings is
taken, the test can be repeated on the spot since the calculated
values are displayed immediately on the CRT. Besides adding to the
confort of the patient and inereasing the availability of the
operating room, the tests no longer use the three days calculation

time previously required of a cardiologist to interpret the graphs.

6.6 ICU Monitoring

Patient monitoring in an Intensive Care Unit (ICU) requires
polling of many different patients (up to 16) at infrequent intervals
{1 second). The procedure is different from the other tests in
that measurements are made continuously, but there is no operator
intervention unless an exception occurs in the normal ECG pattern of
one of the following:

Heart rate Cardiac output

Stroke volume Peripheral Vascular Resistance
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PMA SYSTEM ROUTINES

PULMONARY FUNGTIONS

CALIB
FyC
ASTRY
Myl
WG
PLMTN
REPOR
ks

CLOCK
INTR
GPTN
FROG
PR
REST

aTDY
ERKSE

GEVT
GETT
GRAFH
KEY
HARK
BUTC
PUTT
SCALE
SCOPE
TARE

INSHT

MES1
MESE
HMEST

~TR
B
ITB
FRTY

nlvy
HEYL

Calibrate

Forced Vital Capacity
Personal history

Max Voluptary Ventilation
Mormal vital Capacity
Pulmenary cption select
Report

Tidal Volume

INITIALIZATION

Set clock freguency

Acknowledge interrupt & determine source
Select a sub program

Select & program

Power fail

Restore-system from R.0.H-

INPUT / QOUTPUT

Convert abalog data samples to digital
Erasc CRT & position X=@, ¥ald
{Upper left hand cocner)
Read char & =cho on TTY
Rerad tape character
2lot n data points on CRT
Read char & eche on CRT
Mavk data graph at sample points
ne TTY char from ACR
WriLe tape chatacier
ke-srale grapn data for CRT display
Fraint CRT char from ACA
Block I/0 handter

GOMMENTS

Change a banary number to ASCIT decimal
and insert intec a .TXT message

Pead message from Keyhoard (Eq- name)
Send a -TXT message to CRT

Send a .TXT message to TTY

CONVERSIONS

Core KSC1I decimal to binary core
Binary to RSCII derimal (core to core)
Reybeard ASCII decimal to binary core
Calculate odd parity in carry bit

MATHEMATICS

Unsignad divide
unsigned multiply

COMMAND

B

nT

RUB CUT

tC
06
41
"
1T

EDITOR

FUNCTION

Append a s0Urce tape to the edit buffer
add to end of cuprent contents

Nove CP to beginning of edit buffer,
Before first character

Change “STRING1" to “STRINGZ"
CETRINGISETRINGZS

Delete n characters, starting at CP

Punch a form feed
Funch n inches of leader (NelpR

Insert source statements in front of CP
ISTRINGS

Jump n lines from beginning of buffer
K11l (Deletel n lines following the CF

Move LP to beginning of current line
Myve CF past norcarriage retugns

Hove CP p characters from current CF

Search for STRING: if mot found, punch,
Read and continue searen ... ISTRINGS
Search without punching ... QSTRINGS

Punch entire edat buffer & form feod
Pungh without form feed

¥unch n lines from current CF
Purch without form feed

perform PY 1 time

rerform FY on times

Ferform P then YP te end of input tape
Searchk for "STRING", wath CF
After STRING ... SSTRINGS

Type entire buffer W/0Q moving CP
Type 1 lines from carrent CF

Yank a page of source tape into edit buffer

Delete current comtents befors reading

Position CP after last character in buffer

SPECIAL COMMANDS

Print numper of characters in edit buffer

Print panber of lines in adit buffer
Print line number cf corrent CP

Erase last character typed

Means “CTRL® key plus character

Cancel command STRING, or halt execution
Eell

Tab [N*8+1 = 9,17,25,...1

Complement tab echo switch
Reset ypput buffer b stop input device

COMMAND

adrf
nh

]

nE

adrR

adrs
n,ms

3

weRe
YLEn

agr/
adr!

EXP=

DEBUG

FUNCTION

“Open" means examine the contents
of a register or address
“adr” means an octal wemory address

Examine contents of ail uccumlators
Open aceuwrulator n

Examine all breaxpoint locations
Place a breakpoint at adr
Open count reqister for breakpoint n

Open the carry register

Deactivate all breakpoints
Deactivate breakpoint n

Punch n inches of tapy leader

open interrupt enable register
{Cnablud = 1, Disabled = £ )

Specify program starting location

Proceed with program sxecution
Frocued from the breakpoint and break
ayain the pth time 1t 1s encountervd

Punch memory in binary format from
adress n to gddress m inclusive.
funch end pleck of bDinary teps ...
lialt sfter loading

Jump to adr after loading

Open purch device registec

{Tho = @, ETE = b

Run, starting at address in L register
Bogin execution at adr

Seapch, priot menery contents from
2 thru 77777 inclusive

# thru adr inclusive

o thru m inclusive

Set bit pattern for sparch command
Mask says which bits to look at
Hord tolls value of digita to sense

Gpan teletype PONE flags register
(TTC DONE = Bit 1%, TTL DONE = Bit 19)

SPECIAL COMMANDS

Close current address
Clege cuyrent address & apen next one

Close curpont addross & aper previous ane

{* means shift 4 N]

Examine adr contents
Open address without pranting contents

Evaluate EXP (arithmetic expressich)
and give octal result



FASE

12

MESI
MESIW
MT3S
MIS5u
mi5T
FESTH
PAIK.
PICK.

ATH
oTa
LTAL
ETD
BTDU.
nrs -

BFINL
gLacr
Es
Lot ¥14
INT
INTR
OFTN
00
SAVE
Reugd

SLLUT
ATI]
ATDS
ERA5E
GETC.
CETT
GARAPH
KEY.
MAEY
PUTC.
PuTT
HEFDS
REAL
S5Im €
SECFE
TAPE

FRLTE

D,
CIVIa
MPYe
MY,

FIFERASA R ESE N R RN
& HEALTH TESTING hd STEVE STUMPH
*  SYSTEM ROUTINES =
LEEAALET LI TIT YT S T

*3% COMMELTS ®ea
INSEZRT MESSASE FROM KEYBDARD (EG. NAME}
SPAME WITHOUT END DF MLSSAGE CHAR (NWLL}
SEND A .TXT MISSASE TO THE SCOPE
SN RITHIUT €T 3 LF
SEND A TXT MESZACT 7O THE TTY
SAMT FITHOUT CR & LF
PACK TwO 8-2IT BYTES PER WORD
UNPACK «TXT MESSAGES

pes CONVERSICNS #&x

. Cinal -TO0- COPE BINARY

BINAFY =70~ CORE ASCI1 DECIMAL

LIFT Ju3TIFITD

CORE BINPMRY =1J- ZCTOFE ASCIT DETIMAL

CORZ BIMARY -TO~ CCRE ASCII DUCIMAL (UNPACKED)
KEYEJARD ASCI1 DECIMAL =T9- CORE BINARY

see INITIALIZATICN #os
INITIALIZEE A DUFFER FROM ACH
£ CLOTL

THALLT ERROR

LE B3GR
TNTERFQPT RETURN 1F USING CLOCK
INTERRUPT RE-ENTRY: POVER FAIL. ETC.
STLECT AN OPTION WITHIN A MAIN PROGRAM
SCLEIT A MAIN APPLICATICN PROGRAM

Y LIAULATIRS & CARRY BIT

SUTPUT MATDI™ DATA FRUM CIRCULAR BUFFER

CUNVERT DATA SA7/FLES FROM AMNALOG TO DIGITAL
SNTRY F3R ATDL AFTER INTERRUPT

CRT & REFOSITION XaJs» Y=14

READ A 7 BIT ASCI1 CHEAR FROM TTY

READ A TAPE CAZSETTE WORD

FLIT A C3T GRAPH DN THE CRT

FLsD A 7T BIT FROM SCOFE KLYBJARD

v 2RTA CRIPH NT = PRINTS

TYPE AN ASC11 CHAR OGN THE TTY

WATTE A TAPE CASSITIE WIED

ETRISITION SCIPE wXad, Yala) WITHOUT ERASE

TOATTID ENFUT

E GRAPH DATA FOR ORT

PRIKT A 7 EiT AITIL CHAR AN TEE SCOPE

BLCCK E/Q MANULER FOR CRS3ETTE

FORMATTIED OUTIPUT

ATHIVATITE a%x

MR SAVING ACCCMLLATORS

UNSIINED EHTEZSER DIVIRE '3 DAVING ACCLMILRATORS
SAPL YWe0 SAVIHG ACOUIRLATINS

UNSIGNED MULTIPLY wWr/0 SevING ACCOMULATORS

P .
GENERAL DESCRIPTION®

EACH OF THE NAMES OH THE PREVIOUS PAGE CALLS A SYSTEM
SUBROUTINE. THZ AME [5 STORED EN THE "BIO-LAGICS ASSEMELER™
SYMDOL TABLE AMD IS5 COMVERTED WITH A ".DUSR™ GOMMEND TO A
"JSR EXXA"e  THE "XXX™ IS A PACS ZERD ADDRESS WHICH CINTAINS
THE STARTING ADDRESS OF THT SUBRCUTINZ. THIS PIRNITS THE ACTUAL
ACDRESS TJ VARY WITHIUT AFFLCTING APRLIGATION PROGRAY ASSEMBLYS.
TREE ONLY TIME IT IS WECESSHAAY TO MEASSEMILE &4 APPLICATION
PROCREA 15 A MAJOR CHANGZ 15 M4DE 71 THI "BIO-L0NGICS ASSCMCLER™.
THIS KAS H4PPEINED QWLY CNHCE.

T ARE TWD TYPIS OF ZURRJUTINDS IN THE 5Y57
1) THE STUFLE TO USE, GIZUESAAL PUZPOSE ROUTINES. !
HAME KITH B ™. AT THE ENDe  TO USE THESE, a PRIGA £R
MERELY ENTEPS THE NAAZ IN MIS PRCGRAM, WiTH SUCCESSIVE Linzs
CONTAINING THE ARG TS FOR CRLLIGG THAT ROUT EXCEPT FOR ACD
HIMULATIR #23, willCH EZ LITSTRD 3y D T0 Cell
7 ALL 07 ZIT ARE

Tug =

.

FRIYARILY FOR USE
z SO WITH A ma7oAn

iT IS U2 TD TH§ USER TG PPEFARE

JaD ACCUT UL ATOR VELULS RIGUIRED RY THLESEZ POUTINES. THIS

TIVE IS5 AVAILACLE FOR A PROGRLOHER LI LANTS TO SAVE TREZ

{APPROXIMATELY) 1283 MICR)-SECCHDRS EATRA QVISHZAD RECUIRED TO

SAVE AND RESTORE THZ ACCUMULATORS.

2T

WITHIN THE SYSTEM ROUTIVES ASSEAILY LISTINGs A GINGEAL

RULE AAS FTI0 TO TGI8 THE N&'E CF An ENTRY FoInT o
FOR Cx.w5.vy THZ ROUTLNE CALLTD BY THE NAYME "WEY.™.

BE NANED “.4E¥T.  SiMILAR NAJES APE NSED FOAR CALLING
WHENEVER POISIBLE.

ALL NRTES USED FOR CALLING SYSTEM ROUTINES ARE RESERVED
WORDS5. AND GAMIIT BLC USED BY AN APPLICATION PROCRAMMER.
IN ADDITION, THERD ARE A NUMBED GF CON&IHLY LSED COUESTANTS wHICH
RAVE TUEIR NOJES CONTAINED SITHIY Tz M2I5-LuSICS AS LER® AND
THEIR VALUZS STOAEL IM PAGE ZERG WHE THE SYSTEM MIUTINES ARE
PRISENT -

»

i8



SPECIAL CONSTANTS CONTAINED IN PAGE 2EROL

THESE BUFFER VALUES SHOULD BE MODIFIED BY USER

BR =@ BUFFER BEGIN (ATD CONYERTER)
BE -9 BUFFER END

CLX3 =0 ADCR OF CLDCX USER PROGRAM
R = 15 CARRIAGE RETURN

LF = 12 LIKEZ FEED

Ll = 5] PANEL SWITCH CODE

5P = 42 ASCIT ELANK SPACE

YES = 58 PANEL SWITCH CODE

EERO = &8 ASCII ZERD

OCTAL CONSTANTSE

Cc7 = 7
cio = 18
ci1z2 14
[+-2 ] = 24
C2T. = 27 ATD BUFFER POINTER ADDRESS
C177 = 177 T BIT MASK
carr = 3717 % BLIT MASK
L42a LR 14
Ciago s 1428
DECIMAL CONSTANTS?
ms = 17
D28 = £00
p2p2 = 39
vz56 - AR
D273 = 42}
jake ) e 454
P13 » 456
Drzl2g = 1202
DTAED ® 15538

SEFIKE B10-LOGICS 170 DEVICESS

TTI = 1@ TELETYPE MEYBDARD

T7a = 13 TELETYPE PRINWTER

CRY = 28 SCOPE DISPLAY

KY =21 AUXILLARY KEYBOARD

5% = 22 PROGRAM SELECT SWITCHES
NTA = 23 MAGNETIC TAPE

ATD = 48 ANALOG TO DIGITAL CONVERTER

SPEGIAL ASSEMBLER HNEMONICSt

ACQ = 8

ACY =1

AC2 =2

AC3 =32

NOP = 431 MP el

SLT #,# w SKIP 1F ACH < ACH
SLE #»F = SKIP IF AC#cm ACH
SEQ #s# 3 SKIP IF AC2 = AC#
SNE 2,8 = SKIP JF AC#«<» ACS
SGE #,9 = S<{IPF IF AC#»= AC#H

SGT #.4 SKIP IF ACZ » AC#

*¢e8 MESSAGE HANDLING #=#%

ALL MESSAGE HANDLING RQUTINES HAYE CHARACTER ADDRESSING
GCAPABILITIESs SINCE WE PACK TWO ASCII CRARACTERS PER WORDe A METHOD
IS5 NEEDED TO DESIGNATE THE LEFT OR RIGHT CHARACTER. BY SUPPLYING
A MESSAGE AODRESS MULTIPLIED BY 2, THE RIGHKTMOST OR LEAST SIGNIFICANT
BIT CAN BE USED AS A FLAG TO INDICATE WHICH HALF OF THE WORT (S BEING
ADDRESSED- AN EVEN NUMBER (EERQ) SELECTS THE LEFT CHARACTER AND AN
ODD NUMBER (ONE) SELECTS THE RIGHT CHARACTERe. THIS TECHANIQUE IS
FURTHER EXPLAINED [N “HOW TQ USE THE NOVA", UNDER TBYTE MANIPULATION®.

ASSEMELED
ADDRES3 IMSTRUCTION MHNEMONIC EXPLANATION
KEXXX PREXKX MESE 5 JSR #XXX
KENXX 92205% Mix2+15 3 MESSAGE ADDRESS = 2 + |5 OCTAL CHARS
ccase 7 SUBROUTINE WILL “RETURN™ 7O HERE
19Z@ KKXKXR ™l *TXT"PATLENT ACE: b

INSERT A MESSAGE STARTING AT THE 15TH OCTAL ()3 DECIMAL?
CHARACTER QF A .TAT 3TATEMENT LABELED "M1™. THE FIRST 14 QCTAL
CHARACTERS WILL REMAIN UNCHANGED, BUT ALL PREVLIOUS CHARACTERS WHICH
FOLLCW wltL BE ERADICATED 3Y THE NEW MESSAGE. A CAFRIAGE RETURN ON
TAE KEYBOAND [QDICATES THE END OF THE MESSAGE TO BE INSERTEDa THE
CARRIASE PETURHN GOZS INTO CORE AS A Nylbk (ALL ZZR05)Y CHARACTERs wHICH
THE MESSACT OQUTFUT ROUTINE RECAGMIZES AS AN END OF MESSAGE.

“MESIW" WORKS THE SPME WAY AS "MESI™ EXCERPT THAT THE NULL
CHARACTER 15 NIT ENTERED. THIS ALLOWS INSERTING A KEISSAGE INTQG THE
HIDDLE OF ANOTHER MESSAGE. EXAMPLE:

BEFOREY TXTMAGES YEARS"
AFTER:  «TXT"AGE: 24 YEARS"™

A
1820 KXXXXX ™l «TXT"PATIENT AGEt *

FEEARF LA R ARERE R
*oks CAUTION ssex
SIRRTRRERE RN ER R TN
WHEN USING ANY OF THE COMMENTS ROUTINES HAVING “wW" (wiTHOUT
CARRIAGE RETURN) IN THEIR MAMES: MAKE SURE THERE IS A MULL CHARACTER
AT THE END OF THE I[NTENDED STRINGs THE ABOVE EXAMPLE CAUSES NO
PROBLEM. HOWEVER, THE FOLLOWING CASE WILL CAUSE ENDLESS GRIEF IF
“HESIW™ I5 USEDY

11 «TXT"AGE™ HORRORS (1t
LIRS «TXT"AGE " 5 THIS i3 OX AS LONG AS THE MESSAGE
5 ENTERED IZ 4 CHARACTERS OR LESS

MESIwW
Mi*2+4 § INSERT AGE INTO THE MESSAGE

g8
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to calculate the total volume breathed. This value is then divided by
the mumber of minimims and maxirmms to calculate the tidal volume, or
average volume per breath (in milliters). The time for the first
minimum, (or maximum) is subtracted from the time for the last minimum
(or maximum) and this is divided into the number of breaths. This
figure is then used to calculate the respiratory rate in breaths per
mimute, The total volume is multiplied by four (assuming a 15 sec.
test) to obtain minute volume, or estimated volume breathed per minute.
Tinally, the first maximum and minimum are averaged, then the last
maximum and last minimum are averaged. When the former is subtracted
from the later, the result gives the base line shift in milliliters.

The base line shift means the following: total air inhaled
equals total air exhaled only under ideal conditions. A positive
base line shift means more air was inhaled than exhaled, -i.e,, air
was trapped in the lungs. A negative base line shift means more
air was exhaled than inhaled. Significant drift in either direction
is a probable indication of pulmonary disease,

This program will attempt to interpret the data it accumulated,
regardless of the patient's breathing limits. It is the operator's
or doctor's decision to accept or reject 4 breaths in 11-seconds {as
an example) sampled during the 15 second test periods, as long as
there are at least twe complete breaths,

The vital capacity routine samples until it detects the maximum
volume prior to exhalation. It stores the maximum and its assoclated
time and begins search for the volume 200 ml below the maximum. On

finding this volume, it stores the time for determining the one
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