@ https://ntrs.nasa.gov/search.jsp?R=19780013809 2020-03-22T04:01:34+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



T .
PRI e

173kl

TN

TECHNOLOGY INCORPORATED

LIFE SCIENCES DIVISION

(NASA-CR-151688) MICROPROCTSSOR-BASED N78-21752
CARDIOPULMONARY MONITORING SYSTEM

Inc., Houston, 1ex.) o :
S by : : CSCL 06B Unclas

A13/MF AO1 G3/52 14079

SPECIAL REPORT

Microrrucissor-Based Cardiopulmonary Monitoring System

CONTRACT NAS 9-14880
National Aeronautics and Space Administration

Lyndon B. Johnson Space Center ﬁ
Houston, Texas 77058

EL CAMINO REAL HOUSTON, TEXAS 77058

T PR #,,_L AW . A e ? o _"'.- p—




i

T
.4

i

By

[

[

sy

TABLE OF CONTENTS

1.0 INTRODUCTION
2,0 EXPERIMENT DESIGN
3.0  PHYSTOLOGICAL PROCEDURES

3.1. Pulmonary Function Test (PFT)
3.2 Phys1o1og1ca1 Time Constants/PuTmonany Blood Flow (PTC/PBF)
3.3 Gas Exchange Ca1cu1at1ons

4.0 HARDHARE

4,7 Microprocessor
" 4.1.1 Microprocessor ModiTe _ :
4.1.2 Microprocessor - Parallel Line Unit {PLU)
- 4.1.3 Microprocessor - Serial Line Unit (SLU)
A.1.4 Mi croprocessor Read-0nTy- Memony Module (ROM)
4.1.5 Microprocessor - A/D Converter L
4,7.6 Microprocassor - Power-Up and Oscillator Circuit
4.1.7 Microprocessor - Interrupt Acknowledge
4.2 Control Panel
4.3 Panel Printer
4.4  Physiological Instrumentation
-4;4.1 jMass;Spectrometer-_
4,4.2 Spircweter
A 4.3 ECG Preamp11f1er

3 I | I 1

5.0 SOFTHARE |
5.1 Pu]monany Function Module
“UBLT.1 Mass Spectrometer Calibration (CAL M)
5.1.2  Nitrogen Washout Module {W0)
--5.1.3 Forced Vital Capacity. Modu1e (FVC)
5.1.4 Report Module (RPT) |
5.2  Physiological Time Constants/Pu1monany Biood F10w
" Module (PTC/PBF) - R -




5.3

~ APPENDICES

A

T o m Mmoo w

.-

-

5.2.1 Mass Spectrometer Calibration (CAL MS)

5.2.2 Room Air Calibration Module (ROOM)

 5.2.3 Start Module (START)

Specific Device Handlers

5.3.1 Controi Pnne1 Software
5.3.2 Panel Printer Software
5.3.5 Mass Spectrometer Handler
5.3.4  Spirometer Handler

5.3.5 Conversion Routines

Glossary of Acronyms and Abbreviations
Spirometer Calibration
Pseudo-Cubic Spline Fit

" Schematics and Wiring Lists- - - -

Device and Register Assignments

. Program Flow Charts

Operating Instruct1ons
Program Listing

RA

-



— SGED
ERY R NWRY Ly
'_ | ] 3 njo . 3 [ ]
. »

N

]

sty
ISV

!
. D2

i ¥y
o
—
o

D12

- I
A ¢

-Microprocessor Control Panel

Panel Printer Timing

Sample Qutput

Appendix D'Afsthematics”and'wiriﬁg Lists

KDT1-F CPU

Labeled Control Panel (for Wiring Lists)
~ Control Panel - DRV1TA - Wiring List
o o - " ‘Appendix E - Device and Régistefrﬂssighments.
- LSI-11 Power Reguirements .

- Control Panel - DRV1IB - Register Assignments

Mass Spectrometer Timing Spec1f1cat10ns .
~ A/D Converter Specifications o

FIGURES

Nitrogen Washout, Single Breath Maneuver v
Oxygen Concentration vs. Carbon Dioxide Concentration Dur1ng Exhalat1on
Rack Mount Configuration

Cardiopulmonary Monitoring System Hardware

Program Organization -

A/D Signal Connection -

LSI-11 Power-up Circuit

LSI-11. Timer Circuit

DRV11 Interrupt Acknowledge Circuit

Contro! Panel - DRV11B - Wiring List

Spirometer Dump Valve Circuit

Spirometer Volume Buffer and ECG Output Circuits
Panel Printer Connectors - Wiring List

Panel Printer Control Circuit

OTR1 Board Configuration in the LSI-11 Chassis
OTR1 Device Address Ass1gnments

DRVTT - Parallel Interface - Status Reg1ster
DLV11 - Serial Interface - Status Register
Control Panel - DRV11A - Register Assignments

Panel Printer - DRVIIC - Register Assignments
ADAC - Analog-to- D1g1ta] Converter - Status Reg1ster

Printer Timing Diagram
o TABLES

Parameters Derived from Forced Vital Capacity (FVC) Maneuver

. -Parameters Derived from Nitrogen Washout Maneuver .. -
Parameters Der1ved from the Comh1ned Ng Nashuut and FVC Maneuvers

iii




1.0 INTRODUCTION

=.£' o _ - The results of physiclogical investigations during the Gemini |
i - and Apollo programs led to certain hypotheses doncerning man's physiof
19gica1_adaptation to zero-gravity. Investjgation of some‘of these
l_J; . - hypotheses required measuremenf_of pulmonary blood f10w‘(cardiac‘, -
) output)'durihg exercise and parameters describing compartmental .
1, A - yolumes of the Tung obtained by standard puimonary‘function tests.
i o " These investigations were conducted pre- and post-~flight during the -

Skylab program. -The results of these investigations indicated a
" need for monitoring. the time -course of observed changes after in- -
sertion to zero-gravity.
Fln T © 7 In the previous Spacelab-simulations, experiments demonstrating
potential Shuttle experiments investigating puTmonary blood fTlaw .-
““and puTmonary function were prbbbgédg71Mp1émEnféd; and conducted: -
Valuable knowledge abotit procedures; time-lines, rEquiréments*'

documentation, and other facets of implementing a Spacelab experi-

[T H

‘ment was gained, in addition to demonstrating the scientific value

of the experiment.

J o

2.0 EXP‘E}iIM”ENT'-'DEs"IGN
' i. | After the prev1ous 51mu1at1on, the crew members offered several

2 suggest10ns “for 1mprov1ng operatlons of the experTment hardware In

-€~ the exper1ment system, data were acqu1red and ana?yzed by a ded1cated,
it 3:“ T general purpose m1n1computer, and the Flow of the computer software o
- was controTTed through a standard computer term1na1 As a result,
"%} }'} - o 1t was necessary for the crew members to 1earn to operate the )
0
T e — e - - A -




computer in addition to learning to perform the experiment. This
increased the training reguired and potential sources of experiment
probhlems.

In addition, the system, as implemented in the previous
simulation, was not representative of hardware that will be flown
on Shuttle. First, the monitor system was large (1 1/3 racks) and
required substantial power (1000 watts). Second, all data were
stored on mass storage devices in the experiment system; no inter-
face to an onboard data system was included.

The experiment system has been tota]ly'reqesigned. Instead of
using a general purpose minicomputer for transducer control and data
acquisition, analysis and storage, the system uses a dedicated micro-
processor for transducer control and data acquisition and analysis.

No data will be stored in this system, but the data will be trans-

mitted to the on-board data system. In comparison, the data system

will require approximately 12 inches of rack space versus 1 1/3

racks, and will consume only 100 watts versus 1000 watts of power. The
computer console and terminal have been réplaced by an experiment specific
‘controtl panel. This control panel, through a series of lighted buttons,
will guide the operator through the test series providing a smaller margin
of error.

It was the purpose of this OTR-fo evaluate different aspects of this
new system. The experimental validity of the system was verified, and the
reproducibility of data and re1iabi1ity of the system checked. In addition,
improvements in ease of training, ease of operator interaction, and crew

acceptance were evaluated in actual flight conditions.




To minimize subject interaction with the hardware and thus
minimize both time expended and possible operator error, an
experiment-specific control panel has replaced the standard
computer console.

The experiment control panel (Figure-1) uses a series of step-
monitor lamps and 1ighted pushbuttons to guide the subject through
the test. The panel is separated into four modules (from left to
right, front view): Module 1-Initialization, Module 2-Pulmonary
Function Test (PFT)}, Module 3-Physiological Time Constants/
Pulmonary Blood Flow (PTC/PBF) and Module 4-Qutput. The Initial-

jzation Module provides subject and mass spectrometer identification

‘and test selection (PFT or PTC/PBF)}. The PFT module guides the

subject through Nitrogen Washout and Forced Vital Capacity Maneuvers.
The PTC/PBF module controls an exercise protocol which includes
cardiac output maneuvers (also cued by panel 1ights). The output
module includes the controls for selection of the output devices
{printer, video, and/or on-board data system). Computer controlled
sOftwareAilluminates the pushbuttons to cue the next step and then

after the button is depressed, 1ights the corresponding green light

to indicate the process CUfrently taking pTace.

Program execution starts with the initialization of all signals

on the I/0 Bus and the 1ighting of the IDLE 1light and the two buttons

~ within Module 1 on the control panel. The subject selects the de-

sired output device(s) in Module 4,'and then returns to Module 1 to

enter the subject number, mass spectvometer type and the desired test

-
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(depress either.PFT or PTC/PBF). The appropriate test light at
the top of Module 2 or Module 3 is 1it. From this point on,
pushbuttons are 1it as cues to the next step and the green monitor
Tamps are 1it to indicate the current process taking place,

The Pulmonary Function Test is started by calibrating the mass
spectrometer (CALMS). If the calibration is successful, the WO
button is 1it; otherwise, the CALMS button is relit. After hoses
have been attached between the mouthpiece/valve assembly, the
oxygen supply, and the spirometer, the subject depresses the WO
button. He then inspires room air and inserts-the mouthpiece
into his mouth. Next, he exhales slowly to residual volume (RV),
inspires a vital capacity (VC)} of oxygen, and again exhales slowly
to RV. This initial maneuver should take 10~15 seconds. The sub-
ject continues to breathe normally with the mouthpiece retained
in his mouth until the washout is complete. Buring the entire
washout maneuver, the tidal volume and the FNé for each breath is
displayed on the video monitor and/or the panel printer. The end
point is signaled when the green WO Tight goes off and the yellow

“FVC button is 1it. This end point is also indicated by watching
for two consecutive FN2<3% on the video monitor or the printer.
Next, the washout hoses are stowed and the FVC hose is attached to
the spirometer exhalation port. A cardboard tube is inserted in the
hose. The FVC maneuver pfOCeeds as follows: Depress the FVC puéﬁ-
button (its light turns off and the green monitor lamp is 1it), don
the noseclamp, inspiré maximally to total lung capacity, place the

mouthpiece in mouth, and exhaie as rapidly as possible to RV. At




this point, the RPT button is 1it indicating compietion of the FVC
maneuver. The subject now depresses the RPT button to display the
PFT results on the printer and/or video monitor. The tést is compiete
when the printout is finished and the END TEST button is 1it. If
the subject wishes to repeat any of the maneuvers, he pushes the
desired button and proceeds from that point (this also holds true
at any other point during the test when a button is 1it). Depress-
ing the END TEST button returns control to Module 1 and the system
awaits further subject action (depressing PFT or PTC/PBF button).

The Pulmonary Blood Flow Test also starts out by calibrating
the mass spectrometer (CALMS). If the calibration is successful,
the ROOM button is Tlit; otherwise, the 1ight is relit requesting
a re-cal. The subject then attached a flexible hose‘bétween the
spirometer and the mouthpiece. The mass spectrometer capillary is
exposed to ambient air while the ROOM button is depressed. Successful
sampling of room air is indicated when the START button becomes Tit;
otherwise, repeat the ROOM air sampling procedure. HNext, insert the
capillary into the mouthpiece. Vehify that thé subject has donned
the ECG electrodes and the blood pressure cuff. Insert mouthpiece
assembly into mouth, don noseé]amp'and depress the START pushbutton.
Breathe normally until the computer requests a cardiac output maneuver
(that is, when the Q pushbutton is 1it). When the Q pushbutton is
1it, the computer expects to see a single breath maneuver within the
éubseqﬁent minute. To perform a cardiac butput maneuver, the subject
inspires a slightly larger than normal breath of air; depresses the

Q pushbutton, then ekha1és fu11y'but slowly aﬁ a conétant flow rate.

R e e RS S S




If the initial maneuver is thought to be unsatisfactory, the sub-
ject may repeat the procedure anytime within that minute after de-
pressing the Q pushbutton again. The test is terminated when the
END TEST pushbutton is 1it upon compietion of the five-minute
protocol. During the test, data are output to the video monitor

and/or printer every minute,




3.0

3.1

PHYSIOLOGICAL PROCEDURES

Initial investigations concerning man's response to weightless~
ness required the measurements of pulmonary blood Tlow during exer-
cise and parameters describing comparthental volumes of the Tung
obtained by standard pulmonary function tests. These investigations
were conducted pre- and post-flight during'the last three Apollo |
flights, and during the Skylab program.

The three experiments (pulmonary function, pulmonary blood flow,

~ and physiological time constants) supported by this data system, have

been conducted in a laboratory environment, previous SMS tests, or

both. A similar complement of transducers is used to monitor totally

di fferent parameters., This common use of equipment allowed all three
experiments to share the data system, transducers, and software device
handiers, with only the control and analysis sofiware being unique for
each experiment., The only resulting restriction is that certain experi-
ments are not able to function concurrently. The two experiments that
can function concurrently, pulmonary blood Flow and physiological time
constants, monitor tﬁe same parametars, but differ in normalization

times and reporting time intervals.
Pulmonary Function Test

This particufar pulmonary function test represents a logical exten-
sion of knowledge gained during Skylab investigations which included: in-

flight vital capacity measurements, and measurement of maximum sustained

“minute ventilation (maximum exercise testing) together with the evaluation

 of ventilatory equivalents (GE/QOZ) during rest and exercise.
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Although these measurements permitied only gross evaluation of pul-
nbnary function, they were sufficient to show that man can endure
3 months exposure to zero-g without serious pulmonary impairment.
However, this exposure included a daily regimen of strenuous physical
exefcisé. An app?oximate 10% decrease in vital capacity was observed
although the crewmen were able to sustain exceptionally high maximum
ventilatory rates. These high ventilatory rates were possible because
of the 3.47x10° N/m2 (5 psia) ambient pressure.(Life Sciences SMS 11,1977).

The integrity and proper function of the body require adequate
oxygen delivery to and carbon dioxide removal from the body tissues,
Thus, the primary function of the pulmonary system is to arterialize mix-
ed venous blood through elimination of carbon dioxide and addition of
oxygen. This is achieved by ventilation which, in turn, is a function
of tidal volume, respiratory frequency, and intrapulmonary distribution
of the respired air. Superimposed upon these gaseous factors are the
quantity and distribution of pulmonary blood flow. It is believed that
the measurements proposed herein comprise the minimum number necessary
to quantitate pulmonary function in zero-g, thereby providing data to
support the contention that wan could be qualified for space f]ights
of long duration.

A simple,useful test of pulmonary function is the measurement of a
single forced expiration. The subject inspires maximally and then ex-

hales as hard and completely as he can. The volume exhaled in the

first second is called the forced expiratory volume or FE\!1 0 and the

~ total volume exhaled is the forced vital capacity or FVC. The mean




flow rate occurvring between 0;2 and 1.2 L of the expired gas volume is
the maximum expiratory flow rate or MEFR. The rate of air flow during
forced expiration in a healthy young man is initially very rapid, though
there s considerable slowing at the end-expiration. A marked reduct-
jon in flow rates indicates that a mechanical problem exists which

may be present during expiration or inspiration, or both., The

maximal flow is limited by the rate at which the muscles are able. to
transform chemicaj energy into mechanical energy and also by a rising
flow resistance. Thus, the flow rates are reduced in persons who
have any airway obstructions (Comroe, 1970). _

In the curve generated by the FVC data (volume vs. time), the in-
itial and terminal portions are relatively variable due to non-broncho-
pulmonary factors present during these phases of expiratory effort, The
terminal phase involves neuromuscular factors, such as maintenarce and
coordination of effort. The initial phase not only involves neuromuscular
factors, but also mechanical equipment factors as well, such as inertial
distortion. The measurement of maximum midexp{ratony flow rate or MMFR,
avoids both initial and terminal phases of the,expiratory effort,
Altheugh MMFR is slightly less reproducible thaﬁ other commonly used
measurements of ventilatory capacity, 1ts.5ensitiyity more than makes
up for this disadvantage.

The forced vital capacity, forced expired volume, and expiratory
flow rates are relatively easy to measure using simple spirometry
methods. Since there is always a residual volume in the Tungs that

cannot be expelled by maximal expiration, this volume must be measured
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Measurement Definition

Forced Vital Capacity (FVC) The maximum volume of air that can be ex-

haled in the smallest possibie time.

Forced Expired Volume - The maximum volume of air that can be
1 sec. (FEVI) exhaled in 1 second.
Maximum Expiratory Flow The mean flow rate between 0.2 liters

Rate (MEFR) and 1.2 liters of the forced vital

capacity maneuver.

Maximum Midexpiratory The mean flow rate for the middle half

Flow Rate (MMFR) (0.25*FVC to 0.75*%FVC)} of the forced

vital capacity maneuver.

‘PARAMETERS DERIVED FROM FORCED
VITAL CAPACITY (FVC) MANEUVER

TABLE T
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Measurement

Residual Volume (RV)

N2 Delta

Closing Volume (CV)

VA/RYV

‘Vital Capacity (VC)

Definition

The volume of air remaining in the Tungs

after a complete exhalation.

The change in nitrogen concentration (%)
between 0,35*VC 1iters and 0.65%VC BTPS
Titers of the first exhalation after the
first inhalation of 100% oxygen, This is
the slope of the alveolar plateau of the

so-called single-breath washout test.

The volume of air displaced from the apices
following airway collapse at bases near the

end of a full exhalation to RV,

The amount of alveolar oxygen ventilation
required to washout one liter of residual

volume from the lungs.

The maximum volume of air than can be ex-.

haled starting from full inspiration.

PARAMETERS DERIVED FROM NITROGEN WASHOUT MANEUVER

TABLE 11




indirectly.

Traditionally, the single breath maneuver for measuring vital
capacity (VC) and the nitrogen washout maneuver for measuring residual
volume are performed as two separate maneuvers. To minimize subject |
interaction with the hardware and thus minimize both time expended
and possible operator error, these measurements were intégrated S0
that only two subject activities were requived during the maneuver.
The first required the subject to don a noseclip, p1acé the mouth-
piece of a respiratory valve assembly in his mouth, and exhale compliete-
Ty to a residual volume {RV). The subject then took a full inspiration
of oxygen (inspiratory vital capacity) and following that he again
exhaled (at a Tow flow rate) completely to RV. After this initial
activity, the subject continuad to breathe normally through the
mouthpiece hnti] his end-tidal nitrogen level was below 3% on two
consecutive breaths (approximate]y:3 minutes). |

The second activity requires the subject to perform a maximum
flow/volume inhalation and exhaTafion. Total fest time was reduced
by comb1n1ng both procedures.

The open c1rcu1t or nitrogen washout method 1nv01ves the finspira-
tion of pure oxygen and expiration into a spirometer. If the subject
has been breathing air, the gas remaining in his lungs is 78% nitrogen.
As he begins to breath the pure oxygen, it will mix with the gas stil]
in his Tungs and a certain anbunt of nitrogen will "washout" with each
breath. By measuring the amount of nitrogen in each expired'braath

a washout curve is obta1ned from which the volume of air in the Tungs




initially can readily be caTcu1ated. The initial alveolar nitrogen
concentration is the maximum nitrogen fraction (FNZI) recorded during
the first expiration (before inspiring pure oxygen). The alveolar
nitrogen concentration after washout is the maximum FNZF recorded dur-
ing the final expiration. Using these alveolar concentrations and the
total volume of nitrogen exhaled, the functional residual capacity (FRC)

can be determined using the equation:

N, Volume Exhaled - 0.0312T

2

FRC =

Max. FNZI - Max. FNZF

The 0.0312T, a traditional correction factor based on subject body sur-
face area and the time of washout, represents the amount of nitrogen
washed out of the biood and tissues. Since the FRC is the volume of

gas remaining in the lungs at the end expiratory level, the difference
between the the FRC and the amount of anatomical dead space in the Tungs
(approximately 0.02 Titers) is the residual volume. . The residual volume
represents the air that cannot be removed from the lungs even by force~
ful expiration. This is important because it provides air in the alve-
oli to aerate the blood even between breaths.

After the residual volume is computed, the VA/RV ratio is computed
by dividing the total volume of gas exhaled by the residual volume. This
ratio represents the amount of alveolar oxygen ventilation required to
washout ohe liter of residual volume from the Tungs.

Uang the éing1e-breath portfon'of the data,(Figure 2), the maximum

volume recorded during the exhalation is stored as the vital capacity (VC),
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that is, the maximum volume of air (in liters, BTPS) that can be exhaled
startﬁng from full inspiration.

Following a single inspiration of 100% 02 s the Nz-concentration
rises as the dead space gas is increasingly washed out by alveolar gas
(Figure2). Finally, an almost uniform cus concentration is seen rep-
resenting pure alveolar gas. This phase is often called the alveolar
plateau. The slope of the alveolar plateau can be computed using the
volume/nitrogen concentration pairs from the singTe breath maneuver.

The data pairs {volume, FNZ) corresponding to 0,35%VC and 0,65%VC

are used in a linear regression routine to cdmpute the best straight :
Tine expressing nitrogen fraction as a function of vélume within the
0.35YC to 0.65YC interval. The slope of this Tine multiplied by 100
is the slope of the alveolar piateau in %/L.

Using tﬁe Tinear regression line from above, the closing volume
can be found by searching backwards from the maximum volume through the
volume/nitrogen concentration pairs until the first FN, less than the
predicted FN, is found (Figure2)., The volume at this point is sub-
tracted from the VC and stored as the volume of air displaced from the
apices of the lung following airway closure at the base of the lung near
the end of a full exhalation.to RV, or Closing Volume (CV).

Looking at Figure -2, the abrupt deflection of N, towards the end
of the expiration defines the closing volume (CV). This pattern has been
interpreted by the following sequence of events. When starting the man-
euver from maximal expiration, a Targer fraction of the RV is contained

in the upper parts of the lung than in the dependent regions. During
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the succeeding inspiration of 02, the Nz in the lower lobes becomes more
diluted than in the upper ones. During the following slow expiration
the upper and lowei regions both contribute to the alveolar plateau
but toward the end of expiration, some of the airways in the dependent
zone coliapse due to compression and reduce the contribution with Tow
N2 to.the expirate. At this point the contribution from the upper
regions with high N2 predominates, producing the upward deflection of

| NZ' The closing volume increases when the elastic recoil of the lungs
and/or the caliber of the smaller airways are reduced. So far, know-
ledge of the CV seems to be pahticu]ér]y helpful for detecting early -
pathologic conditions in the airways. It might also be useful in the
evaluation of more advanced stages of pulmonary disease with respect to
progression or regression of the disorder or the effacts of therapeutic
measures. To date, there are relatively few reports concerning the CV
phenomenon anq its relation to other tests of pulmonary function.
(Lovelace, 1975).

Once the forced vital capacity maneuver and the nitrogen washout
maneuver have been completed, the resuiting data are combined to produce
a set of secondary pulmonary function data (Table III).

The total lung capacity (TLC) is the total volume of the lungs at
full inspiration and can be computed as the sum of the residual volume

- (RV) and the vital capacity (VC).

Four ratios are then determined from the combined data. The first
-is the percent of forced vital capacity (FYC) that can be expired in one
second (FEVT.OIFVC). In restrictive diseases (ex. pulmonary fibrosis),

both FEV and FVC are reduced but characteristically the FEV; o/FVC % is

" ; ;) hmimk o B - - 2 | L - - o T e




Measurements

Total iLung Capacity (TLC)
(TLC=RY+VC)

FEV1/FVC%

FYC/VC%

CV/VCY

CC/TLC%

Description
The total volume of the lungs at full

inspiration.

The percent of forced vital capacity

that can be exhaled in one second.

The ratio of forced vital capacity to

vital capacity expressed as a percentage.

The ratio of closing voiume to vital

capacity expressed as a percentage.

The ratio of the sum of residual
volume and closing volume to total

Tung capacity expressed as a percentage.

" PARAMETERS DERIVED FROM COMBINED FORCED VITAL
CAPACITY AND NITROGEN WASHOUT MANEUVERS

TABLE 11
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normal or increased. In obstructive diseases (ex. bronchial asthma),
the FE‘.’LCl is reduced more than the FVC giving a Tow FEVI.OIFVC %
(West, 1974).

The third ratio is the ratio of the closing volume to vital
capacity expressed as a percentage. Normal CV in young norma1 adults
is about 10% of the VC. The CV increases with age and, usually by the
age of 65 years, it is equal to 40% of the VC (West,1974),

| The final ratio’is}the sum of the residual volume and the closing

volume, divided by the total lung capacity. |

The data system for this experiment (PFT) interfaces with the

on-hoard-data-system and transmits certain data to it. These data

include the parameters in Tables I, 1I, and III, In addition, the sam-

pled data for the single-breath portion of the washout and the sampled
data for the FVC maneuver is transmitied to "ground" and recorded for
“ground" processing ("ground" is referring to the earth, as in trans-

mission from the spacecraft to the "ground").

3.2 Physiological Time Constants/Pulmonary Blood Flow (PTC/PBF)

Significant changes in thelalstmnaui:‘s'l cafdiovasculaf aﬁd cardio-
pulmonary systems as a resu1t of exposur@‘to‘the zero-g environment of
space have been cbserved during the Apollo and Skyiab programs. Tests
on Skylab astronauts revealed significant reductions in blood flow and
stkoke volume in the immediéte.post-fiight pefiod. stéady state heart
rates obtained during exercise stress tests wgre-eievated. Systolic

time intervals were significantly altered. -Theée parameters returned to




preflight vﬁ]ues within two weeks after the flight.(Buderer, 1976). A1
of these parameters were obtained during sieady state conditions. It
was hypothesized that'these changes were associated with the replen-
ishment of blood volume Tlost during the period of weightless exposuve.
This blood loss is presumed to occur as a result of a cephalad shift

in blood volume accompanying entry in to the zero-g envirenment. (Life
Sciences SMS II,1977). Thus, in zero-g, blood tends to be shifted from
the Tower extremities and abdomen toward the thorax and the head.

It has beeﬁ postulated that the increased thoracic or “"central"
blood volume encountered in zero-g will produce at Teast transient
increases in pulmonary blood flow (cérdiac output) and more uniform
pulmonary perfusion. The lead times required for the Skylab medical
experiments did not allow for the inclusion of the in-flight measurements
of pulmonary blood flow, and thus the presence of these flow transients
could not be verified. It has also been demonstrated that the time
course of various cardiopulmonary parameters during exercise stress
testing is ralated to the physical condition of the subject. The tran-
sient responses of cardiovascular parameters have never been observed
on astronauts before, during, or after space flight. However, the

Physiological Time Constants experiment was inciuded in SMSII. (Life

‘Sciences SMSII Report, 1977).

The purpose of the Puimonary Blood Flow experiment (PBF)} was to
develop an experiment which would measure the time course and magnitude

of changes in central blood flow and volume relationships in zero-g,as

~determined by measurements of pulmonary blood flow (cardiac output), as




well as to provide information on the initial effects of zero-g on
peripheral circulatory function. The parameters of interest are

heart rate (HR),'?OZ, QCOZ’ minute volume (&e), respiratory rate (RR),
cardiac output (Q), systoilic and diastolic blood pressures (SBP and DBP).

Similarly, the purpose of the PTC experiment was to develop a
method of evaluating the dynamic response of the cardiopuimonary
system during exercise stress tests. The parameters of interest are
heart rate (HR), oxygen consumption (\.!02), carbon dioxide production
(VCOZ), and minute ventilation (Ve).

Because of the similarity of measurements, protocols, and trans-
ducers involved, these two experiments are conducted at the same time.
The data requirements for both will be documented as a single set of
requirements.

It is the functional objective of these two experiments to
quantitate HR, workload, oxygen consumption, carbon dioxide production,
minute volume, respiration rate, cardiac output, systolic blood pressure
and diastolic biood pressure. Heart rate is measured by using an ECG
preamplifier to identify each QRS complex of an electrocardiogram, then
counting the beats over the specified interval. For PBF, this interval
js for one minute; for PTC, five seconds. Workload is samplied every &
seconds. - For PBF, each minute; the corresponding twelve Samp]eé are
averaged to represent the workload for that minute. For PTC, the sampled
workloads are saved.’ Oxygen'consumptioh}.carbon dfOXide production, and
minute volume are calculated on a breath-by-breath basis as described

later in the gas exchange'ca1cu1atidhs. For PBF, these values are summed
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over the reporting interval (1 minute). For PTC, the values for each
breath, and the elapsed time from the start of the test until that breath
is saved, Systoiic and diastolic blood pressures are determined for
PBF by sampling the output of an automated blood pressure system at the .
end of each reporting interval.

The procedure for determining pulmonary blood flow (cardiac
output) analyzes the gas concentration at the mouth during a single,
prolonged exhalation. During any exhalation, the gas concentration at
the mouth changes, with oxygen concentration decreasing and the carbon

dioxide concentration increasing. These changes in concentrations are

 not linear, as shown in Figure 3,

The cardiac output maneuver requires the subject to take a slight-
1y 10nger than normal exhalation, depress the Q pushbﬂtton whether
mounted on the ergometer Or the test control panel, and then exhale
s10w1y-at a constant flow rate. Ddring the maneuver (next exhalation),
data pairs of 0, fraction (FOZ) and €0, fraction (FCOZ) representing
the éurve in Figure 4 are stored for further analysis. This storing
of gas concentrations does not interfere with the computation of gas
exchange valueé, but bccurs in addition to these COmputatibns. Because :
the sampied data are used to describe the curve of FCO2 VS, F02, not
each of these versus time, the sampiing'pfdcedure does not simply sample
at a fixed frequency. Gas pairs are sampled and checked fromvthe be-
ginning of the éxha1ation to.fhé énd of the exhalation, If the'FOZ, FCO,

data pair does not meet the following restrictiohs, it is not stored for
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use in the analysis routine:
1)  The COz fraction must be greater than 0.02 (2%)
Data below this level is not consistent with method
assumptionss

2) The 02 fraction must be less than the previous stored
02 fraction by at least 0.0025 (.25%).

The later criterion guarantees that the FO2 values are monotonic, a
necessary assumption for many derivative methdds.

After the end of the breath, the FCOZ, FO2 data pairs are
analyzed by first finding the derivative of FCO2 with respect to
FO2 for each pair. The analysis which has given the best resu]ts
to date has been the cubic spline, described in Appendix C (Lovelace,
1973). For each point (except the end poiwvts), the instaneous in-
spiratory respiratory exchange quotient (R at each data pair), R st
is determined from the Tollowing formuTa:.

_ 5 - (s*F0,) - FCO
Rinst - 2 2
! T=(5%F0,) - FOO,

where s is the negative (or absolute value) of the derivative at the

sampled data pair. These R values are then used with FCO, to

inst
compute a Teast squares Tinear regression of FCO2 as a function of R

and is used at the end of the reporting interval to calculate cardiac
output (Q) using the Formula:

y
S
4,7 x slope

. x 1000
Q:

inst.
The absolute value of the slope of this regression is stored for output




1

e

where: VO2 = oxygen consumption (liters, STPD)

slope = -1 X slope of the R FC0, regression Tine

inst ~
4,7 = slope of the standard carbon dioxide dissociation
curve (mi1/1iter/torr PCGZ)

|
|
|
|
: l
Q = cardiac output (1iters/minute) . _ :
o |
The data from the PBF experiment is printed on the panél printer |
!
and is transmitted to the on-board-data-system each minute. The data
from the PTC experiment is transmitted to the on-board-data-system each

minute.
Gas Exchange Calculations

The functional objective of the gas exchange cﬁ1cu1ations in this
experiment is to measure the difference in the volumes of a particular
gas or gases, inhaled or exhaled. The volume of a particular gas (x)
inhaled or exhaled during a given time interval, is equal fo the fota]
volume inhaled or exhaled during that time interval multiplied by the
fraction Fx of the gas contained in that volume.

1}. Vix = Fry * VI (Volume inhaled)

2). Vo, = Foy * Ve (Volume exhaled).

EX EX
The volume of that gas consumed by the body can be expressed as:

e Vyx= Frx " Vpo- P Ve S Vix- Vex,
The volume of that gas (x) produced by the body can be expreSsed as:

4). ¥V, _ Fey * Vo = F,, ® V. _

Since nitrogen does not readily dissolve in the blood and referring to

- the steady state, it can be assumed that the volume of nitrogen

inhaled equals the volume of nitrogen exhaled. Therefore, equations




e o e T pa : N 0 - o e u

1) and 2) combine to form:

5)s V.F:y = V.F

I"IN, E"EN, .
rearranging terms, equation 5) becomes:
V.F
E"EN,,
F
IN,

Substituting equation 6} into equation 3) and letting x represent 02

the equation for oxygen consumption (ﬁoz) becomes :

Frg * VeF
10, E'EN, o

Vo= -~ Fp,
0z FINZ 2

* Y

E LJ

Collecting terms, the final equation for oxygen consumption becomes:

A

N Wy =V ¥ [F

where:  Fpy '
2 = oxygen/nitrogen ratio of inspired air obtained
from ambient air measurements

F .
IN,

Vg = volume of expired air per unit time

FFO = oxygen fraction of expired air
2

nitrogen fraction of expired air.

F
Substituting equation 6) into equation 4), and collecting terms, the final

equation for carbon dioxide production becomes :

. o e er————eeer s S
e e B TR R SR T e R
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- Voo, = Ve ¥ | Fao, - Fico, .
F "B
N,

where: FE002 = gxpired fraction of carbon dioxide,

VE = volume of expired air,

F ,
0o, . carbon dioxide/nitrogen ration of inspired air
FIN obtained from ambient air measurements,
id

FEN = nitrogen fraction of expired air.
2 : : '

VOZ increases Tinearly with the magnitude of work. As an
exercising subject approaches the point of exhaustion or fatigue, his
&02 will reach a quimum above which it wi]j not increase even with
furthur increases in work. This peak value is referred to as the indi-
vidual's maxima} oxygen pptake (&02 max,); this variable appears to be'
a fundamenta1 physioiogica1‘1imitation for an individual. #

~ Carbon dioxide production (&COZ) is roughly the,mirror.image
of oxygen consumption. As oxygen is burned by the active tissues, car-
bon dioxide is produced; as oxygen is withdrawn from the lung gases,
carbon dioxide is released. The amount of carbon dioxide produced
divided by the oxygen consumed is the respiratory exchange ratio,
R = QCOZI&OZ' Values for R vary from lows of 0.65 to about 1.0 at rest,
to more than 1,5 during recovery following short-term exhaustive exercise.

Elevated R values indicate that more 002 is being produced than 02 is




available to support metabolism. Under these conditiens, an "oxygen

debt" accumulates and metabolism begins to rely on anaerobic processes.




;i 4,0 HARDWARE

The cardiopulmonary monitoring system hardware requires 36

i vertical inches of rack space (Figure 4). This system includes
an exhalation spirometer, oxygen demand regulator {mounted on the

ﬂ spirometer panel), the experiment control panel, the CPU, the blood

3 ' ' pressure measuring system (BPMS) and the video monitor. The micro-.

s processor (mounted behind the control panel) contains the control

I hardware for the equipment (A/D, printer, control panel and video

- monitor), and the acquisition/control hardware for the transducers

L - {spirometer, ergometer, BPMS, MS, and ECG). The mass spectrometer
(MS) (Perkin-Elmer fixed-collector, magnetic sector) is mounted in
the rack adjacent to the spirometer as part of Experiment 58 (X58,
West, U, C. at San Diego) and the ECG preamplifier is part of Experi-
ment 50 (X80, Sandler, ARC).

4.1 Microprocessor

The DEC LSI-11 microcomputer is the center of this microprocessor-
based system. The CPU, parallel interfaces,'seria1 interface, A/D
system, bootstrap, terminator and memory modules are mounted in
a DDV11-B Backplane and HO341 card cage assembly. This mounting
has room for 1 CPU board and up to 16 option modules including a
terminator module. The assembly also has 18 user-defined slots
for custom applications. The positioning within the rack for

the OTRT modules is in Table E1, Appendix E.
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4.1.1

Microprocessor Module

The LSI~11 system includes a KP11-F microcomputer (Figure
DT, Appendix D). The 16-bit central pyrocessor (CPU) functions
are contained in four silicon gate N-channel metal oxide semi-
conductor (NMOS), Targe-scale integration {LSI), integrated
circuit chips. These chips previde all instruction, decoding,
bus control, and arithmetic/logic unit (ALU) functions of the
processor. The central processor contains eight general reg-

isters which can serve as accumulators, index registers, auto-

increment/autodecrement registers, stack pointers, or pnogram

counters (PC=Register 7).
~ The KD11-F module normally requires 1.8A (+5V) and 0.8A
(+12V) and operates at 400 ms based on a 10 MHZ oscillator

signal. A power fail/auto restart feature provides jumper-

selectable restart through a power-up vector, a defined lo-
cation, or an octal debugging technique (ODT) microcode. The
LSI-11 bus has a'high-speed, 38-Tine parallel bus. Sixteen

Tines are used for time multiplexing of data and addresses.

A1l data and control lines are bidirectional, asynchronous, open-
collector Tines capable of providing a maximum parallel data

transfer rate of 833K words pér seCond under direct memory access

operation.

The KD11-F also contains a 4096-by-16 bit read/write MOS

semiconductor memory. CPU resident memory can reside in either

I -5 - I3 U S S ) . P oo - e T e




the first or second 4K address bank. One of two jumpers can be
installed on the module to select the desired bank (bank 0 or 1).

User-selectable options on the KD11-F {by the remdvaT and
insertion of jumpers) include the power-up mode, resident memory
4K address selection and memory refresh (from CPU or another
device). | | |

The power-up mode selected for the Cardiopulmonary Monitoring
System, mode J, places fhe processor in a microcode sequence that
fetches the contents of memory Tocations 24 and 26 and Toads their
contents into the Pfogram Counter (PC) and the Progfam Status Word
(PS), respectively, after application of power. The program then
begins execution at the address contained in location 24, This
option is selected by removing'jumpers W6 and W5 from the KD11-F
moduie.

Thé resident memory 4K address is selected using jumpers Wl
and W2, W1 installed selects Bank 1 {(addre-ses 20000-37776)_while
W2 installed selects Bénk 0 (addresses 0 - 17776). If neither
Jjumper is insta]1ed, the 4K resident memory will not respond to any

address. For OTR1, the resident memory is selected as Bank 1. This

~ allows the use of PROM in Bank 0 to hold the vectored interrupt pairs

| i in locations 0-376 and program code from 400-17776.

Dynamic RAM requires a memory refresh cycle, . It can be control-

Ted by the CPU (jumper W4 removed) or another device (jumper W4
installed). Refresh by the CPU is initiated once every 1.6 ms. It

is the highest priority processor interrupt, and cannot be disabied

ES )
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4.1.2

by software using the Processor Status Word (PS) biﬁ 7. The

process takes approximately 130 us during whick external interrupts
are ignored. This large time requirement for memory'refresh prompted
a choice of tne REV11-C Bootstrap, Refresh module to refresh the

2 RAM modules utilfzed in OTR1. The REVI1~C refreshes memory using

a cycle stealing process which does not disab1e external iﬁterrupts
thereby allowing normal data interrupts to occur at user-set

intervals.
Microprocessor-Parallel Line Unit (PLU)

The DRY11 parallel line unit (PLU) is a general-purpose device
interface module that connects parallel I/0 devices to the LSI-11
bus. This unit features: 16 diode-clamped data input lines, 16
Tatched output Tines, 16-bit word of 8~bit byte program-controlled
data transfer rate of 90K words per second (max.), user-assigned

device address decoding and LSI-11 bus interface and control logic

for interrupt processing generation.

The control/status register (CSR) and the data registers of the
PLU are compatible with PDP-11 routines. Addresses for the DRV1]
can range from 16000 through 17777X8. The least significant three

bits address the desired DRVI1 register as follows:

Address Device Register
167760 | DRCSR

167762 DROUTBUF

167764 DRINBUF




4.1.3

Addresses 177560-177566 are reserved for the console device and
shouid not be used for DRVI1 addressing.

Two interrupt vectors are jumper selectable in the range of 0
through 37X8. The least significant three bits identify the
interrupting function:

000300 Interrupt A
000304 Interrupt B

A compiete Tist of devices in this system and their corres-

ponding rmemonics and addresses can be found in Table E2, Appendix

E.
Microprocessor - Serial Line Unit (SLU)

The DLV11 serial Tine unit (SLU) 1is a general-purpose device
interface module that connects asynchronous serial 1/0 devices to
the LSI-11 bus. This unit features: either an optically isolated
20 mA current loop or an EIA interface selected by using the approp-
riate interface cable option, selectable crystal-controlled baud rates
(50-9600 baud), and LSI-11 bus interface and control logic for in-
terrupt processing and vector generation.

The control/status register and data registers are compatible

~ with PDP-11 software routines and can be directly accessed via

processor instructions. The least significant three bits address

the desired DLV11 register as follows:

Address Device Register
177760 RCSR address
177762 Receive data register address

o e e

N "



4.1.4

4.1.5

177764 XCSR addrass
177766 Transmit data register address
Appendix E contains a complete 1ist of devices in this system
and their corresponding memonics and addresses. The diagram in
Figure 3 shows the_periphera1 connections with the various DRV11's

and DLV11's.
Microprocessor - Read-Only-Memory Module {ROM)

The MRV11-AA is a read-only memory (ROM) module that aliows the
use.of user-suppiied, preprogrammable read-only memory (PROM) and
masked ROM chips in a compact, nonvolatile memony subsystem. Depen~
ding on chip tyﬁe, the.modu1e‘s capacity is either 4096 16-bit words
or 2048 16-bit words, using 512 by 4-bit or 256 by 4-bit chips,
respectively. The 4K bank address is set using jumpers on the
board. | | |

The cardiopulmonary monitoring system (OTR1) required 6K of ROM.
The data was programmed on 48 Signetics 825131 bipolar fusible-Tink
(512 by 4-bit) PROMs with the first 32 chips forming 0-4K and the
next 16 forming 8410K. The QJV11 Prom Formatter Program, from CEC,
was used to punﬁh_the binary paper tapes; which were then used as
input to a DATA I/0 Model VY ROM progrémmer, to burn the data into
thg_chips.

Microprocessor ~ A/D Converter

- The ADAC Model 600-LSI-11 Data Acquisition and Control System,
manufactured by the ADAC Corporation in Hicksville, N.Y, fits
divectly into the backplane of the DEC LSI-11 minicomputer. The

B

FL




4.1.6

module is built on an 8 1/2"x10" printed circuit board and contains:

- a 32 channel analog input multipiexor;

]

a programmable gain amplifier with automatic zeroing;

a differential input and amplifier;

a high speed sample and hold amplifier;

a high speed 12-bit analog to digital converter;

2 digital to analog converters, with the bus interface.
The ADAC 600 uses the +5 volts from the backplane to power its logic
as well as to power a self-contained DC to DC converter which supplies
+15 volts and -15 volts to the analog circuitry mounted on the board.
This unit requires +5V, +5% @ 2.5 amps for normal operation.

A flat shielded ribbon cable assembly is attached to the end of
the board opposite the I/0 bus connector to bring the analog signals
into and out of the computer. The cable is attached to a terminal

strip mounted along side the LSI-11 chassis (Table D2, Appendix D).
Microprocessor - Power-up and Oscillator Circuit (Appendix D)

The power-status signal BPOK H on the LSI-11 backplane must be
asserted or negated in a particular sequence as dc operating power is
applied or removed. Initially BPOK H is passive (low). As dc voltages
rise to operating levels BINIT L is asserted by the processor module.
Approximately 3 ws {minimum) after +5V and +12V power are normﬁ], an
external signal source produces an active BDCOK H signal; the processor
responds by negating BINIT L, and waits for BPOK H. The BPOK H
signal, produced by the external circuit in (Figure D3, Appendix D),
goes true (high) 70 ms (min.) after BOCOK H goes high. The processor

responds by executing the user-selected power-up routine.




4,1.7

The center of the power up circuit is a 555 timer which is
a highly stable device for generating accurate time delays or
oscillations. At 0.11 seconds (RC constant = 0.005uFd * 22MQ =
.11 secs) after power is turned on, BPOK H is pulled Tow for 2.2
secs. (RC constant = 0,TyFd * 22Mn = 2.2 secs) after which it
goes high causing processor power up.

The timer circuit (Figuré D4, Appendix D) provides the 100
Hz signal which is used as the general interrupt frequency for
data collection during actual program execution. The 10 KHZ
crystal ié set up as a dead short at 10KHZ and an open circuit
at any other frequency. It serves to stabilize the oscillator
output (555 timer) at bin 3, eliminating a 5% (max.} drift. The
10KHZ output of the timer is then divided by 100 (using 2 SN7490's
in a divide~by-10 configuration) and passes through a SN7404 in-

verter (to remove the notch) to provide a clean 100 HZ signal.
Microprocessor - Interrupt Acknowledge

The interrupt aéknowledge boarﬁ is a DRV11 that has been
modified to acknowledge any unanswered 1n%errupt. A recurring
problem was the generation of unanswered interrupts by an un-
debounced pushbutton interrupt. The LSI-11 bus latched onto the
interrupt, buf by the time the proceésor went to acknow1edge it,
the request disappeared. _

. This ma]ady héd its source within the DEC cirbhft in the
DRV11 Se]ect_and Acknowledge section (Figure D5, Appendix D).

The request line is also input to the interrupt acknowledge
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flip-flops thereby causing the ihterrupt acknowledge signal to go
passive (low) upon removal of the interrupt request (caused by the
pushbutton bouncing).

The solution was to modify a DRV11 by removing the acknow-
Tedge flip-flop and tying the interrupt acknowledge signal high.
The board was then mounted as the last device on the LSI-11 bus,
above the terminator (TEVI1). Any unanswered 1nferrupt would be
answered by this board, preventing the processbr from entering

the halt mode,
Control Panel

The control panel was designed specifically for this set of
experiments. The series of 12 lighted pushbuttons, 13 green LED
indicators, 2 BCD Thumbwheel switches, and 3 two-position toggle
switches are connected to the LSI-11 and OTR] software via 2
parallel interface modules (DRVITA and DRV1IB). The data bit
assignments for the two modules are in Tables E6 and E7 in Appendix
E. The wiring 1ists and a labeled diagram that shows the control
panel with each 1ight and button labeled to correspond to the wiring
diagram are in Tables D6, D7, and D8, Appendix D.

The panel itself is made from 3/8" thick aluminum alloy and
measures 10 %" by 19". A1l buttons, indicators, and switches
are connected to a connector on the back of the panel. The 4
cables from the DRVI1's are joined in a connector that plugs directly
into the back of the panel. This allows for quick disconnect of

the panel from the rack and the data system.

1
i
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The Tights and switches are controlled by the DRVI1's and the
user software. To'tuwn a light on, either indicator or pushbutton,
the corresponding bit is cleared ('0'); to turn it off, the
éorrespondihg bit is set (*1'). The reverse is true for the push-
buttons, a '1' indicates depression of the button and a '0' in-
dicatés no depression of the button. Further discussion of the

subject is treated in the software section of this document.
Panel Printer

The Amperex mosaic printer, type 60S5A.is capable of printing
all characters that can be formed within a 7x5 dot matrix; i.e.,
5 vertical columns of 7 dots. The type 60SA prints directly onto
a self-acting paper and uses a paper-roll of standard width (60 mm).
A character module (CM64), containing'the character generation
circuit and printer head drive, controls the printer and has a total
capacity of 64 alpha-numeric characters. The character module
selects and drives the proper solenoids required to print the
character presenfed.by the 6 bit ASC11 code at the input. Data
input selection and character printing is performed serially; the
charécter {s immediately printed after the'input selection is com-
pleted. The logic voltages used in the module for input and output
are compatible to.DTL and TTL integrated circuit 1eveTs. |

There are four connectors on a printer circuit (P.C.) board on
the rear of the printer, The fﬁnctiohs of fheSe cohnectors'aﬁe as
follows: |

Connector A - Pin 1 and 2 - 24 VAC 60HZ input
Pin 3 and 4 - paper feed control




Connector B - Switch B (Figure D11, Appendix D)
Pin 1T - normally open
Pin 2 - normally closed
Pin 3 - common

Connector € - Pin 3 and 4 - start printer signal contact input

Connector F - Start printer signal (Figure D11, Appendix D)
Pin 1T - normally open
Pin 2 - normally closed
Pin 3 - common
Pin OV - central ground point

Sw 1] Fll
Pins 1T & 3

TIMING
Sw IIBII

Pins 1 & 3

12 3 4 5 6 7 8 9 10 11 12

100 ms/div
Panel Printer Timing
Figure 5
The CM64 requires the information for the characters to be
_supp]ied in serial form. The data interface (Figures D11 and D12,
Appendix D)} was designed by Jim Brakefield, a Technology, Inc.
engineer, to insure data integrity between the LSI-11 parallel
interface and the Ampefex printer. One output 1ine from the
interface toa solenoid starts the printer carriage moving. Since
the printer only handles ASCII characters, all cohtro? characters
and other unprintable characters are handled by hardware.
The printer is designed to interrupt the controlling hardware

(LSI-11) in three cases:
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J55 has three different rass spectroreters, each of which operates
on the same principles, with the same general charactéristics and
softyare requivements, but with different ouiput ranges and stightly
different considerations. The control panel has a thumbwheel switch
to select which mass spectrometer is to be used and shall automatic-
ally choose appropriate constants, rdnges and scale factors to

~accomiodate any one of the three.

1,4.1 Mass Speclrometer

In all of the mass Spectrometers, the output voltage for a
particular channel (gas x) is’proportiona1 to the partial pressure  -
(Px) of the gas admifted tovthe capi11any. In addition, for these'
uxpnfinmnts. the effeéts bf other gases in the atmosbhere are ig-

nored. Since the sum of the partial pressures of the components
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of a gas mixture is the pressure of the mixture for these analyses,
this total pressure is barometric prassure (PB} and the following
equation holds:

PB = PCOZ + PN2 + POZ

Since the output voltages for each channel are proportional to the

partial pressure of a gas (x), partial pressure can be computed
fromﬁ )

Px = GxVX
where Gx is a gain factor. Both the bérometric pressure and the.
pressure drop across the mass spectrometer capillary change, so
paftia] pressures are not uéed in gas exchange ca1cu1ations. The
fraction of a gas in a mixture can be determined by dividing the

partia1'pressure of that gas by the total pressure:

Fx = Px _
P02+PN2+P002

To determine the gas composition at any one time, all three gases

should be sampled, and the part1a1 pressures computed; These

partial pressures should then be used to determine the gas fractions.

Because & change in inlet pressure will affect each gas partial

pressure propqrtionately, it‘wi11 not affect the gas fractions.
Spirometer

The ro?ling-séa1 exhalation spirometer (7 liter capacity),

used for measuring the volume of gas exhaled during a single breath,

is the same type used in Skylab Experiment M171 (Metabolic Activity).

As thg piston is displaced, it turns a potentiometer excited by a

constant DC Voltage (lei,OSV),and produces an output voltage




proportional to piston displacement and hence the volume of gas

'contained in the spirometer. An electrically controiled, gas-

actuated valve opens the piston chambers to ambient, and allows
the spring loaded piston to dump its conteits whenever the valve
is opened (Figure D9, Appendix D). |

Because the spirometer is an extremely stable transducer, no
provision for calibrating the spirometer need be made in the system
software. Known volumes can be pumped into the spirometer, and the
output voltage measured. A single conversion factor (1iters/A-D
converter count) can then be calculated and included in the soft-
ware (Appendix B}). For any volume greater than approximately
0.09 Tliters, multiplication of the A-D converter output by this
floating point conversion factor will yield the volume of gas
contained in the spirometer in liters ATP. Because of dead space
within the spirometer, approximately 80 cc. of air must be intro-

duced into the piston chamber before the piston will move. As a

- result, any sample of the spirometer signal which indicates a

4.4.3

volume of less than 0.100 - 0,110 Titers should be assumed to in-
dicate no piston displacement, or zero volume contained in the

spirometer.
ECG Preamplifier

The ECG preamplifier sends out a pulse each time a QRS com-
plex is detected. This pulse is passed through a buffer circuit

(Figure D10, Appendix D) in the Blood Pressure Measuring System




which in turn passes the pulse through the REQB interrupt signal
on the DRV11-B on the control panel. The number of interrupts
~ generated each minute is counted to yield heart rate in beats

per minute.




5.0 SOFTWARE ’ ' .
:j The computer program for system control, data acquisition, and
data analysis consists of 3.major modules (IDLE; PFT, PTC/PBF), each |
L containing 2-4 minor modules (Figure §). On program initiation
i (panel power - ON), the IDLE monitor_clears the Random Access |
Memory (RAM); sets various pointers, initializes the control panel, 1
ﬁ _ opens the spirometer valve, and enters an idle state, waiting for
another test module to be activated following depression of the
U. _ - desired test-select pushbutton (pb}. This module is also entered.

after completion of the othe: modules.
5.1 PULMONARY FUNCTION MODULE (Flowchart F2, Appendix F)

The PFT (Pulmonary Function Test) module is entered by depress-

4 ing the 1ighted PFT pb within the Idle module on the control panel.
Four minor modules comprise the PFT module: mass spectrometer cali~

ﬁ | bration {CAL MS), nitrogen washout (W0}, forced vital capacity (FVC),

and report generation (RPT). Each module can be selected by depres-

sion of the corresponding pb, whether or not it is 1it (provided at

| least one pb in the moduie is Tit). The 1ighted pushbuttons indicate
the desired order of operation. The only restriction on order is that |

i the CAL MS module must be enacted before the FVC, Wo, and RPT mod-

ules. Then the FVCQ WO and RPT modules can be selected in any order,

~ any number of times.
i 5.1.1  Mass Spectrometer Calibration (CAL MS) (Flowchart F9, Appendix F)

B - ' " The calibration routine samples the mass spectrometer every 10

- msec. The sampled datum is converted to a percent and stored. Rapid
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5.1.2

caiibration of the mass spectrometer is possible by sampling gas of
known nitrogen content, The values for the cal gas routine are
stored in Read-Only-Memory (ROM) as three floating point numbers.
Compietion of this routine is indicated by "CAL COMPLETE" on the
video and the printer. IT there was an error during calibration

(CO2 level too high, cal gas not turned on, torn capillary

boot,...) the message "BAD MS CAL~-REDO" is displayed and the CALMS

pb is relit. Once the calibration routine has finished, the green
CALMS Tight is turned off and the WO pb is 1it, requesting activation

of the nitrogen washout module.
Mitrogen Washout Module (W0) (Figure F6, Appendix F)

The nitrogen washout module incorporates two separate procedures
into one subject activity. The'subject places the mouthpiece in his

mouth, exhales completely to residual volume (RV); inhales oxygen to

full inspiratory capacity from an oxygen demand regulator, and again

exhales completely (single breath maneuver). The subject then breaths
normally, inhaling oxygen and exhaling into the spirometer until the
procedure is completed. Throughout the procedure, the tidal volume
and nitrogen fraction are displayed on the video monitor and/or the
panel printer.

| Both procedures (FVC aﬁd'ND) involve operations on data pairs
of nitrogen concentration and spirometer volume. The delay time
required for the gas samp1é torbaSs through the sample catheter
through the analysis chamber to the outputs, pqsés a_potentia1sprob1em
when using instantaneodé.gas concentration and volume data paifs.

Because of this delay, analog data at the mass spectrometer output

P n




represent gas concentrations which were sampled in the past. The
time delay varies for different mass spectrometers, but is relatively
constant for a particular mass spectrometer. It is dependent on
considerations such as catheter length, sample flow rate, inlet

rate, and electrometer rise time. To avoid this problem in the
program, both the velume and gasés are sampled at 10 msec intervals
in the FVC module; 20 msec intervals in the single-breath portion

of the W0 module; and 40 msec intervals in the remaining portion

of the WO module. The spirometer control routine (SPIRQ) uses the
current volume, which is also placed in a First In-First Qut Queue.
At the same time, a volume sample is taken from the other end of the
queue. This process matching the volume and gases is called phasing.
The length of this queue is determined by the delay (phasing) time
required by each mass spectrometer:

Mass spectrometer delay time
Sampling interval

Queue length =

The mass spectrometer used in this experiment had a delay time of
approximately 640 msec, so a queue of length 64 was used ir FVC

(128/256 for WO). o |

| Upon entry, the module begins monitoring nitrogen/vo1ume data pairs.
No computations are started until after the first end-of-breath

is sensed By nnnitorfhg the spirometér boéition. Because the subject
breathes ambient air before the first test maneuver, the nitrogen
concentration at the}mouth fdl]owing the éndvof his first exhalation
cah,be used as the nitrogen in his Tungs. This nitrogen concentratioﬁ ,

s stored for later use in calculating residual volume. After this

RN
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initial inhalation of ambient air, no calculations are performed until
the next exhalation which is the first one following oxygen inspir-
ation from RV to TLC. Al11 volume/nitrogen concentration data pairs
for this exhalation are stored for later analysis.

After the subject begihs inhaling 100% oxygen, it is necessary
to compute the total amount of nitrogen exhaled. For a 20 msec time
period, the volume exhaied during the period is simply the difference
in a volume sample and the previous value. A negative difference

occurs at the end of breath, when the spirometer begins returning

values of O liters,and is treated as a zero volume difference. The

volume of nitrogen exhaled during a 40 msec period is then computed
by multiplying that volume difference by the properiy phased nitrogen
concentration. These 40 msec nitrogen volumes are accumulated from
the initiation until the end of the washout. The criterion for end-
ing the washout is the occurrence of two successive breaths with a
maximum nitrogen fraction less than 0.03 (3%).

After the criteria for washout termination has been met, the
collected data is used to quantitate the parameters defined in
Table I. Data analysis begins with the single breath maneuver (the
first inhalation and exhalation of 100% oxygen). The maximum voiume,
located during the maneuver, is converted to BTPS liters and stored
as Vital Capacity (VC). Then, vo1umé/nitrogen concentration pairs
corresponding to 0,35*VC and 0.65%VC are found. A 1east—sduéres

Tinear regression routine computes the best straight Tine express-

~ ing nitrogen concentration as a function of volume within the 0.35VC

to 0.65VC interval. The slope of this line is multiplied by 100

P——




and stored as N2 DELTA (slope of the alveolar plateau in %/L).

Next, the nitrogen fraction as the maximum volume (MAXVL) is pre-
dicted using the linear regression data from above. The data is
searched backwards from MAXVL to find the first nitrogen fraction
less than the nitrogen fraction predicted by the linear regression.
The volume at this point is subtracted from the VC and stored as the
Clesing Volume (CV). The Residual Volume (RV) is then computed using

a nitrogen dilution technique implemented with the following formula:

_ NSUM - 0.0312T
WMAXFNT - MAXFNF

RV 0.02

where:
T = Time of washout (units)
NSUM = Total volume of nitrogen exhaled during the washout.

0.0312T = Amount of nitrogen washed out of blood and tissues.

MAXFNI = Initial alveolar nitrogen Cohcentration {maximum FN2
during first exhalation, i.e., before 02 inhalation).
MAXFNF = Alveolar nitrogen concentration after washout (maximum

FN2 during final exha]atiqn).

The factor 0.0312T is traditionally a correction factor based on sub-
ject body surface area and the tiﬁe of washout.. A mean body surface
for the expected subject group is used with actual time of washout to
determine the volume of nitrogen washout out of the‘tissues. The
constant, 0.02 liters, is an approximation of anatomical dead space.
After RY is computed, VA/RY ié computed by dividing NSUM by RV.

Once the washout ca1cq1ations are completed, the WO green ]ight
is turned off and the FVC is 1it, indicating the next step in the

protocol.




5.1.3 Forced Vital Capacity Module (FVC) (Flowcharts F4 and F5, Appendix F)
The forced vital capacity module monitors a single breath, from
a point of maximal inhalation to maximal exhalation. On-inhalation,
the spirometer valve is closed and the spirometer displacement (volume}
is sampled every 10 msec. Data are not saved until a sample above a
threshold {120 mv) is detected, indicating the beginning of a breath.
Each sample is then saved sequentially until six samples differing by
Tess than a threshold (20 mv) is detected, signifying the end of the
maneuver. At this time, the spirometer valve is opened and analysis
begun to derive the parameters in Table II. First, the volume sample

occurring one second after the start of the maneuver is extracted, con-

verted to liters BTPS, and stored in the buffer as FEV1. Next. the max-

imum spirometer displacement (VLAST), collected during the eithalation,

is converted to liters BTPS and stored in the data buffer as FVC. Then,

elapsed time values for one-quartef and three~quarters FVC are found.
The time between the two points is determined by the number of samples
between them and the fixed sampling rate of 10 msec/sample. MMFR is
calculated by subtracting the volume at 0.25%FVC from the volume at
0.75*FVC and ﬂividing it by'the elapsed time. This same pfocedure is
then repeated for 0.2 1jters and 1.2 Titers of the FVC to permit cai-
cu1ation.of MEFR. The roufine thenlfurns off the FVC green light,
turns on the RPT pb Tight, and exists to the PFT monitor idle loop.

5.1.4 Report Module (RPT) (Flowchart F8, Appendix F)

The RPT module combines the data from the FVC maneuver and the
WO maneuver to produce a set of secondary pulmonary function data

(Table III). The results are then printed on the panel printer and/or
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the video monitor (Figure 7). The green RPT light is then turned
off, the End-Test pb is 1it, and the control passes to the PFT wmonitor
idle Toop.

PHYSIOLOGICAL TIME CONSTANTS/PULMONARY BLOOD FLOW MODULE (Flowchart F3 App.F)

The PTC/PBF module is an integration of two experiments From
SMSII: Pulmonary Biood Flow (PBF) and Physiological Time Constants
(PTC)(Life Sciences: SMSII, 1977). This combination is possible in the
data collection phase since both experiments monitor the same parameters
(heart rate, VOZ, VCOZ, VE’ and blood pfessure) énd differ only in the
reporting interval length over which the data is analyzed. Heart rate is
is reported iﬁ'beats/minute for PBF and in.beatsﬂ5 seconds for PTC.
V02, VCOZ, and Ve are summed over a one minute reporting interval
in PBF, while in fhe PTC, the values for each breath and the elapsed
start time for each breath are computed. _

.The differences 1ie in the functional objectives of the PTC
and PBF experiments. PBF is concerned with measuring the time
course and magnitude of changes in central blood flow and volume
relationships in zero-g. On the other hand, the PTC is concerned
with the dynamic response of the cardiopulmonary system during
exercise stress testing. '

The PTC/PBF module is entered by depressing the Tighted PTC/
PBF pb within the Idle Module on the control panel. Four minor
modules comprise the PTC/PBF module: mass spectrometer calibration

(CALMS), room air calibration (ROOM), start protocol (START) and the .
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cardiac output maneuver (Q). Each module can be selected by
depression of the corresponding pb. The lighted pushbuttons (pb)

indicate the desired order of operation.
5.2,1 Mass Spectrometer Calibration (CALMS) (Flowchart F9, Appendix F)

The calibration routine samples the mass spectrometer every
10 msec. The sampled data is converted to a percent and stored.
Rapid c+1ibration of the mass spectrometer is possible by sampling
a gas of known nitrogen content. The values for the cal gas per-
centages are stored in ROM as ﬁhree floatfng-point numbers (one
each for N2’ 802, 02). Comhletion of this routine is indicated
by "CAL COMPLETE" on the video and/or the printer. If an error
occurs during calibration (CO2 Tevel too high, cal gas not turned
on, torn capillary boot, blocked capillary, ...} the message
"BAD MSvCAL-REDO" is displayed and the CALMS pb is relit. Once
the calibration routine haS ffnished, the green CALMS light is |
turned off and the ROOM pb is 1it, requesting activation of the

room air cé]ibration module.
- 5.2.2 Room Air Calibration Module (ROOM) (Flowchart F13, Appendix F)

The room air module sampies the ambient air to obtain the
' FNy (Nitrogen Fraction), FOé-(Oxygen Fraction), and FCUZ'(Carbon
Dioxide Fraction) used in later calculations as gas-inspired
concentrations (iﬁ co, production and 0, consumptidn). Certain
checks are performed on the data to verify proper values. The
FOZ value must be greater than 0.19 (19%) and the FCOé value
mus t bevgreater than 0.02 (2%). If this criteria is not met,
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the message “BAD ROOM AiR“ is disp1ayed; the ROOM green Tight is
turned off and the ROOM pb is relit. If the criteria is met, the
three gas fractions are stored in memory {as RAFCO2, RAFNZ, RAF02)
along with the FO2/FN2 ratio (ORAT) and the FCO2/FN2 ratio (CRAT)
used in Tater nitrogesn ratio computatﬁons.. Once the ROOM air routine
is finished, the ROOM 1ight is turned off and the START pb is Tit

requesting activation of the protocol module.
Start Module (START) (Flowchart F14-F17, Appendix F)

This module was originally intended for an exercise protQCOI
using a prototype personal exercise system. However, due to cir-
cumstances beyond our control, this device was not ready in time for
inclusion into the system. The protocol period is currently set up
for five minutes with a cardiac output maneuver reqﬁested during the

third and fifth minute. This protocol can be easily modified by ad-

~Jjusting the protocol code in the constants section in ROM. Module

activation takes place when the START pb is depressed. The START
green light is 1it and the Q pb is 1it at the beginning of the third

and fifth minutes requesting a cardiac output maneuver.

Thé software for this module starts at STRTP1 (location 62468)
by'jnitializing the user stack, the spirometer delay, the mass
speétrometer delay (fbr vo1ume¥gas phasing), é number of flags and
counters, and the PTC and PBF data buffers. The interrupt counter

(PINTCT) is‘set to a]lbw interrupts every 40 ﬁsec., the blood preé-

sure delay is set, and the green START Tight is 1it. A watch Toop

(EXLOOP) takes control and cycles execution through the various




routines. |
The PTC/PBF watch loop serves as a scheduler for the different

tasks that take place during execution. These tasks include: gas

analysis on volume-gas data, gas exchange end-of-breath processing,

cubic spline fit for cardiac output data, R(INST) calculations,

initiation of printer and/or video output, transmission of PTC

and PBF data to the On-Board-Data-System (0BDS) and end-of-test

processing.

The gas analysis routine {Flowchart F16, Appendix F) matches the
phased volume with the corresponding gas fractions. Once a cardiac

output maneuver is in progress, the FCOzkand FOz,va1ues are saved

for the cubic spline fit, provided that the CO, vaiue is greater
than 20 Torr, and the 0, decreases by more than 0.002. If the
phased volume is zero, then, an end-of-breath is signaled, the PTC
breath volume is scaled from A/D counts to 0-8L BTPS, the PTC
FCD2 and FO2 values are scaled from A/D counts to 0-1L STPD, the
-end-of-breath flag is set, and control passes back to EXLOOP. If
the phased volume is not equal tc zero, then the delta volume,
oXygen consumption, and carbon dioxide production are computed
- for the current phaséd volume-gas pair using the gquations described
in Section 3.3. Control then paéses back to EXLOOP routine.

Since the computations for cardiac output require a considerable
amount of computer processing time, they are spaced out over the course
of the maneuver. Using the F02-FC02 pairs saved in the gas analysis
routine, a cubic spline it is used to compute the derivatives of the

curve. The derivatives are evaluated at each of the origina] data

TN




points using a cubic spline Fit (Appendix C), and the value of R
(respiratory exchange ratio) is calculated from the derivative at each
potnt. For each point, the calculated R and FCO2 coordinates are paired,
and 1inear regression analysis is applied to the array of points rep-
resented by the R-FC0, pairs. Cardiac output (ﬁ) is computed from

the slope of this regression Tine and from an independently determined

oxygen consumption valve using the equation:

6 _ Vo2 * 1000
4.7 * slope

L
where; VOZ
4.7

O2 consumption rate (STPD m1/min.)

slope of the standard carbon dioxide
dissociation curve (ml1/1iter/torr
PCO2) (Buderer,1973}).

It

G = cardiac output (1/min).
Certain constraints are imposed on the FOZ-FCO2 data, Since the
'602 - dissociation curve below FCO2 = 30 torr is alinear, any point
from the FO, ~ FCO, curve with a FCO, value less than 30 torr is
rejected. 'Also, if the FO2 value does not decrease by more than
0.002 the point is rejected. If this selection criterion :esults
in a data array of less than 13 points, the entire measurement is
rejected. This last criterion eliminates data curves lacking a
sufficient Space of R va1ue$'to él]ow meaningfu1'11near regfession
analysis of the R-FCO, pairs. (Buderer, 1973).
Since thé on-bdard»data—system was not implemented in time

for SMD IiI, the code for PTC and PBF data transmission clears the

“transmission flags and returns control to EXLOOP.




5.3

5.3.1

- SPECIFIC DEVICE HANDLERS

Output is transmitted to the video monitor and/or printer (depen-
ding on which is selected) every minute. Output data inciudes time
(minutes), heart rate, ergometer workioad, oxygen consumption
carbon dioxide production, respiration, minute voTume and systolic
and diastolic blood pressure.

Once EXLOOP detects end-of-breath, the cardiac output in-
terrupt is disabled, a delay-Toop awaits completion of video and/or

printer output, and control passes back to the PTC/PBF monitor

awaiting depression of a pb on the control panel. -

Control Panel Software (F1owchafts F1-F3, Appendix F)

For SMD I1I, the experiment-specific control panel replaces
the standard computer console. Proper design of this panel allows
ease of use, flexibility, and requires less training. The control
panel, through a series of lights and Tighted pushbuttons, guides -
the 6perator'through the test, thereby providing a smaller margin
of error.

The cantrol pane1 is connected to the LSI-11 via 2 DRV1I

Parallel Line Interfaces. The DRV11 output 1ines control the green

' LED indicators and the amber pushbutton LED's (one output line per

LED), while the DRV11 input lines are connected to the pushbuttons

(one input Tine per pushbutton). One of the i nterrupt Tines is used

for the_ABORT buttons, and another interrupt is connected to the

cardiac output pushbutton. The individual output and input lines

can be cleared {'0'), set {'1') and/or read using the respective

N




LSI-11 assembly commands: BIC {bit clear), BIS (bit set), and BIT
(bit test). The LED's are set up so that a BIC ('0') turns the light
an, while a BIS ('1') turns the 1ight off. Testing the status of

the individual pushbuttons is done with the BIT command. If the
result is true ('1!) then the button was depressed; if the result

is false ('0') then the button was not depressed. Interrupts for
the DRVi1 are handled using LSI-11 standard vector pairs.

The control panel software monitor (PMON, Tocation 6528) also
serves as the executive controller for the entire system. By
turning on 1ights as cues and sensing the depression of the approp-
riate pushbuttons, the monitor guides the subject through both tests
(PFT and PTC/PBF).

The control panel is physically divided into four modules:

1-Initialization-Idle, 2-PFT, 3-PTC/PBF, 4-Output. After system

- power-up, the monitor turns on the idle light, the PFT pb light

and the PTC/PBF pb 1ight, (all within Module 1), and enters an idle
mode awaiting user response. At this point, any button on.the panel
outside of Module T can be depressed, but no action will take place.
This feature was included to further eliminate possibie sources of

human error. Once the user selects the subject code, mass spectro-

meter type, outPUt devices and then depresses one of the test-select

pushbuttons, the monitor moves control to the appropriate module.

'The 1ight at the top of the se]ecfed module is 1it, along with the

CALMS pb, and the monitor goes into an idle state awaiting further

user action.




As in the idile module, the only pushbuttons monitored are those
within the selected module. The Tighted pushbuttons indicate the
desired order of operation, but any order may be used. This flexi-
biiity allows the user to repeat maneuvers (FYC, W0, START-exercise)
that might have been performed improperly (example: hiccup during
FYC maneuver) or experienced some type of failure {clogged mass
spectrometer capillary, stuck spirometer valve,...). However,
certain maneuvers must be performed prior to other maneuvers,

That is, the mass spectrometer must be calibrated (CALMS)

before any gas analyses can take place (FYC, W0, ROOM, START)

and ROOM air must be sampied before gas exchange analysis can take
place within the PTC/PBF module.

To leave the PFT or the PTC/PBF mdoule, the user need only
depress the appropriate END TEST pushbutton and control goes back
to Module 1 piacing the system in an idle mode.

Module 4-output contains the toggle switches allowing user
selection of the output devices. Currently there are 2 toggle
switches: O0BDS and PRINTER. The printer switch turns on the 24
VAC power supply fof the printer ahd signals the control pénel.
monitor through one of the DRVil1 input Tines. The 08DS switch
 was iniended tb do the same'thing for‘the‘on-board—dafa-system._‘
However, since the 0BDS was not imp]émented,the switch was used to
perform the.same funttfon for the Qideo‘monitor. 1f an OBDS is
ever implemented, another toggle switch can be added to the control
panel and connected to an‘unused iﬁput Tine on one of the control

panel DRY11's.
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5.3.2

Panel Printer Sofiware

The main portion of the panel printer sofiware exists as an
interrupt service routine (PRINT, Tocation 5005) with theAinterrupt
vector pair located in addresses 3208 and 3228.

The printer hardware generates an interrupt every 10 ms. to
request a character., If there is any data in the print buffer, the
characters are sent to the prfnter one per interrupt. A null byte
is sent to the printer as a new line signal. The interrupt service

routine waits until the signal is returned indicating carriage re-

' tufn to the left margin before outputting any more data. A minus one

5.3.3

(-1) is used as a print termination character. At this time, the

interrupt is disabled and the print buffer is cleared.

Mass Spectrometer Handler

The mass spectrometer software consists of 3 subroutines: SAMGAS,

GETGAS, and CALMS.
CALMS is the mass spectrometer calibration routine and must be ex-

ecuted before any gas analysis can take place. CALMS initializes the

- mass spectrometer constants dependent on the mass spectrometer type

selected on the control panel thumbwheel ;witch. Then, it samples
each gas (COZ’ 0y Nz) from a bottle of Cal Gas (individual gas
concentrations afe known), averages the 25 samples, adjusts the
cal gas percentages for BTPS, and computéé the ca11hfationAfactor
for each gas using the equation:

_ Average of 25 samples
CF = =537 Gas 7 ¥ BIPS




5.3.4

The cal factors are then stored as RAM constants (02CF, N2CF, CO2CF)
for later use by the GETGAS routine.

SAMGAS uses the gain set in CALMS and triggers the A/D to sample
the three gas channels: 02, N2, and C02. The values are stored in
three registers: RO, R1, and R2 respectively.

GETGAS uses SAMGAS to sample the three gases and then, converts
each sample to partial pressure BTPS using the cal factors computed
in CALMS. The partial pressure {Px} of each gas x is then converted
to gas fraction (Fx) using the equation:

Px
co2 ¥ Pn2 ¥ Poz

Fx=p

This data is then passed back to the calling program in Tocations

FN2, FO2 and FCO2.
Spirometer Handler (Flowchart F10, Appendix F)

The SPIRO subroutine (Tocation 141548) monitors the spirometer
status, controls the spirometer dump va1ve,_and determines the breath
status. The subroutine is entered with the sampled spirdmeter volume
in register 2 (R2).

If the sample volume ekceeds 120 mv, a breath is in pkogress.

The volume is then compared against the previous sample. If the
difference is greater than 20 mv (i.e., current sample is greather than
the previous sample by at least 20 mv), the volume is saved, and the
EOB (end of breath) indicator is cleared since a breath is in progress.
If the difference is not greater than 20 mv, then the VWATCH indica-
tor is increased by 1. If the resultant VWATCH is less than zero,

then the sample is saved. If VWATCH equals zero, the EOB indicator




- is set and the spirometer valve is opened. Initially VWATCH is

e set to a negative number WAITT. WAITT remains constant through-

i out a maneuver, but varies from maneuver to maneuver (FVC, WO,
PTC/PBF). VWATCH is used as a counter to indicate when WAITT
consecutive spirometer values occur, differing by Tess than 19 mv.

This indicates that the spirometer valve has not displaced signifi- ]

cantly during the Tast WAITT samples and therefore signals an end-

of-breath.
5.3.5 Conversion Routines

The Integer to Real conversion subroutine (IR) and the Real
to Integer conversion subroutines (RI) are taken from the Floating
Point Package (FPMP - 11) from Digital Equipment Corporation (DEC)
for the PDP~11 computer series.
The Floating Point to ASCII Conversion Routine (FORMAT) was
- written by Donald G, Mauldin of Technology, Inc. to provide limited
format capabilities. FORMAT provides the capability of outputting _ A
floating point numbers in the format FX.Y; where X is the number of
| B digits to the Teft of the decimal point and Y is the number of digits
to the right of the decimal point. The total number of spaces (bytes)
required fov output is: X+¥+2 if Y is gr‘eater than zero, and X+Y+1 if
g : Y equals zero, Input to the subroutine includes: the starting address
of data output area, Y of FX.Y, X of FX.Y, the least significant word
% (LSW) of the floating point number and the most significant word

(MSW) of the floating point number.

As a note of interest, this routine requires 5408 words compared

to 16308'in'DEC's floating point package.
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APPENDIX A
GLOSSARY OF ACRONYMS AND ABBREVIATIONS




A/D
ARC
bit

BPMS
BTPS

CAL MS

CPY
Cv

DEC
DMA
ECG
EEG

FCO2

FEV
FN2
Foz
FRC
FvC
ICY
JSC
LED

MIT
 MEFR

i

1

i

GLOSSARY OF ACRONYMS AND ABBREVIATIONS

Abbreviation for analog/digital converter
NASA/Ames Research Center, Mountain View, California

A single digit in a b1nary number and can have one of only
two values, 0 or 1.

Blood Pressure Measuring System

Body Temperature and ambient pressure for gas saturated with
water vapor.

Mass spectrometer calibration routine

Central Processing Unit

Closing Volume

Digital Equipment Corporation

Direct Memory Access

Electrocardiogram

Electroencephlogram

Carbon dioxide fraction (of mass spectrometer sample)
Forced Expired Volume

Nitrogen Fraction (of mass spectrometer sample)
Oxygen Fraction (of mass spectrometer sample)
Functional Reserve Capac1ty

Forced Vital Capacity

Intensive Care Unit

Johnson Space Center, Houston, Texas

Light Emitting Diode -

Massachusetts Institute of Technolagy, Cambridge, Massachusetts

Maximum Expiratory Flow Rate

Al

FL




MMFR
MPU
MS
NASA
0BDS
0TR
pb
PC
PLU
PS
PFT
PS2
PTC/PBF
q
RAM
ROM
RV
SLy
SMD
SMS
STPD
TLC
VA

-

Co

GLOSSARY OF ACRONYMS AND ABBREVIATIONS (cont'd)

Maximum Mid-Expiratory Flow Rate
Microprocessing Unit

Abbreviation for Mission Specialist

National Aercnautics and Space Administration
Cn-Board-Data-System

Operational Test Requirements

lighted pushbutton on the control panel
Program Counter

Parallel Line Unit

Processor Status Word

Pulmonary Function Test

Program Specialist 2

Physiological Time Constants/Pu]mdnary Blood Flow
Cardiac Output (L/Min.) |

Random Access Memory

Read Onty Memory

Residual Volume

Serial Line Unit

Spacelab Mission Demonstratien

Sﬁace]ab Missioh.Simu1ation

Standard Temperature and pressure for dry gas
Total Lung Capacity |

Amount of alveolar oxygen ventilated

' Carbon Dioxide Production (L/Min.)

A2

[




GLOSSARY OF ACRONYMS AND ABBREVIATIONS (cont'd)

- Oxygen Consumption {L/min)

- Nitrogen Washout Maneuver

A3
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APPENDIX B

Spirometer Calibration

2
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SPIROMETER CALIBRATION

PURPOSE: To obtain a value (in A/D counts) corresponding to spirometer |
liters/count.
PROCEDURE :
1. Take piston of known volume with valve closed spirometer dumped.
2 Push piston full stroke.
3 Read voits with a voltmeter.
4. Dump piston.
5 Repeat steps 2-4 to verify reproducibility.
6 Do at 3 different volumes and pick middie value (this will

give you liters/volt).

RESULTS:
Piston Output
Volume Voltage Liters/Voit
1.375 L 1.708 V. 1.375/1.708 = 0.805G L/V
2.371 L 2.804 v 2.371/2.804 = 0.8458 L/V
3.341 L 3.916 vV  3.341/3.916 = 0.8457 L/V

0.8457 L/V

For the ADAC-600-LSI-11 Analog-to-Digital Converter using a gain of 1,
.488 mv/bit = .488 mv/count

Therefore:

0.8457 Liters * .00488 Volts = | 0.004127 liters
' Volt Count ‘ ' count

B
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APPENDIX C
Pseudo-Cubic Spline Fit
=




==

The pseudo cubic spline implemented in OTRI was derived from the spline

fzam

presented by Ahlberg, et.al. {Ahlberg, 1967). They present an efficient

algorithm for solving the system of equations defining the sptine.

s, )

The basic formula for the matrix is:

;
.= 2, - 2 = 1 T
! hJ i %51 J th sample interval
E | j=1 my =S¢
. 3a 3c
j=2 2Zm, + com, = T2 - 2 - . -
2 273 R, (Yo _yl) ¥ Eg"(ys Yp) = agmy = dy
. 3a.
= - . + .+ c.m. =
J=3,n-2 aJmJ_1 2n5 c3n5+1 'Tﬁ}(yj _ yj«l) +
. ' J
3c.,
- - a = =
I (Y301 ya)_ 45
J=n-1 ajm-__1 + 2m, = 333 (y. - ) + 3(.‘.;- ( -y:)
J VR Y Y- TR Vi T Y
o B j+l
- ijn = dn"‘l
w j=n m, =S, (given)
‘‘‘‘‘ The two-step solution is:
: i» ' 1). Forward (k=2:3:nos:n‘1)
| Pp= 1 ¥ 2 (ap=0)

qk = ’Ck}Pk

U = (dg - aieqd/py (ug = 0)

C1

sk ittt




where:
he =z =24
i Pay
Ck = .[ - ak

2}. Backwards (k = n-1, n-2, ..., 2)
Me = GMar * U

The following page contains a “pseudo-code” representation of the
algorithm actually implemented. Initially, z; (i=1,24+..,n) contains
the sampled oxygen (FO,) values and ¥4 (i=1,2,3,...,n) contains the

sampled carbon dioxide (FCOZ) values.

c2




PSEUDO~CODE FOR THE CUBIC SPLINE

Initially: array Z contains FO2

array Y contains FCO2

§1 = 0.85 if the Tlast FOZ =0
= FCO,/F0, otherwise (FCOzAand FO, are the Tast values in
the array)
SN = 0.0
n = the number of FO, ~ FCO2 data pairs
h =h =h

n n n=-1

s compute differences

by =y - by q
a = hy oy
A F A
Ck = T - ay
3 4 = 3
“k
; step 1 - Forward
Ugoq = Upy + (1.0 -3 4)
2
q(Z) = az - 1.0 .

2.0

€

1N "




step

PSEUDC~CODE FOR THE CUBIC SPLINE (CONT'D)

DOE k=3,nl
Pg =3 *Ppq t 2.0
UR = dk - ('1.0 - ak) & dk"'.[

Py
I = /P
2 - Backwards, compute slopes.
U, = SN
D06 k = n-T, 2

Me = G * Megp + Y
m1=51

c4
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Schmetics & Wiring Lists
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K111 Factory Jumper Conflguration

Jumper { Installed Rcmmed' Function
W1 X - |BANK 1 Disabled
W2 X X  |BANK O Enabled
(KDi1-F)}{KD11-D(KD11-F ozly)
W3 X  |LineTimeClock
Enable
w4 X X |{MemoryRefresh
(KD11-1}[(KD11-F)|Enable (KD{ I-F only)
W3 X Power-Up
Wo X } Mode0
0 ,{L J[L =y S
ws |
wE | w2 |
w3 | Wi |
w4 |
l [ 1 [ I

M7264 ETCH REV. C, D

NOTZE

cP~1799

W1 through W6 are wire-wrap jumpers

Jumper Locations

KD11-F CPU (DEC,1977)
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Signal Terminal Canon :
Sources Board 7414 DDSOP !
00— | ’:
T ——————1Bun. . _
Displacement ___-ﬁ-_‘_"““-—-* 16 '
‘g_‘__________,____—-Red ; ' 15
O '
14
Orn.{——
—-—1)“_ /
Foz ‘//////////////,//’/’Ye1. -

\\

=

/
Grn."///
B]ue/
B1k.
SBP
Source return %
o Signal return
48 | (white)
O 50 | Amp to signal
DBP {purple) ;
49 | Power return
O
Ergometer
Workicad
I | 1

A/D SIGNAL CONNECTION

D2




£a |
LINOYIZ dN ¥IMOS LL-IST

+bvdc
]
-~ .005 I 4
uFd.
> 6 555

Timer

3

BB1

BPOK H
(LSI-11 Backplane)
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e e e e

40
LINJYID UIWIL LL-IST

+5VYDC

o)
: IC4
' _Dx)__;monz
3™
. 1KQ Ic2 IC3°
: 8 4 1413 121110 9 8 1413 121110 9 8
7 : [ DU 1 3
: . 1KHZ
10KHZ 10KHZ 15 Y75 1% 1534567
l 6 IC |
2
1 MEGR
_;_ . TnuFD
NOTES:
1. ICt is a 555 timer
2. IC2 and IC3 are SN74390
in divide-by-10 configuration
3. IC4 is a SN7404 used to remove
the notch in the output of IC3
§ ! ! ! i * v e
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MICROPROCESSOR CONTROL PANEL

|
. i
IDLE PFT PTC/PBF RUN POMER oN . ,
0O o) ' o) POWER i
(K} Lz - Liz .22 ; @
- e = . LRS- - - ~ o OFF - -— -
TL-4] CAL Msss S S PRINTER . 0BDS ON
- Ls L N
™1 2 D SUBJECT O |l CAL. M5 f | .
4 A B4 e | & tie o4 S2 OFF :
= o 0 o ius RODYM ’
STefe T miss o k= Obs ' S T
= T242 SPEC B3 18 (8 Le .
S Ve O |lw] O smrr | ‘
(2] ! !
& . . B Lto | BB 120 . |
S B ' A ] S Qa. . _ PRINTER S T N
2 . : !
g ' | ' - C
= I - : -
a8 : ABORT ABORT i P
= ) I 53‘3 Bia O O ) Lo o
% —_— W...! U x - — D — — P St ; SEUOF SN RS
~ J | i f f : ' ' S
PTC/PBF Lo T Bt o o ; N ,
Bz . ' | o | | ! . .
: TEST | EI EST l 3 : ! 53
R e N B B L A S N -
1 : . . : ‘ | :9
, LEREND NOTE: The lights, pushbuttons and switches are | L¥
; . L ! : A Tabeled to correspond to the Wiring Hst_si o
Ouwer | i [[] ez sorer | on the following to pages. IS |
LIGHTED- i !
D,PUSHBUTT‘ON @ ToceLe swrtH |
b




DRVI1 - BOARD A

EXTERNAL

PANEL, _CONNECTOR

INTERNAL

PANEL CONNECTOR

CONTROL PANEL
LED'S & BUTTONS

T O

L0
LSIT ONIHIN - YELIAYQ-T3NYd 1041NO3

SIGNAL - CONNECTOR, PIN CONNECTOR, PIN CONNECTOR, PIN SIGNAL (ON PANEL)
INOO J2A 1T Cl 1 1 Tl - Bit 1
INO1 J2A LL Cl 2 2 Tl - Bit 2
INC2 J2A H, C 16 16 T1 - Bit 4
INO3 JéA BB Ct 7 7 T2 - Bit 1
INO4 J2A KK Ccl 3 3 TZ - Bit 2
INO5 J2A HH Cl 4 4 Bi
'INC6 J2A EE c1 5 5 B2
INO7 JZA cC Cl 6 6 B3
INGC8 JZA Z 1 e 8 B4
INOS JzZA Y cv 9 9 BS
IN1O J24 W Cl 10 10 B6
IN1T J2A ¥ ¢l " 1 B7
INiZ J2A U €1 12 12 B8
IN13 d2A P C1 13 13 89
IN14 J2A N C1 14 14 B10
INiD J2A M Ct 15 15 B11
ouTO0 J1A ¢ Cl 25 25 Li
oUTO1 J1A K C1 24 24 L2
0uT02 J1A NN Cl 26 26 L3
ouTO3 J1A U 1 19 19 L4
0uT04 J1A L Cl 23 23 L5
QU705 J1A N C1 22 22 L6
QUTO6 J1A R C1 21 21 L7
ouTo7 J1A T Cl 20 20 L8
outos J1A b Ct 18 18 L9
ouTo9 J1A X C1 17 17 Li0

- 0UT10 J1A z C1 37 37 L1
ouT15 J1A Jd Cl 28 28 122
REQA J1A LL C1 27 27 813, B4
REQB J2A S €1 38 38 B15
CSRO J2A K SPIRO DUMP CIRCUIT
cs DD BPMS TRIGGER

J1A
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DRVi1-BOARD B

EXTERNAL

PANEL CONMNECTOR

PANEL CONNECTOR

INTERNAL

CONTROL PANEL
LED'S & BUTTONS

SIGNAL COMNECTOR, PIN COMNECTOR, PIN CONNECTOR, PIN SIGNAL (ON PANEL)
ouToOo J1B C Cl 50 c2 50 L12
ouTo1 J1B K Cl 4 c2 49 L13
oUTO2 J1B NN 1 29 c2 29 L14
QuTe3 - J1B U c1 44 c2 a4 L15
oUTO4 J1B L ¢l 48 c2 48 L16
oUuTHS JIgE N c1 a7 c2 47 L17
o  CUT06 J1B R 1 46 c? 46 L18
S ouTo7 J1B T C1 45 £2 45 L19
= - ouTos J18 b C1 43 c? 43 L20
2 0UTe9 - J18 X cl 42 2 42 L.21
- 0UT10 . J1B i ci 41 c2 41 L23
g oUTl1 J1B AA 1 a0 c2 40 L24
— .
:DU ouTi5 J1B Jd c1 34 c2 34 L25
L=t
=  INOO J2B TT 1 35 c2 35 s1
‘j“‘ INOT J28 1L C1 36 2 36 52
S REQA J1B LL ECG COUNT INTERRUPT
& REQB JzB S 100 MSEC CLOCK INTERRUPT
=S AConiléa? -
— +bY on 3
'_'_J;'{ Return on 4




PIN CONNECTIONS.

+28v  TPi4

T

INDT2

7 'B

DUMp
VALVE

A

INGT2
N )
pd Z

OV TRq
3
& $ZB o
TPL3 o b 6, ®
'TPS_ .. ) [
470 & ST e | ‘
m Wy | |
m ‘;D '|
g‘ TF7 .;{ K ﬁ i ‘g’
o] > e.\} pid ’iBK
=3 g\—-r—'
2 7 T
. Sgze.n
= | |
w
S [ N
8 2B | SECONDARY ‘
Fﬁ- L——-_B—-—aﬂﬂo.mo——ﬂJ—n“—_h—ﬂhaﬂ.-—-ﬂ-—-o'—-‘.‘
o ' |
) -
o 1@@ 2oy I TPS
% %1 I [2}
- Teig il d
;é. e et >}1 ;
™ 5 Al | A
ar - T T { ey
T 1 K N,
| &2 5 %/ | | @
Bl l 1 4=
e T e NG ik ® 124
- AAS s2p| pAH4l ¥
LETTERS AND NUMBERS ® 5 (V)
IN CIRCLES ARE PCB 820 5t -l5v

PRIMARY

C

{4100. o
G

Eﬁaﬁs gh
2NINSS ;

e (%

SOLENOID

i

PPy —_

¥00d ST &
HHI J0 ALITIEDNJ0TIHY
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- OTP11

+15Y

I
poT 1| & 15Y N
10 * >,
LIMIT SHLY | | gii o . o o

Pot Wipér~

157

1A741

®—1

SPIROMETER YOLUME BUFFER CIRCUIT

EC62>>—

NOTE:
LETTERS AND NUMBERS
IN CIRCLES ARE PCB
- PIN CONNECTIONS.

ECG OUT CIRCUIT

D10
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PANEL PRINTER
LS1-11 to Character Generator

e Sy

g

Jl Char. Generator
(J10) | {d314)
; | 1/4 7400
y LMew Data Ready start 3
1 Ut I1 18
i | | 12
% X ouT9 19
; - loutto 3
3 é oUTT1 14
i AR : ' 21
- ‘ .
2 les ouTi2 _ 15 5,
o o QUT13 16
y == |fF , 23
] > | . K
* 2 lm N —] 17
n n
=
@
1/4 7432

PANEL PRINTER
Character Generator to Solenoid Driver

Char. Generator Solenoid Driver

(J14) (J15)
0
29 1 29
0
30 2 30
0
an |3 » 31
0 A
32 |4 32
0 .
33— 33
0
34 2 _ 34
0 _

35 —L 35 |
15 |16 Gnd 26 |28 |
7 8 +5 volts - 27

25 +14 voits +24 volts 00 |23

_26 -]4 VDTtS

O &
=
53
Jones 28
Plugs E.E g
I"u E
>
& H
s
&
o
g >
= =
=




b T LA T L R,

cld
A0OVAHAUINI YILNIEd TINVd

[y

New Data Ready

10 6

13 4
6

o

Out 15

+24

- 1N D IOy |
[o3]

Start
13
+5
H 1Ke
K
+5
1KQ
J
+5
1KQ
]
+5
1KQ -

IC #'s
(Backside)

#1 7490
2 7490
#3 7490
#4 7400
#5 7400
#6 7432
#7 7406
#8 7410
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APPENDIX E

Device and Register Assignments
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| A | 8 | c I D E | 3
\ CPU & MENMORY (4-8K) - RAM PROTOTYPE BOARD ~  cimer o
S ADAC 800 A/D
i; . MEMORY (0-4K) - ROM ] MEMORY (12-16K - RAM
i .
; w .
% CP1 - DRY1T A Parallel MEMORY (8~12K) - ROM Printer Hardware
! = - Bootstrap
i é CP2 - DRV11B Parallel REVi1-C Refresh
; | VIDEO - DLY11A Serial PRINTER - DRY11C Paraliel
: 0 ;
E % Power-Up & Oscillator Circuit DRY11 - Interrupt Acknowledge ;
A s
§ g TEVI1 - 120Q Terminator W :
= Memory Bank - User Selectable Jumpers ' é
i [ :
2 BANK O - PROM BANK 2 - PROM BANK 1 - CPU RAM BANK 3 - RAM
1 ea |
¢ - W I W I Wil Wl I "
' 2 We 1 W9 I W2 R W2 R |
7 Wig I Wi I W3 R W3 R 1
o wa I i
« Ws I W15 I - 5 R
Hie I Wio I We R
W7 1 Wi7 1 W R
W0 I
_ Wi R Wl I
' N
W7 R NOTE :
I = Installed jumper
R = Removed jumper

BTN R ™ N N -




Il.

ITI.

Iv.

VI.

CPU-KDT1F

POWER UP MODE: MODE O
MEMORY BANK: 1 (20000-37776)
INTERRUPTS: ENABLED

CPU MEMORY REFRESH: DISABLED

RAM - MSV118B
BOARD 3: (60000-77776)
ROM-MRVITA (512 x 4 bit ROM)

BOARD 0: (00000-17776)
BOARD 2: (40000-57776)

TELETYPE ~ SERIAL INTERFACE - DLV11

BAUD: 300
DEVICE: 177760 RCSR
177762 RBUF
177764 XCSR
177766 XBUF
INTERRUPTS: 60 RECEIVER
64 XMITTER

CONTROL PANEL - PARALLEL INTERFACE - DRVY11A

DEVICE: 167770 DRCSR (DRAS)

167772 DROUTBUF (DRAO)

167774 CTRINBUF (DRAI)
INTERRUPTS: 3Gy PANEL-ABORT
304 Q MANEUVER

CONTROL PANEL - PARALLEL INTERFACE - DRY11B

DEVICE: 167760 DRCSR (DRBS)

167762 DROUTBUF (DRBO)

167764 DRINBUF (DRBI)
INTERRUPTS: 310 ECG COUNT

314 100 MSEC CLOCK

LSI-II BOARD
CONFIGURATION

W/ :

I . i - N . - -l et




VII.  PANEL PRINTER - PARALLEL INTERFACE - DRV11C

DEVICE: 167756 DRCSR  (LPTSR)
167752  DROUTBUF {LPT)
167754 DRINBUF  (LPTIN)
INTERRUPTS: 320
324

VIII. A/D - ADAC 600 LSI-11

DEVICE: 176770  A/D STATUS (ADSR)
176772  A/D DATA  (ADIN)
176760  DACI DACT)
176762 DAC2 (DAC2)
VECTOR: 130 ERROR OR DONE

IX. INTERRUPT ACKNOWLEDGE
DEVICE: 167740  DRCSR

167742  DROUTBUF
167744  DRINBUF

LSI-II BOARD
CONFIGURATION (cont'd)

E2 {cont'd)

N
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10.

DEVICE

CPU (4K RAM)

ADAC A/D

Control Panel
(2 DRV11's)
Buttons (@0.25A)
LED'S (@0.030A)
LED Indicator (@0.035A)

Panel Printer (DRV1T1)

Video Monitor (DLVIT)

Bootstrap (REV11-A)

8K RAM
(2 MRV11)

ROM (BANK 0)
ROM (BANK 2)
TERMINATOR (TEV11)

+5 VOLTS
1.8A-=2.4A (max.)
2.5A
.85A =1.3A
0.85A—==1.3A
3.0A
0.36A
0.4554
0.85A —==1.3A
1.08A—=1.6A
1.68A—=2.24A

0.56A—=>1.12A
0.56A—==1.12A

2.8A-=4.1A
1.0A—>2.3A
0.54A—==0,70A

18.765A—=-25.795A (max.)

LSI-IT POWER REQUIREMENTS

E3

+12 YOLTS

0.8A—==1.1A (max.)

0.18A—=0.25A

RENEN N




STATUS REGISTER (1677X0 = DRCSR)

Bit Signal
15 REQ B
14-08

07 REQ A
06 INTA
05 INTB
04-02

01 - CSR}
00 CSRO

Description

REQUEST B ~ under controi of user's device
and may be used to initiate an interrupt
sequence or generate a flag that may be
tested by the program. When used as an
interrupt request: it is asserted by the
external device and initiates an interrupt
provided the INT ENB B bit (bit 05) is
also set.

Not used. Read as 0.
REQUEST A ~ same Tunction as REQB except

that intervrupt is generated only if INT
ENB A (bit 06) is also set.

.INT ENB A - Interrupt enable bit. When set,

allows an interrupt request to be generated,
provided REQUEST A (bit 07) becomes set.

INT ENB B - Interrupt enable bit. When set,

allows an interrupt request to be generated,
provided REQUEST B (bit 15) becomes set.

Not used. Read as 0.

CSR1 - This bit can be loaded or read under

program control and can be used for a user -
defined command to the device.

CSRO - Performs same function as CSRI.

 STATUS REGISTEK
PARALLEL LINE INTERFACE - DRV11#

* from: Digital Microcomputer Handbook, Digital Equipment Corp., 1976.

E4
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STATUS REGISTER (INPUT)
Bit Signal
15

14-08

07

06

05-01
00

STATUS REGISTER (OUTPUT)
15~08

07

06

05-01
a0

Description
Dataset Status - Done (or Ready) flag
Not used. Read as 0.

Receiver done - Set when an entire character
has been received and is ready for input to
the processor.

Interrupt Enable - Set under program control
when it is desired to generate a receiver
interrupt request when bit 07 is set.

Not used. Read as 0.

Reader enable - Set by program control to
advance the input device to input a new
character.

Not used. Read as 0.

Transmit ready - Set when buffer is empty
and can accept another character for
transmission.

Interrupt Enable - Set under program control
when it is desired to generate a transmitter
interrupt request when the DLY11 s ready to
accept a character for transmission.

Not used., Read as O.

Break - Set or reset under program control.
When set, a continuous space level is transmitted.

STATUS REGISTERS

SERIAL LINE INTERFACE - DLV1t*

* from: Digital Microcomputer Handbook, Digital Equipment Corp.. 1976.
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INPUT SIGNALS
DRVT1-SIGNAL PANEL ~SIGNAL

I

OUTPUT SIGNALS

DRV11-SIGNAL PANEL -SIGNAL

INOO SUBJECT-TW-BITI 0UTO0 IDLE-LT
" INOT SUBJECT-TH/-BIT2 OUTOT PFT-LT
i INO2 SUBJECT-TH-BIT4 0UTO2 PFT CALMS REQ-LT
: INO3 MASS SPEC-TW-BITI 0UT03 PFT CALMS RUN-LT
| INO4 MASS SPEC-TW~BITZ 0UT04 PFT WO REQ-LT
I INO5 PFT SELECT - PB 0UTOS5 PFT WO RUN-LT
& INO6 PTC/PBF SELECT-PB 0UTO6 PFT FVC REQ-LT
. INO7 PFT CALMS-PB QuTo? PFT FVC RUN-LT
I INO8 PFT WO-PB OUTO8 PFT RPT REQ-LT
| INO9 PFT FVC-PB 0UT0Y PFT RPT RUN-LT
N0 PFT RPT-PB 0UT10 PFT END REQ-LT
L N PFT END-PB OUT11
| INT2 PTC/PBF CALMS-PB oUT12
- INT3 PTC/PBF ROCM-PB 0UT13
) INT4 PTC/PBF START-PB OUT14
I INT5 0UT15 RUN-LT
INTERRUPT SIGNALS
_i REQA PFT ABORT - PB & PTC/PBF ABORT-PB
REQB PTC/PBF Q MANEUVER-PB
| DEVICE ADDRESSES STATUS SIGNALS
167770  DRCSR (DRAS) CSRO SPIROMETER DUMP CONTROL
. 167772  DROUTBUF  (DRAO) CSR1 BPMS TRIGGER
167774  DRINBUF  (DRAI)

INTERRUPT VECTORS

INTA - PFT ABORT & PTC/PBF ABORT

300
304 INTB - PTC/PBF Q REQ-PB
LEGEND

TW - THUMBWHEEL
‘ PB - PUSHBUTTON
LT - LIGHT
SW - SWITCH

CONTROL PANEL

DRV11~-BOARD A

£6
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INPUT SIGNALS

DRVIT-SIGNAL

PANEL-SIGNAL

INOD -
INOT
INO2
INO3
INO4
INO5
INOG
INO7
INOB
INO9
INTO
INT1
IN12
IN13
IN14
IN15

PRINTER SELECT-SW
0BDS SELECT-SW

INTERRUPT SIGNALS

REQA
REQB

OUTPUT SIGNALS

DRVT1-SIGNAL

QuT00
0uTO1

0u702
ouTo3
ouT04
OUTOS

QUT06
ouTo7

ouTd8
ouT09
ouT10
ouTHl

QuT12
0UT13
ouT14
oUT15

ECG HR COUNT INTERRUPT
100 MSEC CLOCK INTERRUPT

PANEL-SIGNAL

PTC/PBF RUN-LT

PTC CALMS REQ-LT
PTC CALMS RUN-LT
PTC ROOM REQ-LT

'PTC ROOM RUN-LT

PTC START REQ-LT
PTC START RUN-LT
PTC Q REQ-LT

PTC Q RUN-LT

PTC END REQ-LT
PFT SELECT-LT
PTC/PBF SELECT-LT

RUN-LT

DEVICE ADDRESSES

167760 DRCSR ~ (DRBS)
167762 DROUTBUF  (DRBO)
167764 DRINBUF (DRBI)

INTERRUPT VECTORS . | /
310 INTA - HR COUNT INTERRUPT

- 314 INTB - 100 MSEC CLOCK INTERRUPT

LEGEND
PB - PUSHBUTTON
LT - LIGHT

SW - SWITCH

CONTROL PANEL
DRV11-BOARD B

E7
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INPUT SIGNALS QUTPUT SIGNALS

DRV11 SIGNAL PRINTER SIGNAL DRV11 SIGNAL PRINTER SIGNAL
INOO : _0OUTO0 BIT 0 - ASCII char.
INOL ‘ ouTol BIT 1 - ASCII char.
INO2 ouTozZ BIT 2 - ASCII char.
INO3 oUTO3 BIT 3 - ASCII char.
INO4 ouTo4 BIT 4 - ASCII char.
INOS QUTOS BIT 5 - ASCII char.
INO6 QUTOB BIT 6 - ASCII char.
INO7 ouTOo?

INO8 : ouTD8
IND9 OuT09
INIOC QUT10
IN11 QUT11
IN12 ' . oUTiZ2
IN13 QuT13
INid oUT14

IN15 NEW LINE READY 0UTLS Start Carriage Signal

INTERRUPT SIGNALS

REQA ‘PRINT character request
REQB not used

DEVICE ADDRESSES .
167750 LPTSR

167752 LPT
167754 LPTIN

INTERRUPT VECTORS

320 PRINT
324 not used

PANEL PRINTER
DRV11-BOARD C

Eg

m e, . ET T O + e et W D T T T T



STATUS REGISTER (ADSR = 176770)

Bit

D15

D14
D13
D12
D11

D10

Dos
D08

F

0067

D06

D05
D04

D03
D02

DO
DOO

Signal
ERROR

MAINTENANCE

DONE
INT ENABLE

RESERVED
GAIN 2!

GAIN 20
SEQ/RAND

EXT.ENABLE
START |

Description

Set if ADC trigger occurs and previous
conversion is not complete.

Loads multiplexor address to seleci one
of 64 channels and initiates a conversion
(If DO1=0)

Set by completion of conversion, reset
upon reading data register or initialize.

Program selectable interrupt mode. Interrupt

produced by ADC done (D07) or error (D15)
when selected. :

Sets gain of programmable gain amplifier
option. 11 sets lowest gain and 00 sets
highest gain.

Zero selects random mode Yor multipliexer.
One selects sequential mode for multiplexer.

Enables clock source to trigger ADC.

Triggers ADC, if ext. enable, D1, is a zero.

STATUS REGISTER

ADAC-600 LSI-11 A/D

12 BIT CONVERTER

£9

e T e v————— e et sl sl I LSS =R

"




T

l

]

EERT

| g

Perkin-Elmer Mass Spectrometer - Serial Number 9

Sensitivity Range

0, 0 - +5Y D.C. 0 to 220 torr 44 torr/volt
N2 0 - +5V D.C. 0 to 660 torr 132 torr/valt
602

H20 } 0 - 5Y D.C. -0 to 66 torr 13.2 torr/volt

MASS SPECTROMETER SPECIFICATIONS
' B E10 '




ADAC MODEL 600 ANALOG-TO-DIGITAL CONVERTER

I. SPECIFICATIONS
32 Channels A/D
. Input Voltage Range <—: -10v to +10v (max. of + 15v)

. Input Impedance: Greater than 100 megohms

A
B
c
D. Resolution: 12 Dits
E Maximum Throughput Rate (12 bits): 50,000 channels/second.
F Sample and Hold Aperture Uncertainty: 20 nanoseconds
& Jumper-Selectable Modes of Operation
1. Single-ended
2. Pseudo differential
3. Fully differential
H. Programmable Gain Amplifier {PGA) | ;: : ;; |
1.  Four gain settings: 1,2,5,10 A I
I. Conversion Times

1. No PGA

a. 5 microseconds for multiplexer and sampling and hold ~ N
setiting - : . -

b, 15 microseconds for the A/D conversion
2.  With PGA

a. b5 microseconds for muitipiexor, sampling and hoId
and PGA setting

b. 15 microseconds for the A/D conversion

~c. 10 microseconds for zeroing operation of the PGA

ANALOG-TO-DIGITAL CONVERTER SP:CIFICATIONS
. ADAC CORPORATION MODEL 600-LSI-11

E11
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Time diagram of a cycle time for one character

start signal

Osc. signal (Q._ )

0SC
space column

column 1
column 2
colum 3
column 4

column 5

Dem. new char,
(space celum)

space column

address input time

_tchar

(cycle time)

i:_;qt RoTd -

L

b

LUt

“oN
tsc

tact ]
] ’ _
(0 T e T B i
A I P
Li LI W DU I ]
t. nold min :

b a N

« o

NOTE: See following page for
symbol legend.

- AMPEREX MATRIX PRINTER

Timing Diagram for One Character

E12
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Legend for timing diagram of one character:

tse 1.8 to 3.4 ms See note 1 Scanning time of one column
tchar 8 x tsc Cycle time of one character
tact 1.2 ms Qutput activation time during

' one scanning time '
ty hold min 5 x tee See note 2 Hold time of input information
tSt hold T x tsc ' Hold time of start signal

= s it

tDN 1 x tsc Time duration of “Demand New

Character" signal

The foregoing dynamic data are plotted in "time diagram of a cycle

time for one character." (See Below)

NOTE: 1) The scanning time tsc may be adjustad by means of po-
tentiometer P1 for several printing speeds.
~2) The input information must be present during the

posttions 1 to 5 of the 8-position counter.

AMPEREX MATRIX PRINTER (cont'd)
Timing Diagram for One Character

. E13
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Program Flow Charts
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‘ MONITOR }

Memory

Set up
STACK

Initialize
Interrupts

Initialize
Controi
Panel

Button NO
Pushed?

YES

PFT

PTC/PBF?

PTC/PBF

OTR1 PANEL MONITOR

F1

Clear
RAM Banks 1 (20000-3777¢) and 3 (60000-77776)

. T

T AT e R e et



PET
. MONITOR

Get Mass
Spec &
Subject #
PFT
Button 0
Pushed?
YES
@ YES > | CcALMS
0
NO
iNO
YES RPT

e,

NO

End Test? SN0

YES

RETURN )

| To IDLE module

PFT MONITOR

i - e =

F2

-




[P

PTC/PBF
 MONITOR

Get: |
Mass Spec
Subject #

v
o3

Button
Pushed?

CALMS? >l cams | L— 4
|1 RoOM
"~ START? >l sTART | l— 4
End Test? ‘-NO
- | To 10LE Module
PTC/PBF MONITOR
F3

H
T T .




FvC

Initialize
Spirometer
Delay

Enable
Clock
Interrupt

LOOP:

\Y
Disable
Clock
Interrupt
Store
Number of
Samples
Calculate: FEVI
VCOMP B FVC
MMFR
MEFR

( RETURN ’

FORCED VITAL CAPACITY

F4

T T o T i T i e R e e iy o o ST e m——
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Subroutine to
VCOMP compute FVC
results
; A1l voiumes converted
Sg?ﬂmza?ﬁ from A/D counts to
Breath. Store liters BTPS before
in FEV storing
FEV1=Vol | At 10 MSEC/sample
Exha1e§ ?ﬂeone The 100th sample,
Second . ‘ After start of breath
_ 0.5 * FEY
Compute MHFR = T
HMFR T = Time between 0.25 * FEV
and 0.75 FEY
(1EFR = L
Compute T |
MEFR T = Time between 0.2 Titers
and 1.2 liters

( RETURN D

FORCED VITAL CAPACITY {cont'd)

F5
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WASHOUT

-

Initialize
data,pointers
flags, etc.

Get volume,
FN2 pair

Already phased

Print Volume,
PN2

!

Subtract 0.2
from VENT

Anatomical

dead space

Analyze singie
?reath wave-
orm

{ WOMON |

HW050:

Calculate Re-

sidual Volume

Woe0:

pr——

_ RETURN To PFT Monitor

P N T T

|

Accumuiate
Votume EX-
hated (VENT)

Accumulate
Amount of
N2 Exhaled

Monitor max.
FN2 per breath

WASHOUT
F6

S




g

-Analyze Single Breath Waveform

Find Max Volume
Store as VC

Find 9.35 YC and
0.65 VC in array

Do Linear
Regression

[ FN2 vs. Vol. over interval 0.35VC, 0.65VC
Store Slope and Intercept

et g

Compute & Store
N2 DELTA

N2 DELTA = 100 * Siope

Extrapolate
Line :

Find Closing
Volume

W060

' oV = VC-X |
' X = Last vol. pt. for which FN2 {actual)<FN2
(predicted)

{ Calculate Residual Volume

_ Computé Time
of Washout

T(min) = 0= ofsaggerrupts

Ca?cu1qte RY

Ry = Jotal N2 Washed Out -0.0312T7 |
‘WAXFN (Breath 17 - MAXFN (Last BRedth)

Calculate yg_
RV

VA/RV = Ventilation/RV

( RETURN ’

r——

WASHOUT (coni'd)

F7
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REPORT

Calculate FEV1/FVC%
Derived FVC/VC%
Parameters CcV/vC%
CC/TLCY
Print
Title

Print Labels
and Data

Video™
and LPT
done

RETURN To PFT Monitor

F8
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CALMS

égi:ig];ieb Data dependent on individual mass specs.:

Data pec Capillary delay; N2,002,02 gains; Data Inversion
Sample R

€02,N2,02 25 times

I

Print Bad
Average Sampled Ms-Cal
Values for Message
€02, 02, N2 ‘
RETURN To PFT or PTC/PBF
Adjust cal- - |Compute Cal - Monitor
gas % for  —— factor for r~1:bF AVG
BTPS each gas CA TALGAS % * BTPS
| i
!
Print Cal-
Complete
[lessage

( RETURN F—-ITO PFT or PTC/PBF Monitor

MASS SPECTROMETER CALIBRATIDN
MODULE

Fo




i i e e somp g e 7 e

SPIRO

Spiro Valve™JES

Close Spiro.
VLAST = 0
VWATCH = WAITT

NO
LESS:
Increment
VWATCH -
YWATCH = WAITT
VLAST = SAMPLE
EOB = 0 o
VWATCH '
LT, YES !
0 ) .
0 R2 = SAMPLE
‘Open Yalve
R2 =0
Set EOB
Y
N

OPEN:

R2=0

X

RETURN )

SPIROMETER HANDLER

F10




FvC

A/D ISR

PBFINT

WASHOUT

Sample every
10 msec

Sample Spiro.
Volume

l

SPIRO

Match phased
Vol. with FN2

Save Sample

?

Sampie every
20 msec

Get FN2
Sample

Get Spiro.
Volume

SPIRO

, Video
Data Ready
?

VES

- Send Charactey
ﬁ to printer
- EOB Set? .
ﬁ \/
g PFT INTERRUPT HARDLER
H
) F11.
i

e e T T e e 2 TR —— -

|
U
ol bt



{ PBFINT )

Sample every —iG msec clock, sample every
40 msec fourth clock pulse
I _
Get FCOZ2, Fractional gas values
F02, FN2 from MS outputs

Sample Spiro.
Volume

SPIRO

i
Match Phased

Volume&with .-_-_1:%ubroutine DELAY
Current
gases

Trigger BPMS

PTC/PBF INTERRUPT | of Lhe half=y

SERVICE ROUTINE

Sample work- :
load every | Convert to watts. Add offset
5 seconds ' and store :

|

Transmit to
0BDS every
15 seconds

Sample work-
load & BPMS At end of each one-minute
once/minute reporting interval

, NO

"data ready
EXIT From
Send char. ( ) [i nterrupt
to video = - ser.routine -

F12
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ROOM

Get gas et FO2, FC02, FN2 samples
fractions from ambient air

- o (e )

RCOM AIR MODULE

T o | F13

pe BaJ;LRoom

W

( RETURN )

’ . HO..
k‘ F02 > 19% -
| y
Fir Message

] VES],

) qove gas —{:In RAFCOZ, RAFOZ, RAFNZ
. ORAT = FOZ

) ' N2

| |

CRAT = FCO2

“ w2




START

l

Initialize
data,pointers,
flags, etc.

Set up gas

_Eépendent on specific

delays

Set up point-
ers for PTC

l

Get next
protocol
step

| mass spec.

EXLOOP:

L~ Gas
Exchange
EOB

[ NO
4

it thvru

Spl::E\\\\

_g1ready 1oaded in ROM

Gas Analysis

Service
PRTFLG

-

Seryice PTC~
0BDS Request

Service PBF-
0BDS Request

FNSHQ

TPredefined protocol for Q & exercise

Cubic
Spline
Fit For Q
Data

Not

[R(Inst) ‘] ,
Load print

| buffer at end of each ménute

o

Transmit every 15 seconds

b

Transmit once a minute

.

START-PROTOCOL MODULE |
Fl4

> Enough

Pairs for
Analysis

SlC

e T T e e




Print Buffer --—-m[Erint one-minute swmmary on LPT and video

-—-[EXLOOP :

Hait for

'—"[%XLOOP:

Disable
Interrupts

r

Wait for
completion
of data
output

RETURN Return to PTC/PBF monitor

{ Gas exchange end-of-breath

Scale Scale BRTHY 0-32767 => 0-8L BTPS
Volume B
| _
2“23,2 02 Scale BRTHO, BRTHC 0-32767 => 6-1L STPD
| _
Save values Store TIME, BRTHV, BRTHC, BRTHO for Tater
in PTC area transmission to 0BDS
] .
Reset BRTHY,
BRTHO, BRTHC

w—{ EXLOOP

START-PROTOCOL KMODULE
F15




Gas Analysis Routine

Get next set [%ENZ = N2 expired, FEOZ = 02 expired

of phased V | - :
% gases FECO2 = C02 expired

¢ Man.
triggered

\E/——[ GSLPi:

Q.Man NO

Initialized

Initiate Q man
on Ist sample
of new breath

P

02
Decrease
>0.002

€02

YES
> 20 TORR —

-\ GSLP1: 4
Save FECQ2 For Cubic
and FEQ?2 Spline fit
Phased D Gas End-of-
Sum Delta vol [Current Minute Vol. = CMY +AVol.*BTPSF
for PBF & PTC | Delta Vol. (BRTHV) = BRTHV + AVol.*BTPSF
Compute (02 [CC02 = BRTHC = BRTHC + VECO2
Production | VECO2 = FECO2 - FEN2*(FIC02/FIN2)
Compute 02 ™ €02 = C02 + YIO2
Consumption VRTHO = BRTHO + VIQ2
L vIo2 =avel.® [FEcoz - FENz*Fm..?]
S o FIN?

kﬁ\/—[EXLOOP .

START PROTOCOL MODULE (cont’d)
F16 '




R ( INSTANTANEQUS)

FNSHO
Set up  Array Z—>»F02 , W—>R(INST)
Pointers Y—> FCO2 '
Loop for
I1=2,
N -1

Compute _S - SF02 - FCO2
R (INST) —E*‘(” = T = SFOZ - FC02

3

Linear Regression :
of PCOZ2 as func- ,
tion of RINST —-*-1:%ubrout1ne LINREG

Save Slope
and Inter-
cept

l\f\/———[Exwop

Fi7

e | stuntmerep s~ o o= e




APPENDIX &

Operating Procedures




" QTR 1:

].

7.

8.

11 - .

Infiight Exercise 5/6/77

. A. Preparation

Verify a data patch paneil installed.

NOTE: Any patch panel may be used as long
as cne is installed.

Remove fiexible hoses, blood pressure cuff,
respiratory valve assembly, noseclamp, and
mass spectrometer {MS) capiliary tube from
stowage in OH-11.

Attach one blue kose (with biue end) to
biue quick disconitect port labeled OAYGEN
SUPPLY. Rotate Tatch clockwise to logk.

Attach other end of hose to blue port on
respiratory valve assembly with arrow
pointing toward mouthpiece of assembly.

Attach one end of second blue hose (with
red end) to red quick disconnect port.

Attach other end of hose to red port on
respiratory valve assembly.

CAUTION

Steps 7 & 8 wust be done in
sequence.

Spiromater panel:
VIDEQ SEL sel - OTR 1

MOTE: The mid-position on this B—uay
switch is not used and act indicated.

Activate computer:
PRINTER sw - ON

0BDS sw - ON

MASS SPEC tw. = 1
SUBJECT tw - set to proper SUbJEGL

(@ HS:} 1 = PS 39

2 = PS-2)

FINAL

TRAINING NOTES

N U T P




COMR 1

9.

FINAL
5/6/77

POWER sw - ON (POUER 1t - ON,

IDLE 1t - ON, PFT pb - LIT,
PTC/PBF pb - LIT)

CRT on rack 13: * ]
POWER pb - verify depressed (POWER 1t - Oﬂ)

" B. MS start-up From "Pumped Down" State

1.

2.

Verify that all its on MS panel areroff
(see NOTE below step 2).

MS Panel:

MS POWER sw - QFF

SYS POWER sw - ON

ION PUMP sw - ON

PRESSURE sw (NORMAL/OVERRIDE) - NORMAL

MODE sw - CLOSED

FIlL sw - NORMAL

CAPILLARY SELECT sel - QFF

DVM SELECT sel ="Izp (ion pump current)
(Reading on DVYM should be approxi-
mately -001. A11 Irp readings are
negative, ragardiess of sign.)

. YACUUM PUMP SHUTQFF viv - full CH

(closed)

CAUTION

If ELEC INHIBIT it or HIGH PRESS 1t come on

or Itp (on DVM) is much greater than -010,
vacuum problem exists within system which must
be corrected. Refer to MS activation proce-
dures in flight data file.

TRAINING NOTES

R




O0TR 1

1=3
: FINAL
5/6/77

€. Verification of MS Vacuum

| 1.

Verify that white ¥ilter is in CAL INLET
port on MS panel. Cotton packed side of
filter should Tace outward,

" Place one end of MS capillary tube on CAL
. INLET port. Stow other end as appropriate.

Monitor (on pump current (IIP) on DYM).

NOTE: Ip should range from -001 to -030.
Values of I1p between -030 and <600 indi-
cate probable’ vacuum problem.

MS panel:
VACUUM PUMP SHUTOFF ylv - full CCW

NOTE: I1p should remain same or decrease.
If Iyp increases to more than -030, quick-
1y C{OSe VACUUM PUMP SHUTOFF vly and heve
external vacuum restored.

MS panel:
CAPILLARY SELECT sel - CAL

NOTE: Ijp should increase to value be-
tween -005 and -030. If increase is
greater than -030, quickly return
CAPILLARY SELECT sel to OFF. Problem
probab1y torn boot or capillary tube out
of place. Less Tikely possibility is
absence of external vacuum that was
undetected in step 4 above. ‘

TRAINING NOTES

I
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FINAL

OTR 1 5/6/77
D. MS Power-up
1, Verify absence of Tts on MS panel.
2. MS panel:
MS POWER sw - OM (OPEN LOOP 1t - ON)
NOTE: OPEN LOOP 1t will remain on for
approximately 20 seconds. If 1t does not
go off, capiilary tube may be blocked. I
this is case, turn CAPILLARY SELECT sel to
OFF, change to new capillary tube, and
return CAPILLARY SELECT sel to CAL.

3. HWait 1 minute and then verify absence of
Tts on MS panel.

4, Verify air values on MS DVM by placing DVM
SELECT sel in positions €02, 02, then Nz,
and confirming respective gas values.
Breathe through MS probe tube and confirm
increase in C02. Foliowing verification,
return DVM SELECT sel to Iyp position.

E. Flow/VYolume Electronics Power-up

1.

2.

Verify on Tlow/volume electronics-panel:

TEST GAS SEL sel = QFF

MODE SELECT sel - OPERATE

A1l recessed sws (behind glass panel) in
AUTG pos1t10n (UP)

Flow/volume .electronics panel:

115 V PUR sw = ON (115 V PWR 1t - ON)
TEST GAS SEL sel - 02

TRAINING NOTES
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FINAL

OTR 1 5/6/77
F. Calibration

1. Transfer loose end of MS capillary tube to

CAL GAS tube on flow control unit of X75.

2. Open needle valve on CAL GAS port (flow of

10-~15 cc/m1n)

3. Verify 002 va]ue greater than 4.4 on MS
DVM by placing DVM SELECT sel in CO2 posi-
tion. Foliowing verification, return DVM
SELECT sel to Ijp position.

NOTE: IF COz value is less than 4.4, go
to malfunction procedure .
4. Verify printer paper tape feeds properly.
5. OTR 1 panel:
PFT .pb - depress
6. OIR 1 panel:
CAL MS pb - depress

7. Verify that CAL MS 1t blinks on once.
NOTE: Calibration of mass spectrometer
is concluded when message CAL COMPLETE
appears on printer.

8. Close needle viv on CAL GAS port.
9, Verify that WO pb is 7it.

NOTE: Green 1ts adjacent to PBS indicate
tests are in progress. Amber lights in
pushbuttons indicate system is ready for
next test. : .

TRAINING NOTES




0TR 1

G. Washout Test

FINAL .
5/76/77

1.

- aperture in stainiess steel inlet.

" Verify that white sw on oxygen regulator

Transfer MS capiilary tube from CAL GAS
tube on flow control unit of X75 to mouth-
piece assembly, making sure that Teflon

tip of capillary extends into valve through

is in 100% OXYGEN position, green sw is in
ON position, and meter reading is approxi-
mately 200 psi.

Flush hoze and valve assembly with 100%
oxygen using TEST. MASK switch position on
oxygen regulator. .

0TR 1 panel: _
W0 pb - depress (WO 1t - ON)

Don noseclamp.

Inspire room air, hold breath, then place
mouthpiece in mouth and seal 1ips .ove
assembly. -

NOTE: Maintain subject dependant %o
' respiratory valve assembly.

Exhale slowly to residual volume (RV),
inspire vital capacity of oxygen, and
again exhale slowly to RY.

With mouthpiece still in mouth following
initial maneuver, relax and breathe nor-
mally until washout is complete. Washout
is complete when green W0 1t goes off and
FVC pb Tights up. -

Remove mouthpiece and noseciamp.

TRAINING NOTES
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OTR 1
10.

1.

FINAL
§/6/77

Carefully remove MS capiliary tube from
respiratory valve assembiy.

Disconnect hozes from quick diséonnect
ports and from valve assembly. Remove

blue inlet hose (with blue end) from
assembly and return to stowage.

H. Forced Vital Capacity Test

1.'

Remove standard cardboard mouthpiece and
FVC hose from stowage. Attach one end of
white hose (with red end) to red quick
disconnect port and other end to cardboard
mouthpiece. '

OTR 1 panel:

FVC pb - depress (FVC 1t - ON)
Don noseclamp.

Inspire maximally to total lung capacity.
Place mouthpiece in mouth, seal lips
around mouthpiece, and exhale as rapidly
as possible to RY.
OTR 1 panel: |

RPT pb ~ depress
NOTE: Test is compiete when printout is
finished.
OTR 1 panel:

END TEST pb -~ depress

TRAINING NOTES




OTR 1

7.

I. Pulmonary B8lood Flow Test

Detach white hose from quick disconnect
ort. Remove cardboard mouthpiece from
ose. Return white hose to stowage.

FINAL
5/6/77

1.

Verify ECG sensors are attached to subject.

NOTE: If sensors have not been attached,
do the following:

a.

bﬂ

c.

Obtain BPMS cuff from OTR 1 stowage.

Attach ECG electrode harness to ECG
electrode cabie.

Attach cable to ECG input connection
on HP cardiotach on X50 systems panel.

Attach harness leads to ECG electrodes
on chest (white lead to upper electrode,
black to lower, green to reference).

Verify readout on BEATS/MIN paneT of
HP cardiotach.

Verify that ECG 1t on BPMS biinks on
and off as CAL pb on cardiotach is
depressed. (ECG 1t will come on in
response to sensing of QRS wave during
axpeviment.)

TRAINING NOTES




0TR 1

FINAL
5/6/77

BPMS cuff gas/electrical umb.:

Attach gas connection to UMB GAS on
BPMS. : '

Attach BPMS electrical connection to
MICROPHOME on BPMS.

Place cuff on subject.

Activate BPMS:

POWER sw - ON
MODE sal - MAN

BPMS:
CUFF/INFLATE sw - START

Verify proper cuff inflation/deflation
cycle, with Korotkoff sounds being sensed

- {yellow 1ight on BPMS flashing).

BPMS:
CUFF/INFLATE sw - STOP/RESET
Attach one end of blue flaxible hose (with

red end) (used in washout test) to red
quick disconnect port. Attach other end to

- exhalation port of respiratory valve

assembly.

Transfer MS capillary tube from loose
stowage to CAL GAS tibe on flow control
unit of X75.

Open needle viv on CAL GAS port (F1Gi 10-
15 ce/min). '

Verify CO2 value greater than 4.4 on MS DVM
by placing DVM SELECT sel in COp position.
Following verification, return DVM select

~sel to Ip position.

TRAINING NOTES




" O0TR 1

13,

14.

15.

16.
17.

18.

19.

20.

21.

1-10 .
- 5/6/77

IDLE panel:
PTC/PBF pb - depress

OTR 1 panel:
CAL MS pb - depress .

Verify that green CAL MS 1t b]inké once.

NOTE: Calibration of mass spectrometer is
concluded when message CAL COMPLETE appears
on printer.

Close needle vlv on CAL GAS port.

P}ace capillary in position to sample ambient
air.

0TR 1 panei:
ROOM AIR pb ~ depress

Conclusion of sampling peried indicated
when START pb is 1it. If ambient air data
is invalid, printer will print message

BAD ROOM AIR VALUE.

Transver MS capillary tube to valve assem-
bly, making sure that Teflon tip of capil-
lary extends into valve through aperture
in stainless steel inlet.

BPMS:

MODE sel - 200
CUFF/INFLATE sw - START

FINAL

TRAINING NOTES
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0TR 1

22,

23.

24.

25.

26.
27.

1-1 -
FINAL
5/6/71

Insert mouthpiece of valve assembly in
mouth and don noseclamp., Breathe normally
until computer requests cardiac output
maneuver (step 24}.

QTR 1 panel:
START pb - depress

¢

Cardiac output maneuver:

Take slightly longer than normal in-
halation, depress Q pb, then exhale
sTowly at constant flow rate.

NOTE: Within minute that maneuver is
requested, if initial maneuver is thought
to be unsatisfactory, subject may repeat
procedure by depressing Q pb again.

During 2rd and 5th minutes @ Tt will come
on, requesting maneuver.

NOTE: Test is terminated when time 5.0
appears on printer and/ov END TEST pb is
jit.

Remove mouthpiece from. mouun.

BPMS:

CUFF/INFLATE sw - STOP/RESET
POUER sw - OFF

,J. Flow/Volume Electronics Shutdown

1.

Flow/volume electronics panel:

TEST GAS SEL sel - OFF
MODE SELECT sel - OPERATE
115 V PUR sw - OFF (115 V PUR 1t - QFF)

TRAINING NOTES




OTR 1

=12 '
: FINAL
5/6/77

K. MS Shutdown

I.

MS panel:

DVM SELECT sel - Igp
MS POWER sw - OFF
CAPILLARY SELECT sel - OFF

NOTE: 1Ijp should decrease toward -001.

Remove MS capillary tube from CAL INLET
port and valve assembly. Clean and return
to stowage. Replace capiliary plug on

CAL INLET port. -

Wait 1 minute before continuing with
shutdown.

MS panel:
VACUUM PUMP SHUTOFF cont - fult CW (closed)
Verify on MS panel:

&bsence of 1ts
Itp less than -804

Final Shutdown

].

Remove mouthpiece, noseclamp, blood pras-
sure cuff, and ECG sensors.

TRAINING NOTES
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CTR 1

5

7.

- 1-13 : '
' FINAL

OTR 1 panel:
END TEST pb - depress

Remove printer tape, label with date/time -
and stow.

Inactivate computer:

POWER sw -~ OFF

Disconnect hose from quick disconnect port
and from valve assembly. Return hose to
stowage OH-11.

Clean valve assembly and return to stdwage
OH-11. , A

Return remaining, loose equipment to
stowage.

TRAINING NOTES
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Program Listing
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)

c

3

4 .
5

G

7

8

8

5 GEEERE

‘ g--E i, s “

. APpEas
BEDDRY
BRBBa 1

BoBBaR

tilulafufqla}
PEREE 1
HEREAR
AEAAE3

REBHB4.
- BORBES

208896
BEBR6BeT.

167750

167752

167753

167754

1?7568
177562
177564
177566

167F7

167772
167774

167760

1E77aR.

16776

L7er7a
{parva

17EVEH -

176762

— SR SR

L MOMITR - RT=11 MACRO VME2E-12  BB:19:8Z2 PAGE 1
.TITLE ~ MOMITR
e ]
IMI=%8 -
I=gt -
1Pl=x2 _ _ _
JMCALL ..¥2.., .REGDEF. .PRINT, .EXIT
. .REGDEF
RET"::’; A
Ri=xl -
R2=22
R3=%3
Rd=nd4 ..
P5=x5
SP=#8
Pf., tw‘;? .
;AUDRESSES FOR LINE PRINTER - BOHRB c
H HND oH BOQRD DHIH SVSTEN
LPT”R 167750
~ OBDE=LPTSR+2
LPT=0BDS+1 .
LPTIN UBDS+E
.ﬁDDRESSEb -FOR TELETYPE
: RCSR=1775608
RDUF=RCSR+e.
XCSR=RBUF+2
RBUF=XCSR4Z.
; CONTROL: PANEL — BOARD A
, DRAS=167¥7ra
DEAD=DRAS+2
DRf ] =DRACHA
;COMTROL - PAMEL -~ BOARD B
: DRBS=18776B
DREO=DERS+2
DRBI=DREO+2
sASD. CGNVERTER
ADSR=1PETTA
AD IM=ADSR+Z
PACI=17676H
DﬁC?“DﬂC1+°
s KWL B PROGRQMMQBLE REAL TIME CLOCK
] CSR=172548 sKI11P COMTROL STATUS REGISTER
H FCSB=PCSR+2. sKWELF COUMWT SET BUFFER
HE . PCR=PCSB+2 ;KW 1P COUNT REGISTER

vd "TVNIDIO
qroNaouday

¥00d S1 #Y
aHL 40 AUHd




- VECTOR ADDRESSES

e DD NDY OIS IO e

N

. poobee SE

L . :START ADDRESS
' oepaz4

800024

660826

BBB4Y

BADAR

BB24A
BR242

aezas

00250

pBZ14
BR316

#aZ20
BOZ22

BRZEE
58302

A0384

%5 s T

ap3LE

88312

a4p774

il
”,RT—li STHRT HBDRESb
»_ .NORD i

aaaada

948774,

poesns

aaa24a

ABB2SH
A0AE0E.

apd244

EnB25a.

AOER5E
apEaDzZ.

QP83 14

aB4674-
BEOBEE

388323_
parusan
PR,

'=':QBORT"VECTOR~QDDRB85
[l ksl g s " ~,:
aa8416 - : RBORT,
[2/2]a]aluls 8 : )

PEAZEL
nRR434.
@EBEBBv

PRB316

BRB468.

BabRan

8ae 1 6e
BRGOGS

BaBAR]

'Jf RT“lI HQCRO VMBE—iZ

TITLE

. pO:18:82 PAGE 2

VECTOR: HDDRESSES

1SET. UP VECTO% ADDRESSES

NOED

244
8 _-.-NQRD B

S =258
ZARTI :

314
NORD

BEGIN,@‘

BEGIN 9

. sFLOATING SSINT “TRAP
L NORnf

256. 8

2508

3AD ISE ADDRESS ccLock VAD)

RDISRL

sLPT VECTOR RDDRESS

?

. =380
-+ WORD

NORD

. PRINT, 280

CQRDIQC OUTPUT TRIGGER
=304

* .WORD

ECG COUNTER

=318 - A
.WORD

“LPEN=180

: aMAN, 208

EC:. B

sPANEL PRINTER THT ENB

TTYDp=2 ;BIT MHSK FOR GEDRS SWITCH
-3BIT MASK FOR PRINTER SHITCH

- PRTEM=1 .

B T L R R R Tr 7T RPN




s T S S

MACRO DEFIMITIONS

T TN

o e i et b (53 0N G

RT-11 MACRO VMA2-12 88: 1682 PAGE 3

.TITLE MACRG DEFIMITIONS

;MACRO TO RESTORE REGISTERS
: .MACRO  BESTORE
JSE PC, RESEEG
- ~ENDM

:MACRC TO SAKE REGISTERS
- MACRC  SAE
JER, PC, SAIREG
+ ENII

sMACRO TC START PRIWTER
© .MACRO PRTBUF. M2, M3

ISR . RS, BUIFLOD
ME

M3,

MOV - #BUFFER, R
JSE PC, LPTGO
.ENDM

- 3MACRO TO PRINT LIWE OF TEXT

SCRO. TYPE, M4

MO Mg, RO
JSR PC, LFTGO
«ENBM

Jrses 'f“ J o Jrozn!

| 0
q00d ST #OVd TYNIDM
Al 40 ALITIEIONQ0UddE

- 1- - -




- MACRO DEF INITIONS

1
2
3
4
S
G vea4ae

¥ BBD4EG
g BaB4 1D

1388412
15 aad14

19 88416

22 88420
23 aBdez
aa422

88424

26 BB432

3188442
32”5345@
33189456
34 08464
3G - BBd4es

37 pe4qrz

38 ap4dArs
39

30 D434

A93400

L3I2FPET7
Bvaag 1
1€7356
BElT7 4
aaa2a7

3]s ir={a e
atalsp=oly

BIEGBB

61268

a12roe
817576
RB47E7
B14488

PEB456

gl1arev
tYe7ee
860314
852767
aoB2e8
{er3ia
342767
LB0G46
16732
842767
pBA4EE
167276
Bagas2

Bas2ey
BeAE4E
aps5267v
AS7334
boBeez

sPROGRAM STQRT ADDRESS

. =408
DOFEY: BIT . #1,DRBI ;LOOK FOR LOOP SWITCH
"BEQ - DOPEY
- RTS PC
- . .
: RPT - REPORT SUBROUTINE -
EMDT1: RTS  PC
ENDTR: RTS.  PC

s INTERRUPT ROUTINE -TEMPORARY
ABORT: . MOV (SF)+. RO

sCLEAR PC AMD PS FROM STACK INTO THE BIT BUCKET
;START ARLL OKER AGAIH

Mol (SP}+,RB
TYFE TMBG:
. Mo #MSG, RB

JSR  PC,LPTGO

:EVENTUQ%%V'THISS¥33¥ BF CHANGED Tolmmmm BR - BEGIN :mierickickiokrisiiciororioiskie

1@ MAMEUVER ~ISR =
QMAM: MOV . #~1.QFLAG

B1S #2089, DRBO
BIC #188048, DRAS
BIC #4088, DRBO

. RTI:
:ECG COUNTER ISR
ECG: INC = PTHRCT

CINC CHR
RT1

'RT-11 MACRO yMB2-12  B0:10:82 PAGE 4




- “ - . H h ',.,‘__“ l"x'.‘.d'w‘:

PRINTER ISR RT-11 MACRO WMB2-12  BB:18:82 PAGE 5
1 .TFTLE FRINTER ISR
2 :PRINTER INTERRUPT SERVICE ROUTINE
4 31-5 M5 RESPONSE TIME
J P
6 BBASEE 105777 FRINT: TSTB  GPRTGO
B3r1aq4 o
7 PBOSE4 BO34E6 BLE PRTEOL
8 088586 11P7e? MOVE  BPRTGO.LPT
- B37 136
_ lgPazy
9 GOBS14 BAS267 PRTL:  INC.  PRTGO
@3713m .
10 pUS2E PABEDZ RTL 3
11 BBS22 D@2413 PRTEOL: BLT =~ PRTERM
12 BBS24 112767 MOME w48, LPT
a60840
. 1epe2l .
13 @B532 832767 BIT #188080, LPTIN
' 1 BHoas
_ 167214 _
1466548 BB14]2 BEQ. - PRT¥ \
1580542 112767 MOVE #2800, LPT ;START .
: aEE200
167207
16 BASSH AOOTE1 BR PRTL
17 BBS52 142767 PRTERM: BICE  #LPEM,LPTSR
BEG 1 B . : .
167170
18 BOS6R 112767 MOVB %48, LPT
BRBA4R - '
167165
'S BASG6E PEEPOZ PRTX:  RTI
5 |
2r .TITLE CLEAR
~
r~ N
[ o

:PUT BEPACE TO LPT

+NO OUTPUT UNTIL NEW LINE READY SIGNAL

P fawe e fess e P jesee e BN B e

H00d ST @HVd TYNIDINO
HHI J0 AIFHgIONQOuday

‘

A




1 .
2 ) ;CLEAR RaM BANKS 1 AND 3
3 - B4BS7R i . =4A578
4 B4BS?0 @1270E CLEAR: MOV #208088, RP
: ARBeAk
5 846574 aRS628- CLR1: CLE (RB1+
6 H4ASFE A327R8 BIT #+40808, R@
A4pnB8Ea - '
g a4068z aw17rd _ REQ CLE1L
9 P486A4 812768 : Mo #50600. Ra
i Bpenana . .
18 48610 DESH2E CLR2: CLR . (RE)+
11 4B612 n3z270a BIT #1880608, RA
: 1pGean
_%% 40616 B817v4 - BE® CLR2
14 4RGER 6AH 16T JMP START
137744 : '
15
16 . : L n
}g . .TITLE SPACR
15 . BAR7FA L =4A77E
28 48Y78 pBa16y SPACR: JMP SPHCI
- 177re4q . :
22 - B4R 7B : . =4B76B0 .
23 40788 B127B1 SPACI: MoK #{OPBFR. R1
. BelB24 2 ' :
24 48704 912701 : Mo #48, R1
: - Bpes4dp : .
25 48718 nl12vez E MOL* #28, R2
“G. BEBEZ2E ) )
ar 468714 [iB128 SPAC2:  MOVB El, (R@)+
28 48716 arragaz : S0B R2.EPACE
29 48728 112767 M/'B #14, WBUF
pEBe 14
) _ 136648 : ]
30 46726 gEB16F < JMP. CLEAR
{Fre3e .
31 s .
32 ) : ' s
33 o .TITLE BEGIN
*a,,
¢ e ‘ :
1 \\
el R T
™~ :
r"-.
1,_‘.,3, o Lne ; e l--eew-ms"' . i«mﬂ WA i;{ssng,; N Lm‘-ﬁn
it et it - s N SR

s WOFBFR THEU WONBFR

:CLERR IPIDEO SCREEN

im»«r; l W— i

[

-

-~

-




f p—

BEGIH

A4a774

a41008
Bdlaae

B41a0a
B41e18

54181+
41816

41822
d1a24
41838
41834

G b NI —

—— — 1L o=
=

—_

41048
41042
41844

-
D ~Fm N I W

= b

- n g

a40774
A12786
B2ema58a
DESA2E0
fz2vng
a48868
aeE1v7rd
a12700
alYsatalg
AESEa2A
0327 bd
tEaAne
3o 17r4

alz2voe
ac @24
@12vai
JEHa48
glavaz
2086028
11iglae
arvaeez

11276y

apsgi4
[36514

- 888167

137512

BEGIH:
CLRT:

CLE4:

SPAC3:

SPACA:

-

FT- 11 MRCED KMBa-12

. =457 74
MoK

LLE
BIT

BEG
Mok

CLR
BIT

BEQ
o)
Mow
row

MOVB
S0B

- MOlB

JHP

. TITLE

Of:]n:02 PRcGE 7

#20860. RE

CEQY+
#4BE00. R

CLR3
#0000, 6

(RAT+
#108600. B8

CLE4
#JOPETR. RO
#40, R
#29, B2

RBl, (RO} -+
RA. SFAC4

#1d, <BlIF

START

MUM I TOR




MOWTTOR ET-11 MACRO iMBR2-12 B@:18:82 PAGE B8

1
2 : STRART OF MONITOR
3 H STORE PROCESSCR STHATUS HORDS
4 : ENABLE CONTROL PANEL IMTERRUPTS
5 } ENABLE EXTERMAL DEWICE IMTERRUPTS
g . pEes7e . =570
7 PBBSTR Q1i2vee START: MO #5TACK, 5F
BrEv 12
B DRESP4 BBRODS RESET
C Y DBEsTe BiZvey Mo #MIM1, TTYEO
BlePze .
836364
1B DRERg 1867603 MRS R
11 peGEG D42708 BIC #2090, BB
aaazewn
12 68s12 285837 . CLRE 2#DRBS
167768
13 @816 812765 MO #TSTK. TP
837112 ’
14 AOG22 186468 MTPS RO
15 9AG24 OpSEZY CLE E+DRAS
1677THE
lg bBecio Al2P37 Mo #12, B#(C 12
aesp 2
arerle
i
18 PEG36 BER7ET BIS #4%, DRBS
nBpadn
5 167114
28 0P644 BI1Z7GY Mo #3, TTYCNHT
apRvRs
B36328
21 Bngs52 ?12??; PMON: Mo #171777. DRBO :CLERR BORRD B LIGHTS
12Y3
167 1n2
22 PPGGA ?;é;?g Moy #177776. DRAO TURN OM IDLE, PFT.FPTC LIGHTS
T
167 184
23 *ENABLE ABORT BUTTONMS
24 BBGEE BS2TET BIS #188. DRAS
BEa 1 Rg .
16v8r4
25 #Pe?d pasncy CLE butz
836274
26 BETEE @670 PMOW1: MOV DRAI.RA
16¥B7A
27
238 SWHICH OF THE TWC BUTTONS KAS PUSHEN??
29 BBYA4 832706 BIT #4¢, RO
BRNe46
%? Be7r 18 be 1865 ~BNE PFT sPFT WAS PUSHED
32 pEY12 B32van BIT #1800, Re
_ BB 106
gi BEY 16 BB113T7 BNE PTCBF PTCAPHF WRS PUSHED
| . \
j""\.\ \
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{ " ERROR COMDITION
COME PMON]

235 o
CRG BBY20.-8aA16T
SRR
BB e G EPEN

JVd NI, -

AUTE0AGoagay




PFT MOMITOR

-

2
K1
4

BRBY24

5 @EEYIs

5
?
3
9

1R

11
12

13
14

15
16
1?7
18
19
28

21
22

24
25

25
27
28
29
26
31

BEBT40
BE746-

aevsS4

Baven

BA7E4
BB766

aarre
2l g
a1ea2
81885
gigiz
81614

gleze-

B182%

a1a%32
B1636
p1E4a
B1646
fA1E52

LRI

RT-11 MACRO MB2~12

PB:1B:82 PRGE 9

.TITLE PFT MONITOR

3 TYEMOMARY FUNMCTIOM TEST MONITOR

A12787 PFT:
Baniae
167835
B127G7
aBande
167826

M #1898, DRAS ;ENABLE ABCRT. DISABLE ALL

Mo #48, DRBS ; OTHERS FROM CP BOARDS

1R@ CONTAINS SUBJECT NO. AND MASS SPEC. TYPE

B12767
17777y
167814
A12767 PFTE!
arvevil:
16ralg -
B1§708 PFTI:
167814
azep2r
BaveHn
BaLrv3. -
A388c7

B8eZ260

aE1417
812767
B377ES. -
1667P7A
aes5867
A36166
aBdre?
A12534
BASFEY
836198
P8 1353

B12767
BY?vYS5
166744
BaR1GY

1rrvez

AzZBa27Y PFTWO:
Bae408
aa14i2
alaver
B37735
166724
AR47E?

- BE1384

812767 .
BrreTS
168712

L BaR16?

1vrerm

. Mo - #Q7PPT 1, DRAD

MOV #637765. DRAO

BHE
sBUTON WAS PUSHED
oW

MoK #177777.DRBO :TUEN OFF @LL LED'S ON DRVIIE

;TURM OW IDLE, FFT PB. ANHD PTC-PEF PB

MO - DRAI,RO
" BIT RU, #0AT6E0
BEQ PFTI

~BIT RO, #2800

BEQ FFTHO , ,
;CALMS PL DCPRESSED

CLR bUM2

J5SR PC, CALMS
T8T UMz

PFT2

#B7Y 7735, BRAC }TUEN ON PFT-WO-RGQF

JMP PFTI

BIT RB. 4490
BEQ PETFV .

Mo #0377 35, DRAC 10 PB DEPRESSED

J5R PCLUO

Mol #B7 7675, DRAO sTURN ON PFT-FIWC-RQP
JMP PFT1

rFRE N S— S I

I

—

| -

B T .

(S

.




PFT MOM I TOR

32

33
34

44
45

a5

47
45
58

51
Se

B 1964

816748
BiE72

81163
61104

gitiz

(&)
-
-

16

i1zz
1124

L Ruci]

8113z

B1136

Bllad

81158
81154
B115¢
alls4
giiva

81176

g1zez
pireR
1206
B1212

B3ea27
&9 188y

5E1412

B12767
A37575

165672
DEATET
- BBB5:
B12767.

BPTEPS

166868

BEA167
177636

HEREZY
BIZ2Bna
BG1412
BI2TGY
B3EYY3
165640
AB4r 67
B13436
B12767
BYGYTD
1656626
pas ey
177684

g

H3EY

BA4A08
a81412
B1276v
835777
1666H6
aa4v ey

Sirvas

Bl1avey

A7TTTT

166574
AEBR 167
177450

Al2rEa

B17546

BEAPGT
B13626
BER 167

N K

RT-11 MACRO Wiie—~12

FFTEV: BIT
' BEQ
MOl
JSE
MO
JMP
BIT

BEQ
MO

PFTET:.

J5R
yio

- JMP
FFTEL: BIT
o
JSR
MO

JMP

TYPE
190
JSR
JMP

PFTER:

a8: e

kO, #1008
PFTRT
#B77575, DRAC
PC,FLC
#B7727S, DERO

FFT1

RO, #2000
FFTE1
#03ETTS, DRAO
PC.RPT
#Q7STTS, DRAO

PFT

R@, 44008

P '
*P35777, DRAO
PC. ENDT1
#177777, DRAO

PMON

MSGL
#MEG1, BB
PG, LFTGO .

PTTI

Jaste

B2 PAGE 5+

TURN ON PFT-RPT-RQP

S TURM ON PFT-END-RGP

:TURN OFF LIGHTS

'. el

froe

I R i --i L l

3 VNI
?gmonctoﬁﬂﬁ

pa Ll

|0
WL




FTC/PBF MONITOR ET-11 MACRO VMBz2-12 p@: 18182

1
3
4

Ba 1224

o

anizzz

]

7 BB1240
3 BB1244
9 pB129M
1§ o125z

12 81256
13 P1266

14 @1266

15 alarze
16 81276
17 81382
18 81394
19 81312

28 .
21 81316

22 B13Ea
. 23 81324
a13%2
25 81326
26 B1342

27 B1346
. 28 91359

24

20 01356

galzie.

012767 PTCBF:
188348
166544
B12767
168348
166526

812767 GPTCST:

arrrTa
166522
216708 PTCI
166530
GZ0627
172006
881773

B30027
ggalalalal
091417
B1R76?T
B3r¥ea
166474
ABSEG?
Az57B -
PO4PE?
B 12256
ABS7ET
B35672
BB 1353
012767 PTC2:
L
166450

BB 16T
177722

A3eaz7
gaaaag
Ba141v
glarer
Q3rrse.
186438 .
BBsSee6v
B3I5636
gadrer
R143¢
aasrevY
B35626 .
BE 1356
B127e?
8yry3s6
166464
gap sy

PTCRM:

177856

‘31 @1z6s-

ok a el a

23p627 PTCST:

s

s BUTTON

".TITLE PTC~PBF FONITOR
MOW - #108348, DRAS
pow #18@340, DRBS
MoV’ #B7P774, DRBO
Mol DRAL, FD
BIT RB, #170080
BEQ PTC
RS PUSHLD
BIT RE, 10886
- BEQ PTCRM
Moy #A37772, DRBO
. CL® - DUMz
JSR ' PC, CRLMS
TST DUM2
BNE GPTCST
MoV . #BYTV66, DREO
-~ JMP CPTCL
BIT B, #20860
"BE@ CPTCST.
MOV #B37756, DRED
CLR DUMZ
- JSR PC, ROOM
TST DUM2
BNE PTCE
Mov . #B77736, BEBO
JMP PTCH
BIT - K@, #40003

PAGE 18

JINTEW <> ABORT. @

3 INTEN -2> ECG

' RERD SWITCHES

3 TURi¢ ON PBF-CALMS-RUN

VTUBRN ON PBE—ROOM-RGP

1 TURM ON PBF-ROOM-RUN

i TURN OM TBF-STRT-RQF

[ -

R

-




'P_TC/PBP MOMITOR RT-11 MACRO ¥MBz-12 90:18:P2 PAGE 18+

840880

32 @1366 661412 BEGQ FICEZ ' :
33 BIETE BI2P67 MO 4037676, DRBO  :TURN ON PBF-S5TRT-RUN
B27E76 . :
: 166754
%4 B1376 BRATET JsR PC.STRTPI
_ oy ‘ ‘ -
35 91402 ?1%?3? <0 #176775, DRBO  ;TUEN ON PEF-END-RGP
V677G 5 .
166352
36 @1418 BEA1ET JIP PTC1
17rez4 :
Sl
8. @1414 @38827 PTCER: BIT P8, 4180088
:  1BRBEG . .
39 B1426 61412 BEQ PTCER .
48 81422 B12767 MO #AZFF77, DEBO
- BETERT ' :
166332 . : ' N
41 91430 BE4TE7 JSR PC. ENDTZ
- 176768 : :
A2 B1434 B12767 MOVW #17PF77,DRBO ;CLEAR DRBO LIGHTS
: \TPPPT . , -
: 166328 _
4% B1442 BROLIET JMP PION
\y72md :
44 o : ,
45 B1dd FTCER: .PRINT #MSG1 , -
: 31446'3{2§§@ JHIF NB <#MsGLy, MO #M5G1, %8
B ',_" .fS . _' :
B1457 164351 S EMT ~0Z51
46 G1454 @palsy JMP PTG oW
177568 - v =3, %
47 5 w0
48 \2 )
4% o)

_ [ & -
gg =
oA

avl
2 )
S5

® =

RN

7

A oA » R . . L e




FORCE PITAL CAPACITY RT-11 MRACRO MB2-12 981 189:82 PAGE 11

1
o
3
4
3
4]

fo1460

7 @B14és

19

2B
2l

-
[

3
- 24
25

786

- 836232

61474

B1476.

81568
81562

g1585
Bistz

B1514
B1522

81526
81538

81536
a154@

81548
81552

81556

81562

- .TITLE FORCE VITAL CAPACITY

~ iFOBCE PITAL CAPACITY MAMEUVER

BI2767
AErae ¢
1663082
aL2rey
177738

-ﬁVC:

AR5E0E -

ae5a82
ABE5BH3
alajalalong
AzZ232a
alarel
a2paa4
205621

BE2TET
BBOA0 |
38176

BE5BEY-

Blez252

288248
BEEVET
BEoBe 1
Bls24z2
BB1¥Y3

BAZTEY.

aaEena |

A36152.

BIS

Py

- Mol

CLR
CLR
CLR

“ELR

3P1 WO

I

LOOP:

Mo
CLE

#1,DRAS
458, WAITT

#108., PCSB

" #EVCNT. R1
fR13+ . $FVCMT=8

EQUALS ADDRESS COF DATA AREA

. Moy

BIS

“CLR

NOP
BIT

. BEG

818867y

816232
B42va3
atdlatalp)

aB4767
ppoae

aBE2eT?

" .CLR
. BIC

Moy
BIC

JSR

RTS

#113, PCSR sKICK CLOCK

- #1, DUMIE

EOB

" #1,EOB :EMD OF BREATH?

1SET CLOCK COUNT TO 1088

LOOP  3HO ,
PCSRE s TURN OFF CLOCK
#1, BUM1
RO, FVCNT :YES, STORE MOQ. OF SAMPLES
#1,R3 ' ' '
“BC, COMP :CALCULATE RESULTS
PC " RETURM TO PFTFM IN PMOH

:SET UP BUFFER ALLCCATIOM FOR DATA
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FORCE VITAL CAPRCITY ET-11 MACRO MMBZ2-12 An: 18:62 PAGE (2

|
2 i .
% . s SUEROUTINE VCOME v
9 DBl 012vns VCOM; Niolls FTETH: TP
' aIrIlE
6 6B1ETR Dl27ed MO #OUTAHR; B4
A3AB7E
7 ORGISTY @12700 Mg #J AR, R@ :
. a7 114 ' o
9 : . . . ’
9 LY 1600 a1a?T5 i EVDATI 268, , - TP - sGET BAW FEW1
' A1E51E
10 91604 AR47G6T JSR PCLIE
_ A14B22 }
i1 gi61@ B16720 MOl SLIZ. CRE) 4.
_ C B150ER
2 81614 ALGT20 el SLIM2, (RE) +
B 156848 ' o ,
13 81620 A12520 1l (TP +, (RA)+
14 81622 -Blo528 el CTEY +, (RBY -+
15 1624 G12700 MO #JKOR, RA
BT -
16 #1620 ByY5a268 FHIL B
1
18 81532 Q12024 10l (RO +, (R + ;STORE FEW1 IM FLOAT WORD 1 o
19 Bi634 012824 ol (BAT+, (R + +OF NUTAR s Eg
20 :
5 _ SCOMPUTE FLGC E% £
22 61636 Emlu;c Mo VLAST. - (TP} g
zE1e4d
07 B1642 AEATET _ ISE PC 1R E: E§
) B 14agd [on] 5
= ' : _ > =
05 81646 B16548 Mol 2UTEY, - (RiDS o)
 BEBRRZ : &= E%
26 B1652 @1154n Mok (TP, —(RA) £
27 B1sb4 @laren ML - #hlEaR, BA o
. A37114 o
28 B1668 G7SHEE FHUL RE - E;
39 BtEs2 Atzeld fho TRE B4 PSTORE FIWC IN FLOAT Eﬂé
31 Dis6d BlEec4a pIC (REIH4, B+ JORD 2 OF OUTRR
32 .
33 ,CDHPUTE MMFR
34 B1aGE DIDTEA A #LAR,
R3ETLL4
35 @1572 GASGEEE CLE 2(PE
ArfneRz
B0 BIGTE @1271a Mo #AREEA, (RD) :FLOAT 4
A4B508 . _
ég Bivae avsEse - FD 1y B 1B{RA), 2 (BA) =FI/CE. 25
59 A1784 B16748 Moy’ SLY+2, = (REY
F14755 .
40 BI716 Blev4e . MO SLI, ~(REY
01475




FORCE MITRL CAPACITY

41
42
43

: 87

63

1~
s (5

~3 ™ g =]
1 s 1Y

~N
=~ 33

Bl7 14
Bi7 18

glvae
atrad

BzBa4d

5 BRdte

Bz l2
G2e1s
peaz22
AZEZE
A2832

B20%4 @

G284
a2@42

avsaze

Bi6B43

s0eRez.

ai1e4as
BE47BT
B14a L6

011581

A61%581
A5 1581

5 B12562

Bizros

ARenes

L5883

g22aa2
150vTe
oipacy

35134

BES20
) DeR 2

1898372

Blas67.

BZ5126

Ba4r ey
EeEz42

B12794
034186
B12624
BI2E244

FDIV
MOl
MO
JSR

vl
MUL
AUD

ADD

MOl
MOl
CLR

- CHMP
Bl
Mol

IHC
- CHP
BPL
r0

RT~11 MACRO VMBEZ-12

3¢

2¢RB), ~(TP)

€RB)Y, —(TP3
PC.RI

(TP). K1
#3.R1

(TP}. Rl
CrP3. Rl

(TPI+. B2
- #FL’DAT, BB

R4

(REN+. B2
e
BB, WKAR

R4

Ri, (R +
=4
RO, WSAR+2

tBa = HUMBER OF TICKS
FINISH COMPUTATION OF MMFR

JSE

MO

Mol
MOl

. 3CQOMPUTE MEF

B11p45
BRA7e7

sCOMPUTE LB, 2 8N

0L

MO
- MOV

Mol
MO
Mo

FRrIw
Mol

Mol
JSR

PC., FLOW

#OUTAR+10, B4

(PRY+, R+
(RE)+, (R41+

AA:18:@2 PAGE 12+

JACRAY, 2(RB) =UNLAL FLCwE. 25

PA.FSHFIC (UNCAL)

DL 2SHFMC CUNCALY

SETORE MMFR

B Li.2 IM SPIEO A<D COUNTS

#JHAR, R

BB, Ri
SLI IR+

SLi7+2, (Rit+
“DE.2.(Rl+
pE, 242, (R4

-'RA
2(REr. - (TP}

(RE), ~LTP)
PC.RI

,,,,,,,,,,,




= R T o TR

FORCE VITAL CAPACITY

013700
B12567 -
B3ITT2

127008
Ba7v11g
Bi6T41 .
014616
Bi6741
014682
75038
A16E45
BERRAR
B11045
BBATET
A§36<44
B12567
B3 1748

a1a7na
3206845
Glavml
831726
glrcvpe
g3slvaq
25884

aRznnl
1AB7 76
0 1BBGaT
034760

aLs2ng
B2E228
LBB3TS
918657
834730

aB4T ey
alalalulsre
B1zvad
634112
B12B24
gizaz24

Bi1avas
fidgens
R R=ya ol
B 14086
‘AIZ7RE
B34a76
Bi2TEL
- BEARTS
giz2raz
BERE6Y

B816@45 BTLOOP:

vR046

B2852
B2As6
B2662

a2086
82878

az2t7 4
a2876

Ba182

B2 166
" B2L1E
a2116
gziaz

i
F

—
C
o
M Ra
P
LIng M
xR iy i

=)

=
rRrarang
e
Ju I G2 C
NEO

eide
2152

2156
2160

2182

185

ML

2172
2178
22nz

2286

s e

ET-11 MACRO i¥B2-12

ML (TP)+,108.2
Mo #WKAR. A
Micil? D1.242,~(R1}
[0k D1,2,-(R1)
FDIV R -
il 2(RB), - (TH)
ML (RA), - (TE)
JSR PCLERI

Mol {TPY+ Li.2
MOy #F1'DAT. RO
Moy LE.2,R1

MO} L1.2.R2
CLR R4 '
CHP (RB)+, K1
BMI -2

Mol R, HKAR

IHC R4

TP E2, (RB) +
EPL .~4

ML EA. WKAR+2
JSR FC. FLOMW
Mol #+COUTAR+14, R4
MOl (RA)+, (R4)+
Mo (RE)+, (B4)+
BTPST. R3

MOV BTPSF+2, Rd
Mow #QUTAR, R
MOl #0UTAR. R}
Mol #4, R2

MOV - 2¢RB),-(TF)

e R Eu A e SR e o S e SR T R

nB: l@:2 PAGE 12+




FORCE VITAL CAPACITY 'RT-11 MACRO VMB2-12 ¥0:18:92 PAGE 12+

122
123

124
125
126
127
128
129
136
131
132
133
134
135

- 1zg

137
138
135

T t4m

1ai

- ldg
. 143

144
145
145

2212
2214

2220
2832
2pa4d
5556
2330
2ars
2234

2236
2242

2246
2258

2254

2260
2762
2264
2266
2ave
2276
27308
2209
2385

§ 2312

2316

26 o3am

2322

2326

a332
2334
2338
2348

eHBe0?
B11R45
852708
0BEa
819445
a1824d5
875825
812521
Ai2521
arreLs

Boa2ar

816708

B3a4655
162780
BBEARAZ
A11082
916788
934642
162708

ajulz]alabay
211884

iga2a1

@18145
884767
213361

@127aa
837114
a1252e
12520
816728

114356
ai6rzn

014354
812700
B37114
B75020

810445
an4re?
#13324

alaveon

@37114.
gipaB] .

a12521
B1252]

arseze

© MOY  (R@),~(TP)

ADD #d, BB
Moy R4, —(TE)
MOV RZ, —(TP)
FMUL - TP
MO (TPY+, (RID+
OMOY . (TPI+ (RID+
0B -RE;BTLOOP
:SUBROUTINE FLOW
;0 ENTER WITH:
: WKAR= nnnnsss+2 OF LOW VALUE
: §59R+E=HDDRERS+2 OF HIGH VALUE.
; RETURN WITH:
: Ra POINTING TO DESIRED FLOW VALME
FLOW: - MO . WKAR. BB
5UB #2.RE
MoK (R®), B2 1LOW WALUE
MO LKAR+2; RO
.. SUB #2, RO THIGH VALUE
MO - (R@),R1
SUB - R2,Rl
CMOM RLL,-(TE)

JS® - PC.IR 3FLOATC(RA)

Moy +#{KAR, RB

MOK (TPY+, (R@)+

MO (TPY+, (R@Y+

MOl SLY, (R@3+

Mol SL2, (RE) +

- MOp #WIsAR. BB
- FMUL  RB . $CALTBRATED DIFFERENCE
MOV - R4,~(TP) sFLOAT {T)
“JSR  PC, IR .
© MoV #WKAR, RB

MOV - RB,RI

MO CTEY+, (R1I)+ _

MO . (TP)+. (R +

FDIY RO sDIFFERENCE-T
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F%QEC‘E VITAL CAPACITY RT-11 MACREQ ¥MB2-12 88:16:82 PAGE 12+

166 _ - . ‘
187 2342 gis;?gg FioL ONEH+2, - (R} $AT 1080 55, T=TICKS*@.01
: 8515 _ o

168 2346 D16748 MO . ONEM, ~(R@)

N 851476 :

f%g 2352 BYSE2R FPIUL R

171 2554 9pa267 RTS PC
{72 :

173

Cx




- NITROGEM

Bizase
B02362

T4 262379

5]

BP2376

Baz4n4

2418

14 82416

T

16
17
18
19
e
21
22

24

25

26

27

28
36

BR42z2

a2438
p2434
244D
BR444
82458
B2454
P2460

82464

82472

/2500

P2504

WASHOUT

e3rila
a1arev
177761
B3533¢
818767
a% 1622

831616 .

BGEYET
B3i614
821618

ag4ver

B117o6

3 RKRRERIR KRR AR RN KRR KNI R MO KRR 0K,

BE2767 .
alajalalay!

165352

5867

B31418
A12767
a20006
815352
085867
B3 1422

pRsaAsY-

831365
BesSAsY
831416
aBs5aa6Y
BIE1484

Ba5867

831486

BESBET
a3idad -

AB5A67
B31374

P12767
177777
P34304

817757,

177vPPY
03427 ¢
gesa6?

B3427 4
052767
agveat

. 835286

CRT-11 MACRO VM@2-12 = ©@:18:82 PAGE 13

_ .TITLE HITROGEN. WASHOUT
B1E7H8 WO: MOV

- oy
MoV
_ ADD

- JSR

~ #TSTK. R

MSDLY, VDEL

MSDLY, VDEL

~ PC.VDELSU

R RIS K IO

sNEED SOME “MSSPECIFIC SHIT HERE .

BIS

CLR
MOl

" CLE
" CLR
CLR
CLR
CLR
" CLR
CLR
Moy
MoV

~ CIR
~ BIS

. #-1,SBFLAG

#1,DRAS

- TCNT
#FI-DAT, FIYADR

. VPREV
VLAST
MAXFN

 BRCHT

MAXEN

MAXEN+2
 MAXKL

y~1 NOT YET
#-1, 53CLR

ALTFLG

 #1,DUM1

s TWICE BECAUSE OF WORDS TO DELAY. NOT BYTES

NOW

1PAST




"

HITROGEN HAsHOUT

L} s

BE251E
agang
anasad
AR25~6

aEas32
vBaRn 34

B Ba254

M Se

=30

i3 AR564

14 ¥257
15 @2572

5 A2578
7 @zcan
8
9

B2and
A26EG

38 62642

31 G645 @

32 B2g52 .

026767
B350
B3 1580
981774
B1678A
B3 1474
AZORT
35732
G248,
012780
034224
012867
n3daia
012067
034218
012667
B34286
BZ7H0
g
01A6GY

B31436

ARSTOY
BR4166
BE1557
BasSTST
B34237
anlad]
BES7 of
834170
apl410
F12767
zogRAR
B3lzle

‘B12vey

ZHARG
Hi5168
BRSASY

~B34i40

834875

ET-11 MACE:SY LTMAZ-14

TRFACKGRCUND TRLE ROUTIHE

WO £

REH33:

iy
o

57 MOCLR:

CHMP
BE:x
lelbg
CHP

BLT
rC

Mol
ot
Mo
ADD
Mol
TST

BEQ
T5T

BNE
TST

REQ
[0l
Mo

CLR

IHE
MOV
MOy
Mok

Mo+
chHp

BUADD. QUADT
JJOMIOR
QUADO, BB
Pa. #OUADS T
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018655 -
B1G74S, -
618550

RT—II

STST

CpEa
“BMI
“BR

FRSTL: TET

L UBNE
_EMOV

m\)\l\i
S

oY
fiMOVf
Mo
“CLR
SAVEG: MO
_ijoyf
" vov
oy

ﬂﬂ

RO VMEE 12

“ UPREV

aSLPE
- #1;GFLAG.

XXKXQXXX%XX

*FVDRT FLIR

ffDB-E;LSTQ

L NPAIR
- BCTES4Z, - (TP
. QCTRS, - (TP)
HcH2, ~(TPY
Ui, = (TP

FSUB T

BT
Howﬁv:5]hnb

“BR

QMHVBvs ‘o

1;NOVi
“Mop
?iMOPKI

=-._;:.‘FSUB

'1?Mﬁ?t~

TR
;@QMﬂvBV ﬁ
;}*4iTP'“; *
GSLPL :
“,LSTO+2 E(TPJ_
A;fLSTOaﬂTE?
©WO#2, < (TP)
;,Nuo,—(jpi |

.T o

pB.EE2+R,-1P)
- DB.BR2, ~{TP) -

.Q,SHVE QOME MORE/V»/x//////D?OOT?

B R TEE 1 L VN e SO WPt RTINS A NP R

@B Iﬂ B2 PRGB 26 ‘

3f3N0NE IN PROGRESS

FIRST nnTn’PorNT VET T BE STORED

:-,SO hB HHOM WE HHVE INITIRLIZED

D@, 242, L6TOWR

icoz GREQTER THAN aOME

?»THRESHHQLD. ABQUT 28 TORR 7°f77 :

©3TO KELP IT HONEST

~iamD GET THE HELL OUT OF THIS PﬁRT
e DONT USE. THE RESULTS OF THE FSUB

,:ﬁHﬂéfFOE DECREASED BY MORE THAN .002"

i
t
i
)
i
|

y
i
i
|

1
i
H



i . . o) BT TR e o
B OB OB O O DO e X mEma R

PTC-PEF GAS RMALYSIS RT-11 MACRO VMB2-12 B8: 10: 82 PRAGE 26+

35 @710 BYSALS FSUB = TP ‘
gg B71B2 [BYeHS Bi1 MOWAY ;s NOPE
38 @7 104 #0275  ADD #4, TP
H06364 -
29 : ‘
48 : : ~ 3KEEP IT STBAIGHT
41 @7110 B167EY C MoK Lki0, LSTO sSAKE THIS DATA POINT
- 3PPESA _
a5e662
42 @7116 BI67EY S Moy WWO+2, LSTO+2 1SHOVE THEM FOR NEXT CHECK
AR7 644 _ .
C B9E6S6 e :
43 @7 124 816783 . MoY . FIYADR, R@
. B18652 . _ .
44 a?iza‘glgggg MO WO, (REI+
45 @7134 015720 S Moy WHO+2, (RE)+
. HR7626 . '
: . 4B uri4e Glerea MOV WWC. (RBI+
- 827624 .
4 47 87144 916720 CoMoY . WWC42, (REY+
S opReeRR . '
L7 48 Gv156 0ipIc? : MOV - R8.FIYADR
P . G1e625 o
b 49 07154 BESE2C7 - . INC . NPAIR
C . . b3Bsi4g S : '
L: 58 .
e 51 B ' .
" A gg : : o , . :AND THEY EERE STORED
C . 84 87160 816784 GSLP1: MOV . WW/. R4 } el
! o gRvhr? R - ' & T
' S5 87164 081002 - BHE WOTLOB LB
. 56 87166 gggﬁgg S JJMP GSEOB : - 1
. . L e s : : o N
i -~ 57 @7172 156704 NOTEOB: 5UB VFREV, R4 sDELTA V g
o' ] - g2465mn - . o o
% 58 B7176 O1676T o HMov kW, VPREW b g
% S 827554 . . =
o . ompds52 .. B e
55 @7284 Blodds ©OMOY - B4, -LTP) - =
6B @72B6 BR4PE? . . JSR PC, IR sFLOAT DELAT e
886448 - y o e
51 @7212 ®igP4s  MOY  SLV+2,-(TP) b
. EardsB &
62 B7216 B16745 . Mo SLV, - (TP) . |
e pu7Aa42 . - : : _ & =
63 @ra222 BvsSn2s FMUL TP 1AMBIENT LITERS ON STACK
64 87224 611583 MOV (TP).R3 : o ‘
63 UFZZE Bis50g - MoY - 2(TP),R4 :
- geggar oo ' :
86.87232 wi6Fd4s -~ - MOV “STPDF+2; - (TP}
o ; Bl8S18 o _ .
67 07236 B1&745 MOV - STPDF,-(TP)
™~ n1esE2 '

"QEjFﬁS @Pedz B7SEES < EMUL TP :STPD DELTA VOLUME ON STACK




-

- gz

85

86
g7
8
89
96
a1
92
93
04
95

ey

87244
) 87246

Brase

Bras4g

S L 8N b TR

PTC/PBF GRS ANALYSIS -

618560
816845
a6a8a2
811845

810443

7256 . 8183545

87260
07264
Brara
a7ere
a7274

67308
ar3ez

816745
nlargstale]
816745

BarSen”

s BOTTOM

grse2s -

818506
816045
gosna2
811843
ga4767

 BBB3E3s

3 :
84 BY3R6

Braia

ars16
avaze

a7E24
87330 -
B7334

B16745
g51442
§16745
851434
a75683
812567
BS1426
812567
851424
A16745

B98520 -

Giev45

-@98512

g7340
87342

07346
By352

BYSpns
812567
B58304
a12567
858582
BR47E?

. BBB258

RT-11 MACRO M@ga-12

BB:18:82 PAGE 26+

R 4 A e i aus at b RN,

sDUPLICATE TPO ENTRY

OF STACK MOl CONTAINS STPD DELTA WOLUME TWICE

MoY TP, R@

Mow 2(R@Y, -~ (TP}

MOV (R@), - CTP)

MOl R4, ~(TP)

MOV BTPSF+2, - (TP)

Mow “BTPSE. - (TP}

FMUL TP

oW TP, RB

MOV 2(RB), - (TP}

Moy (RE), ~(TP)
J5SR FC, ICF

Moy BRTHW2, - (TP

MOV BRTHY, -¢TF)

FADD TP

MOV (TP)+, BRTHV

MO (TP)+, BRTHW+2

MOV CHMP+2, - CTP)

MOV CMY, ~(TP3

FADD TP

MOV (TP +, CMV

MQJ (TE)+, CHM42
PC, 10N

JSR

iDELTA 17 BTPS

s TURN OFF INTERRUPTS IM CASE EOF TIMOUT WHILE DATA QUT OF HOLES
sBEING UPDATED ANMD THEN WOULD BE STUFFED OFER ZERCED HOLE

;GIVE THE INTERRUPTS A CHAMCE




-

ey by
TTC/PBE 067 ANALYSTS

Qe 3ok

BU7362

a7 308

BAY3IIG
GaT48z

4
3
153
7. BBYITR
3]
9
1

B 406
87410
a741z
@74
G416
grd22
BF424
DVE8
aF4z

47 140
374

¢ B7448,

3 wedng

a7 456
Br462
BT A6l
avave
B74A74

aruug

o750

arsile
BYS14

BY528
pvSaz

027414
n1ev4As
G742

IR REY A
QoeEvn
Glev45
five oy
R By
HaBaat
t1Gvas
BRARA2
H7 5525
a7ouiy
GYonI5
[ER{RENR13]
01985
151Gk ISP
811045

BAA7EY
San2 14
H16743
S 14

R16745

04036
2)gatnlalst
13567
B501pa
Alzasy
G5UAT 6
B16745
Bai2¥e
B15vdd
Eh 1264
B ainn
G125EY
651756
4128567

351254

BO476T
(21517 =]

a
0aT 250
IR
BEE25E2
013745
AsarEd
BYHu2S
BiGrds

=

s e EEY
RT- 11 MACRO ¥MOZ-12

.

P el

e ]

TSTACH SHOULD HRKE STPD DELAT WOLUKE TWICE

CiEy 45 Fop

JSR

bWCH2, =1

Moy

101
MoK
MOk
Moy
FMUL
F5UD
UL
P!
ML
Moy
J5R
Mol
Mo

FALD

Ml

Mol
poy
mMal?

FADD
may

MoK
PC, IOM

Mol
Mo
Mol
O

FMUL
Moy

Wi, — (TP)

W42, = CTF)
VWi, ~ TR
CRATHZ. < TP)
CRAL,~-(TP)
TP

TP

TP

TP, O

2 (R . - CTP)
(R@5,  (TF)
PC, 10F
CLOB+2, =(1P)
CCO=, ~(TF)

TP
CTT 0+, CCO2

(T3 +, CCOR+2
BRTHE +2, - (TP)
BRTHC, - (TP)

TP
TPy +, BRTHC
(TP 4. BETHC+2

Whi+2, - (TP)
WM, - CTP)
ORAT+E, - (T
ORAT. - (TP

TE '
WHiH{O+2 ., — CTP)

L.u_a..j Kool
60:1A:62 PAGE 27

sFECO2 TO STACK

sFROM ROOM AIR

PFENZH(FICO2-F IN2)SUBTRACTED FROM FECOZ

sTIMCG DELAT VOL ~4/C02

IDVd TVNIDTYO
d0 AT Q0 gy

d004 s1

JHL

| S 4



LS PR T = g B . ' Ll
b - ek L S TPRSCE S PRI

PTC/PBF GAS ANALYSIS RT-11 MACEO VMa2-12 88:10:82 PAGE 27+

_ 27248
27 O7526 016745 MoK WO, ~ (TP)
 @aresE
f 38 BP532 BYSE15 ESUB TP : _
.y 39 B7534 B75025 FMUL - TP 302 THIS DELTA AS IN CO2
48 BY536 B10508 MOV TP, BB o
41 87548 B16045 CMOP . 2(REY.-CTR)
1 C 7 ppgRg2 . . '
j 42 07544 8} 16as MOV (R®Y,-(TP)
“f 44 @7546 BBAPEY - JSR Pr. (OF
r APOGTZ
45 arsse Blerds O pov BRTHO+2, - (TP)
AG ATSSG B16745 MO BRTHO, - (TP)
ST 851168 :
47 97562 arsSges FRDD TP
R 48 87564 812567 MO (TP) +, BRTHO
49 07570 G12567 . MOV {TP)+, BRTHO42
T B511sa :
- 50 B7574 816745 MOY Co2+2, - (TP)
i N B5G244 _ -
/ 51 B760n 616749 MOV co2, -(TP)
- 056236
t 52 076E4 B75685 FADD TP
v 55 67685 g1a567 MOV (TP)+, COR sTHIS LABEL IS CONFUSING
. g
A 54 velz glaser  roOv CTP Y+, COR+2 ;1T 1S REALLY CURBENT OMYGEN, NOT CARBON DIORIDE
a2z : -
87616 0PA7Y6Y JSR PC, 10N
a0eead _
@7e22 DOBleT IMP EXLOOP
] 176668
TEND OF GAS ENCHANGE CALC

M EEm e pmm pme oy e I i I R e W e

Sl s LU S P




: . R T - L
{' "_.—'-T'I-.';‘f-;':’_’u'_- 4 i -----=-'.«"”....-— IR _ ; , _
;4 =3 Eﬂrw@sﬂsﬁmsm RF;E‘ mn%ma:ﬁ:‘ Q:-?“‘m MGE e M R W PN Ew B e
]

i 1 $THESE ROUTINES MERE ADVANTAGEOUS BECAUSE CANNOT USE MTPS #3¢ FROM ROM
b 7 PBPS2E 010446 1ON: HMOV R4, - (SF)
P 7 gOTeIR 196704 MEPS B4
- . 4 peve32 Bd427hd © BIC . #200.R4
- aoAzeE0
| 5 Q67636 186404 MTPS B4
G BR7YGAD A12GA4 MOV (SP)+, R4
E POFE4R GOUAAT BTS PC
S 0BYG44 Bl04de TOF: Mo R4, - (SP)
18 67646 106704 . MPPS R4 -
11 B7650 AS2784 - BIS 2200, R4
Y gu92ea , -
12 AYG54 186484 MTPS R4
12 PPG5G 012664 MOV (SP)+, R4
14 B7650 000207 RTS = PC
H . ﬁ
, 1
'L
o
&
g.
o)
B
g
oH
=
aH
£
B
v g
&S
S
=
iy
od
co

i L A bl 28 S AR s aa.

-t M Gt %At Nme e mamin T ‘)




P ot s e o

" GASEXC END OF BRERTH

W @~ o R 0] e

-
C s B

-
FENa

-
EN

Pt e
G n

ok oot
[uxhal]

"N
N EE S

ITY
BT

n- . n N
o N e oW

2y
30

31
32
34

BBPEER
HBPEE6
BE7E72
BB7676
- ETToR

07706
BB77 10

BarT14

arvasg
ar724

aryse
arv3e

Br736
7742
87744
87758
87754

B776H
7764
B777e
g7ree
arTrs
1poaz
16086
10812

10816
19820

18024

BO5B67
B24170
8p5267
B5A164
816706
@50 132
A157@1
B50124
a12783
177777
873003
B16745
A51040
B16745
A51032
816745
nian12
816745
B1BpB84d
875035
B16745
B16n04
816745
aarrre
875025
084767
aBorre

B1i6745
as8774
a16r4s
B58766

Ale745
ald gl

B16745

087758
875825
884767
BB575p
B16745
956742
816745
850734
A16745
067730
B16745
PB7722
875025
BR4767
BAS7T22
804767
177614

.

—

RT-11 MACRO Vr@2-12  0B:10:82 PAGE 29

. TITLE GASEXC END CF BREATH
WPREV

GSEQH: CLR
. INC
oW

MOy
FoW

 ASHC
MO

Moy
Mo
MQY

FDIV
Moy

Mol

FMUL

JSB

Mow
Mol
Moy

MoV

FHUL
JSR

MOV
Mo
MW
o1

EMUL
JER

JSR

CRR

TIM2, RO
TIML, R1
#1,R3

RE, RO
BRTH+2, (TP

BRTHV, —(TP)
D8.+2,-(TP)
DB..-(TP)

TP
D32767+2, - (TPY

n3are?r, ~(TP)

TP :

PC,RI . ;FIX 1V 8-32767=0-BLBTPS
BRTHC+2, - (TP

BRTHC. - (TP}

D32767+2, - (TF)
B327E7. - (TP)

TP - ;02,C02 B-32767=8-1L STPD
PC,RI

BRTHO+2, ~{TP)
BRTHO, - (TP)
D32767+2, ~(TPY
D32767, -(TP)

TP
PC.,RI

PC, IOF

SHERE, R HAS TIM IN NO OF 88 MSEC HACKS
sOfl STACK 0B, C02, TY SCALED AND. INTEGERIXZED




B o T

et T

et st e

49 168usH
4R 18024

T 41 18836

42 . 1084a
4310042
44" 13244

45 1085

50 18063

31 14864

2. 17D

58 16074
S5 18376
56 16182

57 1ully

B167AA
8r7aa
@ikl26
812520
BI2S2A
#1252

minshy

BT E
(B47E
17PEsE

1 QlevhAmA

@zayvdaz
a1t
HadnnG

ARSHAN
W 1
GESTET

Moy
Moy
Mol
Mo
pacL

I

ISR

oy

i,

CLEERT: 7LRB

BUlsER

Yz 18

ARRNG?
BEaeS4
AS7eT
ARASEE
157652
al2767
RElatalap|
BATGYR

58 18116 889157

ryNEOTEO -
[a} atas

176364

A

e TTY

o7 HOVA

| "moa st

Py

<

GSLYLY: JMD

it wtshion G a8l SO Tl et i e i i 0 et i e

=

RT-11 MACRD pM@a-12

PTSTUF. RB
Ri. (BB +
(TPi-+, (RED+
(TEI+, (BB +
(TPY+, (P14
Ra, PUSTUF

PC, ION

HERTHG, RE

{00+

Ri CLREBRT
QFLIG
HEIREIR
OFLAG

#3080, DREO
#1, SELROS

EALoOP

B@10:02 PRGE 294




‘SLOF "SUERQUTINES

1
2 .

3 010122
4 318138
5910136

018144

BT-11 MAGRD KMEEZ~12

© .TITLE SLOP SUBROUTINES

B12767
ge@is2
847664
812767
Ac8170
A47 660
812767
AeB1ire
847648
BaG267

15 19146 B1B146

15 16158
17 18152

18 19156
19 18162
28 16164

21 18166
22 18178

16174

25 18282
5 16206
ip212

18214
iB2le

18225

18234

18246
816782
parei4d

A12267 .

BA7G4R
981416
n12ed1
100885
AB5467
aaaga4

a42v67
apazAG
1575648
aipagy
Bavasd
618167

166546

812682
012501

sROUTINE TO RESET PTC BUFFERS
#PTHS, PSVHE

PTCSV:

Mol

MOV

Mol

RTS

sROUTINE TO
PROFTC: MOV
g oy

HQPRQ:

eenzZe7

10228 012767

alala]a]}|
B2r526
niz2rery

BRE460

B275R2
B427ET
260686 |
927456

PROND:

Mo’
MoV
BEQ
MoV

BPL
NEG

BIC

MOV

MO

o
MoK
BTS

Mow

MOV

BIC

WP TG, PSIWL

FPTGAS, PTSTUF

PC

Ri, ~(SP)
R2, ~(SP)
PROGET, R2

(E23+, PRONCT

PROND
(R2)-+:R1
NUPRQ
PROND

4200, DREO

R, PRGGET
R1.DACH
(SP)+, R2

(SP}+. Rl
RC

41, EOTPFG

#4088, EOTCT

41, DUML.

OR:18:82 PAGE 39

GET MEXT PROTOCOL STEP

sNO CARDIAC OUTPUT REGUEST
TMINUS SAYS CARDIACOUTPUT

5@ LIGHT

sCONTROL HOBK LOAD THE EASY WAY

| Pt | | Eepet I ol kol | | e |




_mMaMmé:

- 18??4
s tipEe

NOWMWTLvnTT“H nr Pnk

THIS R”U PINE TS EHT INTD WITH THE QDDPESS OF ﬂ FLOHTIHG VARIABLE
RAAHD A TIMECDELTA T) IM B3, R4
,FPTPHEDF THE- DATA | F?OW R, P°+2 DIVIDES BY THE TIME IM MINUTES;

P':’:l ‘y _'.“(TPJ :

(REY.=(TP)
: F-ﬁl;"‘!‘IP]

916245 nonM-V

_” ETbll NRCR“ PHDE 1’

MoK -
phe0az

g13245 NG
RG4S e
‘B1Ea45 ToHoe
BYHE35 EBIL.
BlB51A MOl
A12562 MOl
AugoEs

BBpzaY -

. .' BTG

R -
TRy EE
TRy, 2T

R, ~CTP)

P

Be:1B: BE PAGE 3

AND PUTS IT BACK




oAl

NORMALIZATION OF PEE

-1ra370

1 811082 @167@1 WRTIT: MOV -
_  .Bdrvem. . .
2 911086 016146 oM
3 811018 917746 MGl
, 847750 -
4 m11a14‘gaa?e?“; -~ ADD
‘BaATAE 3
. @11822 B17746 MO
- BAPP3E8 e
6 011828 662767 ADD
. T DepsER _
_ . BA7TEE _
7 911834 D167ED MOV
" marrRa _
8 B11848 818848 “pMow
i - BAEsa . - o
§ @1i044 B11B4G - Mol
18 11646 962700 ADD
' aopAGd - S
11852 D1B0GY. Moy
_ Bar7h4 S
12 11856 BB47G7 JGR
T T el e
13 110862 862767 AbD
- BEERRY o
S parerE .
14 . Y _
15 11879085367 .. . DEC
T T pdveed o o o
16 11874 581086 CBME
17 11876. . . TYPE -
C 11678 612788 MOV
T gEreEd '
-~ 11102 @B4TET. . JSB
) . Ap3rEa S
18 11ip6 @B5@67 - ~ “CLR
o .peeeRR :
19 11112 BUAIET WLVAMLY: JHP

STHIS RUUTINE IR A

. RT-11 MACRO WMB2-12

‘. ?R5TPTJR1”

RIJ_(SPJ

@FMTPT,—cSPJ
@FMTET, —(SP)
#2,EMTPT

ADDZ2PT, RB .

' EER@J.—(SP}

(RB).,—-(SF)

4, Rl

BB, ADDRPT
.~ PC,FFMT -
424, FRSTPT

NUFLFT .

WLVKLY
- BUFFEE.

#BUFFER, RE

© BC,LPTGO -
OUTHFG
EXLOOP

PO:10:02 FAGE 34

sTHE ADDRESS OF THE LABEL

SWHERE TOQ STICK THE FORMHTTED LETTERS
.3GET THE Y PﬁRT OF THE® PQFhED FORMQT

'3GHOVE THE X PART

A CLUDGE WITH A CAPITAL K
*MUST BE GOME THROUGH ONCE PER LINE

3BUT DOMT: HAVE TIME TO WAIT ALL DAY OR WILL LOSE GAS DATA : -

.' sEY O MY NHQT TO oo HHBH NE GET A PPIHTEE"I""!!!!!!!!!!‘!'"'!!!!!I'
@'@-

mmmnmmh-m

T A T Ve TS T L. 0L




T R I T T e e T R R B ¥R
< - . 3 —

NCRMALIZATION OF PBY  RT-11 MACRO KriBz-12 §@:16:02 PAGE 32 -

1 . . . : .
2. L A S S B DO
3 :YOU FORGOT TO DO ANYTHING TO MORK LOAD . _
5 ‘
€
7
gv o _
g u 1B 18572 @16745 DOBP:  MOY . . PRSBE, ~(TP)
o el : n4r3se - '
o E 11 18576 BB4TET JSR PC, IR
: BASKSA . a v
B 12 19667 (16745 MoV . SBPFAC+2,-(TP)
S agrivd , o »
13 16O B16745 S Mo SEPFNC, - (TP , \ . _
- PFLes :
14 18617 A75835 FMUL TP s COMVERTING SBP AD COMVERTER UMITS TO MMHG
15 10614 0iGras MY . CBPOFF+2, - (TP) A '
L BIPIRG ' - _
16 18620 916745 MO - SRPOFF, (TP}
g 827160 :
17 19624 GF5E0S -~ FRDB TP
18 nRze I.jllf:é!??i - Mo FTPY Y PRGEP
83413 14
19.1@632.%%§§?x MOV . (TP)+, PRYBP+Z
20 189636 (1E745 © MOV . PRDEP.-(TP)
_ Herz 10 : _
21 18642 BH4AVGT JSR - PC, IR
‘ @RSk _ :
22 1AB45 mieijg MOY . DBPFACHZ, - (TP)
2% 105h2 215745 MOY - DBFFAC,—(TP) o w
_ 67152 o e
04 1AGES 57502 -~ FMIL TP _ R
25 1852 :-mm*f;:ﬁs Moy DEPOFT+2, -( TPy 5E
S w27 137 .
26 1564 HIGPAS - MO ©  DEPOFF, —(TPY. E:E%_
BRIP4 : : <
27 1¥E7R T SAES FADD TP . o 1
2y 19T Bl246T R (TP)+, FRDEP =
- hMarasd . S ' G
B9 180TG BRSSP MOV ' (TPj+, PRDEP+2 = zi
U G PR o - _ |7
B CIBFER2 DISYRT . MOl #1, DSFOUT o
~ - Seivige 1 _ i g
Lo g2rysd oo S - : gg*q
31 18718 w12767 L rlow #1, OUTHEG B
o BUBEA _ L = =
% sgemis. . : :
B2 U718 RI27ET MoL #1%, NOMLET
o puamin o '
ATy ' _
33 16724 Big(67 WMoY #PRTIMI, NDD2PT
S BBE 18R Coe
RSO3
(&8 .
.




A AEg oy B

‘3_NORNHLIZHTION OF PBE 1-RT~11'MHCR0 MAg-12  BE@:18:82 PAGE 32+

34 1‘3?32 IIE?G? o ST MoK CAkHR L PMTPT
I . alresn: o o
a5e@24. . R ST : o : -
33 19?45 P127GY . MoK - #BUFFER+12. ., FRSTPT ' i TH IS I3 SETTIMG POINTERS
A37214 L | K | -
. o o . o
- 36 ' . T ‘ ) o ' ;

oy - 38 10746 @838C7Y - CLR PRTFLG
Sk e ~ 82va1g o L -
L ‘3916752 800167 SIMP - EXLOOP

i - 7 ivssss. o . - B

? THE PRINT ROUTIHE

Ff
WHICH PPINTS ONE LIME HT A TIMME

&Ry
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41
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43
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1418
18414

To420

18424

18438

10434

10448,
10444
18450

18454
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16464

1470
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18518
18514
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18536
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apaszs . -

Bi2762

060116
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DOPZ16: |
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847466 !
aa4very . o
- BB52e2
B12567
B47AE
12567 -
- Bd7ds4
‘plavez.
"ABH132

864767

- BBD26E:

B1GPAS.

847428

816743
47412
B1e845
- BE4PET.
BE5144 -
873035
B12567
B47376 -
812567
847374

BOSTE?

B47412
BA1422
916745

R47 366
816745
B47368

B16745

85?214

B16745:
607 208
816745

Cpor
ISR

- piov

JSR

Cow
ISR

.;ifJSE L
~ o mow
oMo

Cowov

- JSR

o
o
Mo
- JSR

CFDIV
B (o] ZEE

- MoV

TST

CBEQ
MOy

oy

MoK

TJMOP
MO

#PRCOR, B2

3

PC, HORM

4PRM, R2
-~ PC. NORM

| #PROZ, B2
- PC,NORM

PG IR

- (TP)+, PRRE

| (TP)+, PRRR42
#PRRR, RZ
“PC,NORM

 PRUL+2, - (TF)
© PRUWL, - (TF)

RE, - (TP

PC, IR

TP -
CTE)+, PRML
CTP) 4, PRINL+2

.5LPREL0P . ' }NQS-Q CARDIAC QUTFUT MANEUMER BONE

DOBP

~ PRO242, - (TP}
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D.BA4TH2, - (TP) =

- D.e84r, = (TP ' %%
o
B

PRSLOP+2, - (TP}
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‘RT-11 MACRO MMB2-12  0B:18:82 PAGE 31+

. 847366 :
78 18552 816745 Mo PRSLOP.-{TP)
' 847360 : . : .
71 10556 875625 FMUL = TP 1 Q=/02-6 . 8047 SLOPE
re 1A566 ar3635 FDII- TP
73 16562 A12567 Moy (TP) +, PRADOT
o 847354 ‘ .
74 1B366 B12567 (8} {TP)+, PROGDOT+2
T papEse .
75 &
76
v
78
79
o
40}
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§ reoorn SRS avibons QU WOV | e R Nlare R i QR i B el
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39 10242 @126@2 Mol (SPY+, K2
48 18244 812601 Mol (SP)+, R
41 18246 00B207
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1
2
3
4 sROUTINE TO NORMALIZE OUTRUTS AND SET UP FOR PRINT ROUTINE
6 @102858 B16768 WRITE: MOV PRTIMZ, RD
: 847630
7 018254 616701 MoV PRTIMI, R1
@47622 :
6 810268 B1270A3 MoV #-1,R3
177777 ‘ :
9 010264 6730E3 ASHC  R3.R@
10 18266 810145 My R1, = (TP)
i1 1628 004767 JSR - PC,IR sFLOAT THE WUMBER OF 8@ MSEC
12 : sHACKS SINCE BOT
13 1274 016745 MO TLMFAC+2, - (TP}
BA7466
14 1A380 B16745 MOk TIMFAC, - CTP)
887460
15 14304 B7S02S FMUL TP
16 18388 816745 MO LSTTIM#2, ~ (TP)
. B27420
1¥ 18312 16745 POV LETTIM, ~(TP)
g27412 .
18 18316 916567 MOV . G(TP),LSTTIM+2
860085
B27408 _
19 18324 016567 MoV 4(TP) ,LSTTIN
 p9egnd .
_ B27376 .
20 18332 B16567 Mol 6 (TPY, PRTIM2
060886
847544
21 18348 D16567 MOV 4(TP), PRTIMI
- BE@AB4
B47534 ' :
22 18346 BPSE1S FSUB TP :THIS IS DELTA TIME SIHCE LAST PERIOD
25 i :USED FOR MORMALIZING GAS MALUES
24 :THE ABOVE BS KAS TO TAKE DIFFEREMCE IN
25 s sCURRENT TIME AND LAST TIME, THEM SAVE CURRENT
26 sTIME FOR USE NEXT TIME AS LAST TIME
27 19338 B12564 MOV (TP)+, R4
28 18352 B1250F MOl (TP) +, B3
29 10354 B16v90 % PRHR+2, RO s JUST REMEMBERED TO SALE # OF WORK LOAD SAMPLES
7
30 18368 D187d5 . MY - PRHR,-(TP)
31 18364 Da4rer JSR . PC,IR FLOAT MUMBE® OF BEATS SINCE LAST REPORT
32 18378 ©12567 MOV . (TP)+, FEHR
 B4751D
33 18374 A12567 MO {TP)+, PRHR+2
7SR
34 18400 £127p2 FOL #PRHE, P2
058185 .
35 18404 204767 JS& FC, HORM
=
o2
00 : ]
mcavs NN s i S s SO s SO o SN v SO v N ot S s IR s R oo Y e Y - L Y =
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' sTHESE BOUTINES MUST BE FILLED IM LATER
Bi1116 mohnoy SHYPTC: CLR psSCouT
pacs44

1
2
3
&
F 5
-k ] 6 B111Pe AOSIGT JMP EXLOOP
?
o
9
18
11

R 41]

11126 0ULn&Ey SHIYPBF: CLR DSFOUT

*
T aaae Liads

El: BeEss2
{ i 12 11132 Doy JMP TMLOGP
N - 1rS35E _




1
o
3
4
5
¢
7 911136 AESO6T
BB
B B11142 812757
aoaant
BAGEAR
5 B11158 A12765
A3v112
16 11154 018567
. Da3026
11
12
13
14 11160 §12700
620068
15 11164 Bigral
030465
_ 18 11170 B12702
. 0351306
L IF 11174 916703
* 19 112668 RizA21
\ 20 11282 812021

12686 812622

1
. 1
« 21 lizad aioge
L 11216 677305

CUBIC SPLINE FIT

JTITLE
SARRAY 2 => 02
JAREAY Y => CO2
SPLFIT: CLB

Mol

CUBIC: MOV
MOl

:SEPARATE PAIRS

ca: rMal2
P
MO
MoK

Ciz- MQ

RT-i{1 MACEOD ripa-—1z

CUBIC SPLIME FIT

SPLRGS
#1, QCOMPU

#TSTH, TP
TP, SAKFSTH

FOR LATER USE
#FIDAT, RO
#2;B1

Y, B2
HPAIR, R3
(REY+, (R1)+
(BEY+, CRI)+
CREY+, (R2) -+

(RE) -+, (RE)+
R3.C1

e TG PR 0 jumeeay ey

pE:18:02 PAGE 57
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. o it s e s S
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PEPEAT T T
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AN

1.
a
3
4 ati21s
5
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CULIC SFLINME TIT

a11212

B1i2z6

B L. 1.4
ﬁ

18 11234

1] 11242
13 11244
1411250

15 11252

165 11254
17 11756
19 11268

20 11262

21 11246

22 11272
ad 11274
25 11306

a7 11304

28 11318
29 11312

38 11318

31 11322
32 11524
3% 11306

34 11330

36 11334
37 11336

38 11342

48 113544
41 11344

612706
BET114
010661

PIBTRL

T B4eeY2
IBIGB?

RIGYEY
nessez
A25466

16767

Ap547S
626462
200426

312788
98116
612228
H12226
612220
n12228
B75031

B16741
BO5dA44
B16741
B05436
gvsaz

gleiey
Bzradzp
filele?
Basd2e

g16val
B26464
818183
162783
gapaes

lg2vE]

BRaRE2
066381
BOGE301
@iaina
162708
paasad

Rino4
BE2704
BE04GH

875614

Atpl1a2
Bipngl

RT-11 MACRC VMD2-12  @0:10:02 PAGE 38

sCOMPUTE S1

(el
n "I:l

Sem B

02 o

oW
MO
MO
BNE

MoK
Mok
ER
MoY
Mo
MOl
1Ol
MoK
FD IV
MO
HOW

EMUL

Ca:

Ml
MoK

Mal
MoK

- BUB
‘SUB

ASL
ASL
MO
SUB

110

" ADD

Faug

Mok
MO

#IKAR, RE

RO, R1
PRO2, R2

C3
DI85, 51

D, B5+2, 5142
c4 -
#PROZ, B2
(BE)+. (BE)+
(H2)+, (BB +
(R2)+. (RGI+

(B2)+, (R +
Bl. :R1-> PROOZ/PRO2

'Dm1+a,—(R1)

DML, - (R1)

R1C sMULTIPLY BY -1
(D)4 51

(R13+ E142

NPAIR, I s 1=N

I.R3 ' : .
I, B3 ; MO Or TIMES TO GOjTHRQUGH LOOP -

k2, I
I.

i
I, Ikl ‘
#d, 1011 IMl=]-4

CrsDng

141, B
#Z{R4

p4’ . SZ{N) =2 -ZCN-1)

1, IPt
i, I
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"RT-11 MACRO VMBa—12  BD:10:02 PAGE 3B+

42 11358 162708 SUB #4, TM1
uz @0Bos84 '
d4 11354 @loead MOV 1M1, R4
45 11356 BeRro4d ADD #2, B4
A30466
3? 11362 B75914 FSUBR R4 . 1201 =201 -Z(1-13
48 11364 812704 MOV #WKAR. R4
837114 :
49 113570 810485 MOV R4, RS
: SB 11372 @16224 MO ZUIRD), (R +
. B38466 :
{ 51 1.376 @l6224 MO Z+2(IP1), (R +
# 838478 '
g 52 1:482 @16i24 Mo ZCIY, (R4} +
830466
4 53 11406 ¥16124 MoV 242013, (R4)+ .
-1 | p30470 -
. 54 11412 875005 FADD  BS
55 11414 816224 MOl ZCIP1), (R4 +
- A30456
56 11428 016224 - Moy Z+2 (P12, (R +
vl . 638478
57 1i424 975835 = FDIVY RS RS -, G
58 1 BS = LKAR+18
59
80 SCOMPUTE (1)
61 11426 @lara4 MOl #WKAR, B4
» 1] : 837114
- 62 11432 010465 QY R4, BS
s [ 6% 11434 816024 MOV . Y(IMD), (R +
N 831306
C 64 1144R 9i6@24 Mol Y2 (TM1), (R4 +
O 831318 ‘
o 65 11444 §16124 MoV V(I , (R
. 231306
. q 66 11450 BlG124 oY Y4210, CRAY+
&t - 831318 :
» 57 11454 grSals FSUB RS SRS ~» YOI =~ y(I-1)
_ 68 11456 816445 MoV 2CR4), - (RS) :GET G
L _ BB6RER A _
¥ 69 11462 B18445 pol B(R4)., - (RS)
; oG atala) .
e 78 11466 975825 FMUL RS iRS -> R3HG
71 11478 816745 MoV D3.B+2, -C(R3Y
BES246 - :
72 11474 816745 © Mow D3.8, ~(}5)
aa524a :
73 11508 875025 : FMUL © RS :RS -> 3.8 * RS
74 11582 Y16145 MOV Z+2(1),~(RS) :
- B3047B ,
75 11586 816145 roL Z(1), - (RS)
i 630466 -
i ;g 11512 BPSA35 by RS SWKAR 4 = [3.@1GH Y1) ~YCI~111/2¢1)
ol 78 11514 912784 Moy HLISAR+14, B4
B\ -
\ | .
i ™
1] ~ : | - |
| P D [ P P P pees] [ PR o poem peesy  peewn  pwee [T
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CUBIC STLINE FIT

94

100

141
182
183

184
165
186
g

188
189

111
112

113

o it4

115

11520
11522

11526

2 11552

11535
11542
11544
{1558
11554

11566
11562

11566

11572
11574
11578
11682

11686

"11618

11514

1622
1624
163A

1534

1636.

1642

1644
1658
1654
1669

1628

R3E7 1568
fa1edpns
0iGi24
AT1%06
g1G6124
w3131
B1&224
831306
16224
p31310
area15

016745
agSzea
B16745

RPT-11 MACRO MMBE~12

MoV
WY

MoV
MOV
Mow
FSUB

- HOV
MOV

Be5174

162785
BRGERE]
BraglS
B16743
Ba5154
B16745
gas14de
arsezo
n75825
815245
a384ra
016245

‘B30456

875835

a12vo4
a3y 12a
816544
BPBasz
@11544
675004

012461
622126
B12461
B3P 159

PEB48g
gnalGy
1775082
Qvv383

12761

- ggaoa4d

@l27as
@ueein
016703
26114
162793

sSuE

FSUB
MOV

MOl
 FMUL
FRLL
MoV
pow
FD I
MO
Mol

MoV
FADD

- MOV
MOV

¥R

cohR: TP

. 50B
sEHD OF DO LOOT

:DO LOOP 4
CcG: Mo

MOl
MoV
suB

R4, R5
V(I , (R4)+

Y4213, (R4y -+
MCIPLY, (B
V+2(IT1), (R +
ES
Di.@+2, - (RS
1.8, -(RS)

44, B9

25
D3.842, - (RS)

“ D3\, -(R5

RS .
ES o
o2 tIPLY, —(RD)
Z(iF1), - (RS
RS |
#WKAR+4, R4
2(RS), ~(R4)
(B5), - (R4

‘R4

(R4 4, R 1)
(B4) 4, B2 (1)
A6

c5

£3,C5A

3

44 1

#108, IP1
NPAIR, B3

#2, B3

B6: 16:02 PAGE 38+

~3 VLT - YD)

->1.8-G

- 3?(1.Q—G)
-» 3(1.8- Q\WEV(I+13-V(I;]

s R5=RS/Z(IP1)
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CUBIC SPLINE FIT.

116

3ty
118

119

~ 1e@
121

1ap
123
124
125
126
127
128
129
1308

131
132

1664

1676,
1672

1676
1782
1766

1712
1714

1728
1724
1726
1¥52
1736
1748

1744

oARBE2

Bl2vaa:
a3ritg

318485
Bn1G1z24
830466
@gi6124
930470
@G16224
930468

016224
838476

Br5ea5

816224
838468

ai16224
838478
Br5ass
612561
A30466
812561
030478
51682081
Be27a2
oBn0a4
arr3si

N o
Ty -

c7:

MOy -
 Mow

MoK

MoV

" Mo
- FADD

. :END OF

o pow

MOV

MOV

MoK

FDIW
Mo

MO

ADD

508 .
DO LOOP

U RT-11 MACRO VMB2-12 - 8@:18:@2 PAGE 3&8+

#WIGAR, R4

" R4, RS
ZO13, (RAI+

Z+2(D), (R4 +

C ZCIPL). (R +
T Z42CIPD), (R+

RS e
SZCIP1Y, R+

Z4+2CIPLY, (RAY+

RS
(RS)+, 2C 1

- (BS)+, ZH2(1)

IP1, 1

w4, IPL

R3.CY
4




CUBIC aPLINE FIT s

ey GET REnnv an 5o LOGP 5
2-Q11746 BLOYE4 MoV HIKAR, R4
L ERRiL4 L . ;
3 AI1P52 018465 - WOV s R4, RS
_4’611?54;81 Yial MO . dhdl, T 7
g © BanaSE Lo
e;@11?ea.a1s1a4\"_ UMY o BLI3, (RAY+
i S ‘BER458 Do . SR
P 011764 W16124 - - MOV o Z+2(D); (RAY+
i 030479 ; ST
‘8~611??@ Blgra4d Moy - 81, (B43-
S ) pasves N R :
B 9 B81iv¥r4d 816724 MOV o S14E, (B4
N p25724 e
lﬂ'laﬂﬂﬂ BYSBES FMUL Ko .
, e 11 12082 816124 WO X(I3, (ReD+
‘ o 12 128ge 816124 - . Moy T s+RCD), (R4)+
N v _B3R1%8 ¢ 5 5 BE
1% 12012 875015 FSUE = RS -
14 12614 B12561 MOP - (RS, HCD) .
‘ 833126 : ;. . : ' . '
15 l2@2m 812561 MOY (RS, (DD 3 IR =%
1¢' . @3213@ . Lo T - - '
AV 12624 612781 Moy 4l T _ . .
R T
18 12630 &16721 - - 0L Y. 1+ :N(1)=Y(1)
19 12034 @laFel CpOY - YR, (D
T pyvese o
2@ 1504D BlaRl FMOV D2.8, (14
DL An4yna o o . S
21 12844 BHIgY2] V MO - D2.08+2, CI- s (21 =2.8
L T Dp4ere Lo T S o
'-gEE,l&BSB‘ﬁlé?ﬂl Peoen o MOV - dd,
ST aegend : - o
23 12054 B12PB4 - . MOV - #KAR. R4
L e a3rilg o : :
24 12666 Blades. Mo B4, BS.
29 Ixdes Bi6124 MO MCI s £R4!+
’ . B3arde: e
26 12066 Al16124 . Moy . H+2(IJ:£R4)+
) B3RYLE : ) - .
af 128z Blelad S Mok ALDY . R4+
S g32i26 P N
28 12076 016134 MOV o RARC1) (R
&8 it SR e R
212103 BTSORS CFDIV RS
3612169 912561 MoK (B, HODD |
b CB321P6 _
51 ,211 Bi2g6l . MoR <.5;+4 HECT) :azaa-vcaaxvcan
L - BE2180 T .
‘ 33_13114 812784 SR o A 4NhﬁR R4
L 857114 S

RT"ll macno.vmaa—12 ‘ IB 15 a2 PHGE 39

€EJ~Z(23451




T e
- .
N "y

1 TN BT e S
i
P

oo

Wi s

RS —> -1.801.8-2(2))

SY(2) == (1.8-2(2) ) A(2)

CUBIC SPLINE FIT RT-11 MACRO VMaz-12
34 12120 918485 Mo R4, RS - -
35 12122 216124 Moy Z2CI3, R4+
- B38466 - L :
36 12126 B16124 Mol Z+201), (B4 +
: s B3B4YE : '
3r 12132 Bl1e7z24 MoK IDi.8. (B4)+
BB4612 '
358 12136 616724 MOV .. Bl.@+2, (R)+
. § BR4618 : : ‘ : :
35 12142 arseis FSUB - RS
48" 12144 016745 (Mol - BiMl+2,-(B5})
- - EB4562 ‘ ‘
41 12158 Bl6P45 Mol DM1, - (RS)
BR4554 ‘. o
42 12154 BY5025 FMUL RS R '
43 12136 B15145 MoK W+2C01), (RS2
: ' ' A32v506 _
~d4 12162 816145 Moy W(I),-C(R37
oo B32748 .
45 12165 B7sSH35 FDI/ RS :
45 12178 812561 MoK {R3X+, WCIY
: - a32746 :
47 12174 @12561 Moy (RS +, W+2( 1Y
' B32750 ‘ '
48 o
42
- N
ALY i i-’
<r P
= o
A== - '
c 0 ETTY
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CUBIC SPLIHE FIT

w

1o

11
12
13

15

18

17

18
18

26
21

22
23

24

25
26

Rt

25
29

38
21

K7

33
34

612206
' @anE7a
p12204

12226
12232
12236
12242

12246
12250

12254

12268
12562

12204
12272
12278

12360

12386

12312
12314

12328

12524
12326

12332

12236
12340

12344

12358

" 00DDu3
B12216 |
Biz214 0EOBAS
B12220
Biz224

B37114

T HBETa%
i 812561

B16743
162707

512781
aEEeLH
A127BR

g12veqd C8:-

@184@5:.,
816824 -
BERTAG
alep2g
932758
aig1a4d
B30466
816124
B3n47e
ArSE25
Ble745
aa4472
Bier4as
gaA404
aroaes
B12551

832754 -

g16745
BA44SS .
916745
GB4446
816145
A30474
616145
B30465
A75B15
816845
P32138
616845
A32126
A7SA5
815124
732126
816124
632130
B7S015
816145
732750
016145

52748

BYSa35

ET—ll MRCFO VMBE*IE

DO LOOP.S
: MOV
_ 5UB
MOV
HoV
oY
CMow
MOV
oY

MoV
Mov

COPMOL
ol

MoK

" FADD
Moy

- ok

Moy

MOV
" piow

" PSUB -
CMOp

Moy

FMUL

mMol
MO

" FS5UB

MO

- Mol

FDIV

"NPAIR, B3
#3,B3

418, 1
a4, TM1

'_'4ﬂdﬁﬂan

R4,BE
HCTNDY L (Rdy+

 MECIMD, (R4
ZOD), (RAYF

242013, (RAI+
P

DE.@+2, (ES)
';Dz.a,vtRsi
R
(RSY4, MDD
(RS, WD
T p1.@+2.-(R5)
D1.B, -(R5)

S Z+BCIY, - (BS)
Z(1),-(RS5)

RS L
© AR CIMLY, - IRBY

KCIMLY . - (RS)

RS~ g
KD, (R +

¥HecIr, (Rad+

RS, ‘ -
- W2 (1) - (RG3

W1, = (RS)
RS '

pe: 19: I2 PAGE 4@

s COUNTER

tYCIYSLZC YO I-1) 42,8
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CUBIC SPLIME FIT i RT*II NHCRO VMEE 12 . @@:19:82 PAGE 48+

35 12352 318561‘" MOV (RSMERCD
- B32186 - ;
36 12356 612561 CoMok (RE)+, 2 (1)
- - B3213@ . S o
3812362 @16485 CMOW R4.ES
39 12364 616124 MY WCDY, R+
, © B32746.
40 12378 @16124 MOW RO, (R +-
B32750" '
- 41 123?4 Bi6i24 MoK Z(I17, {(R4)+
o 8384665 ' .
42 12408 816124 MOl Z+2(1), (R +
. 830479 - .
43 12484 675835 . ~ FDI¥ RS .
4412486 @12561 - . MOV CRE)HWCDD
_ - 832745 - '
SR 45 12412 912561 MOV . (RS)+, WH2CT)
U _ 832758 .
b 4r o 1edlemistee . - MOV I, IML
R 48 12428 862701 . ADD w4, 1
SR . puBBa4 S
R R st
Sl 58 12424 B@e492. " BR. . .48
S - 51 12426 Bgglep CBA: - JMP ca
ce ) - ' 177566 - ,
T 25'1243Q a773e63: . SOB  R3,CBA
> "gé : “3END OF DO LOOF 5
IS I R 12434Aa1e?93,- | 0% "MPAIR.R3
e - @258334 : C
57 12440 BEE303. - ASL R3 ,
58 12442 #O6383 -+ ASL 'R -
-’59 12444 BASE63. CLR & k(RE) _
832126 o . -
68 12450 B@SBE3 CCLR . ¥ +a(33> O XIN)=B
U B32ize TR -
81 -
w2 éﬁhk: %
<t FE
w
ats R one v6 T SNUS TN VS S = SR s S e SN i N S B ooz TR =<~ [ o B =-<<-2 B - B - B - B <. S o<~ R -




= O o IR G0 e

0

QUPIC SPLINE FIT

B12454

012460
Gladez

012466
B12472
A1247 4
12476
12506
195684

12516
12512

12516

0‘-H—~ —
ik 1AM

.4
&

i 12522

18 12826

19 12532
28 12534

21 12540

22 12544
23 12548

24 12552
56 12556
27 12568
26 ‘12564
31 12566

32 12574

Bl67E1

B25314
316103
162783
906602
162701
RE6EE?

BRAG3E |
aEB6se 1
piBip
a62voz

Qalaf= o

812rad
asria
B184B85
Alelz4
H3Z7 46
plaiad
B3avSe
Ble224
B32126
Bleaad
B32135R
fPSEES
816145

.B32138

B16145
632126
U7SHA5

‘12561

B52126
812561
B32130

g18162
16271
Haa0604
grv33l

B16v6?
ga2513e
A17A32
B1GYGY
B23124
BivaRe

RT-11 MACRO VMp2-12

;DO LOOP 6
Mo

oK
" SUB
SUB
ASL
NSL
MOl
ADD

s START LOOP
co: MOV

o oMop
S s %

- MoK
MOV
- MQK.

FiL
- MoV

MG

" FADD
pMO

. Mok

o Moy
- 8UB

- sDOME LOOFP ©

MGk

Moy

Jb
ko

i

. R3

NPAIR.T

IJ R3 )

ﬁE;I o

"~ $COUNTER

JIPL
4.1p

#KAR, R4

R4, RS
WD), (R4 +

CWH2(1), (R
 RCIP1Y, (R4)

B2 CIP1Y, (Reb) +
RS

- XHRCD), - (RS
CRCD) .~ (B
B3

(RS1+, (D)

(BG4, 02D

.}

s IP1
e,

st Y

]

S¥=1 9

51K

S+, %+2 1¥(1)=51

00: 1R:82 PAGE 41




e s e

;-

BN :

.CUBIQ_SPLfﬂELPiTU:

721408

4 m1ésas 00167

1?36?4 

'MOV-“
IMP

RTLII MHCRG VMBE 12

4 R ...RESTORE STATE OF NATURE
B ‘3 812682 A16785 C1B:

SAKSTK, TP
EXLOOP

: BB 15‘52 PHGE 42




hor ]

CINSTRHIANEOUSY . RT-11 MﬂCRo PrMpz-12 ' @@:15592 PAGE 43

12617
B12616

12622
126286
12632

12634
12636

12842

12644
12650

1rg54

12662

10664
L 1BGEE.

12g¥2

§ 126¥6

RELBEET

E¢31J4
a1zvas
826005 -

N1GTES

A WY we T

TITLE ‘R (INSLHNTHNEOU“)

= RESPIEQTORY EXCHANGE BATIO '
OMPUTE, RINST = (S-SFOZ-FCOR)~( 1~ FOE FCO2)
o FOR-EACH POINT EXCEPT EWD PAIR
5= HFGmﬂBb) OF 5EEIVF?1TIV}: OF SAMPLED P"—‘!IR

THSM@: CLR . QCOMPY

ﬁ:‘aﬂ

CB2514G

812781

930166

112ﬂ21
fizeal

852768
-gooang

idctac)

B1RFH1
arAanR:g

B1ETAS

AzS125 -

1GR7A3
ayjatalal

mlé?aa

wBY 120

pigonz
916121
RA32126
G1g1~8
8932139

B18728

- BB4026

127ee

12766
12710

12714

B1c728
B6H4u24
Bro82a
Blize?

-BR42R4
B 16287
fajallalaies

B24nAA

B15 126

G456
616128
B36478

nvseez

 PiS142
BE1E16
‘Bi61de

RINST: MOv.  #FVDAT, RO
’thUILDmgV . WPAIR. B3
MoK #Z, B1
R}HGI: o (BRI, (RIDA+
T
S0B - B3, RINHGI
CHOP. w4l
tiop NPA1R.R3
SUB  #2.P3
[ABS(SLOPEY
RINI:  Hiv HKAR+4, RY
Mol RE. R2
MOV %13, (RO +
MO SmaCly, (RE)+
Mo DM1, (RBI+
Mg D142, (RO)+
FMUL  Re ;R2-> ABS(SLOPE)
MoK (R2).IKAR4 -
Ol B(R2Y, WISIR+G
Hol Z(1), (R@)+
MOV Z+ECT), (REYH
FMUL B2 © iR2 -> FO2 % §
WMoY YRR, ~(R2)

MO Y1), - (B2)




¥

29
4

1z2rez
... Basre2

12778

12014

- 13|72

R CINSTAN

12744

12746

tars2

- 12756

12768

12776

13808
13084
12086
13610

13820
12624

130826,

13072

13636
13842
13046
13042
13056
13062
13866

Tnmﬁduéi

AF1366 .
A75612

Bi2vaz

837114

814862

waapez

giqaia

aysglad -

216768

AAREG4
816750
BR37S6
lajaaals

B7PSH10

B16842
BOBRAZ

411842

B7SB32
812261
@32748
B12261
832750
a627al
808804
BPP363

A04767
6a3842
812795
837112

B167A3
B247 32
162783

-
2
-
J
El
0}
4
.
a
"
’

RIMLRG:

s IGHORE

gayanz -

B12vel
BEBaR4
a16145
B32754
816145
a32v46
816145
831318
Al6145
831386
uEdTsY?

aasEr72

BING:

oy

b - ¥

G

FSUB
Moy -

May
¥SUB

MOV

MOy

FSUB'
MOV
MOV
FDIV
Mo
Mol
ADh -

508

T-11

MACRO MMBa~12

RE
H#WKAR. R2.

~(RBY; 2CRD)

—(RB, (B2
R2
D1i.@, 4(RB)

D1.8+2, 6{RB)

kg

2C(RB), —(R2)
(RBy, ~(Ra)
R2

(R2)+, W(1)
(R2)+ W+ (I}
#d, [

B3, RIMI

AREAY: W = BINST
Y -> FCOR

JSR PC, CLRSUM

MOy #TSTK, TP

ENDPOINTS

Mow HPALER, B3

SUB  #2,R3

MOV w4,

Mo W2(1), - CTP)

Moy M), —(TP)

Mo Y+2C1), - CTP)

MOV - YC(D,~(TPY

JSR PC. SUMM

80:18:82 PAGE 43+

JR2 -> SHFOR - FCOR

s PUT SEOZ-FCO2 TNTO WKARC1)

sRB ~-> 1-5F02-FCO2

;R2 ~> RINST

COMPUTE LINEAR REGRESSION OF PCO2Z AS A FUNCTION OF RINST
STORE RES(SLOP) IN CSLOP

:CLEAR EX,EY,EXY,EX

sRIMST

:FCO2




"R OCTHSTAEHTIANEUUS) BT-1
' 7S5 13076 BEZYRY - ADD
Bopang
7613182 8773 SJB
h 77 , sSUFMATIONS
= - Y8 15184 BALPET - J5R
= B3 ‘
.79 13118 gizvon o < MG
. : -a57114 .
0 -RG 13114 aipagze MOL
81 13116 812520 MoK
82 15128 812528 ra
B3 13122 Bilsrza ey
_ BRA3GH2:
B4 13126 €15720 o
: . B0R6H8 . :
85 135132 BrSep2:2 - FMUL
86 13134 616728 Mol
aa4436 .
87 13140 416720 - Moy
. . BE4425 '
P . B8 13144 8vsa22 - FIMUL
b 23 131435 012267 RN
P - 94718 '
Py 8E 135152 912267 MG
L . BAaTES
P " 91 13156 862705 GBBE
& ' 2i315]5]1583
22 . _ o
.83 13168 B4A7EY ROUT:! - BIC
120660
; - 154508
.94 13178 852767 - BIS
00a840
- 154572
o5 13176 AQBIRT arip

S 3 IR

17353584

- T S 000 L S P ST C S T

1 MACRO MBE~12 B8:18:02 PAGE 43+

treds I
RZ, RTINS
COMPLETED
PC. LIO sGET SLOPE AND INTERCEPT
HAR, RG -
r@,R2
{TP+, (RBY+
(TR, (102 +
opl. (RAY+

DMI+2. (RB)Y+

DPi3, (R@)+
DP13+2, (RB)+

Re
(PP +, CSLOP

(R3)+, CSLOP+E

#=4, TP :SKIP INTERCEPT
#1840P08, DRAS sCLEAR REGB FOR @ BUTTON
#<0, BRAS +INT ENR REG B

EXLOOP

o a e eE 4 A AEEAL ke iy et e e




MLE e

: mass 51=1-:c: HﬂNnLER ' RT-11 FACRC Vro2-12 aa 18: aa PHGE e
é .TITLE MASS SPEC HANDLER
3
4 ,SUB?GUTINE GETGHS :
g : CALL JSR PC, GETGAS
7 : WIPES OUT BEGISTERS P@,R1,R2,L3,R4
8 : ASSUMES RS 15 @ TEMP STACK POINTER
g 3 RETLENS FRACTIONAL GAS VALUES FOR M3 OUTPUTS AT TIME OF CALLING
. s STORLS
11 ) : FO2 1IN FO21
. 12 13262 637670 F022
13 3 FH2 IN  FH21
14 - 3 FN22 .
i5 3 Fcoa N rc021
16 ; I-L-
17 '
18
19
£
22 13204 810046 GETGAS: MOV RB, - (GP)
f P3 13206 Q16146 . - MOV Bl,~(5P)
. 24 13218 816246 Mol R2,-(5P)
g Vo 25 13212 916846 - MoK R, ~(5P)
. }F 26 13214 810446 MO B4, -(SP)
Poolho 27 13216 884767 © JSREC PCLSAMGAS
Eoog ggRzi2 - .
R E 28 13222 418204 Moy R2,B4  GET H2,C02 QUT OF FLORTS WAY
i 29 {3224 018193 oY R1,R3
« {1 30 13226 91ap4s - MOV BB, ~(1F)
. 31 13238 ggngg " JSR- PC, 1B  ;FLOAT 02 COUNTS
: 32 13234 3522?3 N (s P8 02CFa, - TP $GET COMVEBSIOH FACTORS
3% 13246 016745 Moy 02CF1. = (TP)
624406 . :
34 13244 875625 - FHMUL TP
35 13246 810345 . Moy - B3, (TP} PGET N2 COUNTS
36 13098 004767 JSB PC. IR :FLOAT 1IT
gaR2376 .
37 13254 gégzgg S Moy HRCER, ~(TP) sCAL FACTCR
33 13268 B167aS : MO N2CEL, - (TP} ,an FRCTOR
. pa4s7e , o
39 13264 67SU25 | FMUL TP - 3PULTIPLY
48 13266 010445 MOV B4, - (TP} coz
41 12270 GRATGT JSR BC, IR ;FLOAT IT
\ _ o235 - o
a2 13274'@é3§25 Mow CO2CF2, - (TP} 1C0? CAL FACTOR
4 : '
43 13300 816742 MOV CORCFL, - (TP} sDITTO
44 13304 675025 FMUL TP ‘ _
45 13306 918584 Mo TP, B4  :GET STACK POINTER
46 13310 616445 . fol 12(R, (TP : DUPLICATE STACK
aaanla .
oy
‘!
&




S

MARS SPTT AMDLER

a7
48

13314
13326
13324
133308
13334

15535
12348

13342

13344
13346
13352
13354

133c8

13564
13366
13378
13572

13375
13482
13494
15408
13410
13414

13428
13422

/13424

13426
13438

13432

815445
aaae 16
16445
BBABBG
816445
0e6ea4
816445

‘appoas

811445
ar5685
BY58es5
817561
812582
BG27AT
177evd
a7sa35
812367¢
824316
Bi2567
824314
810245
GiB1dS
BrYSB35
812367
Az4274
812567
@B24272
8168245
B1A145

875835

B12567

E24252

912567
BRansa

812604
812683
Biz2ca2
g12681

Bi2680 ~

oo8287

RT-11 MACRC MB2- 12

Moy

MG
Mol -

oy

Moy
FADD
PADD
MO
My .
ADD

FBIY
Moy

Mol

Moy
MoV
FDIV
Moy

Mo
Mot

Moy
FDIV

(il
Moy

MC
MoV
Moy
Moy
Mol

PTG

18(R4) ., —{Th)
6(R4), - LTP)
4¢R4Y , -~ CLP)
2(R4), - (TP)
@Rd, - (TP}

TP

TP

(TPY+, R1
TPy +.R2
#177774, TP

TP
{TP)+, FCO21

{TP)+, FCO22

R2,-(TP)
RIJ “'(TP)

TP
(TP} +, FHZ1
CFP)+, FH22

R2,—-(TP)
Rl,-LTP)

TP

(TP)+, FO21
(TP)+, FOP2
(SP}+.EB4
(5P)+, B3
(SPI+, 12
(§P)+, R1
(5P} : RO
PC

08:18:02 TACE 44+

s 5UM OF 02, M2, C02

+SAKFE SUM

;RESTORE TP TO WHAT IT MAS

$SAVE FCOZ

JPUT SUM BACK ON STACK

:SAVE MITROGEN FRAC

e s e i 4




i T

N R
e pr—C -

= (OGNS GIRY -

42
43

mmf“‘ - o S o I e S s T o Y e T < I R S

i\ s i R

MRSS SPEC HANDLER

13434
13442

13458
13452
13454

13468
13466

13474
13476
13568
13584
13512

13528
13522

816737
623516
176770
633727
1767708
aesz2o8
ae17r4d
188770
13748
176772

81673y
823474
LPE77H
833727
17677@
81a268
Ba1774
188778
8137a1
175772

9167457
AP3452
1767760
A33727
176770
810208
BO1774
1868778

LY

™

b WE WD W W mw

NS W Wy we

SAMGARS:

GCKO:

GSAMNZ:

GCKN:

GSAMC:

GCKC:

5
Tat

"

BT-11 MACRO vMaz2-12

e o e A A e L W L T o

SUBROUTINE SAMGAS
CALLING SEQUENCE
J5R PC. SAMGAS

USES FROM RAM
Q2CTRL

HaCTRL

C2CTRL

MSMART  B~DONT INVERT
NEGATIVE-INVERT

RETURNS

. R@-Aboz
R1-ADNZ
R2-ADCOZ

ALSO ZAPS B3.R4

Mol O2CTRL. Bs:ADSR

BIT @#ADSR, #2080

BEQ@ GCKO
BMI SAMGRS

$ERRCR
Mo @+ADIN, RO 3SAVE 02 SAMPLE

MoV NZCTRL. B#ADSRE - sSAMPLE N2
. BIT #ADSE, #+10200

BEQ GCKHN sNOT THROUGH

BMI GSAMM2

MoK © B#ADIN. R1

Mol C2CTRL, B#ADSR  iSAMPLE CO2

: BIT @+ADSE, #10288

BEQ GCKC
BMI GSAMC

BB:18:B2 PAGE 45

1BAMPLE 02

:SAVE SAMPLED N2




N == &R
MKSS SPEC HRMHDLER BT-11 MACRO Tp2-12 09:10:682 PAGE 45+
44 13524 ?15?;!71'; : MOV B4ADIN, B2 sSAVE SAMPLED COR
7672 .
45 13538 ApsSrYer TST MSHIPRT
a24145
445 13534 0p2ua3 BGE SGLY
47 1354« DE5160 o RAa
a8 13549 BuSinl . COM R1 sFOR M5 WITH MEGATIVE QUTPUTS
33 17542 Bas5162 CO nd
- |
i 51 1354 888287 SGLV: RS Fc
I 5
i
. r:
k .
e
.- 1
L




T

B T T - RN . FIRUR © . . [P

Bt W
=
pil

. MQSS‘SPEC HANBLER . © RT-11 MACRO MB2-12 . B0:18:82 PAGE 46
A1 * :
13 é s SUBROUTINE CALMS
IR - )
gs. 3 3 ENTER WITH JSR PC, CALMS
R 4 : '
¥ 5 3 THIAS BOUTINE BEADS THE MSTYPE, GETS APPROPRIATE
A 5 ; "GAINS, FULL SCALES, ETC. AND COMPUTES CALIBRATION
e 7 ; FACTORS FOR THE SIGNALS
- g ; THIS "ROUTINE DESTROYS RO, R1.E2, R3,R4
9 ; IT TAKES CONTROL OF THE CLOCK AND RETLRNS WITH

%? _ THE CLOCK SHUT OFF.
ia 3 FOR READING MS TYPE IT LOOKS AT DEAI BITS 3 AND 4
3 ' :
14 _
15 :CURRENT ASIGHMENT IS FOR
16 3 #-5R1 MEDSPECT
17 ; 1-WEST PERKIN ELMER
18 H 2-PE SKYLAB SH 9  CLOSED LQOP
ég : 3-PE.SKYLAB SH ©  OPEM LOOP -
21
22 . sON RETURN
23 _ - R@=8 QK
Eg H Re=-1 BRD CALIBRATION
2 .
28 I DEFIMITIONS
27 167774 GDRAI=DRAI
gg . 6060 1  LINCLK=1 .
38. 1354¢ 810546 CALMS: MoK RS, ~(8P) sSAVE RS
31 1355@~?é?;?3' Mo @#GDRAI, RA
32 13554 842780 BIC . 177747, BB ;STRIP GARBAGE BITS
- C17PPr47
34 : : ASH +76, R : ;ROTATE THE MOTHEP RIGHT*
35 ; (CORRECT FOR ROM COMPHTIBILITV)
36 13560 912703 poL #76, B3
_ BRaE7S
37 13564 07200873 - ASH B3, RA
- 38 13566 DleE6Y MoV - OCTMSO(RE) , 02CTRL
: - RA17432 . :
SRR - B2siea : -
39 15574 @1i6as7 - . Mol NCTMSO(RB) , N2CTRL
oL a17442 . '
823356 i '
48 136682 #1467 _ Moy - CCTMS0(RE) , C2CTRL
= 817452
- 823352 ' u '
41 13618 P16B67 - Mo INVRTB (RB) ., MSHVYRT
‘ S @lvdez )
: Gz24ne4d .
42 13616 91667 MOV CAPDLY(RB2, MEDLY
S . a1rv4ra i
o o 92B3re o '
43- 13624 B127@5 . MoK - #31,R5
o - Baees] )
oo T T
Lot f\ IR T
e . .
: Ex:j ]llll E::j E::ﬂ == == E= sosne ) [ 1 T Tk i




" RT-11 MACRO Vi@2-12

. MASS 3PEC WANDLER

44 13676 016704 MO, FVDATA,R4

3652 :
45 13634 8E5903 . CLR 3
46 B
az
49
5@
51
52
53
54
55 : »
56 JIF DF,LINCLK
57 13636 ©ADBO1 CSRPT: WALT o
58 .EHDC '
59 -
3@
3
g2
&2 IF HDE, LINCLE
85 oW #6208, @SPCSE
6 MO #BA0RZ3, GHPCSR
g7 CSBEPT: BIT #2080, B4PCSR
68 - BEG CSRPT
63 , BiC #2800, B4PCSR
™ . .ENDC
71 13640 004767 JSR . PC.SAMGAS
177579 . '
72 13644 010A24 MOV RE, (R4)+
73 13646 010124 - Mov R1, (Ra) +
74 17650 ©19224 MoK B2, (Bd)+
75 13652 020267 Chip B3, CO2TRS
 Bu3e4R
76 13656 BH36a1 BGT CSRPTH
;g 1366/ BB5263 IHC B3
79 :
Y )
81 13662 BP751Z CSERPTL: SOB - RS, CSRPT
B2 12664 820327 T Cp B3, 43
BGAAOS :
g'ﬁ 13678 BL2ZBS7Y BGE ERRLY

A i 0 a0k — et i s on

A8:10:82 TAGE 46+

* ERROR CK CTR

;C02 ABOVE CAL GAS LEVEL?

sERROR

BAD CAL GAS.

) :
;C02.. s OFFOR ROOM AIR IM

e, ea ®Eaeen




ey,

MASS S

n13672
13674

16 13768

1
2
3.
4.
5
g
?
8
8

11 137R4

12 13718

14 13714
15 137209
16° 13724
17 13730
18 13734
19 13749
28 13744
21 13750
22 13754
23 13760
24 13764
25 13770
26 13774
27 14088
28 14984
25 14018
30 14014

. 31 140816

14816
14p22
32 14026

g

PEC HANDLER ™ .~

. 3ARRIVING HEBE, WE HAVE 25 02,N2,COR SAMPLES IN RAM STARTING ABOUT FCVEAT

812685
816760
na3516

Ble7H1

803576
a1e7a2
Ba3574
ap4767
BBR 146

glaeer
823732

BiRle?
823736

gleraa

BE3566 .

Ge2ren

aoHpAnz -

B167A1
BA3545
816702
BAZ544
AR4767
806 104

Blaa6? .

823762
8148167
02376806
B1670E
pB35E32
as27aa
BpEBg4
016781
6803516

-Bn16782
guzsid

BAA7E?
800058
010887
B23652
B1B167
B236560
AB5PEE8

812768
817620
Ba47e?
agie12
pag2a?

MoY

Moy

MoV .
MoV
JSR.

MoK

MOV
Mob
ADD

MOV
Mow

3SR
MOV

Moy

™Mo
ADD

Moy
MoK

JSR

Mol
MOl
CLR
TYPE
MoV
dSR

RTS

'RT-11 MACRO VMBa-12

(8P)+, RS

FIDATA. RO

CGFO2, R

CGFOR+2,R2

PC, CGAVG

R, 02CF1
R1, 02CF2
FI'DATA. RE
#2, BB
CGFNZ, R1

CGENR42, BE

PC, CGAVG
R8.N2CF1
RI,NéCFE
FIYDATA. RA
<, RB
CGFCO2,R1

CGFCO2+2.R2

PC, CGAVG
BB, COBCF 1
R1,CO2CF2
EB .

COKM
#COKM, R@
PC,LPTGO

PC

3GET. RS BACK
sADDRESS OF FIRST 02 SAMPLE

:GET CAL GAS VALUES




= = =

MASS SPEC HANDLER

L L

RT-11 MACRO WM32-12  ©9:10:082 PAGE 47+

LIF

DE, L IHCLK

34 Lo
35 14630 B12YM@ ERRLV: MOV - #-1,R@
B \FPEeT L o
36 14634 ©10867 MoV 2@, DUM2
T T Be33e e ; ,
37 14940 812685 MOV~ (SP)+.RE
.38 °14B42 TYPE . CBDM
14942 012706 MOV #CBDM, RO
i  B17636 S :
14845 BBATE? 'JSR.  PC,LPTGO
7 pABTes : :
30 14852 BUOZOT S PC
49 S .ENDC '
41
ra .
43 . A
4 g i NDE, LINCLK
45 ERRLY: - CLD - @4PCSR
46 - Y, (SE+, RS
47 MOl #-1, RB
43 RTS PC
- 43 JENDC

P -
o]




B3 N

b GOSN G U

B14854
n14860
'D14p64
014066
814876
14874,
‘814188

Bid B2
-BlglEd

“l4118

14114

14128
14122

14126
14138
14132
14136

14142

14144

14146

- 14150
14152

H16704 CEAVG:. MOV
B3436 e

B

BR2704 Abp
AR0308

916245 . MOV
B16145 0
B16745 Mol
AB3330 o
B16745 Mo
AR3322 i
975825 FMUL
a12@e45 - [EloL
BR47E7 . JSE
801542 T
Bizrad MOV
0BBa3e - -

96270H CGMOR: - ADD
oegpad - .
812045 Mol
BAA7ET JSR
801524 .
B7S005 FADD
arr4ar . SOB
16745 - Mow
RB3272 S
816745 Moy
BAT_64 S
B75B:35 ~ FDIV
B75035 FDIl
812506 - MOV
812501 MOV
BEBRBT - “RTS

%" © 'RT-11 MACRO WMBZ-12

* FVDATA, R4

#3008, B4
B2, —(TP)

R1,~(TP)
- F78042, - (TP)

F760, - (TP).

TP
(RE) +, = (TP)

PC. IR

#30, Rel

#4,B8
(BBY+, ~(TP)

‘ PC, IR

TP

‘R4, CGMOR
CFL25+2, - (TP)

CPL25, - (TP) -

TP
- T

P
(TP)+, RB

(TP3+, R1
- PC '

‘pE:18:02 PAGE 48

$CAL GAS VALUE

,‘:BTPS

3A/D VALUE
SFLOAT IT -

sFLOAT MEXT VALUE

SAVERAGE THE 25 WALLES

sDIVIDE SUM BY 25
“1® = AVG/(CALGASKBTPS)
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FWAFﬁpurvaunxnnpaFy .

i SPIROHETER CONTRDL

RT“ll NHCRO VNBE—IE

EE IB‘ﬁE PRGE 49

.TITLE SPIROMETBR COHTROL :
:SUBRQHTINE spzpo - " MONITOR SPIRG STHTUB
s " CCMTROL VALVE
o * = DETERWINE BREATH STATUS
. J
g JENThR NITH . R2=SAMPLED GPIROMETER: VALUE
. ;. -~ RI-DATA BUFFER ADDRESS
o 5o RA=COUNTER FOR EVDAT .
g - :  B3=GENERAL INDICATOR -
1 33 SPTPOMETEP CONTROL - BIT @ OF DRAS
g il ok : |
4 14154 910846 SPIROE, MOY . BB, -(5P)
5 14156 P2oR67 - CMP - Re, THRSH .
P24186 o -
16 14162 188422 - © BMI . BELOW.
17 14164 @327g7 - BIT #1, DRAS
7 ©@pasi S R
L. 153576 g ‘
1814172 691432 BER - GPEN
19 14174 010260 © MOY . R2, RO
20 14176 l1ee7p@ . - SUB - VLAST,RE
T T a1reRa - ST
14202 820867 CMP RE, VTHRSH
14266 108427 .. BMI  LESS -
14210 816767 MO WATIT,VHATCH
T pezsie - R
. pIpel2 s
14216 B1B267 .~ .. MOV ‘RE,VLnST
o nigepa o
NPy AASEET 0 . CLR EOB
- pp35§2 - _ : .
14228-@ﬂ8431 ER VVRTH
14256 435767 BELOM: ~ BIT 1, DRAS 3 OPEN?
peagal . . : .
- 153532 S - R _
14238 B81018 - BNE - OPEN_ sLIEST  IT IS CLOSED
14348 052767 - BIS #1,DRAS :
-~ p@emE@l o -
153522 e ' :
14245 GESAGF CLR VLAST
T p17PESY T TUL e
14252 ‘716757 v AITT, VWATCH
S 623458 ' :
- gl7E5e ,
14260 BASOO2 OPEN:  CLR R2
14262 GOAIGP JMP . WRTN
B BUANR4 .
14266 BASEG? LESS:  INC VWATCH
i 817536 ;
14272 169407 ©BMI VVRTHN
14274 B427E7 BIC &1, DEAS




T T AR PV T TR R st M T T T T,

PRSI

r=s yop—y ra

SPIROMETER CONTROL RT—11 MACRO ¥ME2-12 Be:18:02 PRGE <9+
BHEGBE 1
153466
48 14302 08SPE2 CLR R2
41 14284 952767 BIS #1, EOB
aBeaB 1
4 AB3466
43 14312 Al26a8 VWRTN: MOV (SP)+, RE
44 14314 208287 RTS PC
- 45
a8
. 47
] 33 : : SUBROUTINE VWDELSU
|
58 14316 816846 VDELSU: MOV R@, ~{SP)
| 51 14320 6189146 MOV R1,-(SP}
N © 52 14322 B12ven MoV #/LSTK, R
b B33566
s 53 14326 016067 Moy R8O, VOLETO
. BAi7EED
4 54 14337 618867 Mow BB, VOLPTI
= B17652
55 14336 066767 ADY VDEL, VOLPTI
B17€52
017644
56 14344 812700 Moy #/LSTKL, RO
A34814
57 14356 162708 SUB #/LETK, R
. 033566
58 14354 AR6260 ASRE RE
59 14356 81278l MOl =/LSTHK., R1
B33564
e? 14362 89562t VDLVR:  CLR (R1)+ sCLEAR PHASED WOL. STACK
8
G2 14364 877082 SOB RO, DR
63 14366 312767 Mow #QUADST, AUAD I o
B34224 B =
17624 = )
64 14374 812767 MoV #QUADST, AUADO gg
634224 2 S
817620 E; =
65 14402 D12767 Mow #1, LSTCK )
AeBaE | v B
B17574 e =
66 14416 612681 MO (5P)+, Bl G2
67 14412 @12608 MOL (SP)+, RO = Ea
68 14414 0OBREOT RTS PC 7
B9 o
?EI! : -"éuj
7
72 E;E%
73 [l
74
75
"..‘ "
o AN -
{D i
o0

e



AT s T T __,('-\L._A Tl
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ﬁm@

By

Yy EEM em pBm 00 D O OO CF o3 E32OC
,;4‘ SPIRCMETER COMTROL RT-11 MACRO MB2-12 pp: 13:82 PAGE 58
{nt .
A 1
3 2 .TITLE  PHASED-DELAY
!_: 3 .
3 4 $1SUBROUTINE TO SAVE DELNYED.OLUME AND STUFF GAS FRACTIONS ON
5 ;STACK HOT SYSTEMS STACHK .
G SEMTER WITH OUTPUT OF SPIRO IN R2
7 :AFTER GETGAS
P! 2 sEXIT WITH SPIRG, FHZ, FO2, FCO2
“ 5 sPUT IN ALINE ON GUADST
- i
: 11 14415 w1B@46 DELAY: MOV RO, - (5P)
12 14420 0i6780 Moy VOLPTI., RO
’ B17564
o 13 14424 820027 CMP R, #/LSTK1
] _ . 834814
L 14 14430 9810882 ENE DELAY!L
& 15 14472 512780 MOV #ILSTK. BE
133556
16 14436 D1G22@ DELAYL: MOV B2, (RO +
17 1444y B10667 MOL 20, VOLPTI
a17544 :
1814444 816780 Moy VOLFTO, RO
: 817542
. 19 14458 AZHE27 cMP R, H/LSTIKL :
L . n34014 » T
.4 . 2R 14454 801902 BHE  DELAY2 - e
o 1 14456 A127Ba Moy #/LSTK. BB qytdf
; L3Z556 ' 5&
* 2p. S ' R
| 23 .14.4uz ©12982 DELAY2: MOY (B@)+, B2 BEg
SR | 24 14464 ©19as7 MO R, VOLBTO 3
] . girgze e
o 25 14478 ¥OS762 ST R2 BB
. 26 14472 001066 BNE DAEN By
:, 27 14474 BBS7C7 18T LSTCK Eﬂ
. , A17554 , &
o 20 14008 BA1E33 BNE . LWLVLY O
SR 29 1450 BBS267 INC  LSTCK 35
\;F : Bi7476 8
A 30 14506 A0R4EE . BR- MEHNEW bdég :
- %1 14510 9OSES? DARN:  CIR-  LOTCK i
g - Bivarn
L 33 14514 oi6ven NEWNEW: MOV QUADLT. BA
. pI7Se8 o - '
34 14520 829827 - CMP RB, #2UADS1
_ : G56732 ' ,
- 35 14524 BBRAAZ ‘BLT DELAY3
k- 36 14526 £12768 MOM +QUADST. RA
. _ - 83dz24 } :
8! 38 14532 016228 DELAY3: WOV R2, (RB)+
39 14534 016720 MOV Fh2, (R +
. 023122 ‘
48 14546 616728 . MOV FN2+2, (RA)+
a23138 4

41 14544 Bigrzs - . MOV FOZ, (RB+




1

R A T I Y P

-

PHHSED-DELR“ RT-11 MACRC pMB2-12 9B:18:82 PAGE S0+

. 823116

| 4p 14550 51gr20 MOV FORR, (RE)+
43 14554 aieron Moy FCOR, (RBY+
l44 14568 B16726 MoV CFCO2+2, (RA) +
B23114
45 14564 g1ag67 MoV R@, QUAD I
L .
46 14570 @12688 LVLVLV: MOl (SP} -+ RB
47 14572 paEROT RTS BC
.‘\.“ '.
- )
L .
©
B O . mmon




FEPORT

ONOULAGINS

9 914574

14688
14602
14684
14506
14618
14612
14614

14634
14548
14642
14644

14658

5 14854

14660

B127@s
B37112

Beg248
goE24a
aupz«dn
gER24e
arRE24m
BRe24a
BE4ra?
167556

gilevoa
153156
B42780
1777es
BE278Y
BoaEsn

064557
881716
B17es2

BEBAa2

119967
BR2370
a12vue
837208
RA4ve7
208168

132767
0e6188

153862

14566
14678

14676

14788

BEiar4d

122777
Aea3v?
o227 e
BB1374

aha4567

BB1652

RT=11 MACRG IMB2-12 pa:19:02 PAGE 51

.TITLE REPORT

,SUBROUTINp REPORT -~ OTR1
H ASSUMES COMPLETION OF FIC AHD WO
: MANEUIER®,

RPT: Mo #TETH, TF

$REFLACES 2 MOWE IWSTRUCTIONS
i . (ROM CORRECTIOM AGRINI

NOP

MOP

HoP

HOP

NOP

NOP

J5R PC, WO3S

sPRINT TITLE

OUT)

Mol DRAI, BB
BIC #177770, B8
aph #53, RE
sPRINT TITLYE
H PRTBUF TITLE,Z2
3 (FAKE MACRO. 50O LT CAM GET SUBJECT NUMBER
J3R RS, BUFLOD
TITLz
HOVB A, BUFFER+48
Moy #BUFFER. Ri
JSR PC, LPTGD
sMAKE SURE PRINTER IS DCME BEFORE LOADING "BUFFER"
KT RITB +LPEN, LPTSR
BNE KTl
;MQHE SURE TTY IS DONE
CMPR #3277, BTTYGED
BNE ]

RPTI1: dSR RS, BUFLOD




REPORT RT-11 MACRO iMB2-12

83
26

66
14
a8

69

147834
14786

14716

14718
l4rza
1472%

14732

- 14736

l4rdz

14746
14752

147386

14762
14762

14766

14772

15688
15682
156108

15612
1514

15814

817114
BEG 16

812767
a3ra214
a222¢68
alaradg
834876
Blarag
500064
ap4rav
noBBc4

geara4
280604
g12700
BE6H6 1
Ra4re?
068858

g627n4
60E9 16
B12760
aaEe11
BB4767
28p034

812708
B37260
BRAPET
BBBR4E

132767
780196
152758
581374

122777
a8a3ee
A22168
am1374
auH287

1843568

M5GS
14,

sMOW FILL IN NUMBERS
#DUFFER+12.., FLM2

KTa:

MoK
MoK
JSR

ADB
MOV
JSR

ADD
MoV
JSR

TYPE
Moy

JSR

BITB

BNE

#0UTAR, R4
¥4, RB
PC, RPTSB

44, R4
#1,RB
PC.RPTSB

#1@,R4
#11,Ra
PC, BPTSE

cUFFER
#BUFFER. BB

PC.LPTGO

#LPEN, LPTSR

I Te

.NHIT FOR TTY TO FIMIHS

BpT2:!

t

CMPE

BHE..
RTS .

LEXIT

#3377 . @TTVGO

EMT

88:19:82 PAGE 51+

sFIRST ADDR TO IMSERT DIGIT

~0356

Pt

PSS yoicrt Teraip R )
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L -~ T e TR oo I o B v Y avvices R o [ e N ot S wca SR =< QR x5 R s B = IR < L I L
REPORT RT-11 MACRO Viga-12  #9:10:02 PNGE 57 ' '

t
2 sSUBRGUTIME RPTSE
4 815616 Bu4P67 RPTSB: JSR  PC, FORMAT
BOREGE
5 §15022 BGR7Bd ADD  #4,Rd4
""" goeEn4
G 615026 52767 ADD %24, FLi®2
DED24
- @22142
7 915834 B77BIN SOB DB, RPTSB
8 615036 Gu267 BTS  PC
f 1
g ié $PAMEL PEINTER START ROUTIME
; 13 15040 B10867 LPTGO: MOY R, PRTGO
| 820604
1 14 15844 D32067 BIT  #PRUBM, DERI sLPT SWITCH ON
i BEEAA 1
; 152712
] 15 15652 631407 BEQ  LPTGO!
P 16 15854 152767 BISB  $LPEN, LPTSR SSET IMTEM
) {52566
’ 52 |
5 17 15062 0@@248  NOF E%%%
o 18 15064 112767 MOVB 4208, LPT iSTART LPT CARRIAGE MOVING Z
e Bu@zen ]
- 152661 3
[ : 19 o
o 26 15872 832767 LPTGOL: BIT  #TTVEM, DRBI e
3 0DDEE2 - e
i 152664 w &
21 15198 081482 8EQ LPTGOZ T
22 15162 G1AREY MOV O, TTVGO =
p22Bt2 "
23 =
24 15106 £0O207 LPTGOR: RTS  PC 5=
o
27 ; =




REPORT RT-11 MACRO KMB2-12 B8:18:82 PAGE 53

1 ,SUBROUTINE FORMAT - INTERFACE BETWEEN REPORT AMD
g FFMT (FLOAT TO ASCII)
4 815118 o @46 FORMHT‘ Mo Ra,-(5P)
5 815112 818 MOl R1,~(5P}
6 Bi35ild 619246 Moy R2,-(5P)
7 B15116 B81834% Mol R3,-(5P2
g 815128 010446 Mol R4, ~(SP)
18 15122 816746 Moy FLM2, -{SP)
, 922850 .
11 15126 B16746 Moy FY, -(5P}
8024186
12 15132 a16746 mMol? Fx, ~(5P)
802485
13 15136 016446 Mol 2(R4),~(SP)
_ pPBEAAZ o
14 15142 @16446 Mo @(R4).,-(8P)
088888
15 15146 BB4767 JSR PC, FFMT
16 - 2opeze
i7 15152 818367 Mol R3, LETAD
A Ae2616
. 18 15156 012684 Mo’ (5P)+.R4
{ A 19 151668 012683 Mo {SP)+, R3
! ‘ 28 15162 Bl26a2 Moy (SP}+, B2
¥ ; 21 15164 612681 Moy (6P)+, RI
R S A 22 15166 812686 Mol (SP)+.RB
: i 23 15170 ooazer BRTS PC
w ] 24 _
? Sg .TITLE FORMAT
a7 sFFMT: ROUTINE TO PROVIDE LIMITED F FORMAT CAPABILITIES.
28 $WMILL PROVIDE FX.Y FORMAT ,
29 : K-HUMBER OF BIGITS TO PRING TO LEFT OF DECIMAL. ARCCEPTABLE RAMGE 1-5.
38 3 MAXIMUM MAGNITUBE OF NUMBER 32767
2t H V~NUMBPP OF DIGITS AFTER DECIMQL RANGE 8-4 '
g% :TOTAL NUMBER OF SPACES REQUIRED IS X+¥Y+1+(1IF ¥>B. @ 1F Y=0)
34
35 $CALLING SEQUENCE
36 5 Moy ADD, - (SP) PUSH STARTING ADDRESS
37 H Mol ¥, ~(5P) PUSH ¥ OF Fi.,¥
38 H 0% ¥, ~(SP) PUSH X OF FX.¥
39 3 Mol FLOW, =(SP) PUSH LSW OF FLOAT
48 H Moy FHI, -(SP1} PUSH MS5W OF FLOAT
41 : JSR PC,FFMT
7
jg ;CALLS MODIFIED ROUTINE RI WHICH USES RS AS TP
46 sZAPS5 RO-R4
47
43 680850 CHAR=6G
45
m * Pl‘,‘)
o) g Y-
o
[ sustive RN i 5 R N am:} LZI:I =0 8 24 ey oy E0 o oEm o oEmm o EEm BXD




T .

e e S i

N FTU RN

WRED B LR

RroR 1 =it ]

613172

15242
ingdqa

152458

15252
15254
15262
15266

el
1527

15274
15278

15382
15306
15318
15312

15%1€
L5326

1532
o3

1533

» 15%8% 1)

ey -
15325

1533

Big6a3

Bogniz
. B18504

2u8ag6
BEE4nN3
Huc283

; B1E366

gorpia
amh 766
BanBAz
25815
Bgi552

* {13643

ansae4
Al3645
S€9a82

2 B1gras

8K 2276
#6745
an22ra
@'SB23
i 16743
@ 32254
8364656

116743
£G22d7
£ 16645
{ BRBA
116645
10Ran2
118509
11685
0B6E2
11845
816745
aazz2e
216745
BGR226
BTSB15
@ 1RE6S
BOS765
177774
BOR4N3
AG27eS
ALOBOS
BEOS34

R1asae
n15845
888882
fAlia4gs
gg4arsy
BeaB4Ba4
811584

FFMT:

FMPLUS:

FiMANT:

CRENT PT-11 MACRO MBR-12

Moy
Mo
aDn
IHC
Moy
TST
BT
BEQ
rFoK
Mol
MGy

o g

FMUL
MOL'B

BR

MOVB

Moy
Mo

PO
Mol

MO

FIMAN :

MoV

oL
FSUB

Mo

TST

BLT

ADD

BR

MOl

MoV
MOV

JSE

Moy

e [ wamvooe TN o IS oo RS s R s SR o SR -

T

80:19:82 PAGE 54

12(5P).R3 sGET STORAGE ADDRESS

G(3571, B4 SGEYT X OF FX.¥%

R4, R3 ;SUM THEM

R3 sMAKE B3 POINT TO LAST BYTE OF MANTISSA
R3, 12(57) ;PUT BACK IN STACK

2(SF) sMEGATIVE?

FHpPLUS sPOSITIIE

EMZRO :ZERC

4¢SP1,-(TP)

2(5F), ~(TP sPUT FLOATING HUMBER ON STACK

FMFMI+2, - (TP}
FMFML, = (TP

TP
FMMINS, ~(R3)

FHMANT

FMSPC., —(R3)
ACSE), - (TP
2(8P),~(TP)

TP. RO
2(RB1,-(1P3
(RAY. -CIPY

F3276842, - (TP
F32768., ~(TP)
TP

R@, TP

-4(TP}

FMMAN
#4, TP

FMERROC

TP, RO A
2(RB), ~(TP)

(R8), - (TP)
PC,RI

¢TP), RO

;GET MINUS 1 ON STACK

sPUSH MINUS SigN ON OUTPUT AFTER MAKING THE HUMEEE +

3GET THE POSITIVE MUMBER

- ._-.1._,.&




870

48 15344 BB4767 FMOK
C T popzeR
41 15858 875015

£ YN0
D ionouaTS:

ik

i
0 AL

!

" 500
S, &




15 15EYG
16 15408
28 1542

21 15498
sl 22 1541

25 1544
. 26 15420

30 15422

o
)
5

[
0170

«
I T

Iz

pi)

L)
e B
pingac]

L]

3

() 8

i
i
[
s

ot
<y

A6 15443
37 18450

20 19454
39 1545¢

43 15452
41 15465

4215472
43 154v4

45 15476

25 15412

NUDRESS

gleaal
BB5866

07 1837
avaris

CTEY, (T

FMNDG:

.
,v

HEZ7a1

BHGASH

111382
113243

DRSFRE

ug 1 4ad
By Tedld

QAe2ras
§la]aiaiera
[l et
BusPid
08 1463

116743
paz tns
877403

G1eea4
Eean 16
BO3H03
Bearen

| boenad

wE0437
L1575
BOZUTS

Be20va

s7a.118113

FMLASP

FiMFRA:
FMFRHC:

FFRCCT:

2918745

Br5mn=s .

BHara?
HuHAY2
212564

Biaius

Auugie -
116723
BraPRss -

oaaa4
s1eaaa1
gea5806

fnizvres

FMRPTR:

-
4

B T

EORMAT RT-11 MACRC Mm@a-12

PAT EHIS‘POINT WE HAVE X

B9:18:02 PAGE 55

OF LSD IN R3.
SIGHM IH (B3
P+23 IS FRACTION HE WILL QUTPUT LATER

Moy

CLR
DI
DK

ADD.

HOB
FOLB-
FQKYE
TST -

BE@
808

amp
bR
T TST
BEQ -
‘MOVE

SOB

oW

BGT
ALD

BR

MOV

FHUL

JER

oK

MOV

MOKE

Moy

Mol

CLR

Dy -

DIV

Moy

R&. R1
rB

ki, RE@

E+C12,RB
#66, Rl
(R32, R2
R1, (R3J
R2, = (R3)
RG

FMLASE  :¥ES
R4, FMMDG

4, TP
FMERRO

R4

FMFBAC
FMSPC, ~ (RE)
R4, FMFRA

18 (S5FY. R4

FFRCCT
4, TP

FTHROU

EMF18K+2, - (TP)

FMFIBH,—(TPJ
TP

(TP)+,RE
12(5P), k3
FMDOT, (B3)+
34, B2
R3,R1 -

RE

#12, BA
B#C12, RO -

4 Rd, PIXED MANTISSA IN RE

s MARE REHBIHDER A° CHARACTER

118 IT 8

sGETTING HERE IS AN ERROR
sCLEAN UP STACK

JGET ¥

PC.RI . FIX FRACK12008

-$@ET ADDRESS OF QUT

NOT EMOUGH X

d00d §1 WIVd "TVNIDII0
HHL 40 AUTIEI0NC0Y Y

Lk il

it

—

[ R YL P ,}LM....-..‘.—]..‘-MAU..&;MH P Py £ il



155882
159588

15518
15512
alalaiaphsl
Bl2¥82

208884 -

15518

AS522

15524
15526

15538

15532
15534
1553¢

15542 :

15544

15546 -
15558
15556
155682
15566

15578

FORMAT RT-11 MACRO VMB2-12

A7Per1e

fu2¢al

phoacd

Blaias
nrvela
816500

f1as5ml
2aS588

BO34E1

118123

BY7EBS
5116680
882765
aeep12
Bi6a16

BBaz2a7

616660
98812
A156081
aaaans
112748

?MVRPT: MOV

FLPND: 'SOB .

FTHROU: MOV

FMZRO: MoV

- Mow
MOV

oBBAcE

116748
A 1737
@A77 163
016608

- aeegliz

15574
15660

15682

15586
15612
15614
15616
15622
15626
15638
15632

15656

816661
jafalala§he)
8@.1755
116728
881715

112728

jafu]sla]=ts]

877183
Bea7 47

B156a0

apeaiz -
giecal

“ELP: MovB

_ 50D
FMSZB: MOV

Mo

BEQ
MOKB

FMZOF:  MOVR

SOB
BR

"FMERRO: MOV

p10L

RRHEBOG

160100
285300
A6666 1
A66616
pE27a 1

- BEERE2
116720

15642

SuB
DEC
ADD
RADD

FMERRR: MOVE

. PB:10:82 PAGE 55+

#CHAR, Ri
R1, - (TP}

B2, FMRPTR

18(SP), RO
k4, R2 '

(TP)+;P1

RO
FLPND
RY, (R3)+

R2, FMYRPT
(SP), R
#12, 9P

R0, (SP)
PC

12(5P).RB

G(5P), RY

HFCHAR, —(R@)
FMSPC, - (R@
R1,ZLP

- 12(5F) . RB

i8(spi, R1

FTHROU
FMBOT, (RB)+

#CHAR, (BAY+

Ri.,FMZOF
FTHROU

12¢59), R

G(5P), R
R1,R@

RA
18¢SEI. K1
#2, Rl
FMAST. (R@}+

IGET ¥




FORMAT -t MACRO ‘MB2-12 0p: 19:82 PAGE 35+

, " 1654 -
86 15546 G77103 SOB Ri, FMERRR -

07 15550 weaerit - BE FTHROU

e L. - N - . . A




i l
[T,
$ 395

v il
A e o

R R e et

a3
24

R

¥
na
ax}

32

Pl 3

D @I G U1 B TR =

35

B15652

15654
15656
15668

15664

15666

15678

15672
15674

15708

15784
13786
‘15716
15712

15714

15728

15722

15724

157286
15738

15732

15738
15748
15742
15744

INTEGER TO RERL RT-1 L MFICRtj Vrez-12 - BB: l@:82 PAGE 36

.TTTLE INTEGER TO REAL
INTEGER TO REAL CONVERSION -

CONMIVERT IT TO A REAL- FORMAT AND RETURM IT RS

¢ ARGUMENT 1S @ FULL WORD ON THE TOP OF THE STACK.
HE

Pia146

H .
TOP TWO HORDS ON THE STACK.P113., FPMP-11 USER’S: MQNUGL.

e B e B v r*-w

IR: ~ MOV R1,~(SP}
B1a246 .. Mol R2.-(5F}
BeSa45 " CLR - ~(TP) »;MQKE BQOM FOR RESULT
B16561 - MO . 2(TP),B1 ;GET INTEGER REGUMENT
BERAGE: o
pB366E2 BGT POS
BB 1424 BEQ . ZER , '
gas4e 1 _ . NE& - Rt - :GET ABSOLUTE MALUE
BEE145 POS: . FOL - "(TP - 3SAKE S
gégzgg . Mol - #2828, R2 :GET Mﬁx POSSIHLE EXP+1
185865 CLRB  ~4(TP)- :;CLEAR LOWEST ORDER FRAC.
ArRER4d ) L
BEG1E1 NOM: ROL Ri . sLOCIK -FOR HORMAL BIT
1B3482 - BCS - NOD - 3JUMP . IF FOUND
BRsS3E2 DEC R2 sDECREASE EXPOMENT
BaBz7? 4 BR NOM s TRY AGATIN
118165 MOD: MOIB . R1.5(TP) :SAYE LOIW ORDER FRAC.
B8BBOES S : ‘ ‘ )
1nann1 CLREB - R1 ‘ ,
158281 BISB .° R2,R1 sCOMBIME EXP AND "LOW ORDER FRAC.
BEA3E 1 SKWAB . R1
gBsp2s - ROR - (TP3+ GET SIGN
BEEES 1 ROR at s INSERT SIGN IH RESULT
1866865 RORB  3{.™
Beeea3 o ’ :
aielLs MoV "R1.@TP . sOUTPUT RESULT
@12662 ZER: - MoV {SP)+.R2 '
#g12601 - MY {SPYH RI
aBe287 RTS PC
. |

= Fﬁrﬂ Illl EI:B B Sosiics B s B == N —— T —




A BEAL TO INTEGER RT-11 MAGRO VMB2-12 . 00:18:82 PAGE 57
iq 1 L TITLE REAL TO INTEGER
T e i . ' . ) '
i ig : REAL TO INTEGER CONVERSION
: 5 : - ARGUMENT IS 0 DOUBLE WORD REAL NUMBER ON THE
] 3 3 TOP OF THE STACK. TRUNCATE IT AND CONVWERT IT
. gu : TO-AN INTEGER OM THE TOP OF THE STACK.
. 9 B15v46 B1B146 RI: MOY . R1,-(SPY
I8 15756 016246 MOV B2, -(5F)
- 11 15752 B1A3468 ' % RZ,-(5P) : . -
b 12 15754905062 CLR . B2 :CLEAR WORK SPACE
-=i 13 15756 085202 - IMNC B2 3SET UP NORMAL BIT
14 1576R u12581 MoK . TR+, RY sGET REAL ARGUMENT
15 15762 BRG115 .. . ROL ~  @TP sGET SIGH
16 15764 0p6101 - “BOL B1 A
17 15768 085145 ROL ~(TPY  SAVE IT
18 15770 116103 . MOWB  R1,E3  GET HIGH ORDER FRACTIOM
19 15772 165281 ‘CLRB "Rl
20 15774 800301 SHAB - Ri $GET EXPO MENT
21 15776 162781 SUB #281, R1
N @eBRal - a2
P73 16002 Ap243R BLT ZEKRI  ;JUMP IF TOO SMALL
.24 16004 B8A141a EEQ .ONERI
- B5 16006 B227Hl . CHP #15.,R1
3 - eage1y - S
26 16012 BBe422 - _BLT  OWERI  ;JUMP IF IT IS TOO BIG -
27 16814 ORO30Z SKAB B3 :FORM 16 BITS OF 116K ORDER FRACTION
‘20 16B16 1DTAR3 CLRB R3
B9 16828 1565M3% BISE 3(TF).RZ & 5
. JRRN %515 A , 5
.38 _ v E %
.31 16824 A732B1 SFTRI: ASHC R1,R2 Ry
%2 16026 @@5492 OMERI: MEG “R2 CsMAKE - B %5
"33 16838 182411 BYS NGMRI ~:;JUMP [F POSSIBLE HiGMAX B &
-%g 16932 BE3812 BGT OVRRI  ;JUMP IF MORE THAN 15 BITS b =
. N e
36 160%4 G06A2S SGHRI: ROR (TE)+ 3GET SIGH e}f &
27 16836 103481 . BCS . OUTRI  :JUMP IF - 2R
-%ﬂ 16v4a8 ARS4A2 . HEG R2 i~ BESULT =5
CoB3s et FQ
“48 i6@4z A1G215 OUTRI: . MoV R2,BTP ;STORE INTEGER RESULT BN
.41 16944 212603 MOV (SP)+, B3 = T
.42 16A46 612602 oW (SPY+, B2 o
43 16050 B126B1 Mo (5P)+, R et
32 166852 BEE207 - RTS PC =
G 16054 9B6HNES NGMRI: ROR (TP) +
47 16856 183771 BLS 'OUTR! ;0K IF RESULT TO BE -
4f 16860 BAS5745 OVRRI: TST -(TP3  :FAKE SIGN
‘49 16862 DRRGEN © HALT
50 16064 AUDARL BR ZEREI
51 16884 883 LBYTE 3
.52 16857 a25 LBYTE 22
.53 1679 DASEBZ ZERRI: CLR RZ2 :BNSKWER 1S ZERO
'S4 16872 BOATEO ~ BR SGNRI S




@
2
0]

8

WG g ROINN—

—
[+

lcar4a
1GBTE
161606

16164

15122
16126
16132

161386
16148

16144

16158
15152

LEAST SGQUARES ROUTINES RT-11 MACRO IF1MB2-12

.TITLE LEAST SQUARES ROUTINES

710846 CLRSUM:
B18148
A12vE0
g37aed
Blarel
aBea 12

Basp20 CLRSUL:
arv 182
A126061
Bila2eae
aEB287

Ba47r57 BTPS:
177524
B16745
apRS34
B16745
BBES28
875823
a16v4s5
BRRG2S5
816743
886628
BrsB23
608287

Mol
Mol
Moy
Moy
CLR
S0B
Mol

Moy
RTS

JdSR
Moy
Mol

FMUL
MoV

Moy

FMUL
RTS

R@, - (5P}
R1,-(5P)
#EX, RB
#12,R1
(RE)+
R1,CLRSUL
(5P)+, R1

(S5P)+, kb
PC

PC. IR
SLiH+2., - (TR
SLW, ~( TPy

TP
BTPSF+2. ~(TP)

BTPSF, ~(TP)

TP
pC

BB 1p:82 PAGE 38




el o 0 N TN T e T,

=0 /3 B & 25 llll Illl !!!!

LEAST UGURRLS ROUTIMES RI-11 MACRO raza-l2 gR:18:02 PAGE 55

1 sRETURNS WITH TF. 1 + SLOPE TP+4, TP+6 INTERCEPT
2
2 B16154 B1OB46 LSQ:HMOV RO, -(SP)
4 B16156 218148 [H(0]% Rl.,-(5P)
5 Bi161s8 NiE745 ML MFL, -{TP)
B2E5438
G @leiced BRATEY JSE FC. IR
177462
7 BlEIVA G16743 Mo EA2+2, - (TP3
AZnsze
8 Blgird glevds Mo Exz., -{TF:
B2a5z2n
9 Ale2G8 aronzs FrUL TP
18 162¢2 816745 1MoL vA2, - TP
[ayedaretaln
11 16286 B1EV.4S FICI? ", = (TR
i A2BRS7T2
12 16212 nierds Mo En+2, -t TP
: 626570
¢ 12 16218 816745 Mo E¥,—(TP)
B2R%€2
14 16222 Brs502s FiruUL T
o 15 16224 B7861S FSUE TP
| 16 16226 12500 [ (TP14, B0
2 17 162328 ai250) Moj (TP, B
1 13 16232 916743 MO Ex2 w2, ~CTP)
fo 028504
i 12 18236 vl67dS MCi4 EX2, -1
% 0~1ISS4
’; 20 (6242 016745 Mol EY¥+2, ~(TF)
62a544
21 16246 D1ier4s Mo EY,~(TF)
B2a53;
22 16252 475025 FMIE TF
3 23 16284 Bls?4s ity a2, - UTR)
a2e32a
cd 16268 316745 MO Ex. (TP}
B2526
25 16264 Big745 Mol ExY+2, (TP
026526
26 16278 16743 MO Exv, —¢TF2
02an2a
27 18274 075825 FruL TP
28 16278 APSO1S FSI'B TP
29 163688 digtds Mo Bl,~-0(TP)
28 163802 oiog4ds Mol RY, - (TP}
31 16384 avs5035 FDIV TP
32 183m6 ©16715 1oL HEL, -1 TP
p2asts
33 16312 BO4P6T JSE PCLIR
V7R3
34 16316 U16745 [0l EXNH+2. - (TP
GeRdy <
35 16222 BI6743 T Ex, = (TP1
BeB4dss
356 15326 Br5E2% FMUL TP
16338 g18743 Mo Ex+2, (TP




LEAST SQURRES ROUTINES RT-11 MACRO VMB2-12 B0:18:82 PAGE 532+

. .
: o 4
'
s

o BeB452
<4 38 16334 816745 MO EX, - (TP)
i fap444
N 39 16348 B16745 MOV EY+2, - (TP}
Y B28446
o 49 16344 B16745 MO EY, - (TP}
- B2p440
% 41 16358 6750825 FMUL TP
; 42 16352 875015 FSUB TP
43 18334 B1G145 Mo} RL,—C(TP)
44 16356 b16045 ol RA, - (TP)
; 43 16368 BvYSB3S FD IV TP
4 46 16362 812681 MOl (SF)+, R1
: 47 16364 B12600 MOl (SP)+, RO
a 43 16366 000207 RTS PC
§
o
I );

3 == Illl E::B Ef:ﬂ Eﬁfﬂ Effﬂ Illl E:ﬂﬂ E::ﬂ = 23 E::: |



wel
Rl

11

ol oM R R
@ ey M & 1

s
I

16EY
16572
16574

16400
164as

16406
16412

16414

G 10046
210588
615045

GUGBG2
61185
81505

RS

116845
neone4d
avsezs
a18745

pRa3Ye

1678
16454

1Ga0h
16432
15450
16442
164445
15432

15100
16450

16454

16471
16t &

1647E
16502

16506

5 165912

1651
15520

FHaY ds
[7B370
7SRNG

B1256EY

a3
B1E5EY
0207350
n16n45

57

B16R45
AROAG4
0icads
UG
1685
GanaDd
arnEes
A15745

-
L
o
#
-
ro
i
’
-
’
.
’

Gz

O26BE36

Baydd
TS

aTaena%s
B2y
gl Y
112967
BoRE20
TeTAS
LRnsEs
et
020, e
£y

Fotd2rn
AIPSEY
[ENIBNI S

CALLING ORDER:
: Mok

MoK
MOl

MoK ¥
RETURNS WITH TF R
TO PLACIMG THE - ANHD Y

iy
Moy
MoV

{10!
o

Moy

FMUL
Moy

oy

FADD
g

Mo
oY
MoK

EY
Moy

FHUL
Mo

Pl
FADD

MoV
Mo

-k

gl

Enon

S

M

W2, - (TP
“e =~ (TP
\"‘?E ’ - (TP)

Ra“"lsP) -
TP, ED
2Ry, ~4TP)

(REY, ~C(TRY
G (Ray ., —-¢TP)

4{R01., (TP

P
Pi‘."‘h? F R (TP)
s, - (TP

TP
(TP)+, XY

¢TPY b, EXV2
GiRAY, -(TP)
4(r0y, —(TRD
§{Bas, ~ (TP
4(0EY, - (TP)

TP
a2, - (TP)
Ei2, = (TP

TF

(TPY+, B2
(TP)+, EX242
Lya, = (TP)
RY, - (172

TP
CTP)+, EY

(TP +, EY+2

~-{TP)
ESTORED TO VALUE PRIOR
PALUES O THE STACK




39
48

580

16524 816745

A2B25%

16530 516745

020258

16534 8r5easS
16536 B12367

B2gadz

16542 812567

@20248

165460 Dasasy

B20252

18552 012668
16554 aBgaar

Gl RO e o emm ninie 2k el e o A e

“- e - . "g' B " - . ' ] . _\r,ﬁrﬂ:' 4
: St iy 'f’q'-:}t% e i ettt i S s T Tk
LEAST SQUARES ROUTIMES RT-11 FMACRO WMBE2~i2 BE: 10: 682 PRAGE 68+
Mov EX+2, - (TP)
MOM 4, - (TP) .
" FADD TP )
oY (TP) . EX
MOl (TP)'v, B3l
INC MFL
WMoY - (SP)+, D8
BTS PC

CHee . P pEm mEE oM DTN MRS TS B RIS i vieos SN snercin £ pEmo pEm pes b

et el raa ek Pk St b b



TEXT BUFFER LCHP

O Lol x 2 Ra oo X 4 £ BN C S g T

B16556 019046

16560 AlB145
16562 8li24as
16564 Q18346

16566 818446

16578 812784
' B3vaas
16574 812501
16376 012782

80v0849
16662 812763

BaBBR23
16686 B12584

16618 112128
16612 681481
t6o1d B77503

16616 BRS308
16628 8240
16622 118228
16624 Q77302

16626 112778
auanen
16632 112703
appB23
16636 a77414
15640 112729
177777

16644 BL2cad
16646 B12663
16658 Bi26n2
16652 A12eal
16654 ¥W12600

16656 Qouzns

RT-1l MACRD WMBzZ—12

.TITLE TEXT BUFFER LOAD

: SUBRCUTIME BIFLOD

iCALLING SEQUENC

;AL .

’

BUFLOD:

BUF1i:

BUFZz:

3

Jd
/ADDE OF MSG
'HUMBER OF LINES

MOl
MoK
Mo
MO
oW

Moy

MoK
MoV

Moy
Moy

MOL'B
BEQ
$S0B

DEC
NOP
FHOKB
SOB.

MOKB
MCYB
SOB

MovB

Mal
Moy
MoV
MoV
Moy

RTS

E
RS, BUFLOD

Raa _‘:EIP)
Bl,-(SP)
Rz, - (5P}
BT, -{SF)
R, —~[5P3

+BEUFFER. F@

(RS3+, R1
#49, Ra

#19.,R3
(BES)+.R4
{RL: = (P&
BLF2

R3, BUFL

RO

Re, (RB)+
R3. RIF2+4

44, (R@Y+
#19,. B3

R4, BUF}
-1, (RA)+

(5F1+., B4
(SP3+, B3
{5P)+, R2
(SPs+,R1
(SF)+, BB

RS

pB:18:02 PAGE 61




é .TITLE VARIABLE DATA
3 *LOCATE FIRST PART IM RAM
g 820000 . =20008
6 1VARIABLE DATA SECTION
g :TO BE LOCATED SOMEWHERE IN RAM
9 P2PPOR DOPREE EOB: .WORD = B
16 28662 PROEBB FIYADR: .WORD @ ' ,
1] PPpA4 BANBBE FI/CNT: .WORD @ sCOUNTER TOR NUMBER OF PCINTS
i2 29086 FI'DAT: .BLKW  22a6d.
13 30466 2: JBLKIW  298.
14 31306 s JBLKW 298,
15 32126 %3 .BLKW  208.
%g 3E746 s .BLKW  284d.
\ 18 . .
19 :STRCK TO HOLD VOLUMES FOR LATER FN2 PHASING
28 33566 ~ VLSTK: .BLKW  75.
21 34p14 BEOEBO VLSTKL: .WORD ©
gg 34016 0BOGOS RVPTR: .WORD B
24 34026 00ABOO LOCMA: .WORD @ sADDR+2 OF LOC WITHIM FVYDAT OF MAXVL
25 :TWO DUMMY WORDS FOR PROM COMPATIBILITY
26 34922 ABADED JWORD B
gg 34024 PEOGOD .MORD 8
29 34626 DPPDPB VLAST: ,WORD B sMAX SPIRO SAMPLE
» 1 g? 34030 BOEPPE VWATCH: .WORD @
. 32 34032 99BBBO TCNT:  .WORD 6
33 34034 BODGAO TEMP: .FLT2 @
- 34336 OARDOE
34 34049 QBAO0D VAL: .FLTZ2 ©
 34B42 BPORAE
35 34044 OOGHOD 1e.2: .WORD @
36 34046 669008 L1.2: . WORD O
37 ;DUMMY TO REPLACE OMEM
38 34858 B41710 .FLT?  188.
34052 BEOOOD
39 34054 DUGBBA BRCHT: .LORD @ sBREATH COUNT IN Nz WO
49 34056 GOBAEA LPREV: .ORD @
41 34060 @EARNB MAXVL: .WORD @
42 34962 BEPEDO MAXFN: .FLTZ2 B
34064 GOPOAE
43 34PG6 DOBAAB |/SuM: . FLT2 9 :SUM OF DIFFERENCES BETWEEM VOL SAMPLES (L)
34870 BOBOBY _
44 34072 9AROEE NSUM:  FLT2 D :SUM OF ¢ VOL. DIFFERENCES * NITROGEN GAS FRACTION)

g R

VARIABL

34874

E DATA

ge866E0

R

~11 MACRO KMB2-12

A0: 19182 PAGE 62




'VARIABLE

1 834076

634100,

i)

834162
434104
B3418a
834110
834112
034114

934118
234128
B34:32
-A34124
834126
w3136
A34132
854134
34136
54148
34142
34144
- 54146
34150
34152
34154
24156
34186
34182
4164
34166
34178
34172
24174
. B41YR
L 44208

N SRR ¥ 1 IR S S

[2- 2 = S D <> TR | SR - < B x ¥ R 0 |

DRTA

AOHERE
naaans
BEAAEN
gaasee
BuRann
afa)ajelal
BALBEAY
a6ae9a

BOEBAY
RABAGE
PEARGR

aeagaa - -

BARDAR
B6000a

auanpe
2800608

anaRad
2a88na
alagladaly)
ajujalajals)
a6a0a8

poEeea -
jtalalala)e

nEeaas
aagaatata)n)
Al ajantaly
2jaulusals)
[alajajataty

098068
Gaanag -
afalaiulalo

jatalajsiala]
alfalz el

06OBE

OUTAR: .FLTZ
. FLI2

JFLTZ

.FLTe -

s WASHOUT YALUES
_ WFLT2

JFLT2-
.PLTE
FLT2
W TLT2 .
.ELT2
.TLT2
JFLTZ
FLTZ
.FLT2
.FLT2

.FLT2

. RT—-11 MACRO 1B2-12

o ' =3 9

o e D E O

]

w88 & a3

BB 18:62 PAGE 63

FEVI
sFPC.

SMMER
sMEFE

3MAX EHZ2 AT END OF FIRST EXHALATION
;VITAL CAPACITY -

;SLOPE OF LINEAR REGRESSION LINE
s INTERCEPT OF LIN REG LINE

:SLOPE OF ALVEOLAR PLATEAU iN XL
;CLOSING VOLUME

:RESIDUAL VOLUME

sVACRY

SFEVI/FVC 2

SEVCAC 2

sCHAC B

s RVEVC

3 (RW+LV) /TLE




B e e N L et P e - N T
PR Ce . A . N, B
R : ToLF

WARIAELE DATA = RT-11 MACRO VMBZ-12 88:18:82 PAGE 65

i O A 2R e
L. »vw

' 1 834202 6BEADB CLKFLG: .WORD ~ @
o ‘2 034204 BBEson LSTCK:  .KWORD 8
; 3 834206 909009 SAKSTK: .WORD @
4 834210 PEAERO VOLPTI: .WORD B
‘5 B24212 §BEARD VOLPTO: .WMORD @
' 6 634214 0BEAP4 VYDEL:  .WORD - 6@. sNO. OF SAMPLES TO DELAY
- 7 B34216 0@0BEA MSDLY: - ,WORD - @
8 @34220 DOBOEO QUADI:  .WORD B
| 8 834222 0OEDOA QUARC: .LORD . @
1 ; CIBCULAR BUFFER WITH VOLUME, FO2, FCO2
; 13 34224 QUADST: .BLKW  675.
- 14 36732 - QUADS1: .BLKW 8,
F 19 56754 20ABAG GUADNOD: WORD 8
O :CURRENT PHASED VOLUMES AMD GRSES
19 36756 ODO0OE |JW/: «WORD B
2@ 3676P BOO00Q WWN: . .FLT2 @
36767 0OOOAA _
21 36764 @BEABD WWO:  .FLT2 @
. __ 36766 0EO0BOD
22 367YrE 099069 WWC:  JFLT2 8
36772 0ROOGE
23 36774 BABOEE SBCLR: .WORD @
24 36776 BAOMBA SBFLAG: .WORD @
L . 25 37000 @EEDAE ALTFLG: .WORD @ o
Bk .26 37002 DR968DE WTHRSH: 6
s 27 37004 8aEAOD EX: .FLT2 8. 1SUM OF ¥ VALUES
el 370BG 0O000EE
s 28 37018 B6E6AY EV: FLTZ - 8. sSUM OF ¥ VALUES
3ralz2 B69o4Aa -
29 37014 BBEBEY EXY:  .FLT2 8. sSUM OF (Xiv) VAALLES
- 3r@lc popom : U
30 37020 098PEB Ex2: .FLT2 . 6. 3SUM OF (3kX)  VALUES
. 3P@22 8pYeas _
.31 37024 @AOBERD NFL:  .FLT2 8.
37026 @PEORA
32 - :STACK UUSED BY TP
33 BLKW - 25.
34 37112 © TSTK:  JHLKW 1
35 - ' ==k
36 37114 _ WKAR:  BLKW . 15, &=
- 37 37152 @0@28D PRLO:  .WORD @ 0
28 37154 0OBOEE PEHI:  .WORD @ B3
- 41 sCALMS DATA . E g
42 37156 @O0 O2CTRL: .WORD @ )
4% 37168 6EEOO H2CTRL: .WORD . @ E;Eq
44 37162 0AOBRO C2CTRL: .WORD 8
a5 Seees e bafg
46 - : : B3
- 47 37164 000A00 RAD: ° .WORD @ O
. 49 37166 9DOBAA LSTAD: .WORD B S
43 37170 BOAOEM TTYGO: .WORD ~ B8 S
- | :ug
[oad . [
e 3 -

|
|
L
]
|
|




Ny e .v il e S ':--."j-; N - uy ;" i Cf . B M —alt i L] W‘ .
T e B =~ = TR~ = R~ T e R v TN v B s R sserov B e R o S oo S e S
VARIABLE Bﬁ'fﬁ : R‘l‘*li T‘TRCRO:VV&UE"IZ pa: 1680 PHGE.--65+
3 a8 3r17e BE@BQ TIYCHT: . WORD @ sCOUNT DOWM FROM 5
31 37174 080808 DUMZ: JMOED 8 sCALKS AND ROOM ERROE IND.

NIDII0
DAYy

WL 30 xirmrar

ST &9V v,

004

i

R
R I W X TR R
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- i gk

i
i ppRODUCBII 0% o -
_,M ORmEIAL PAGE 15 FEEE-

og: 16:02 PAGE 66

Lo

RT-11 MACRO ¥Mo2-12

o~
]

-

YARIABLE DATA




2 B """’“f l E'_'AD EIZ:] T ot ]

VAEIRILE BATA ET-i1 MACRO VME2-12 nQ: 19:02 PAGE 6F

37176 DOBRes FLMZ2: LHORD B

2
3 B37200 BUFFER: .BLKB 295,
4 837647 307 BYIE -1
5 .EVEN
g
¢ 837650 BEACL PRTGO: .LORD O
9 BIPE52 PEUGEE (RCEL:  LWCED @
! {: 37654 0ANABE O2CF2: JMWORD
12 37656 DODODO M2CF1: .WORD B
12 37660 08B0 H2CF2: MORD B
15 27662 BOAGBE COZCF1: .LLIOED &
i i§ 57664 aRA0B CORCF2: .WERD O
‘i i8 37665 FOR:
: 19 37666 BOPEGE FO21:  .MORD @
221:_ 37670 OBEFAD FOR2:  LWORD D
‘ Pt
. 52 37672 Fh2:
P 23 37672 MEIOGE FH21:  LWOED @
L %‘5* 37674 0DGBES FH22:  LLORD @
e 26 37676 reoe:
e 27 37C7E POPGAE FCOZ1: .LOED % < .
g 23.3??% BEAEEs FCO22: .WORD B = -::jj
' e ' = =
50 37762 WOPEBO MSHVET: .KORD O &
3 =
32 ;ROOM AIR_VALUES B &
33 37704 DEOGAD BAFOZ: LFLTZ2 @ 3
37706 ©RBR9A0 ol
34 27716 BOBEEE PAFMZ: (FLT2 @ g £
27717 @BCHED & &
35 37714 $@M86H RATCOR: .FLT2 >
37716 BABDOO B
36 o O
37 37720 GBEGEA DUMI:  .LORD s
30 ZP7PR DAAROE S1: .FLT2 8 &
37724 BOBAGH 5
%9 37726 0DOPGB WAITT: .WORD 6 E
a1
42

B T T T T R S



B3r7in
837732

037740
B37742

B37748
B377S8
g 37752
, i 37754
ook 12 37758
B § 13 37ven
A S 14 37762
ol 15 37764
Loocfy - 16 37766

158 3777E
19 3vrve

i (D O] IR GINM

St 26 68006
1  emmaR
col 27 a4
;ri- 28 686

.29 ouBin
38 6RAAl2

B 8 ‘32 68616
w b 33 60020
K1 - 34 6pE22

RAM VARIABLES

837734
B37736-

837744

28 377e4

31 cER14

35 68824

aatalalay|

ananas -

alataalals)
a]ala1aa]q]
jalalalalara]
aialalalala)

5]4]a]alslg]
BEBEBE
alala]ala]d]
Ba86e6a6
2868866
jalalalalala!
5ja3ala)ala)
juls]alalala)
880888
9515 ]a]a]3]

galalalaiati)

268606

AaBBoe

- B586BE

alalala]alal
BEABER

ala]alala]u]

886088
aputalalalal
15 {515]al4]
al=dalalal)

206300 -

BEBEBA
jala]alatala)

RT-11 MACRO VMBa-12 Bp: 18:92 PAGE B85

LSTTIM:
OUTWEG:
BPCNT:
CRAT:
ORAT:
SPLFLG:

QCOMPUT:

EQTPFG:
EOTCT:

LTITLE

.FLTZ2
« WORD
«iORD
LFLTZ2
LFLT2
. WORD

.HORD
. WORD

- WORD

PROGET:
DSFOUT:
DSCOUT:

PRTFLG:
PINTCT:
NPAIR:

3LOCATE

LSTO:

. lWORD
. WORD
-WORD

~WORD
.ORD
. WORED

RAM IFARIABLES
6

oe®

+C02 RATIO = RAFCOZ/RAFNZ

;02 BATIO = RAFO2/RAFH2

[ v

WOED @

;8 NO COMPUTATICNS WAITING 1 OW

sPOINTS TGO NEXT PROTOCOL STEP
sMONZERD IS DATA $%¥S OUTPUT REG FOR PEF
sMONZERC IS PTC ORDS OUTI'UT REQUEST

sPRINTER R@ST FLAG
s COUNTS DOWN FROM 4 TO SAY 4@ MSEC ELAPSED

O OO

IN 12-16l5

2_
. =6086
.ELT2

PTSTUFF:

SPLRES:

SECSCT:

SECISC:
PSHHR:
PSIML ¢
PSIGS:

PRDNCT:
alala]atsla g

PRADD:

SHORD

. WORD

- WOED
.HORD
. WORD
. WORD
«|HORD
« WORD

B

o

OB B ;WHERE TO STUFF THE PTC GAS DATA
sSPLINE FIT REQUEST

35 _SECOND COLINTER FOR PTC

$15 SEC COUNTER F&R PTC
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'BUFFER  ARERS

EaaB26 a3anaa-
B6EE36 -HoBBRY
acaass
-BEBYs4 2R8noe
BenvsE ADBUDEA

BOBGHA

GAR4y Degenn
GAR42 YEEEnD
¢@add @ooeoa
s0B4e Danaeg
BEODOE
566852 8Goauy
6HB54 HEBEYB
60656 B006nA
50B6H ARGARA

cpaees 280086
60084 BUHBHE
GEAGE -QEEBaa
Gyldry pRBEEAD
L3672 8986300
26874 BRAGAT
COBYS bEPRsR

63180 608689

s loz
68184 DROBDHE
6O 195 BonKaan
58118 anbagh
gBliz poppnd
58114 GeGaen
G116 pRBEAB
GB120 BOpRGA
58122 hBeann

salz4 BREBAR
58126 BOABER

GE130 soRann

GUl 152 AGAAAE.
68134 BPOOEA

68176 BEDBGR
60140 DBOBNG
6142 BaRDBG
6R144 PROBOR
¢O1.6 CRAAED
&0150 BEEOGA
56152 DREBBLR

S 681534 A66689

d
66156 ©pBDAY

B6aA08
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| ~ TITLE BUFFER AREAS |
| JTHESE MUST BE CONTIGUOUS, THEY GET CLEARED IN A GROUP

TIMI: . WoED
TIM2:  .WORD
CHR:  .MDED
Shil: JHORD
CWL:  .MNORD
 LL{ORD
coz: FLT2
cCco2:  JPLTR
cps \FLTZ2
CRR: ,FLT?
CSLOF: LFLT2
CODOT: .FLT2
JFLT2

CSEF:
CDEP: - .FLTZ

3STORAGE AKERA

PRTTMI: .HORD

PRTIMZ: .WORD -
PEHE:  .FLTZ
PRML:  .FLTZ
PROR:  .FLIZ

PRCO2: .FLTE
PRMV: L FLT2
FRER:  .FLTZ

PRSLOP: .FLT2

PRGDOT: .FLTZ

FESHP: .FLTZ
PEDBP: . .FLT2
FEFND: - . WORD

E & @ m

SCABDINAC

sL5W OF TIME

sM5k OF TIME

sBUMPED BY HR IMTEERUPT.
$ND, OF SAMPLES FOR HORKLOAD

CURRENT OMYGEN
+CURRENT CO2

'$CURRENT MINUTE VOLUME

.
)

OUTPUT SLOPE

FOR PREVIOUS WINUTE'S DATA
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!
2 sWORKIMNG AREA FOR PTC
- 3 $THIS [S A CONTINUOUS BLOCK TO PTEND:
- 4 060160 pROAAE PTCT!: .WORD 8
: 5 A6M162 GAAERE PTHS:  .WORD @
G B6H164 GEOEGA PTHi@: .WORD @
N 7 PEP166 NABERE PTH1S: .WORD ~ @
g 06170 UOBEBH PTWS:  .WORD @
9 BGB17Z BODBUR FTWIB: _WORD b
18 6A174 BBEBPA PTWIS: .WORD D
. 11 88176 PTGAS: .BLKK  88. ;STORED AS 80 MSEC WACK, INTEGER 02
' w 12 : INTEGER €02, IMTEGER MY FOR ERCH BREATH
; 13 s REMAINDER OF WORDS B
14
ig 68436 PTCHDR: .BLKW 9,
ig :BUFFER AREAS FOR PTC FOR TRANSMISSION
19 69460 YABPEE BPTCT: .WORD @
20 68462 PPPAEBE BPTHS: .WORD B
21 6B464 PPBARA BPTH1O: .WORD 3
22 6B466 AADEO® BPTH1S: .WORD 6
23 ¢o47p OPEBER BPTWS: JWORD @
24 68472 PPYOOO BPTWO: WORD O
25 68474 pEGEEA BPTW1S: .WORD @
26 6g4re BPTGAS: .BLKW  24.
27 68736 ppEA@3 PTEND: .WORD @
28 68740 6PEEG0 PTHRCT: .WORD 6
’ 29 6Oy42 0PO@BE BRTHO: .FLI2 @
e 68744 GHAAGH
% 30 €B748 AOMBYE BRTHC: .FLT2 8
o : 6E7YSO 806608
o 31 6BTS2 DBOROEs BRTHY: .FLTZ @
e 60754 0BADD6
a 32 60756 PPPPAG QFLAG: .WORD 8 ; -1 => @ MAMEUER TRIGGEEED BUT HOT YET IMIT.
;8 =» Q MAMEUWER DOHE OR MOT YET TRIGGERED
;1 => TRIGGERED AND IMITIMLIZED (PB FRESSED)
ow
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4 @SUTE4 VODBEE FMTPT: LLOED @
2 UGB?6G APBPDA FRSTPT: .MORD ©
7 DEDTY0 HOLES: .BLKW 1@,
5 861814 vppanR L HORD a
9 BeIAlG Apekan . WORD 5]
16 61026 aahlnen AORD a
' 11 61922 BNGREEY LORD B
! 12 61924 WOPBFF: .BLKE [
: 12 61852 46 . OYTE A4
! 14 61833 B4 BYTE a0
b 15 61654 gan BYTE fals)
g 16 &61@38 WONEFR: .BLHB1 5
o 7 LEVE; ‘
‘ 15 §1044 DBCAPM JWMORD @ E"E
19 5iv46 Obpaod HOED i 55
28 1058 aguoan ACGRD 4] E
] 21 B S
Do 22
; 23 LBTHCK, o
; 24 JBLEW 2080 o %
: 25 reriz STACK s  BTYL 1 = F,
» 26 YT 1 @APBORE HBUF1:  JMWORD @ 1CR-LF THDICATOR FOR PRIMTER !
" oF TATIC WBURRR CiI: MOET @ (POl 4 FORMAT COMSTAHT ™ 5
[ 28 B
: 55 P
k] BT TG0 LSTOPRA 3 %
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CONSTANTS RT-11 MACRO KMB2a-12 @@:10:82 PAGE 72

é ,TITLE CONSTANTS

3 $COMTINUE WHERE PROSRAM ROM LEFT OFF

g 816664 . =16664 ,

2

g :CONSTANTS SECTION — TO BE PLACED IN PROM

10 12884 agagag SLW: FLT2 8.984126 :SPIROMETER VALVE CORRESP. TO LITERS-/VOLTS
16666 83154

11 16676 B48231 D1.2: ,FLT2 1.2 s1.2L BTPS IN SPIROMETER A/D COUNTS
16672 114632 :

12 16674 @37514 D@.2: ,FLT2 8.2 :0.2L BTPS IN SPIROMETER A<D COUNTS

| 16676 146315

3 ,

i 165708 ©37663 D.35: .FLT2  0.35
16782 B3146%3 y :

1S 16794 B40A46 D.65:  .FLT2 8.65
16706 863146 .

. W 16 16718 943273 D6pBo: JFLTZ cpRa.
16712 100008 A

17 16714 043003 D3pEA: FLTR 3000,
16716 100060

18 16778 @36777 NWOBLD: .FLT2  0.@312

18722 113444

28 1 GEMERAL CONSTQNTS

21 16F24 Bubnnl HBUF12: . HORD

22 1gv¥26 |FPPry MINL: +WORD - —1

23 16738 1482008 DM1: .FLT2  ~1.B
16732 0Ravea '

24 16734 149131 drl.85: FLTZ2 -B.85
16v36 114632 :

25 15740 640560 P3.8: LFLT2 3.8
16¥42 0oBaan K

A8 16744 84p480 D2.8: FLT2 2.0
13746 B000aaE :

2% 16730 G48200 Di.o: FLT2 1.8
16752 0a008e

29 - 3ROOM AIR CONSTANTS -

38 16754 B3v582 D.19: FLT2 = 8.19
15¥06 187534

31 10700 035643 D.B2: FLTZ2 8.82
leve2 153412 :

32 16¥R4 A36765 D.03: JFLT2  0.83
18766 141217

34 16770 840213 BTPSF: FLT2  1.896
16772 661014 ,
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[} 1740 19
ARS8 ] 122
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, 1 . '
' 2 s PULMOMARY FUNCTION REPORT
: 3 @17852 128 TITLE: .ASCIZ ~PULMONARY FUNCTION/
; 817853 125
aivesd 114
A17055 115
airpss 117
817957 116
| B17958 181
4 B1706 1 t2z
, a17B62 131
917063 840
§i7064 . 186
817g65 125
Bi7aes 116
Bi7osy 183
BI7ETE 124
pITA?1 111
BiFE72 117
817875 116
wi7a74 094
4 BI7OTS 123 JASGIZ  /SUBJECT ;
BivR76 125 - .
0i7evT 182
ai7iee 112
t7i0l 185
7162 . 163
163 124
7184 040
7105 048
186 849
ay - 019
18 940
11 v4g
12 240
13 660 .
. EVEN
14 196 MSGS:  .ASCIZ  /FE1/
15 185
15 126
i7 981
TR 7 ‘
21 . 186 LASCIZ /EVCr
Y-S -
22 103
124 - 088
125 115 JASCIZ  /MMER~
217126 115
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| 120
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1] K 111
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a1vse 125
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o 1 % JTITLE CONSTANTS
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< 3 .EMEH
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