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I. INTRODUCTION

Physiological systems are made up of many interrelated variables. This
inherent complexity makes these systems very difficult to study directly;
therefore, other means must be employed for their analysis.

Investigators of complex systems often try to counter this complexity
by formulating models which are based upon experimental fact and/or
physiolpgically sound assumptions, At the start, these models are usually
a verbal conception. The model comprises statements of actual or presumed
relationships among the variables. As the statements become refined, the
models expand and become complex, sometimes approaching the complexity of
the system being modelled. At this point, the model becomes too complex to
be handled by verbal statements..

It now becomes advantageous to redevelop the model in terms of symbolic
relationships. This form will allow it to be manipulated by mathematical
techniques; therefore, allowing the use of computational devices, i.e.,
digital, analog, and hybrid computers. Now the model can be experimented
on by an orderly variation of parameters. The results obtained from the
model are then compared to the results obtained by performing the same
variation on the actual system, the experimental components of the research.
It is then up to the modeler to determine, from these results whether the
model simulates the real system with a satisfactory degree of faithfulness.

At the present time most physiological system models are in the tramsition
phase, from the verbal to the mathematical model (1). The problems in making
these transitions lie in obtaining suitable mathematical relationships.

This means that more experiments must be performed which give quantitative

rather than qualitative results.



There are some physiological systems which are more readily quantized |
than others. The respiratory system is one. This is due to the fact that
the physiochemical description of gases lends itself very nicely to the
respiratory system. Also, the understanding of the control mechanism for
this physiologiéal system has progressed to the quantification stages. It
is for these reasons that there have been many propcéed models of the res-
piratory system (2,3,4,5,6).

The engineer's role in such a research effort is first associated with
the quantification and mathematical description of the system's functioning.
After a model is formulated, many engineering techniques can be employed
to verify the model and to suggest logical changes that may better represent
the system. Such is the purpose of this paper. Grodins et al. (2) developed
a model that will simulate the respiratory system at rest under different
sea level ambient conditions. This model, however, is incomplete for it
does not include the effects of exercise on the respiraﬁory system.
Therefore Welssman (7) modified Grodins' model to include the effects of
exercise. With this modification the model can be used as a prediction
of the respiratory responses of the important respiratory system stimuli.
An extension of the model's capabilities to altered environments has not
been thoroughly evaluated. One of the goals of the following study is to
evaluate the simulation's response to variations in exercise levels at a
specific environment (one-third atmosphere, 70% 0,, 28.08% N,, and 1.92%
o,).

This study discusses the exercise modification and its relationship
to respiratory control so that the desired responses are obtained for

various exercise stimuli and the corresponding transition between stimuli



levels. Oxygen uptake and carbon dioxide production by the active tissues
are utilized to interface the effects of exercise in the system equation.
The controller subroutine is modified to include a component relating to

a neurohumoral response for alveolar ventilation during exercise.

This study will also include the analysis of some simulation runs to
determine the validity of the response and the interaction of the different
variables used in the modification. Possible changes will then be suggested
to improve the flexibility of the model in addition to an improvement in
the fidelity of the model's responses compared to known physiological
data,

This paper will begin with a brief discussion of the physiology
involved in making the modification to Grodins' model. A detailed
explanation of the modification follows utilizing flow charts and plots
obtained from the programming of important functions on the Nova 1200
Minicomputer.

Following the explanation of the exercise subroutines is a description
of-aeveral total system simulations of various exercise levels and the
responses corresponding to these. Based upon these simulations conclusions

and recommendations for further system modifications are presented.



II. THE CONTROL OF RESPIRATION DURING MUSCULAR EXERCISE

Muscular exercise causes a great change in the energy metabolism and
gas exchange of the body. Respiration must therefore change to maintain the
integrity of the internal environment of the body.

The way in which the respiratory system reacts to exercise depends on
three variables:

1) the intensity of the exercise: the greater the intensity, the

greater the response.

2) the type of exercise: bicycle riding will produce a different

response than weight lifting.

3) environmental conditions: the respiratory response is quite

different at various altitudes.

What is the mechanism that allows the respiratory system to respond
to the needs of the body under these different conditions? The search for
the answer is still underway.

The initial approach to the study of the problem of control of respira-
tion was confined for a long time to the analysis of simple mechanisms. The
control of respiration during exercise was dealt with in terms of a decrease
of arterial oxygen or an increase of carbon dioxide. A great deal of time
was then spent deciding whether the stimulation of the respiratory system
was due to the CO2 or the H+ concentration released by the hydrated form

of 002, carbonic acid (H2C03) (8). The chemical reaction is defined as

+ -
0 % H,CO, < H +HC03 . (1)

co, + H 2C03

2 2
This simple mechanism for the control of exercise hyperpnea was
unsatisfactory to many investigators. Neither CO2 or anoxia (low oxygen

concentration), even when combined, leads to the magnitude of the ventilation



response observed during exercise. In addition to the chemical stimuli, the
possibility that there are other stimuli of a different nature originating

from the active muscles has now become an area of investigation and will be

discussed below.

A, Humoral Theories

The chemical substances transported by the blood that may be responsible
for exercise hypernea are:

1. Carbon Dioxide Tension, PC
0y

The CO, production is greatly increased in muscular exercise.

2

This should lead to an increased concentration of CO2 in the

blood sufficient to stimulate the respiratory center. The hyper-
ventilation that follows would lead to a decreased blood C02 content,
so that the whole process of the regulation of respiration could be

considered as a simple feedback system. However, the blood CO2

increases very little during exercise, and this increase is not
enough to explain the change in ventilation that is observed.

2. Oxygen Tension, P
%

The possibility of a decrease of actual P during exefcise may

0,

be present. However, this decrease would not amount to more than a
few mn Hg, since the saturation of the arterial blood with 02 is not

appreciably affected in exercise. It would take a P0 of approximately

2
60 mm Hg to affect any sizable stimulus from the chemoreceptors in the
aortic arch and carotid bodies (9).
3. H+ Concentration

+ .
The increase in H ion concentration of the arterial blood due to

002 accumulation has never been observed in mild exercise. Only during



severe exercise does the H+ concentration of the arterial blood
increase. This increase is caused by large amounts of lactic acid
produced by the exercising muscles during severe exercise when
anaerobic metabolism accounts for the majority of energy.

4. Unknown Substances

The possibility of a release of substances formed in the muscles
during exercise which affect respiration has been postulated (10).
Such substances have ne#er been identified.

All the humoral mechanisms postulated above, even if considered
to be functioning at the same time, cannot explain the regulation of
respiration during exercise. Steady state ventilation increases
linearly with oxygen uptake, within the bounds of aercbic metabolism,

independent of any chemical change in the blood.

B. Neurogenic Theories

Krogh and Lindhard (11) were the first to interpret the sudden increase
of ventilation at the beginning of exercise on a neural basis. They pos-
tulated that impulses from the motor cortex of the brain were sent to the
respiratory center to effect a change in ventilation. It was experimentally
shown that the passive movements of the limbs elicited a ventilatory
response (1). It was thought that impulses from mechanoreceptors in the
muscles, tendons and joints transmitted to the respiratory center were the
cause of the response. Comroe and Schmidt (12) found that the mechano-
receptors involved were limited only to the joints.

While performing cross circulation experiments on dogs, Kao (13)
showed that the hyperventilation accompanying muscular activity is limited

to the exercising neural dog. The humoral dog whose head was perfused by



blood coming from the active limbs of the neural dog showed no change in
ventilation. The increased ventilation of the neural dog was not due to

the chemical stimulus of the respiratory center, since there were no changes
in the blood of the humoral dog.

It is a well known fact that at the onset of exercise, pulmonary
ventilation increases abruptly in a much shorter time than the circulation
time; that is before chemical substances formed by the exercising muscles
can reach the respiratory center (14).

Neurogenic controls alone are inadequate to maintain the delicate
chemical balance of the blood during exercise at the same level as when the
body is at rest. Therefore both humoral and neurogenic mechanisms are
involved for the most effective control of respiration during muscular

exercise,

C. Neurohumoral Theory

Dejours (15) recorded ventilation and arterial CO, tension, , Oon

2
a single breath basis to detect the very fast changes in ventilation at the

2 PaCO

start and end of exercise. The ventilation increases abruptly at the

beginning of exercise, causing a fall in PaCO . The ventilation then

2
increases more slowly and reaches a steady state level in a few minutes.

Simultaneously, the PaC increases and returns to the pre—exercise level.

0,

Corresponding changes take place at the end of exercise. A sudden decrease

in ventilation causes an increase in Pa followed by a slow decrease in

002

PaCDZ to the resting value.

Since the neurchumoral theory seems to be adequately justified by
experimental results, it has been utilized in the description of exercise

hyperpnea. Weissman based his modification of Grodins' model completely



the neurohumoral theory. Figure 1 shows the time relationship of ventilation
during exercise and Figure 2 is a block diagram of the respiratory control
model, Although it is the accepted theory of many researchers, some do

not agree with the fast changes that occur in both the on- and off-tramsient

responses (16).
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IIT. DETAILS OF THE MODIFICATION

Weissman's modification of Grodins' model was analyzed with very little
documentation on hand. Very few comment statements were available in the
program listing., Therefore, an understanding of how this modification
coincided with the rest of the program was necessary. Grodins' entire pro-
gram is partitioned into subroutines to facilitate any possible changes.

See Appendix B. The modification in question is contained in subroutine RC12.
The block diagram in Figure 3 shows RCl12's relationship to the other sub-
routines in the program. As shown, RCl2 fits into a loop that establishes
and solves the system equations. The controller subroutine, RCl17, is also

a part of the loop. It is called before the system equations are célculated
in RCll. This is needed because inspiratory ventilation rate (VI) and
expiratory ventilation rate (VE) are both needed in the calculation of the
system equations. RC17 will be discussed later.

The exercise subroutine is then scrutinized, with the initial step
being the consfruction of a flow chart (Figure 4). This gives an insight
into the functioning of this routine. In this subroutine, the tissue
metabolic rates of oxygen, RMT(2), and carbon dioxide, RMT(l), are calcu-
lated along with the heart rate (HRATE), respiration frequency (FREQ), minute
volume (TVNT), and dead space (DEADVT). The metabolic rates are the variables
‘that interface this subroutine with the rest of the program. Both metabolic
rates are used_in the system equations.

The subroutine reads in a work load (WORK2) and duration (DURAT) from
the input data cards. A decision of the work load is then made, depending

upon its absolute magnitude and its magnitude relative to the previous work
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Set up of

initial conditions

Calculation of
system equation
coefficients,
system equations
and controller
equation

Exercise

subroutine

Solving system
differential
equations

FIGURE 3. RC12's relationship to the other program
' subrovutines



Time set

CXT = C(35) + XhS - 10

Yes

Sot

— J CXT =0

Ko

Calculate
respiration freq.

FREQ = 8.1 + 7.815
*(RMT(2) + C(26))

Calculate dead
space ventilation

DEADVT = 0.1107* FREQ
+ .0785% VE

Calculate total
veatilaction

TVNT = DEADVT + (VE + vngi

TIMEOF
Initially = §

FIGURE 4,

Calculate heart
rate

HEATE = 43.8% (RMT{2)
+ C(26)) + 54.5

Fig. 4(b}

(a)

B Fig. é(gi

Flow chart for RC12
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‘ 1500)

Read in a new
work load (work 2)
and work load

duration (LURAT)

Sat
" TIMEOF = DURAT + CXT

Set
TIMEON = CXT
set
RMTB2 = BMT(2)
Set
RMTM = RMT(2)
and

RMTB = SS02W (WORK2)

..o 2.3
(2. _FHGEK)
700

Set

TCT = 4,6

S
T

Go to 01
D
Fig. 4(g)

Fig, 4(c)

FIGURE 4(b).



c
From
Fig. 4(b & B)

Set

WORK = WORK2

set

MARKER = 0.0

BMT(2) = RMTB - (RMTB
= RMTM) *Exp[-TCT
*(CXT - TIMEON)*0,50)

set

VTIME = TCT®
{CXT - TIMEOM)/9.2

st

FMLIN = RMTB -
(RMTB =~ RMTM)#
{}0 = V'IIHB)

RMT(1) = 0.88 RMT(2)

set
RMT(1) = (TVKT + 40,77)
*RMT(2) /88,5

Fig. 4(3) ’ Fig. 4(d)

FIGURE 4 (-ci.



Yen
> Co to 02 F
Fig. 4(3)

€(35) < C(40}

write

RMT{1) & RuT{2)

Go to 02
F
Fig. 4(e)

FIGURE 4(d).
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I F (02)

U = AMOD(C(35), 0.51]

€(35) < c(40)

Set

c{40) = C(40) + C(39)

Set

rsz) - n(nfcts)
Pp(0;) = c(8)/p(3)
Pp(N,) = C(9)/D(4)

Set

e

= 9, - RCFL(CH(4))

Set

CADK * F(4)

BVB = Z2(2) - F(&)

PHVB = 9. - RCF1(HVB)

Set

CADK * F(6)
WGy - ¥

PHVT = 9, - RCFL(HVT)

H
Fig. &4(f)

FIGURE 4(e).
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G this
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Go to 1230 (Returm)

€{39) = PRINTAL TIME
Max = 0.5 min

1210

CADE. = 795.0
cc(2) = CB(CDz)

F(4) = knCDzPB(mz)



Set
- (C(11) *VTRAN(4) + OF(1) SVTRAN(?))
B — T -~ )
TF(9) = (CO L) *WTRNN () + OF(1) AVIRAN(d))
¢ (1)
Set Diff
between
QF(5) = QF(6) - RQ Two RQ's

Yes

> Go to 1220

Write

al
Format 1805

Set

H=N+1

Write Statements
Using Formats

1810 - 1855

l

Return
(1730)

FIGURE 4(f).

This page

— 1220
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B
Yes g
Go to 101
C Fig. 4(c)
Ho
Set
D “WORK = WORK2
{01) )
Set
MARKER = 1
18
Yes
WORK < O Go to 02
F Fig. &(e)
o
IS Set
Yes
WORK. > 50 TCT = 2.3/(2. *WORK/200
o /
18 Set
Yes
WORK < 50 TCT = 4.6
No
Set
RMT(2) = SSO2W(WORK) - SSO2W(WORK)

-~ RMTB2 *Exp(-TCT *(CXT - TIMEON)

Set

= ICT*{CXT - TIMFON)
9.2

|

I
Fig 4(h)

VTIME

FIGURE 4(g).
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1
From
Fig. 4(g)

Set

RMLIN = SSO2W(WORK) - SSO2W(WORK)
- RMTEZ) * (L. - VTIME)

——- RMLIN = SSO2W(WORK)

Set

Set

RMT(1) = .BBRMT(2)

Set

R (L) - LTUNT + 40.77)4RMT(2)

88.5

Write

RMT(2) & RMT(1)
Using Format 333

Go to 02
F Fig. 4(e)

FIGURE 4 (h).

Go to 02
F Fig. 4(e)
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load (WORK). This decision is needed since there are two different equations
that calculate the metabolic rate of oxygen. One is for WORK2 less than WORK,
and one is for WORK2 greater than or equal to WORK. To make sure that the
program knows where it is at all times, a flag is set depending on the
relative magnitude of the new work load. If WORKZ is less than WORK, MARKER
is set equal to zero (MARKER = 0). If it is larger than or equal to WORK,
MARKER is set equal to one (MARKER = 1). This flag is necessary because the
program is continually calling RC12. The flag makes it possible for the
program to return to the same set of equations until a new work load is read
in. This will occur whenever the simulation time, C(35), is greater than
TIMEQOF. TIMEOF is set equal to the duration time plus the simulation
time, CXT, when the work load is read in:
TIMEOF = CXT + DURAT (2)

Physiological studies show that oxygen uptake is a good indicator for
the amount of work that is being performed (17). This is why all other
physiological parameters are always related to oxygen uptake. As mentioned
before, the modification under discussion for this program is based mainly
on two expressions for oxygen uptake; one for when the work loads are
increasing, and one for when the work loads are decreasing. These two

expressions are discussed in the following material.

A. Increasing Work Loads
For this case the subroutine utilizes the expression
RMT(2) = SSO2W(WORK) - (SSO2W(WORK) - RMTB2) *

EXP(—TCT(EXT - TIMEON)) (3)



where:

SSO2W(WORK) is the tissue steady state oxygen consumption for a
particular ﬁork load. Oxygen consumption varies linearly with
work load as shown in Figure 5. However, the relationship between
oxXygen consumption and work load in this program is a piecewise
linear relationship, as illustrated by Figure 6. Figures 5 and 6
illustrate a maximum value for the oxygen consumption. At this
point there is no further increase in oxygen consumption for an
increase in work load. This point is known as the maximum oxygen
uptake (MAX 02). It is a measure of one's physical fitness. In
the average male the MAX 02 is about 3.5 liters per minute at a
work load of 250 watts. MAX O2 is higher in the more fit indivi-
dual. For example, some long distance runners have a MAX 02 of
between 5 and 6 liters per minute (17). The dotted line in Figure 6

is a sugpgested change that would eliminate the discontinuity at

250 watts.

RMTB2 is the oxygen consumption at the time the work load is
initiated. If the work load is started from rest, this value is

0.215 liters per minute.

TCT is the inverse of the time constant. It determines the rise
time of the exponential components. TCT is related to the work
load by the following expressions:
4.6 for work < 50 watts
TCT} = (4)
2.3/2*WORK/200 for work > 50 watts

This function is plotted in Figure 7. From this plot it is seen

that, as the work load is increcased, TCT becomes smaller. This

22
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means that as the work load increases, more time is required to

reach steady state.
CXT is equal to the simulation time C(35).

TIMEON is the time when the work load is started. After the work
load is read in, the subroutine sets TIMEON = CXT. Thus CXT - TIMEON

is elapsed time of the work load at any time C(35).

With the aid of the NOVA 1200 minicomputer (see Appendix A) plots of
RMT(2) for different work loads were obtained. The first plot, Figure 8,
illustrates how RMT(2) changes from rest to steady state for five different
work loads. Figure 9 describes the time course of RMT(2) if the work loads
change without returning to rest. Notice that in both plots it takes more

time to reach steady state as the work loads increase.

B. Decreasing Work Loads

For decreasing work loads RC1l2 utilizes an oxygen consumption expression
that is a decaying exponential. It has a time constant that is twice as
long as the time constant used in the expression for increasing work loads.
The expression is written as

BMT(2) = RMTB - (RMTB-RMTM) * EXP (-TCT* (CXT-TIMEON)* 0.5) (5)

where:

RMIB is the steady state oxygen consumption at the new, lower

work load.

CXT, TCT, and TIMEON are as stated before. However, it is important

to notice that TCT is determined not by the new work load but by
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the previous work load. This is physiologically justified because

the swiftness by which the body returns to the resting state is

dependent upon how hard it was working. The harder it worked

during the previous interval the longer it takes to replace the

oxygen and high energy stores of the body.
Figure 10 is a plot of BMT(2) from a working level to rest, for five differ-
ent work loads.

For both increasing and decreasing work loads the metabolic production
of carbon dioxide, RMT(1l), is calculated by the same equations:

RMT(1) = (TVNT + 40.77)*RMT(2)/88.5 (6)

for TVNT less than or equal to 37.

For TVNT greater than 37
RMT(1) = 0.88RMT(2) 0D

where TVNT is the minute volume.

C. System Controller Equation

Up to this point, only the alteration of the system equations during
exercise has been discussed. It is still necessary to determine how the
controller equation subroutine, RCl7, is modified to take exercise into
account.

As before, a flow chart can be obtained for RC1l7 as shown in Figure 11,
From thé flow chart it is still difficult to determine the interaction of
the steps and how the various individual elements of the routine interact.
To get a better feel for this, a print routine is added to this subroutine
which prints out the important variables. When the program is run at
different work loads, knowledge of the subroutine functioning is obtained

by utilizing the printouts as shown in Figure 12.

29



30

Spooj] Jaom Bulspasdep Jsoj 9nidn uabBixyp

(NIW) AWIL

Ol 34NOIL4

(NIW/1) 33V1dN NIDOAXO



~ Calculate CH(4)
for use in ventilation

Eq.
o« CADK* D(11)*C(1)2)
Ca(4) BC(4)
I8
No
VI(N) > O
Yes
Set Term
ual to O

VIRAN(14) > 104

Calculate VI
due to chemical

31

(B)*

Let A

VI(N) = VI(SS) | " Figi(b)

Calculate
Term to be
I used in VI

changes

Find the difference
. between chemical
VI and steady
state value of
VI for this work
load.

SVNT2

Yes

B to
Fign(b)

* Equations 8-12 refer to calculations
of subroutine variables.

Add a neural
component of
15 to the
chemical VI
LVI = VI + 15

(9

No

c to D to
(a) Fle® Fign(b)

FIGURE 11. Flow chart for controller .

subroutine



B
from
Fig. (a)

Add a neural component
to the ventilation
equation equal
to difference

calculated above

VI = VI + SVNT2

Find SVNT, a
parameter used
to signify start

32

(10)

C&D
from

of linear change
of ventilation to
steady state

SVNT = SSVENT(RMLIN) - VI

Yes

Calculate expiratory
ventilation rate

Fig.1(a)

(11)

VE

YI or VE < O equal to zero

Set
VI & VE

Return

FIGURE

Return

1M1(b)

A _ (12)

from

Flg.1{(=)



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



33

i £3%L°0

e SENE G

i A

L1233 woaj Inmojursd ejdwwoy T dﬁ_e: ,.._
00320 L T3] 1582 "¢ a000°0 mmeEeT1 ZL50% ¢ 108221 L1869 €2 0000°0 0)32°9 uouu-o )
L3100 ={1'1)2s 1000°0€ ={11) T =f € =]
_____9LI5°Y ISR E 00000 1920°T_ _ ZLSO*E ZLVLTeY ___LT6I*EZ ___ 0OD2°D ___ 0I50°9 0020
VELTRL ) 9LL5*) 1502¢ nuoon"0 1929°1 2180 ¢ zaetet LI69°€2 5032 °0 23353°9 20030 _
%L LSt Ls9z*e UL R LET-LA0 2LS0°% zZireeny L169c2 000" 0 026379 0020 |
13%L°0C 91150 IS8F*E _____ 0N00"0 TeZe T . _ ZLSD°E  ___ ZLTLUBT. . L167°EZ COJI*3 . 0350°9 . 000 _ _ .
L2%L "0 9LL3*D 15982°¢ a620°0 €0ze 1 6H950° € L1201 LI63*E2 0333°2 02333 26020
9510° 0 ={1%112§ 1000°0€ =(I)) ST =1 ¢ =3y
YLWL®0 __ 8%IS°D  ___ IERTCC _ noOncn _ fg20°1 . 6950 yw@d3cal Li63%g2 0907°D . __0J350*9_ _ 0003°C__ . __
°LYL0 a=13*? 1687 "¢ G0ud*0 £nze 1 6950° € $H09°91 L1639 €2 23339 923373 26030 !
wlel*0 a1 L3%2°E anna=n £228°1 6950°¢ Y582°91 LIR9 g2 0002* 0250°9 362370 i
HLALT0 O RWL30_ LERFTE  _ 0600*0. ___£929°Y _ 69S3°E _ __ ¥v39°91_ 1169767 229200 _ 0235079 0g03*p .
LIS B7L57D 1582°c npooto 52181 9950° ¢ #539°97 L167°€2 0222*) 933277 06030
RS10° 0 =(1*1)25 T000°0¢ =(1)) Y =] £ =7
194400 07150 Y 1ikid3 oo &ZTIPTT . 8962°6 . GT153°9Y L169°€2 _ 00000 BN 13 R R [+ 1+ 1+ 1 - S
L LY R 07Ls L597°¢ 05000 [TACER 9960°¢ ST63°31 L169%c2 33232 93333 003G 8
1941 "G, n?1st3 1587 °¢ n0n3*0 g21R"1 L9%0°€ §759°91 L1r9°€2 1002 °0 93333 W00
Ty9er=n 07L3tn La9Zes 10000 s21a°1 9963 °¢ c1537*1 L169°¢7 10030 03529 2ol
T59L0 34LE) S97E 26900 1%08° 1 €950° ¢ EALEAE] LI6I g2 22232 22503 20030
19%% "&b TLv4 L4YTH SL6e*1 ANIA FIVAS 2737 L0S5°9 IANTIA 3LINIW ZLLA*ST  D3I¥4 ¢53y
EFTIENC €00 TA 42971 | REERCE €357 °¢ 0253°9 _ wETT"D _ _STETI*D_ _ O4S5°0 __0L90°0 __ 0611°0_ __ e oo
STALLTAY 220 [T [ IA 1A Y v 1A uA aY = STAIL IWIdSNTRL
1913 1e-2°L L6RE 1Y wFS9TIL PLHTTOT L9kEYLY 71300 %5L0°) wERID INSSLL A
Cewe 2 wIEUT L LLERTL O U9LtEY LAL6TT3 . 110 TO% | STLE*ZS . o _relgpen | 12e1%0. c8r9°Q Llvse A
365E°¢ ¥201%%% 612619  OGISS"9  99)2°Q%  Lh96°1 LEYG®N 2L35°0 482
Leie L €613ty wEEOT: WHT"02  L96E*LY  T000°0 1000°0- 86160 Z130") 3303%) ZLEFO N3SIL
N N L4 Ay LELETTIR  TT0GT0% _ YILE®2S w0000 __TO902°0-  BET0"O0 . &T100°0  _£100°D L6SS"S  Nlwwe
23119 L5 1341 GETLCeS  no)et 0T A393°29  £59% 8y t130%0 zZas1"0 0Z7%°0 IPIA3 Luv
BIL9TTPT  6198°29  €39%°py  ZEL0°0 6RAD*N~-  9ST0°0 CLLY"D 15673 5L32°C Y W0IAY
2%9H o tev) . Zid Zad 2004 SA4AT1 1L7ATY¥3a ZN 22 719
ELTL" 4417 24 642100 54 AV L~08"1 Inll
25%6°0 =70MA LALTRY] =23Dhd Saivy HI09vEI4 BT JONTHI
ec10n =[(1*1198 1233%3e  =(1)3 &1 =t ¢ ="
doertC | Ze9at( _ _ 459TTE 00003 ___ LYOR*T ___ ¢ €960°€ ____ _¢AlI*Ar Litgec? oOnetn, 03539 . _ M0 . o
L2910 £¢935°0 139" ¢ 000 L%00*1 €952°¢ Lar?°31 Lier*e? 2202*9 03309 IGO0
LaaL "G ZE3IE") 1682 0.00°0Q 1%09*1 »960° € La19 at Lik9"c? i ik R 33327 030
IELTRD F{ 20 I LE92°F _ __ . 00G2°0. Leonty .. .E950°¢ L9T19°91 L1€3°62 60232 93333 J002°C N -
FRLY L 2Ly D 1€52°¢ 0000 °0 63621 1952°¢ L3131 L1657 0029 0353°9 1103°C
313") ={Y%[)I% 1333°0€ =({12 st =t € =1
e BRI LERTE o000ty 66T 1960°S___ e6Qc ol .. Ll69°%¢ 3323°%) 023279 U000
9ivLt0 ¥u9%5° 5 L%82°¢ H009 %% 6IEL"T 0950%€ geastal L1635 g2 racato G1629 30233
L EC TR 2333°3 Lez" g w2100y 696201 1963°¢ 253521 Lle3-zz RHL L] D280"" Xo2te
Fi7L*0 %¥95°0 L L LEBETTEL_ T00GtD . _€FELTT __ . Q950°€ ___ @aaz"il L1e3°¢ nOG3IT0 .. 025)°9 302)°0
ety 5%95°9) L6az*e rooo*0 160271 8560 E B&35°31 L1632 09729 8150°9 nnscg
5190 =(T40025 T232%3€  =(1)3 &1 =] 3 =1
EWLCC L 9U%5tN . LEITUE .. N703*) S 1eRLT1 - BG50°€ ._____6233°91 LIGG €T 20030 - 03829 0010 . %
17540 9-75°0 1572 ¢ 65000 1662t H550°E 28331 L163"72 6933*3 0231°9 1070
17500 LSaZ"E 0cn5°0 1e8r=1 ASS0° € 6265091 LILI*ET 33223 3353%? 6020
12=10 ; L%37*C . 00230 1s8L°1 LGE0*E 6253°91 L169* €2 CUM®0 . 03839 . 20030 .
1791°C 9:95°0 LGRZ2*E 06200 €19L°Y 6560°%¢ 6E63°al L169*E2 0392°3 033509 3005°0
6€12°0 =(1'1)35 1322°)6 =(I)3 &1 = ¢ =1
.u,1n1.|m IF . JEQZCE or0Gt0. . EIBLCY 5580°% 1026"9Y ___ L169°€2 _____ 00300, . 0333°%%. . 30030 ._._ ..
LML Y Bl ®195%% LE9ZE 0n0n *0 €18L°1 §560°¢€ 132581 L169°E2 0000* 9 0Jsn*9 36020
8270 a7:39%"d 1532"E Voot o [ALF A § 6550°¢€ L T4 R L169%¢2 3332°) 2332°*3 B0t ¢
3C9L0 22953 1582°¢ 9000°2 £1eLt $550°€ 1025°81 LT69°€2 0000"0 0332°9 20030



34

Verification that the modification of the controller equation is based
on the neurohumoral theory as discussed in Section IIC is possible. That {is,
it consists of a fast neural component and a slower humoral component.
Referring to Figure 13, which is the subroutine listing, the first calcu-
lation made is thét of the ventilation as given by Grodins' controller
equation, (VI). This value is then subtracted from the steady state venti-
lation for the work load of interest, (SSVENT(SSO2W(WORK))). This steady
state ventilation is calculated using the relationship given by the plot in
Figure 14. This plot effectively illustrates that steady state ventilation
is linearly related to steady state oxygen consumption. However, oxygen
consumption is dependent upon the work load as previously discussed. The
difference between this‘steady state value and the value obtained by Grodins'
controller equation is the neural component if the difference is less than
or equal to 15 liters per minute. If the difference is greater than 15
liters per minute, the neural component is set equal to 15. The difference
is given the variable name SVNT2. This neural component is added to the
value of ventilation that is calculated by Grodins' controller equation and
a new value for VI is obtained. This description of VI is given by Equations

13 and 14

VI VI + SVNT2 for 0 < SVNT2 < 15 (13)
or

1’28

VI + 15 for SVNT2 > 15 (14)

At this point, another variable is calculated, SVNT. SVNT is the
difference between another steady state value for ventilation defined by
the term SSVENT(RMLIN) and the value of ventilation which is calculated
in Equation 13 or 14.

SVNT = SSVENT(RMLIN) - VI (15)
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FIGURE 13. Subroutine RC17 program listing
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FIGURE 14. Steady state ventilation
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The argument used to determine the steady state ventilation term is
calculated in RC12. RMLIN is a slowed down, linearlized version of RMT(2).
It is given by
BMLIN = SSO02W(WORK) - (SSO02W(WORK) - RMTB2) (1.-VTIME) (16)
where SSO2W(WORK) and RMTB2 are as discussed before. VTIME is the function
that slows down RMLIN in relationship to BMT(2). It is given by
VIIME = TCT(CXT - TIMEON)/9.2 for VTIME < 1 7)
The value 9.2 makes RMLIN approach its steady state value at a rate four
times slower than BMT(2) when the work load is 100 watts. For work loads
less than 100 watts, the response of RMT(2) is less than four times as fast.
For work loads greater than 100 watts, the response of RMT(2) is greater
than four times as fast. Figures 15 and 16 show the relationship between
RMLIN and RMT(2) for two different work loads (25 watts and 75 watts).
When VIIME reaches the value of 1, RMLIN has reached steady state and
is given by:
RMLIN = SSO02W (WORK) . (18)
Going back to the discussion of the controller equation, if SVNT is
greater than 0.5, ventilation will start to linearly approach its steady
state value. This is done by adding 75% of SVNT to the value of VI calcu-
lated above. The relation used is:
VI = VI + 0.75SVNT 19)
After inspiratory ventilation has been calculated, expiratory venti-
lation is calculated, again using a relationship given by Grodins (2).
Figures 17 and 18 are plots of the different variables discussed
above for work loads of 25 and 75 watts. In both figures, it is seen that

the sum of VO and SVNT2 equals SSVENT (SSO2W(WORK)) for SSVENT (RMLIN) < 0.5
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+ VI. VI is equal to VO plus the neural component. As soon as SSVENT(RMLIN)
becomes large enough (SSVENT(RMLIN) > 0.5 + VI) VI starts a linear increase
to the steady state value using Equation 19.

The above controller modification does not have any physiological
significance. It is only a routine that permits a reasonable reproduction
of a limited set of experimental data (18). It can be said that the fast
increase is the neural component. However, the device used to simulate this
response is not part of a set of system equations that actually describe

the system. Currently such a set of system equations is unknown.
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IV. DISCUSSION

Five different simulation runs were made with varying exercise condi-
tions and transitions in order to determine how the exercise portion of this
respiratory control model operated. Using the program which appears in
Appendix B the runs proved to be very expensive and time consuming when run
on the IBM 360/50. This means that for all runs, it was financially pro-
hibitive to let the work loads run until steady state was reached. Sometimes
transition from one work load to the next occurred during the transient por-
tion of the response for a given work load. Whether the responses obtained
this way are wvalid or not is a question that cannot be answered at this time.
This is due to the fact that nowhere in the literature is there any experi-
mental data which can be quantitatively compared to these responses. Table 1
lists the values of the input data cards used in each simulation run made for
this study.

Table 1. Input data card and work load values for each simulation run

Input

Data Run #1 Run #2 Run #3 Run #4 Run #5
Cards

c(1) 0.1783 0.1674 0.1746

c(2) 0.5336 0.5419 0.5231

c(3) 0.2881 0.2907 0.3123

c(4) 0.6413 0.6345 0.6359

c(5) 0.0012 0.0011 0.0011

c(6) 0.0011 0.0011 0.0011

c(7) 0.6153 Same 0.6164 0.6390 Same
c(8) 0.0015 as 0.0011 0.0007 as
c(9) 0.0012 Run #1 0.0012 0.0011 Run #1
c(10) 0.0000 7.380 11.5717

c(11) 0.7496 0.6839 0.7260

c(12) 48.1202 47.9542 47.3567

c(13) 36.6316 36.0486 35.3290

Cc(14) 70.6804 68.5268 66.2437

RMT (1) 0.1820 0.1820 1.1699

RMT (2) 0.2150 0.2150 1.3294

WORK2 0.0/0.2 0.0/0.2 25/0,2 100/2.5 0.0/0.2
WORK2 50/1.8 25/1.8 70/2.0 0.0/30 50/2.5
WORK2 100/2.0 75/2.0 100/2.0 —_— 0.0/2.0

Watts/Min
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Another point made by these runs is that the neural component is
sensitive to the increments taken in the work load. In simulation runs
made by Gallagher (19) at work loads of 50 watts, 100 watts and 150 watts,
it was seen that there was no neural component at the 100 watts and the
150 watts work loads when the transition was made during steady state. 1In
simulation runs made during this study, the transition from 50 watts to
100 watts gave the same results, that is the absence of a fast change. The
change in work load was made during the transient response for 50 watts.
Figure 19 is a plot of VI for this run.

When a simulation run was made at work loads of 25 watts and 75 watts,
two fast components were observed. One component occurred when the work load
shifted from zero watts to 25 watts and one occurred when it shifted from
25 watts to 75 watts. Figure 20 is a plot of VI for this run. Also, from
this response it is observed that at 25 watts the neural component accounts
for the total ventilatory change allowing this system to reach steady state
immediately. This is in agreement with experiments performed by D'Angelo
et al. (20), where it was shown that the neural component accounts for
approximately 100% of the total ventilatory change for low work loads.

Another run made with an initial work level of 25 watts and then
increasing to 70 and 100 watts showed fast changes at both 70 and 100 watts
as illustrated in Figure 21. It seems apparent that the increments in work
load are critical to the response. Again there is no published data avail-
able to which these responses can be compared.

The next run, Run #4, was made to see what the response would be if
100 watts went to steady state and then a change was made to zero work

load. The initial condition was taken as the condition existing at the
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last printout of Run #3 for 100 watts. It was assumed that a continuation
would be possible from this point. However, it was observed that there was
an immediate unjustifiable increment in the VI response for the 100 watts
exercise level. The response then proceeded to approach steady state.
Careful investigation of the complete program showed that at the start

of the first calculation of the controller equation, which occurs before
RC12 is performed, the work level is considered to be at zero watts rather
than at 100 watts. This, of course, makes the transient component of the
responses invalid and questions the exactness of the steady state values.
However, in order to analyze the simulation of the off-transient exercise

responses, these steady state values were assumed adequate.
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V. CONCLUSIONS AND RECOMMENDATIONS

This investigation has revealed the essence of Weissman's modification
of Grodins' respiratory control model and the interrelationships of the
parameters that comprise this modification. It was observed that the meta-
bolic rate of oxygen consumption is the basis for this modification. From
this parameter, the system equations are directly modified. The system
controller equation is based on the neurchumoral theory which simulates a
fast neural component and a slow linear component. The slow component is
also related to oxygen consumption by making use of a slowed down linear
version of RMT(2), BMLIN.

It is apparent from this study that certain changes must be made within
the program. First, the expression for VTIME should be modified from:

VTIME

TCT(CXT - TIMEON)/9.2 (20)
to

]

VIIME = TCT(CXT - TIMEON)/4.6 (21)
so that the responses to exercise will be faster; therefore, representing
experimental data more faithfully.

Second, the punched card output should be changed to include work load,
time, metabolic raté of oxygen, RMT(2), and metabolic rate of carbon dioxide,
RHT{I); Along with this change, the initialization of time and work load
should be removed.- This change would permit the responses corresponding to
one work load to be used as the initial condition for a succeeding work load.
This removal will require a renaming of some variables in the controller
equation since WORK is used even when the simulation is for resting conditions.

Third a more extensive analysis of the off-transient portion of this

program is needed. Figures 22 and 23 are plots of two runs made to analyze
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the off-transient in this study. Run #4 used the last output of Run #3 at
100 watts as the initial condi;ion. After 2.5 minutes, it was assumed that
steady state was reached for 100 watts and the work load shifted to zero
watts. An instantaneous decrease in VI is seen and then a linear decrease
to resting level. The instantaneous decrease is considerably less than the
corresponding initial response seen at the start of exercise. This implies
that there is still a neural component functioning after exercise has ceased.
Whether this is physiologically the case is not certain.

Run #5 was made with 50 watts. After steady state was reached, the
work load was again shifted to zero watts. Again an initial decrease,
slightly smaller than in the previous case for 100 watts, is present
followed by a linear decrease to steady state.

In runs made with steady state not being reached and an off-transient
initiated, there was no initial decrease and, in some cases, there was an
increase. This is a fallacy in the program caused by the fact that Grodins'
controller equation had not reached a steady state value, and the routine
for the off-transient is dependent upon the inspired ventilation reaching
steady state, Therefore, there must be a program change that will
eliminate the fallacy and give a better representation of the system at
all instances of time.

Finally, the heart rate (HRATE) and respiration frequency (FREQ)
expressions employed in the exercise subroutine need to be modified. As
currently programmed, HRATE and FREQ follow the metabolic rate of oxygen
consumption (RMT2); that is, RMT(2) is the forcing function. The expressions

are given by:

HRATE = 43,8 * (RMT(2) + MRB(OZ)) + 54,5 (22)

and

FREQ = 8.1 + 7.815 * (RMT(2) + MRB(0,)) (23)
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where MRB(OZ) is the metabolic uptake of oxygen by the brain, which remains
relatively constant during exercise.

It has been shown that at the start of exercise, the heart rate
increases instantaneously. This factor is not observed with the expression
given above. Since RMT(2) does not change instantaneously, neither will
HRATE, The immediate increase in heart rate is of a neurological origin.
Another fact that the present expression does not illustrate is that the
initial increase in heart rate usually overshoots the steady state value and
then decreases to steady state (17).

There is a definite relationship between steady state heart rate and
. work load. This fact coupled with a neural component can be employed in a
relationship that will better represent the actual time course of heart
rate during exercise. TFigure 24 was plotted from data obtained on a bicycle
ergometer (21). It illustrates how steady state HRATE changes with work
load. If anothef increase in work load were made, it Woﬁld show a leveling
off of heart rate at about 200 beats per minute which is the maximum for
a normal individual. Data similar to this, in addition to some that can
be related to the neural component, which would also be a function of work,
would make the basis for a reasonable expression for HRATE.

The same argument would hold for respiration frequency, except that
there is generally no overshoot of the steady state value by the. immediate
increase in ventilation.

Both expressions will have the form:

x(t) = f(y,2,t) (24)
where
x(t) = heart rate or respiratory frequency
y = steady state value due to exercise
z = neural component due to exercise
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It is felt that once these changes have been made, the respiratory

control system will be better represented by this model.

this model to be used with much more confidence.

This will permit
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VIII. APPENDICES

A. NOVA 1200 Minicomputer Runs
This appendix contains the program listings for the programs run on

the NOVA 1200 minicomputer along with the printouts for each run.



ILLEGIBLE
DOCUMENT

THE FOLLOWING
DOCUMENT(S) IS OF
POOR LEGIBILITY IN

THE ORIGINAL

THIS IS THE BEST
COPY AVAILABLE



A-2

Calculates oxygen uptake for increasing work loads for 5
minute durations starting from rest

100
110
20
13¢
131
122
133
i34
13

1335
149
| M 3Y)
180
120
enn
£i9
ais
216
ang

240

LET W=50
LET TQ=
LET Ta=5
LE? T= 0
LET RO=.51%

IF U»=50 GOre 60
LET Tl=4.+6
GOTO 70
LET T1r2.37(2%W/200)

IF U>250 CGGI0 130

IF We75 GOT2 110
LEY &2-0/7%

Goed 133

LES S2=9/754.215%(75=-W) /75
GOTa  §33
LIT 32=Uen

LS
P Tay
FulhT
poaiby
PRIcT
Fulhl mPivoQin
LOT RE=52-(57-4300% EXP (=T
PRINT  TA2 (9e%s TAB C10)
LT T=T+.5
IV T=T8 s0T0
GGes  vsa
LRT WGy
FARYNT
PRILT
Y Pe=2

LD

0

“TIZ GCCNSTANT= *, T

210

SG GOTO 20

[l AR AL W
& M P

S"WORK LOAD= *,W,"WATTS"®

RMTCO02)*
1#(T=-10)»)
»R2



TIME CONSTANT=

TIMEC(MIN)
1)

3
1
15
2
2.5
3
35
4
H+5
S

TIME CGSTANT=

TIMECMIN)
1]

.s
1
1.5
2
2eS
3
3‘5
L}
H4:5
S

TIME CONSTANT=

TIME(MIN)
1]
5
H
1e5
2
25
3
3.5
a4
HheS
)

TIME CUISTANT=

TIMECMINY
o
5
1
1.5
2
25
3
3.5
4
4.5
5

TIME CONSTANT=

TIME(MIN)
0
-
1
1%
?
?..’
3
3¢5
L3
4.5

5

4.6 VORK LOAD=

HHTC02)
+215
«685664
« 733073
«TITBC6
+ 73928
« 733328
733333
«T 383233
«738333
«73£333
«738333

2.3 WOHK LOAD=

RMT(O2)
«215
2979228
l.22121
1.29783
132209
132977
1.33221
1332983
1+33322
13333
133332

1453333 VOHK LOAD=

RMT¢ 02)
«215
Le17076
Le6lAavr?
1«82104a
191686
1961373
198206
1.9%166
1926123
1e9932
199916

1«15 WORK LOAD=

RMT(02)

« 215001
12871

1.59038
£.92985
2.42087
2.52835
259874
2.562287
2.64202
2:6528

2465886

»92 VORK LOAD=

RATCO2Y
«215%0n01
| AT
L YT AT

KERRIT R |
Jaiindin
K PERARTALL
3.:40199

50 VATTS
100" w;ri;
150 VATTS
200 VATTS
250 VATTS

A-3



Calculates oxygen uptake for increasing work without returning
to rest

. 10 LET WeSO
20 LET TOo= O
2] LET T2=T+5
83 LLT T= 0
27 LET RO=.215
30 IF W==50 GOTC &0
40 - LET TI=4.6
50 GCT0 70
60 LET T1=Te3/(2%W/200)
70 JF W>250 GOTO 120
80 1IF U<75 GOUTO 110
90 LET S2=W/75
100 GOTO 133
110 LZT P2 /54,2150 75=WI /TS
120 GO0 133
130 LEr £f2=3.i5 s ooy L 4
133 PRINT “TIME CCNSTANT= ",T1,"WORK LOAD= *",W,"WATTS"

124 pPRUT
135 PRIUT - - ;
136 FRINT "TIMECMIM) RMTCO2)"

140 LET D2=2S52=-(22-i03% EXP (=T1=(T=10))
170 PRINT TAB €5)>T» TAB (10),RK2
180 LET T=T+.5

180 1IF T>T2 COTO 210

200 GOTO 1140

210 LET W=W+50

212 LET T=T=.5S

213 LET nroe=nRe2

214 LET T2=T+5

215 LET TO=T

216 PRINT

217 PRINT

220 IF W<=250 GOTO 30

230 END



RUN
TIME CONSTANT=

TIMEC(MIN)
o

5
1
1.5
2
25
3
3.5
4
4.5
s

TIME CONSTANT=

TIMECMIN)
]

SIS
[
645
7
T.s
8
8.5
9
9.5
10

TIME CONSTANT=

TIME(MIN)
10
105
11
115

- TIME CONSTANT=

TIMEC(MIN)

TIME CONSTANT=

TIME(MIN)

‘.6

RMTCO2)
«215
«685864
+733073
« 737806
« 73628
738328
« 7383233
«738333
« 738333
+738333
«738333

RMTC O2)
«738333
1.14493
1.27368
131444
132735
133144
133273
133314
133327
133331
133333

153333

RMT(02)
1433323
169029
1-A5612
1.93316
196895
198557
19933
199689
197855
199933
199969

RMTC02)
199969
2.29135
245548
2.5AT83
2+5998
2462904
264549
2.65475
2465996
2.66289
2+.66454

«92

RMT(02)
2.66454
291114
3.06681
J«16508
J.22712
3.26628
3.291
A-30661
J«315645
3.32268
3432661

VOAK LOAD=

VORK LOAD=

WORK LOAD=

WORK LOAD=

VO0RK LOAD=

50

100

150

200

250

WATTS'

VATTS

VATTS

VATTS

VATTS

A-5



A-6

Calculates oxygen uptake for decreasing work loads

10 LET W=25%0
20 LET TO= 0O
21 LET T2=5
25 LET T= O
30 1F W>=5n NO0TO 60
40 LET Tl=4e6
50 GOTO =+0O
60 LET Tl=2.3/02%d7200)
70 TF W=240 30GTO 130
BO 1F W<7% GOTD 110
90 LET S2=J/75
100 GOTO 133 N
110 LET S52=2/75+.215%(75=-W) /75
120 GOTO 133
130 LET E572=Z.5
133 PRINT “TI1xE CONSTANT= "> T1,"4031{ LGAD= ", W, "WATTS"
134 PRINT .
135 PRINT
136 PRINT UTIHTOMIND ; RMTCO2)"
137 LET il=s2
140 LET Af=.215=(«215-R1)* EXP (-T1*(T=T0) 72)
170 PRINT TAB (5)»T» TAB (10),R2
180 LET T=1+e5
190 IF T>T2 GOTO 210
200 GOTO 140
. 210 LET d=4d-50

2l1 PRINT

212 PRINT

220 1F W>=%0 GOTO 20
230 END



TIME CONSTANT=

TIME(MIN)
0
5
1
l-s
a2
2.5
3
345
4
45
5

TIME CONSTANT=

TIMEC(MIN)
0
.5
1
15
2
2«5
3
3.5
4
4+5
5

TIME CONSTANT=

TIME(MIN)
]

.5
1
15
2
2.5
3
3.5
4
4.5
5

TIME CONSTANT=

TIME(MIN)
L]

«5

L]
U LB T B

.

UDE LW K-

TIME CONSTANT=

TIME(MIN)Y
1]
5
1
15
2
25
3
3.5
a
f#.5
5

92

RMT(02)
3.33333
2.69262
2.18355
177908
145772
1.2n23R8
«199506
«R3K316
« 710246
«60849
«527641

115

RMT( 02)
2.66667
2.N05408
159456
1.24986
=99128A
«7972322
«551821
«542675
«460801
+ 399385
=»353314

153333

RMTC02)

1«43163
1.04424
« 780197
«50023

« 477567
=« 393962
= 336978
=2981238
+271666
«253623

2.3

RMTCO02)
133333
»344291
=569105
e 414257
+327123
«27R092
«250502
« 234977
«22624]
221326
«218559

4.6

RMT(02)
»73R2333
380706
*267 469
«2131614
« 22026
*216666
«215527
«215167
«21505]
=215017
«215005

VOHK LOnD=

WORK LOND=

WOitK LOAD=

WORK LOAD=

WORK LOAD=

250

200

150

100

50

WATTS

VATTS

WATTS

WATTS

VATTS



A-8

Calculates RMLIN for different work loads starting from rest

LET W=50
LET TO= 0O
LET Ta=5
LET T= 0O
LET RO=.215

IF W»=50 5070 60
LET Tl=4.6

E0TC 70

LET T1=2.3/(223/200)

IF W»259 CorCc 130

IF W<75 GCv0 110

LET S2=UW/r75

GOTn T2

LET S&=U/75+«215%(T75-W) /75
GOTO 133

LTT S2=3.5

PRINT "TILE CONSTANT= ", T1,"WORK LCAD= ",WU,"WATTS"
PRINT ;

PRINT -

PRINT "TINE(HMIND RMLIN VTIME"™

LET VA=T13(T-T0) /3.2

IF V4»=1 G510 160

LLT K6=52-€52-R0OX%(1-V4)

GOTO 170

LET R&=5" : .
PRINT TAD (5)sTs TAB (13)>R6s TAB (13),V4
LET TaT+.5

IF T>72 GLi10 210

GOTO 140

LET Y=4+50

PRINT

PRINT

IF U<=250 GOTO 20

END



TIME CONSTANT=

TIME(MINY
(1]
'5
1
15
2
s.5
3
3.5
a
A5
S

TIME CONSTANT=

TIMECMIN)
o
(-]
1
1.5
2
2.5
3
3.5
4
‘.5
L]

TIME CONSTANT=

TIME(MIN)
1]
Y-
1
1.5
2
2.5
3
3.5
]
..5
S

TIME CONSTANTs

TIME(MIN)
o
(3]
1
1.5
2

8.5
3
3.5
4
4.5
5

TIME CONSTANT=

TIME(MIN)
0

.5
1
1.5
2
25
3
3.5
L]
‘ls
5

RML IN
215
«345833
e 876667
«6075
«738333
«738333
«738333
+»738333
«738333
+738333
»738333

Be3

RMLIN
«215
«354792
+494SB3
+ 634375
«T7T4167
«913958
1.05375
119354
1.33332
133333
133333

1.53323

RMLIN
«215
« 36375
«5125
«66125
«81
« 95875
11075
1.25625
10408
155375
17025

115

RMLIN
215
= 368229
«521459
«5674688
«827917

"«9B1146

1.13438
1.2B76

1.44083
L«59406
174729

IQP-

RMLIN
«215
«370917
» 526834
68275
+830667
«994584
11505
130642
146233
le61B25
177417

VORK LOAD=

VTIME
1]
«25
'5
«715
1
1.25
15
1.75
2
2.25
2.5

VORK LOADe

VTIME
o o
«125%
25
«375
«5
«625
«75
=875
1
1.125
1.25

WORK LOAD=

VTIME
(1]
6+33333E~-2
+ 166667
«25
333323
*416667
5
«5SB3333
666667
«75
«833333

WORK LOAD=

VTIME

<0825
=125
« 1875
les
«3125
«375
«4375
«5
+5425
I(lﬂs

WOKK LOAD=

" VTIME
4]

=05

ol

2
«25
3
«35
eq
«45
.5

100

150

200

/50

VATTS

WATTS

VATTS

VATTS

WATTS



A-10

Calculates RMLIN for different work loads-without returning to

rest

10
20
21
as
27
30
40
50
60
70
80
90
100

120
130
133
134
13s
136
140
145
146
150
155
160
170
180
190
200
210
212
213
214
215
216
217
220
230

LET W=50

LET To= 0
LET T2=T+5
LET T= 0
LET R0=.215
IF W>=50 GOTO 60
LET Tl=4.6
GOTO . 70
LET TI1=R2.3/(2%47200)
IF W>250 30T0 130
IF ¥<75 GOTO 110
LET S2=4/75
GOTO 133
LET S2=U/75+.215%C75=-4d) /75
G0TO ™1
LET 23=3.5 : .
FRINT “TIME CONSTANT= ", T1,%"J0RK LOAD= " Wa"VATTS"
PRINT
PRINT
POINT “TIME(MIN) RMLIN VTIME ‘ S502¢(WORK)"
LET R2=52=(8S2-530)% ZXP (=T1#(T-T0))
LET Vi=T1%(T=-TD) /9.2
IF Va»=1 GOrd 150
LET R6=82-(S2=RO)*(=-14)
GOTO 170
LET R6=52
PRINT TAB (5)»T, TAB (13),R6, TAB €12),V4, TAB (123,52
LET T=T+.5
IF T>T2 GOTO 210

GOTO 140

LET Y=¥+50

LET T=T-.5

LET !t0=n"7

LET T2=T+5

LET 1n=T

FUINT

PRINT

IF 4<=7¢0 G0TO0 230
END



TIME CONSTANT=

TIME(MIN)
4]
5

. .
(4] L4]

MEDLWON -
-
%]

TIME CONSTANT=

TIMEC(MIN)

* . - .
[, o o v

=0 OVRRNNAIRANWM
w

[«

TIME CONSTANT=

TIME(PIN)
10
10.5
11
11.5
12
12.5
13
13.5
14
14.5
15

TIME CONSTANT=

TIMEC(MIN)
15
15«5
16
16.5
17
175
IR
18«5
19
19.5
20

TIME CONSTANT=

TIMF(MIN)
20
20.5
21
2led
22
22.5
23
23.5
24
24.5
25

MMLIN

«215

+ 345833
sAT6H6GT
«6075

»73A333
«738333
«TAR333
«7383133
+738333
«7368333
«73A4333

2.3

RMLIN

*«73R333

«R1270R
«BRTOR]
«9A145R
1.N35R3
1-11021
1+ 1R45R
125894
133333
133333
133333

1.533131

ML IN
133333
1« 1HERA
1.44444
1.5
155555
161111
1+ABEBA
l72272
1.77778
1.83332
1.B8RABY9

I«15

RMLIN

199969
2.04137
2.08108
2.1247%
2.16607
2.AN0H 2
242009

2.29)1 49
22331314
2 ATHRG
Paalnss

« 92

RMLIN

2ebhusa
RendivA
2073147
2. 164aR5
72.7957
neR3174
J.TRGR
2ennaga
2.93706
29555
2.99194

WOIK LGAT=E

VTIME
[}
«75
5
«75
1
1-25
15
175
2
2.25
2.5

WORK LOAD=

VTIME
0
»125
«25
«375

WOiK LOAD=

VTIMF
n
2,133 E=-2
166667
-85
«33131313
s NVEAGT
«3
+5R3331
«RAELRBT
«75
«333333

YORK LOAD=

VTIME
0
«NEDS
1725
«1K7S
25
«1175
<315
« 4375
«5
s BHTH
/25

JORK LOAD=

VTIME

NG
o1
«15
£ 25
=3
.35

=45
.5

50

SS02(JORK)
+«7T3IR373
«7393313
«73RA33
«73R337
«73/3731
«7T3R131
«73RA31
«T3AR3
« 73823133
« 73R
«T71R333

100

5502(W0RK)
1333711
1.33333
13371133
1.13313
133373
1333121
1.373133
1.33313
1337137
1.7171317%1
133337

5507 (W RK)

B I B TG s e S IS T T T

an0n

S502( ¢ 0RK)
2abHHAT
T RARAT
T hHAT
D H6GT
D HARAAT
DL ABLAT
2.666A7
V. H6HAT
A.66040T
Qe RALAT
T AHAT

250

S50°CWONK)
3.133113
L1733
F3.1%73731
3.73332
3.73332
J.13717
t.13713
1.337217
1371711
1.12313
A.37331
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B. Program Listing for Complete Respiratory Control Model

This appendix contains the program listing of the complete Respiratory
Control Model. RC1l2 is the exercise subroutine, with RCl11l, RC13, RC17 and
the other subroutines in the exercise loop. RC13 and RCl7 have been modified
for this study. The modifications made are indicated in the right margins of
these two subroutines. The addition to RC13 is to prevent the program from
getting into a loop that was found to occur with certain conditions present.

The addition to RC1l7 is an additional print routine mentioned in the text.



PROGRAM DESCRIPTION

IDENT IFICATION

Program Name RCHEM (Respiratory Control System)

Programmer's Name - V, J, Marks, GE-AGS, Houston

9/22/72

Date of Issue

((ENERAL DESCRIPTION

The purpose of this model is to illustrate the transient and steady-
state responses of the respiratory control system, for variations in
volumetric fractions of inspired gases and special system parameters.
Although the program contains a change-in-work load version, the
immediate emphasis is on the resting subject.

The program is based on Grodin's respiratory control model and can

be envisioned as a feedback control system comprised of a "plant"

(the controlled system) and the regulating component (controlling
system). The controlled system is partitioned into 3 compartments
corresponding to lungs, brain, and tissue with a fluid interconnecting
path representing the blood.

USAGE AND RESTRICTIONS

Muchine and compiler required - UNIVAC 1108, FORTRAN V
Also available on Sigma 3
Sce TIR T41-MED-3009

Peripheral equipment required - Card Reader, Card Punch,
Printer, One Tape Drive.

8,500

Approximate amount of memory required
PARTICULAR DESCRIPTION

See TIR !TBD!

DESCRIPTION OF INPUT

1. Machine Control and Program Cards -(Beginning in Column 1)

@N Mo e REQ T | FHi3» ©O FSTRN O
o L

W, I

 ALGOA AN P'rogrem "'ngas

w T

@ XQT CUR Puts progrum in computer



-El'l"l M .

DV E W e

=L

10
1

1
|4

]

16

TdC Table of Contents (lists Subroutines)

(Source deck - See Appendix A for listing and example)

@N XQT RCHEM
(Data Cards)

@ E¢F

_ 2. Data Cards (column number, format symbol)

first 48 data cards:

1-5
6-20 F15.0 INPUT VALUE
21-25
26-37 2A6 SYMBOL NAME
ymhaot Rormal Initinl Vilue
Col. 7-47) {cor . 7500)
FA{CO2) 0527
FA(O2) 151k
FA(N2) 7959
cB(co2) .6397
cn{or) .0011
CB(N2) 0097
cr(coe) 0132
cr(o2) .001h
CT(N2) 0097
Q 6,.0000
QR N ETL]
renp(eor) hy By
1se(or) 3000l
resk(Ne) P YRLVES]
TMAX 30.0000
CENT SENS PT 0.0000

Blank

(see list below for
initial values)

Blank

(listed below)

Description

Alveolar gas fractions (dry),
volumetric fraction of gas,
dimensionless

Concentration of ;ms in brain,
liters (STrD)/liter brain.

Concentration of gas in tissue
compartment. Liters (STPD)/liter
tissue

Cardiac output blood flow, liters/min
Carchral blool low, liters/min.

Partial pressure of sns in
enrchrospinnl luid compart-
ment , mmile.

Length of computer run, min.

Central Scnsitivity Partition.
Weighting of the H+ concentraticn
in CSF with that of venous blood
in the brain. With C(16)=0,

Zero weight is given to venous
blood at level of the brain and
a weight of one is given to H*
conc. in CSF.



Card No. Symbol
17 HB
18 R1
19 R2
20 CNT SENS COF
21 CRTD BDY SCF
22 KL
23 KB
24 KT
25 MRB (CO2)
26 MRB (02)
27 D (Cco2)
28 D (02)
29 D (N2)
30 B
31 FI (C02)
32 FI (02)
33 F1 (N2)
34 KCSF
35 T
36 H

Normal Initial Value Description
. 2000 Blood oxypen capacity, liters
(STrD)/liter blood
. 1000 Time constants for cardlac output
response (RL) and cerebral blood
. 1000 flow response (R2) for changes in

blood chemical composition.

1.1380 Controller sensitivity weightlings,
i.e.,
VI = (Cent. Sens. Coef.)*{Cent. Sens. Part. * CA(H+)(E-TaB))
+ (1.0 - Cent. Sens. Part.) * Ci(4)
+
+ CA(H )(t-rao) + TERM - C(37)
wvhere
LI Blood transport delay from lung
to carotid body,
T~ Blood transport delay from lung
to brain
VI defined in C(37), and
TERM = function of FA(OZ)'
3.0000 Volumes of lung (alveoli), brain, and
1.0000 tissue compartments, liters.

39.0000 :

.0500 Metabolic rates by brain, liters
.0500 (STPD) /min.

81.9900 Diffusion coefficient for gas across
4.3610 "blood-brain", liters (10)~7 (STPD)/
2.5240 min per mmllg.

760.0000 Barometric pressure, mmHg.
. 1000 Volumetric fraction of gas (dry inspired),
.1100 dimensionless
. 7900
.1000 Volume of cerebrospinal fluid, liters
. 0000 Initial time.

.0078125 Size of computer time step, min.



Card No. Symbol Normal Imitial Value
37 vi(n) 87.9500
38 - VI (88) 5.3900
39 PRINT AL TIM 0.50000

" ho UNKNOWN 0.0000
L1 RIICO3 Blood .5h7o
L2 BICO3 Brain .5850
L3 BICO3 Tissue L5850
Lk BHCO3 CSF .5850
45 RMr{coz) .1820
b6 RMT{02) L2150
k7 DIl .0000
W4 DJ2 . 0000
hgth Card:

1-6 F6.2 WORK2
7-9
10-15 F6.2 DURAT#*

B=-5

Description

Constant that is involved in the
controller cquation (See ¢(21)).
Determanes ihe normal level of
Alveolar ventilation so that
Pa(co) ™ 40.0 at rest, breathing

air at sea level. When the con-
troller sensitivity weightings
are changed VI(N) should be
altered accordingly.

Value used for normal resting
alveolar ventilation. This
is not used in the program if
VI (K) is known.

Cutput printed in these time
increments. However, there is
an over-riding statement that
permits no increments greater
than 0.9 min.

Importance related to C (39),
but doesn't seem to be of any
real significance.

Standard biearbonate content,
liters CO, (5TPD)/liter X,
3[ C whore

¥ = Blood, brain, tissue,-CSF.

Metabolic rates by tissue,
liters (STPD)/min.

Used in performing Dejours
experiment (Not utilized in
present runz).  RBriel description
of Dujours work relatingg O, and
CO,, threshold etfecls is given in
Grodins' paper.

{work load)
Blank
(run time for work load)

%*if DURAT it less than TMAX (card 15) another work load card is read

when print. time exceeds DURAT,



3. TAPES AND FORMATS - Standard 1108 program PCF tape

F. DESCRIPTION OF OQUTPUT

1. PRINTER OUTPUT - (See Appendix A for Sample)
TIME (minutes)
ALVEOLAR, ARTERIAL, BRAIN, TISSUE, V BRAIN, and V TISSUE
volumetric fractions of CO,, 02, and N2.
ALVEOLAR, ARTERIAL, BRAIN, TISSUE, CSF, V BRAIN, and V TISSUE
partial pressures of CO,, O,, and Na. (mm Hg)
ALVEOLAR, BRAIN, TISSUE, and CSF derivatives of the partial

pressures of CO,, O,, and N,. (mm Hg)

ARTERIAL, BRAIN, TISSUE, CSF, V BRAIN, and V TISSUE

hydrogen ion(Ht) concentrations (nanomoles) and pH.
ARTFRIAL, V BRAIN, AND V TISSUE concentration of
1bo,, (oxyhemoglobin), (liters O,-STPD)
ALVEOLAR RQ
RQ DIFF
TRANSPORT TIMES: (Minutes)
AB - DLung to brain

VR Hrain to luny

it

VI - Tissue to lung
AT = Lung to tissue

AC = Lung to carotid body

VI - Inspired ventilation (liters/min )
VE - Expired ventilation (liters/min )
Q = Cardiac output (1iters/min )
FB = Brain blood flow (1iters/min )



G.

H.

DERIVATIVES of Q and FB

RESP FREQ (breaths/min)

MINUTE VOLUME (liters/min)

DEAD SPACE VENTILATION (liters/min )
HEART RATE (beats/min)

2. PUNCHED CARDS - 15 cards used to restart a new case,
punched upon normal termination of run.

INTERNAL CHECKS AND EXITS

Check DURAT against TMAX to determine if more data cards are read.
When DURAT exceeds TMAX normal termination occurs.

INDEPENDENT SUBROUTINES

See Appendix A for listing of all subroutines required.

SYSTEM SUBROUTINES

No special system subroutines required.

COMPLETION OR FINAL CHECKOUT DATE

11/10/72



SOURCE DECK LISTING
AND

SAMPLE CASE
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END OF FILE -~ UNIT A

& 10T Cum

1. Ina

I. REL A

3. T
ACHER

AChEM  COOE
aCl

acy CODE
rCe

(113 (4.1
(1]

(11 CODE
”’e

"o LODE
cY

ncr CepE
(141

ace coor
(14]

ncY ConE
wc10
‘AC1G CODE
L13T]]

AC1t coog
rC1Z

AC17  CODE
L ]

RC1)  CODE
ncie

L3 L] CODE
RCI1S

nC1% Coue
ncle

AC1é  COOE
w17

RCAT Coog
RCI1Y

MCI9  COOE
RC20

RC20  CODE

SymaOLIC
RELOCATABLE

SymaoLIC
PELOCATABLE

SymaOLIC
RELOCATARLE

SymgLIC
RELOCATABLE

SymBLIC
RELOCATABLE

SrmaoLIC
RELOCATABLE

SymaL IC
RELCCATABLE

sraBLIC
RELOCATABLE

SymaoLiC
RELPCATABLE

svmaLIC
RELOCATARLE

Syms IC
RELOCATABLE

SymaL IC
RELOCATABDLE

SymaOLIC
RELOCATABLE

SYmBOLIC
RELOCATABLE

SymaoLIC
RELGCATABLE

Syrd (. IC
RELCCATABLE

bl Tul id
RELPCATABLE

SyraoLIC
RELOCATABLE

ELEAENT TasLE

t4]
tL ]

F L]
FA

2
t 4]

™
"

F 4
FL]

4]
2%

t4]
™

m
F4

FL
™

b2
™

Fil
FL

F L
n

HL
24

L]
kL

A
F4]

a8
F L

FL ]
EL)

™
i

JAN
Jan

Jav
JanN

Jan
Jan

JaM
Jan

Jay
JaN

ian
Jan

Jak
jan

Jan
Jan

JAN
Jan

JaN
jan

JAN
Jan

Jan
Jan

Jay
JAN

FLL)
Jay

Jay
ny

JaN
Ian

Jan
JaN

Jan
N

Lrd
r2

£
T2

12
n

rn
T2

7
T2

4]
£

Lt
7

T2
2

1z
n

n
LF

z
2

rz
12

T2
T2

T2
T2

T2
T

n
17

b 4
T2

12
”

Te:r:00
1h:11:0%

16:11:08
16:1T:08

18:4T:0F
is:17:00

18:17:08
16:11:08

Te:17:09
16:17:0%

16:17:11
16:17:11

16:17:12
18:17:12

161071
18:17:1n

1h:07:1%

Te:1v:0r
Yo RT:T

14:17: 0"
16:17:19

16:17:21
14:11:21

16:17:22
16:17:22

16:17:2%
14: 072

16:17:2%
1e:lP:2%

16:17:28
te:1r:2e

Ve:IT2T

19:17:27

16:17:2%
16:17:2%

-0 0 =m0 =00 =00"00=00-00-00=w00r00wo00 w0 Brd0=-00=00=00~00=0

e1500r2y

2 Jua 1}
01934470 1"
01a%4022 L1 ]
01498112 (L]
el1847%32 [ L]
014%0700 F4)
C1%39230 [ L]
01950338 (L]
01ns0Tee N
o1e51018 "
oINS 1T 1L
01951824 2%
01851494 L]
01452034 1s
0185737 2%
0152424 1%
01452500 1"
0155375 il
01453300 L]
DIsSIvnG (L]
ore3576% i
01455314 1 L]
oInSe0%2 "
OLaST2% n
01887308 [ L]
01457878 [ L]
Otwe0le? n
01881012 (L]
O14%611318 (L]
01487129 ™
D1%s215% (L]
01882150 (L]
O1%ar1T0 h [
LIRTY L] (A
01470178 19
DInTITRO 2%
oi1s72at0 (L]
Q1uT2e02 1%
[IEESRLL] s
QlaTiade 1
Q197402 (L]
Qlalazin 2™
LILELFLL] (L)
CIRRADEL) L]
01%T8270 FL]
G1NT5320 | L]
olaTI%h2 L]
OlvTe=%2 e

. BIwlesib L]
oInrrIZE L)
[ ILT 8473 FL ]
01307008 (L]
orsng222 "

ELE ]

120
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L1&4] SYmBOLIC

L4 ]] oot RELOCATABLE

nc2e SwymeOLIC

L1434 (414 RELOCATABLE

[143] SymaOLIC

{143 ] CODE RELCCATABLE

RrCFY SYABOL IC

ACFI CODE RELOCATABLE

[ 14} svmaCLIC

nCF2 (4:0:] MELCCAVARLE

FCFY SymeLIC

»LFY CO0E RELOCATABLE

302w SyrBOLIC

$502«  COODE RELOCATASLE

SSVENT SYPBOLIC

SSVENT COUE RELOCATABLE
WCF1 (RCFI/CODED 1 ooo0013
RC10  (RCID/COCE) 1 ogor2r
RCIT  (RCIIZCODED 1 000322
ECI&  URCIL/ZCOED 1 000082
RZ20  (RC20/CODE) 1 6000%1
AC2?)  (RCZV/CODED 1 Bo00R2
RCS (RCS/7CCDE ) 1 0000%y
RCP CRCR/COGE ) 1 00032%
SAVENT ¢ SSYENT/COOE » 1 000092

BLOCK TABLE ERPTY

COBOL LISAARY TABLE EmPTY

PROCEDURE NARE TABLE EmPTY

EnD Cum LCC 1102-003% LY

of wOG

RESP CASE NO. )

NCF2
a1y
L L]
RCAT
AC21
RCY
rCe
RCHY

™
29

E L]
P4

el
2%

2%
FL]

L
FL)

™
"

1
n

n
n

Jan
Jan

JaN
Jan

Jan
Jan

Jan
JAN

Jan
Jan

Jan
JaN

JaN
Jay

Jan
JAN

ENTAY POINT TASLE

(RCF2/CO0E)
CRCI)/COOED
CRC1%/C0DE )
(NC)T/CODE )
(PC21/COCE DY
(®CI/CCOED
{FCo/CODE)
{RCe,CODE)

- e

"
mn

n
"

2
LF 3

b4
n

n
1”2

L
n

e
Tz

n
rn

000017
00022%
oo0or7
LLLIRS]
0000%0
6000%0
000027
aGoLIee

18:17:30
té:07:30

1&:17:31
14:17:31)

18:17:32
16:17:32

18:17:3)
16:17:3)

16173
186:17:3%

16:17:38
18:1F:38

16:17:38
16:17:3

18:17:38
18:17:38

O~ 00 =00 =00 00w Dd0-~00~00=00

L]
rCI2
RCIS
AL
ncr2
&CH

5502w

01900788
o1%31118
01301330
01501380

- 01%01T7%4

o1502%04
01302934
0150299
0190133
0190138
01503330
a1508000
0150%030
o1soNiar
01304332
0195044802
013509439
0139729
0150473y
01303026
01%052%2
o1305272
01595916
01909342
013055812

(RCFY/CODED
(RC12/CODEY
(mC185/CC0€)
(RC19/C00E)
(PC22/C00E )
(AC»/CODE)
(RCT/CCDE Y
15502%sCCDE )

(L]
1
ti)
1v
1L
t L]
1
"
t 4]
1"
19
t44
L]
(L]
28
18
[} ]
4]
1"
(L]
n
(L]
"
2%
(3]

R

-
P PP Oy
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000058
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@ FPR, e RCHEM, PCHEM
UNIVAC 1108 FCRTRAN ¥ ETFC F] LEVEL 25A -¢ETECH LEVEL EN2010010A)

THLS COMPILATICN WAS DTHE 0% 27 JUN T2 AT 13:02:00

RATN PROGRAR

RESP CASE mO. 1

STORAGE USED: CCCEL 1) 000TY4; DATACO) 000126; BLANK COmMON( 2) 000000

COPMON BLOCKS:
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000
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00001y
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ag101 Ti= [+ n CATIC2) = CMOZHT - TAT)Y
so101 Te= [ 12 CATIMZ) = Catnzu V¥ - TAT)
go101 Tre C 13 Capiwme) = CA(M+HT - TAD)
o001 8= C 1 PADID2) = PAIOZNT - TAD)
00101 Tes C 19 CABIWs) = CAtMe T - TAB)
on10) 0. c 16 1CVBLCOZ) » CvBt 02y » CYBINPZINT - TVR)
o010t Bie C 1 CCYTCCOZ) » CwItD2) » CYTIN2INT - TWl)
60101 2= c D113)
ooty L L c ] [ BT
80101 e c 2 n atoz
0010} 3= £ 3 a2
00104 LI [ L ] a1 ang
aoio01 ars t S € AN (B - &7)
agi101 83 c [ X #0272 (8 - &1
oo101 (L3 [ 4 r R ANZ (B - &T)
00101 0. c § 0.16 = 2.0
Qa141 Ne c - % BRME - W)
6010l ”e [4 16 0,82 .
goi01 = c 1 1] ¥ alsSFiter
asiol e T 12 1 aCSFL02)
aojol " c 13 K ACSFINZ)
ootor % c (] e
00101} L) C 1 1.9%H
ootr0} e c Fi o)
0010} . c 1 rap2)
[-3.38.33 110 C 2 X Al02 PMtLOD)
nota) 101 c 3 PBLO2)
ooiol 102« c L} K ACOZ PBICOR2) -
[ 314 10)e C 5 PTID2)
ooloi 1040 C [ N aCO2 PTICO2)
o101 10%= c T PACCOT)



0013
ealol
oorol
on10!}
ooin)
apiol
0010}
a0t1o1
00101
[.3:31:3]
Q0101
00103
aolow
03104
anion
00109
aones
0010%
03108
agior
LLIRE
ool
8012)
0011}
eo113
coiwn
ool
oolso
LLITY]
o182
00143
an17s
LLERLY
0020%
oozor
00212
00221
goz2r?
00212
00712
eorIN
o023
00zde
00237
og1v0
[ 1FLT]
00242
002%)
[T FLL]
o02%%
00244
aozar
00250
00251
025}
0073
00233
an233

104
101
108
199%s
110s
e
t12e
11
1%
11%s
s
s
18
1Y
120=
121=
127»
121=
T4
17%=
124
1ile
128
149
110«
i+
112
111
1)ae
§13e
11t
13-
118e
1319
140
1%]e
182«
ial=
19%«
199
1%
1aT=
198
15%=
150
191
152«
153e
15ne
193
158+
197
158
199
160
16}=
182
i1

aAanNnmPAnAaAOAN

01

20

a0

PESP CASE NO. ) DATE 2P0MTR
B PaOD)
v CatO2)
10 CAl N2}
11 Catco2) » CAMOZ) » CMND)
12 Cvatd2)
13 Cvnozy

19 0CO? (PBICOR2Y = PCSFICO2Y)
1% onr erBLO2) - PCAFLC2ZD)

16 ©ONZ (PBINZ) - PCSFINZ))

1T PBIO2)

18 PRIN?)

DIMENSICW INBIY,2), DX %), COJ MY, IDHDD

CommONsTs C, BN, SY, WTAAN, MR, 5C, DC, &, D, F, VOL, MAT, B8C, OF,

1 TAU, CC, CWB, Cn, CPW, DO, VE, vi, CPA, CPT, CaDK, I, OF,
H 1PN, LOC, ITERXY, INDEN, I, 1, ® N

COMMON/R/ BDS, 2PN CTT WOPE, OUML,DUR2,DUR), UDAKD RRTS, RATS 2, TIREOF
1L RALIN

OATA FOA [MITIAL CONGLTIONS

CONTINUE

PRINT 90

Do 10 ] = 1,90 _

READEL S, 190, ENO=I00) COL2 0 INML T, 0),0=1,2)
PRINT w2, I, CO1), COMEL,J), J = 1,2}
CONTINGE

o0 20 1 = 1.%

IrPng =t = ap

READ 190, BCAN)Y, (YNBELE, D), 2 = 1, 2)
PRINT 92, IPSQ,BCLT ), CANBC ] 3), 551,2)
CONT INUE

o0 ¥ r =z 1,2

READ 190, RRTE L), CINBED, 2Y, J x 0,20
Pl = | + 9%

PRINT 92, IPSO, RATCLD, (RNBUR, J3, J 2 3, 2)
COMTINGE

ot %0 ) = 1,2

READ 190, ONIY, (BNBET,JY, J = 1, 2)
PG = 1 » %%

PAINT %2, IPN0, DMIY, (XNBCL, J), J = 0,2)
CONTINUE

pum=Ci 31)

oum? =Ce 3T )

oumalCi 33

WoRR =0

WORK2=0.

RATB-RATE 2)

RRIAZ RAN 2D

TIMECF:-0.

TD5:0.

AN I0.CO363/0.0070129

[ ]

CONTINUE

I0S=505+xPM

IFfmme EQ_13EDS-0SLE 36D
s

CtIsi=0.

Ciag=0.

PAGE



0024
0a2sa
co2sr
00280
[-F13}
00262
coza)
00242
00289
[ -Fe 7]
vo2el
oor?2
oo2T)
oozrs
oozTs
oo2rr
aplon
obl01
tol02
o030
00303
90108
o107
o030
o031t
ool
06312
o011N
Q011%
a03is
asn?r
00320
w0321
00322
0532}
0032a
0032%
00326
eoazrr
09310
003113
2013y
00313
003YS
003I%0
001
Q032
0033
0o
[LEEL]
[IBA1%
[--B LR
[4-RL1]
on1s
[-I-BLY]
0073y
0011y
€333%

1%
16%
145
167
168+
169
170
171
172
173
17%e
15
1Tee
17r=
178
1r9a
11.LE
181
182
18Ys
[E.LL]
18%
18h=
180
188«
-18%=
190
111~
192+
11]=
199«
199«
196+
19T+
198«
199«
200«
201=
202e
203+
20%e
t05.
206

- J0Ts

108+
0%
210+
21le
-2
21)=
FAR L
21%=
2la-
217»
21k
219
720
221=

S

200
102

210

RESF CASE KO, ) = DATE 220873 PAGE

IMITIAL GUESSES FOR FTERATIVE LOOPS
cCenlr = 0.4

CCczy = CiNd

eIy =y

crB = 30,0

CPT = 30.0

1FE 105 GT.¥nK) GOTO202
SETS VAR|OUS CONSTANTS AMD AGGREGATES OF COwSTANTS
Crisy = CLI5Y « _DoO)
CLI%) = Ct3%) = _0bO!
o0 206 | 3 27,2%

Ct1) = 000000} e LI}
CONTINUE

CONTINUE

ime = %

LI L]

LB |

oK1 = 0

IF (D)) 6T, 0.0) CaLt mCE2 (CDJ, DI, IDJ)
A1) = 0,51

M2) = 0.07%

0.01)

0.%1

0.02%

o.01d

3¢ = 0.00132

Capx = 1935 ©

voLely = 0.01%

YoLEZ) = 1.062
YOLC1) = o.10d
voLca? = 0.06

woLeS ) = 0.180
VoLEE) = 2.7

YOLCTY = 0,713
YOLeE) = }.DA&2
vYoLew)r - 0.003

VOLC10)= 1.0862

OFL&) = (LC25) » AATCL1IACL 24D « RATL2)Y)
or 1 )-Ce 30)-57 . .

e 2101 = 2,0

DITY = SKend I-0)

DL1+9) = SxeA(le2)}

DETed) = DE)BeDORD

CONTLMUE

DEeY = 016 * 2. 30011}

LYY = 86d.0/7D0 1)

Dtrd) = 0.682

DLI%) = CLIs)=2.0

DU19) = DCAY) - _DI=Cedb)

CALL RC)

CALL RCH

CALL BC3 (CPR, FON), CUN), BCE2N)

CALL RC?2E ¢CHBE2D, FUY), Frwl, CEog, CH ), CPMC2))
CALL RCH% (CPB, Chdr 2), CCO2)_ BCLED, FEMD)
CaLL FCS (CPY, Feba, U7, BCEIND

CALL RC2) cCuBE Y)Y, FES), FRal_ CeP), Cwed), CPNEIMD
CAaLL RCI® (CPT, CwBLY), CCUY, BCLIDY, FCB))
CaLL RCPO

B-15



RESP CASE NO. ) DATE 2204FF PAGE 1 ]
00354 nr- CaLL ACY
0038 T I2de CaLL RCH
003140 I2%e CaLL ACY
00381 22%« CALL RC1O
1B} 226é= CaLL &C11
00343 127= CallL "CH2
00388 228+ 60 Y0 40
00349 229 50 CALL AC1Y
00368 230 CaLL RCI®
003e7 2= &0 CALL RCIZ
[-Lh R4} 212= CaLy 8Ci2
003170 211= [
Q0T 9. 1FCCt 39).GE. 1A ) 6O TO 201
e0Ir1 235+ C
00113 234= IF €040 ) EQ. 1) CaLy RC23 cCol, 02, 100)
a0l 21t IF CCe35) Gr. €S GOTOR
golrr 238 IFICET.GT.CLI%)) GOTO BD
do0%01 1% 70 CALL RCIN
06402 1%0e VY 3 AmDDILI 15D, BC14))
a0%0) 2481 IF ¢uy L7, ,000) .Om. U .GY. BE1%1) GOTDIO
Q0403 2%de 60T &0
aae0s %3e 80 IF ¢CeIr) GY. 1.08-9) L0 0 250
0010 288 220 CYERR = 0.0
LLAAR N5 IF CVTRARC 19} - 10%.0) 230, 230, I .
[LEIR) %8 210 CTEPA = 023 8E-9)(010%.0 - VTRANL 14))eeq 9)
/0918 297 290 CO37) = Ce20)o(CEIG)sYTRANI 15) + (1.0 - CLIRDIeCML B))
Bov1s 8B L] + CO2LdeuTRANCLY) » CTERM - %)
BGv1s 2%%s r=w
L1384 ?50s. PunCw 192, 1, CUly, tXNIT,J), 3 = L, 0)
L -LE N Ml 50 D0 280 1 = |, 1%
oon32 252 PUNCH 192, I, CUIY, CEMT,JY, 2 = B, 2)
-1 1LV} 253 240 CONTINUE
aoran %% MRITE 481, 1%%)
0dvag 25%e Gorolon
00%n? 256 30! CONTINUE
o0%so 257= sror -
8043 258 %0 FORMAT { [MISBETHeRESPIRATORY CHEMOSTAT -~ INPUT OATA®Z/Z)
oons2 25% T FOPRAT (923]13,121F 10 %, 102284)
00451 280- 190 FORMAT (31F15.0,52244)
agase 761» 192 FORPAT ¢ 1), 2TF15.5,502A0)
o00v3S 242 199 FORPMAT { IH1)
00954 Zh3e END
END OF COMPILATION: ND DIAGNOSTICS.
ACHER SymapLIC I Jam 1P 1e:1T7:0% o 0¥slEeTO
M iR  CODE RELOCATABLE 2% Jam 17 16:17:0% 1 0Iweid12

9 OIvweIN?

B-16
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B-17

RESP CASE NO. | DATE 22007F Pade } ]

& FORC® RCY, RC)H Syt IC 9 Jal F?  34:T:08 ¢ O1%sTII2 uwmiap T (OUILETERI 10

UAIVAC Y1100 COREMAN SEEOCAVOBLEEVEL 258 -(ETECH LEVEL EI201001080 2% JAN T2 16:17:04 | 01410200 v 1 DELETED)

TNIS COMPILATIDN WAS DCNE Cw 22 JUM T2 AT 15:02:190 9 o1vol3e 1" L]
SUBRCUTINE RC) ENTAY POIAT 00000
STORAGE USED- CODEY 1) 000023, DATAtO) 0C0012; BLANGE COMACK 2) 000000
COmmOh SLOCE Sy
600} I L1800 ]
EATEPNAL REFEREWCES (SLOCE, NAPE)
000% wiARl)
STORAGE ASSIGNENT (BLOCE, TYPL, PELATIVE LOCATICN, MAME)
[-1.1.1.] aon0n0d 9% 0631 092231 & 0003 a0zn7? BC 0801 b 000000 C 0003 ©0238) CadX
0903  oo2)3s CC 0301 0023 CN 0003  G02)%) Cwd 0001 B 002381 CPB 000y oo2)i0 CPm
anoy A 002382 CPY 0853 R 0022%0 O 0001 862214 OC 0001 062353 DO 0001 207143 DY
0003 M 052257 F so0)  ooz3f ! 0003 0021 INDEX 0000  00000) INJPs 0003 092384 N
e00 002370 1TERN ap03 002373 & 000) 002387 LOC 0001  0O2ITe M 008y ©0217% W
Q003 A 002371 oF o000l 002014 AK 6003 002113 AmT 0001 002108 SC 0oG)  eooive SV
0001  ©023111 Tavw 0003 002137 ¥WE 000) 0020 VI 0001 002303 YOL 0003 ©0ITPe VIRAR
0003 002X I 0003 000030 1IN

°0181 e SUSRDUTINE AC) .

00193 2. DIMENSION CIG), INCSO. 21, Sw 10,300, wTRant 10D, RN 19, %),

2010) 3 1 SCOIN,S), DCUIN), &4, DI U%F, FO200, YOLELO), PATLD),

20103 L1 ? BCUYY, QFLGD, TALHS), CCLD), CHBe ), EMCND, CPM DD,

00103 S= 3 Dot )

00108 [T COPADN/T/ C, TN, SV, WTRan, AN, 5C, OC, A, O, F, YOL, RmV, BC, OF,

L LA L) re ] YAy, CC, Cwd, Cw, CPW, DO, VE, V], CP8, CPY, CADK, ¥, DT,

L ] | ] H IRE, LOC, ITERE, INDER, I, J, A, N

e010% L 1} FORMATIE 1% THSUB ACI)

o010% 10» [ 4 SETS TIME-CEPENDENT ERPRESSIONS

80108 e QFEE) = COIOD - CLINY

apior 12e FUL) 2 DELIsCU2)

o010 13e Fi2) = Dt9)=Ci I}

100 ] 19+ Fi3 = Cespl

o011z 1% F{%) = Dt Z21=CPB

o011} 113 S FU9) = Lo )

o119 110 FLd) = DI 2i=CPY

oLy 18e FiT) = DOYIeCA L)

0011s 1%= FI8) = DLI=CLZ)

sonr 20+ RETUR®

so120 - END

ENOG OF CORPILATION: N0  DIAGHDSTICS.



® FQR, e RCH, ACH
UNIVAC 1108 FORTAAN ¥ ETEC IT LEVEL 294 -SETECH LEVEL E12010010A)

15 CORPILATION WAS DONE Om 22 Jub T2 AT 13:02:11

SURROUTINE ACH

RESP CASE NO. |}

ENTAY POINT 000033

ST0RAGE USED- CODEC1) 000037, OATAM O 000621; SLANE COmADNI 2P 000000

COommDh BLOCES:

000)

T |023IF

EITEAMAL REFLRENCES (BLOCK, MARED

[ LT LI o 1
6o0%  ACFi
oooe fCe
ooor WERA I3
STORALE

0e0d 009003 JO0OF
agol B 998000 €
6003 o024l CPB
0803 002353 DO
0a80 04901 [NIPS
e00] oQor3la m
2001 52319 BAT
0003  pOZ3A0 VI

[-1.11 1] 1=

001403 2=

aotal 3

cglol L 13

(1313 ] L1

o010% ey

toiae T=

0930% [ 13

00108 ¥ [ 4

00109 10 [$1%)

D108 lie

o010/ 12+

a01te 13+

001t3 1%

ooNe 1%=

ooy 4=

a0rin Ir=

o011 18+

00120 17 azo

00121 20

ooel
0001
000
0001
o301
200)
G040}
0003

600800 NiOL
002343 CaDX
002150 CPw
002385 OT
092368 1A
052178 W
002108 5C
002103 v,

SushOUTINE RCY
OIMENSION Cta0), TN S0,2), SVCIR, 500, WIRANG I8}, RE(19,9),

ASSIGhMENT CBLOCK, TYPE, PELATIVE LOCATION, NARE}

0000 000000 449
0003 R 00F136 CC
0083 60zl CPT

9003 R 002251 F
6003 I QCPITO ITEAX

0003 002323 OF
0003 OCO170 Sv
0003 GOITI~ YTRAN

DATE 22047r PaGeE

o000y 802212 A
0003 B 002394 CH
0003 A 002240 O
0093 002312 |
000y QG373 )
0C0% A 000000 RCF}
0oG3 002131 TAw
0003 A 002244 X

1 SCEI9,%), OCCI%), A&C6), DC TSI, FI201, ¥YOL{1D), PATIZ),
? BCI3, QFE4), TAMS), CCE1D, CHBI3Y, Cwew), CPWC3D,

1 Dot 4

COMON/I/ €, Bh, SY, vIRAM, RN, SC, DC, A, D, F, ¥OL, AAY, BC, GF,
1 1Ay, €C. Cwa, Ch, CPn, DO, VE, Wi, CPB, LPY, CADA, N, DV,
? IAR, LDC. IYERT, IWCET, &, J, A, W

ITERATES FOR CLEN), ARIERTAL COF CONCFNTRATION
FORPATL 1w THY1'B RCw)

Al0 CaLL RCZH CCwWBL LD, FL LD, Fi2), CCORD, Cordd, CPML ) D)
(CCULy = FI2Dpst 0. DA =FITH)
X = RCFitR)

T v BCOE) o O.3T3(CUITD -~ CHBEID) » FUZ) - DNBDWMT - 0.18)
CALL ACs 1ECELEN)
CCt iy = CCUED » 2 0wl X - CCENBV/DD

IF ([TEAT)

RE TURN
N0

1000 ¢+ORPATLIM _ SWECE 10, %0 E16.8)
420, 210, %20

B-18

[} ]
1z Jun 12

0003 R 002317 BC
G903 R 002301 CHB

0043 002218 OC
0003 002371 INCER
6503 DO2)eT LDC
0003 ©32316 X
8003 002)sT VE
0003 gotoSo Im

195 1108



RESP CASE MO. )

END OF COPPILAYION:

ACY
[ {]

€0oE

SymaOLIC
RELCCATARLE

N0 DIAGNOSTICS.

% Jan T2
N Jan T2

DATE 220472 PAGE (L]

161707
18:17:07

0 0145013
I 019507k
8 01431018

B-19

" 0 oneTioy
L] I (ofLETED)
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RESP CASE mO. 1 CATE 210472 PaGE
& FOR,» ACS,PRCY
UNIVAC 1108 FORTRAN v EREC IJ LEVEL 254 —(EXECSH LEYVEL EN1Z010010A)
THES CONPILATION WAS OCNE O 22 JUN 72 AT 15:02:12
SUBAQUTINE RCS ENTRY POIRT 0000%Y
STORACE USED- COOEC 1) 000083; DATRIO) GAOOZF, BLANE COMNCAM 2) GO0O0R
COmMON BLOCAS:
(-1} ] 2 002376
EATEANAL PEFERENCES (BLOCK, NamE)
0004 MCF1
ocos  ACh
0008 WERR]3
STORAGE ASSIGM™ENT (BLOCK, TYPE, RELATIVE LOCATION, NARE)
t000 000007 3000F eo01 000000 S10L 0900 000000 4% o00) 002232 &
000} 000000 C o0al 00238} CALK ao0c) 002118 CC 000) 00Z3% Lk
©o03l 03231 CPR 000) 062190 CPw [ 11 }] 09222 CPY 000) K 022750 D
0003 002151 DO 0003  ©02)s% OF 0003 032257 F 0o0)  @92312 |
0000 GoDOZ0 [mies 0001 00Z368 IRX 000) I 002370 ITEAR 020) 0021373 )
9001 00237 A 0003 0D21IIS M 0003  ©02)2) QF code R 099000 RCFI
0003 092315 RAT 0003 002198 SC 2033 egoiro Sv 0003 0021331 TAY
660Y 007180 VI 0001 002303 YOL 000) GoL7T7e vrRan 0003 R 002344 X
eolon le SUBRDUTINE RCY (CP, FB, CCB, BNC)
ao10} 2 DIRERSICN CI%0), IN(%9,2), SW IR, 50), VTRANE 18), REL19,9),
40101 3o ] SCL1%,9), DCrI%D, Acd)d, OCIS), FI2D), wOLEIO), PATE2),
aa10} 8 2 BCLa), QFCL), TAUS), CCCI), CuBr 3D, T a), CPM D)),
00103 g 3 necey
[1IT-1] [T COPMON/T, C, ™, SV, VTRAN, Rx, SC, DC, A, D, F, Yo, BAY, BC, OF,
oolos Fe 1 Tay, CC, Cwd, CH, CPw, DO, VE, VI, CPp, CPY, CaDa, X, OT,
ool10e { L] 2 IR, LOCC, IVEME, INCEX, J, 1, P, B
o010% T C " ITERMATES FOR BRAIN anD YISSUE PCO2
0010% 10= (L 11] FORMAT( 14 THSUB RCS)
00104 ile %10 X = (CCB - FRIZ(O O1=CP)
earer 12 ¥ = RCFUX)
eolio 13e E = 4-BhC » CCB » D10 - 0. 19IM/00(2)
ool 1%+ CALL RCe (CP)
oot 9. CP =CP » 01 - CPIFID.O
LLTRE ] 8o FB = D1 2)eCP
LLINES Ii= 000 FORMATL 1w MCP= E16 b, %FR= E16.4,30CCRT E16.6,%8NCx E16.6)
ool 18e IF CIVERTY 520, %10, 320
00120 17e 520 RETuRN

o 0= EnD

B

(%]

«1 Jun T2

ag03 0027 BC
9coy 00239l Cep
8603 002719 ©C
0001 002371 INDES
0003 0921347 LOC
000) 002014 Rx
0003 002)IF WE
000)  0C0330 IN

=20



RESP CASE NO. )

I'; OF COmPILATION:

cook

SymaOLIC
RELOCATABLE

B0 DIAGNOSTICS.

2% Iam T2
2% Jam T2

BATE 220872 PAGE (1]

o GIvSITe
I Ci1sSle2e
0 01%51a%s

- B=21

fpELETED)
tOELETED?



B-22

RESP CASE NO. 1 DAYE 220872 PAGE (1}

e £0%,» RCE,NCH : 22 Jum 12 1% 1113
univaC 1108 FORTRAN ¥ ETEC 1! LEVEL 298 -(ENECS LEVEL E12010010M)
THIS CONPILATION WAS DONE ON 22 JUN T2 AT 13:02:13

SUBROUTINE ACE ENTAY POINT 000022

STORAGE USED- CODEC 1) 00002%; DATACO) 000012; BLANK COMMON 29 000000 %

COmM0N BLOCKS:

000} 4 oor3le

EXTERNAL BEFERENCES (BLOCK, NAME)

000% NFRADS

STONAGE ASSIGRAENT (BLOCK, TYPE, RELAVIVE LOCAYION, NARED

eco1 00001 ) 430L 8000 000001 4949F 000) 002731 A 0003 002317 8C 0003 oevo00 €

0003 647183 CaDe 0003 002118 CC 000y  00Z1vy Cw 0001 00231%) Cwd 600 002341 CPD

0001  ©02130 CPw 060Y 0023142 CPI 0003 0022%0 D 0003 002214 OC 0000 R COOA00 OIFF

(11D ] 602191 DO 2003 00214% OF 0001 QoI F 0001 0022 1 09901 002371 INDER

eoon a0anN0s INIPS 0901 002366 IMX 000 1 002370 ITERE 060) 002313 1 600} 002387 LOC

090) 8023w A 000Y) 002175 W 0003  002)17) OF 0001 002018 A 000) 002113 AnY

004a) 082108 5C 0003 000l ro Sv 009} 002131 Iay 030) 002387 ¥vE 000} 002340 vl

Qaa) 0021303 YOL oo QQITTS wiRaN 0003 B 002188 X ([Lh} 000910 IN
a0101 1= SUBRQUTINE RCO V)
ool0l 2 DIMENSICN CCN0), ENCS0,2), SWI 10,500, VTRANG 1R}, RELIN,N),
00103 Ie ] SCOI%,5), DCCIN), M &), DOIS), FL 200, YOLLIO), RAT(2),
0010y L H BCEY), QFLR), TALES), CCCI), CHBEDY, CHMEN), CPW D),
Q0103 L L b | 00t &)
LLIL-L L 1) CommON/Ir C, Em, SV, YTRAN, AN, 3C, OC, A, DO, F, YOL, RAY, BC, OF,
aclos Te 1 Tay, CC. Cnd, Cw, CPn, DO, VE, VI, CPe, CPY, CaDE, R, OT, *
golo8 [ T 2 1PE, LCC, 1TEPY, INDER, I, J. A N
aolon L 1 c CHECKS CONVERGENCE OF IVERATIVE PROCEDURES
00109 10 (373 FORRATE 1M MaSuB »Ca )
LN 1Y 1= ITERE = O
00107 12a DIFF = aas (LE - YY)
00110 11 IF (OIFF - 1.0E-9) 420, 420, 430
2011} 19+ 420 ITERR = )
LUIRE] 13= 610 RETURN
0oI1e b END

END OF COMPILATION- N0 DIAGNOSTICS.
RCe SymBOLIC 7% Jam 12 18:1F:0% 0 01%e10Y "™ 16 SDELEVED)
L 14 cene PELOCATABLE % AN T2 181700 I 0192 )Te FL] 1 tDELEYED)
[ AL PLTIY IR ] b |



RESP CASE MO, |
& FOR,» RCT RCT
UNIYAC 1108 FOATRAN ¥ ENEC I LEVEL 234 —(EFPECO LEVEL EL120100004)
w15 COMPILATION WAS DOWE ON 22 JuN T2 AT 15:02:13

SURRQUTINE RC? ENTRY POINT 0000%

STORAGE USED- CODEC1) 000037, DATALO) 000031, BLANE COMAON 2) 0DDDOS
CommON BLOCKS:

epod 2 082374

000s R 200018
EXTEMNAL REFERENCES (BLOCK, NARE)

oRes  RCIs
o0Cs  MERRIS

STOWAGE ASSIGNRENT (BLOCE, TyPE, RELATIVE LOCATION, NamE)

0001 800912 1136 aoo) 000013 Lié6 0001  000D2% 1246 (1.1 ]] goo02) A
4300 000000 MYV 0003 002232 A 0003 002317 BC 0003 000000 C
290431 80234 €C B800) 0023y T o803 ©D23%) Tha 0001 002341 CPB
0001 00762 CPT ooy - 000007 CxT 0001 A 002290 O 0003 002214 OC
D001 00238% DT 6008 000004 DUmI 000 00000 Dum2 oooy  G00004 Qum)
0003 1 002372 1 pooy 002171 INDER 0000 000020 INJPS 000Y 602164 IME
000 1 002371 J 6063  Q023aF LT 000) 00237 M 6co3  0O23IS W
0001 g0z AN o060 000011 AeLIm 0001 0062113 AmT noos’  0ono10 RATE
0001  ©02108 SC . 0003 A 0001TO Sv a00Y 002331 Tau cog% 090212 TIREOF
0001 002180 ¥ 0083 002103 weL 0003  0OITIN VIRAN Q00+  0ON99] WORR
oD 002349 1 000% R 000000 FDS oocs R 000001 XMW 0001 000030 WM

0oiel 1* SUBROUTINE RCT

90103 2 DIMENSICH CTN0D, EMISO.2), SWOIR, 900, VIPAMI DBD, ARM 18, 8),

00103 Je 1 SCoi®, 51, DOLRa, A&, BUI%E, Fi 103, ¥OL1IIG), AN 2D,

[-L-1]- %] Be 2 BCLH), QFI &), TAUCS)Y, CCEI), CHBL DY), CHIN), CPUID,

00103 S ] [ L]

00109 e COPmON/27 C, XM, v, VIRAN_ Ru, SC_ OC, &, D, F_ vOoL, mAT, BC, OF,

oD10w e 1 Yay, CC, ChB, Cw_  CPH, DO. VE, wi, CPB, CPT, CaDA, 1, OF,

eatoy 8- H IAX, LOC, ITEME, INDEX, !, J A, M

00109 L1 COMMON/R7 EDS, BMR, C2T WORE,DURT, DURZ, DUMY, WORKZ, RATE, BRTB2, TIREDF

00109 10s 1 .ARLIN

(11113 (31 (313 FORRATI IM TH5'IS RCT)

ooLos 12e c FILLS S¥Y ARRAY MITH INITIAL CONDITIONS

o007 11= CaLL mCig 3

Qoo I8 IF(EDS.GT ¥rn) GOTO?

eor1? 15» Do r206 1 = L,AT .

o011y 18e oo 120 ) = 2,50

ooi20 17 SWT,1) = SHI N -7

LL1F 4] 18¢ 720 CONTINUE

ooLee 1% ] CONTINUE

DATE 220872 PAGE

B-23

"
2 Juh T2

0006 @300 J00OF
000) 002343 CaDx
€003 022290 CMn
6083 002393 pO
003  Bo22ST ¥
0003 0OZITO ITERR
0003 00232} OF
2008 0O0DNL RATRZ
o003  0O21%F g
004%  QU0Q0T uORR2

19 Telw



) B-24

RESP CASE NO. 0 DATE 220472 PAGE 11
o012 20 Do 130 J = 1,%8
00110 Ne SWOI8, 00 = SW18,0 - 1) - MIM)
091N 2 TY0 COMTINUE
80133 23 1009 FORPPATI LN ,12HI8SY S DI RS2, 603X C16. 80710 ,8( DK, E16. 62220 ,Te )1 EN
00133 2% cs.e1)
0013% 5. RETURN
00133 H{L (1]
END OF COmPILATION: N0 DIAGNOSTICS.
Rt SvmaoLic I8 JAM T2 18:17:11 0 01932300 " 26 (PRLEVED)
ner CODE RELOCATABLE 2% JAN T2 161711 1 O1NS32%M 1] 1 (DELETED)

8 0145330 L r



RESP CasSE no. | OAFE 220412 PaGE

e FOP,s BCH,RCE
UNEVAT 1108 FORTRAN v ENEC 11 LEVEL 238 —(ETECH LEVEL €12010010a)
TNIS CONPILATION waAS ODNE ON 2T JuM 12 AT 13:02:14

SUBRDUTINE RCH ENTRY POINT 00032%

STORAGE USEQ- CODE( 1) 000390; OATA(O} 0000%); BLANK COPMOM ) 000008

ConnON BLOCKS:

o002

I 02178

ENTERRAL REFERENCES (BLOCK, WARE)

tLooe
a00s
000%
soor
2010

STORAGE

ecol
0001
LEEY]
010)
ooco
(118
061
L)
0063
Qo000
0000
000}
0003

ool01
0a10)
00107
eorny
aolo}
0010%
adioe
0010%
0010
00103
oo10e
2011
oals2
ooy
ool

NERRZY

WPRTS -
nir2s ;

sgar

RERR)S

AISIGARENRT (BLOCK, TYPE, RELATIVE LOCATiON, NaRE)

009095 LOTG oon a0005) 1335 o001 002173 191G o008 000012 %Y
0OCO12 BINL 0001 000037 81wy 0001  BOGO%Y #IaL 0001 000933 A2GL
0OCOTS B2 0001  C99114 BI0L 0091 000128 eI 0091 G098} FlsL
0092 BusL oatt  Goo2a? AsOL 0001 009271 fa%n 0003  GO0O1S AROF
007007 Aa 00170 A 00DOGA AB 0001  082)17 BC 0007 B 000090 C
o218 CC 0991 On23uY €W 0001  aD23v) CHB 0903  Qoril CPB
[II1T ! 0903 R BC2740 0 0000 R 000010 DA ©30%  09221% OC
97 14% o1 9940 ® £ORSYY O w003  DDRINT F 000y I 002372 )
002371 INOER 0000 00002% INIPS 00071 0DZIes IRM 000y Q02379 JTERY
00000% & 0003 002387 LOC 0001  NI7VINW A 0001 0023 N
00C001 NC 0400 | 0Q0000 WO DODD A DODSO)Y QA 0901 B 00232) OF
002113 mAT 000) 602104 5C BOO3 A DO TO S¥ 6001 B 0N2311 Tay
002340 VI 0003 B @0230) VL 0003  OOLFIY VIRAN 000}  0DZIEN B

te SUBROUTINE RCO

2e DIMENSION ConO), INIS0. 20, SWI 18,300, WIRAN 18), RE((e,%),

3 1 SCOte, %), DCOI%), AL6), OL1%), FY20), VOLCIO), RAFCZ),

4o 2 BCUN), OFCH), TAUTS), CCCID, CHBA D), CHInD, CPMLT),

L1 . oot y)

[ 1] COMMON/TZ C, TN, SY, VIRAN, AN, SC, DC, A, D, ¥, YOL, AT, oC, OF,

T= 1 Tay, CC, Cwa, Cw, CPW, §i0. VE, %1, Tra, CPT, TaDn, ¥, DV,

[0 ? IR, LOC, ITEMY, INDEN, I, J, M, W

his c CALCULATES TRANSPORT TIMES

18- %%y FORRATE 1N THSUS RCH) -

1= oo BTO T = .9

12e BY = Ce3%5) - Sveie, )

13= ND = 0

14 GO TO €010, B12,0)%, P18, 810, )

15+ fle mC = 1]

20
n Jun 12

oonl 000023 MO
0ol 200056 2N
0apl 000218 800
00dY 092212 &
000)  00238) Capk
0003 002330 CPu
000 002341 08
0000 I OCOGOY 1)
0003 1 00237) )
0000 ] DLOODZ N8 .
071 002016 M
000)  OO2IT WE
a0a) 000090 1IN

B-25

15: Irlb



0o11s
20118
so1?
00120
00121
o0122
[T} 3]
00124
00129
00124
00127
00130
o011l
se11?
00179
00134
[11%1]
oo v0
LIILS ]
0oINA
caiar
(TR ]
09151
00152
00153
0013y
00193
0o1%4
oolsl
o014%
0018S
00187
ec172
0017)
o017y
00177
00200
00201
00709
00209
00208
[ 17431
o0212
00217
00Z1n
LU
0oz r
00221
00272
0022)

END OF COnPILATION:

nee
L4 ]

18
iTe
18+

19+

20-
21e
e
3=
2%
1%s
F{ 3]
r=
28
F4 L
0.
-
1ze
1=
e
1%
Ik
e
b L1
19
ags
s
82e
Lh ]
3%
3.
a4
L 1]
L1 1]
e
50=
Sie
52
5=
e
35e
Sbe
$Te
5he
5%
a0s
(11
a7
(R 1]
e
-

Cone

az0
a2

LEA]
LF4Y
Lid]
839

LAt
L BLJ

83s
838

8%0

7
(AL
"
(L1}

ave

RESP CASE N0, ) DATE 220472 PAGE 2t
N = 10
60 710 #20
NG = 10
M = 11
GO Y0 020
NC = 10
Moz 2
GO YO B20
NC 2 12
W8 s 10
A = QFC )
G0 To0 a22
A = CINC)
00 P&d J = 1,2
GO TO 183y, 0200, 2

NC = w8
D = K o |
15 1N e, 028, BN2
IF tnC - 12} a0, 828, 830
Q8 = IVENC 1) - (SVINC 1D - QFC DD )=0FACIIS) - SWI8, 1
GO fo 81
TR = SWINC, 1) = €SWINC 1) - CUNC HI=DTAHCCYS) ~ SV L8, 10D
GO 1o AN
= SWINC NOD - QSWINC B) - SYINC NODI=DR/00 1Y)
= 2e] + 3 =2
= youuiln

OT=(QA » SWINC ND))Z2.0

o0 838 K = ND, %Y

IF tha - ab) 038, FJ6, VD

AR = AR + COJM I SWINC R) & SYINC K1)
CONTINYE

PRINT 8%0, 1

OA = AA- AD

LI B ]

IF () ez, 8h2, N

DY = SVINC,1) - M

IF tDV) 250, 8%, 030

DT = OA/OA

GO 70 R&O

DY = SWINC Ks]l) - SWINC R)

IF tov) #59, M8, 090

OV = DAZSVINC K)

GO TO Bs0

DY = (SVINC Re]) = SQAT (SWINC Re])se? - DV=DAZCI T4 )M DV/DI 1Y)
CONTINUE

TAUL ) = CU1%) - SWLIB. R ¢ |) - DT
CONTINUE

PE TURN

FORFAT ¢3X2Tn3Y ARRAY EXCECOEID On CWCLE 12)
(L]

N0 OI1aGNOSTICS.

SymaLIC 8 1AM 72 18:17:07 0 DINIINNE
PELOCATABLE % jan T2 18207 :02 1 0199978y

0 014%331%

s
™
"

[ 1]
J
o ]

B-26

(DELETED)
(DELETED)



I

PESP CAS

@ FCR,» RCY ACH
uNiYAC 1103 FORTRAN v ETEC 1 LEVEL 73a
thiS CCnPILATION WAS DCNE CGM 27 Juh T2 AY 15:02:18

SUBROUTINE RCY

£ hD. 1

~¢EYECH LEVEL E€120100108)

ENTAY POINT 00014E

STORAGE USED- CODE( 1) 00017%; DATAC D) 0000%2; BLANX COmROA 2) 000009

COomAON BLOCKS:

oo00)

4 002378

EXTLRNAL REFERENCES (BLOCK, NARE)

oo
€903
000
ecar
go1o

STORALE

o001
0000
0001
€591
0G0y
L1}
000}
0an)
a09s
a300
0003

[-L11. 11
00103
00103
ool0}
60103
gcolas
aol10w
0010
o010
o008
o0108
011
eolr2
ool
ooute
00122
0012}

cooars
0000%%
ocoisi
6CZ163
ap2150
0023%)
L LLTRY
0211
a2 115
000002
00216y

180G
foL
*woL
cape
(4 1]
(1]
YL

RaT

BaTE

o001
0001
0000
[-LLE]
ado0}
0ooY A
onoly
[ 113}
a0}
0001
0000 R

IVE1A,50), VTRANT 183, BN{ }%. %),

220872 PACE

0oLy 1506
000ar3 20U
000013 9905
002136 CC
002382 CPT
00734% BT
00ZYés IAK
00231s ®
002108 ST
602157 VE
©00001 ELOC

SCEN%, %), DLOAN), ALY, DLI%), Fr200, YOLLIO), RATLY),
BCAN), OFts), TAUIS), CCUD), CHBLI DD, CHIND, CPHID),

SY, YIRAN, Rx, SC, DC, A, D, F, VOL, PAY, BC, CF,

ACFY
RPRTS

nio2s

NERAZY

NLRADS

ASSIGHMENT EBLOCK, TYPE, RELATIVE LOCATION, WAFE)
000307 107G ngol 009CsT 13C6 0001
000007 &¥8%F 0501  DDODI2 0N 000}
000127 9%0L 0091 o0201%1 ¥5CL 0091
an21t7 BC 0901 R 020000 C oncy
0021%1 Cwa 6963 o02)a1 CPB 000)
0022148 OC euo0 090008 OCMA 0003
002372 1 0003 02231 INCEX 0090
002311 I €003 | 002387 LOC 0001
000090 RCFY €603 Q02016 RN 0001
000900 Ta 000) B 092331 Tay 0000 M
002303 vOU 0003 R COIIIY VIRAN 0001
I= SUBROUTINE RCY

13 DINFNSION CE™0D, TNUSNO, P),

3= L]

ye 2

3 b | Dot~y

(1) comChsIs C, IN,

Te 1

- 2 Irn, LCC, ITVERY, INDEX, I,
* c SEVS VALUES IN VTRAN ARRAY

10 (L1L) FORMAT( IM THSUB RCY)
1= DO 960 1 = 1.8

12+ TA = Taut1)y - ¢Ce33) - Sw18, 1))
13 | LOC = TasDila)

Iv= IF (LOC - »9%) Y08, %08, Y02
15 Y0r PRINTY %0, ], LOC

14 LOC = &%

1Te 908 TLOC  LOC

J, A, N

Tau, €C, Cwa, Cw, CPH, DO, YE, VI, CPS, CPT, CADK, X, DT,

b g
2z Jum 12

ecol  0BOIM 1806
o001 00011y I
003} 002232 &
0093 0273%y CN
GCOY B G022%0 D
o00) 002287 F
0G0Y 032310 ITEAX
000) 002323 OF
0%0) & 600L1TD SV
Q003 00210 VI
0003 000030 IN

1% 2400



o012
00129
00128
ao12t
00132
00111
00133
0013¢
o017
00182
oole)
LITR. ]
L1ILTY
aa1sr
03192
6a013)
06198
00194
00187
oo1e2
0018
ool1at
0018b
ooler
oo\ 7o
cairy
LLITS]
LTI L]
oorrs

10e
1te
0=
2=
11
i}
2%
5=
Tbe
7.
28
1%
Jos=
=
Ite
33
e
.
I
M=
8=
1%
L1103
4l
are
%)=
ane
4%
LT

ERD OF COMPILATION:

RCY

CoDE

10

s

720

T’

70

9.

"o

"o

0

RESP CASE NO. 0
T8 = BLOC0¢ I%)
pr =TAa - |

60 TD (910,920,930,9%0,930), |}

o0 %y ) = 1,3
NIRAN( J) T RCENJ)
CONTINUE

WIRANML 1%} = RCFH DD
&0 TOD %0

DO 2% ) = 8,6

wIRANE J) = RCFNLJD
cenrINUE

WIRANE 4D 3 PCFICIRD
&0 10 Y40

0o %1% J = 1.9
VIRant J) = RCFM )
CCnTINUE

VIRANI JT) = REFMRD)
&0 10 "0
00 %Y ) =
WIRANL J=9)
crulinug
&0 T0 %0
wimant L3 = PCFI 1Y)
WikANG (%) = RCE M 1Y)
Continug

RASEL 1S T/7DCRA/Y IRAN
B TuRn

1.

3
RCFX )

OATE 220472 PaGE »

FORAAT ¢ 32105y AnRAY ESCEEOEO O% CYCLE 12,12w MITk LOC = IW)

svramIC
RELCCATABLE

N0 DIAGNOSTICS.

% 1am T2 18:RT: 08 0 01934032
% w12 18:07:18 1 0)1ws12%4
9 01457308

1*
tal
m

B-28

W (pfLETED)
1 ¢(DELETED)
119



RESP CASE NO. |

B-29

DATE T2000F PAGE ™

o FON,s RCIO. RCIO 11 w7t e kY

UNIvYaC 1108 FORTRAN ¥ EOEC 1T LEVEL 794 -ENECHE LEVIL €120100104) = ;

THIS COMPILATION wAS OCNE ON 22 Jum T2 AT 13:02:4% .
SUBROUTINE MC10 ENTRAY POINT 000127
STORAGE USEG- CODEL D) 000111, DATACO) 000050, BLANE COMMCN 2) 00000@
COMMDN BLOCHS:
a0y I e0221e
ERTEANAL REFERENCES 1BLOCH, NARE)
oobY  NWERA3Y
STORRGE ASSIGMAENT TBLOCE, VYPE, RELATIVE LOCATION, WARE)
0001 000017 1016 0001 00006 10200 0001  GONOXF 102 aool  0OOOND FO2BL o001 0000%F 103ML
0001 0A0%1Y 0% 0001  0GN0AL 1D 0001  0C2976 1032t 0001  DODIDS 1080L 0000 009000 %A
0001  0L2232 & o001 902317 BC 0001 000050 C 000  09718) CADR o003 00731e CC
8993 0O021va Ow O 02T Twh pbdy  B22WMN CPR 0003 007150 CPn 0003 002142 CPT
gha) 0027290 D 2001 00721% OC 0200 60000 DG 000) A 0023%1 DO 8003 002748 OT
0081 R 002257 F 0001 002317 1 0091 032171 INDEX 0000  0DOOAT IMIPS 0O0Y Q02188 IAR
£0GY  G92)F0 ITEAR | ©0G] DO2373 4 €003  0O2IST LLC 600} QO2¥1v A D00y 02ITY W
0021 ©02)27Y OF 0081 002018 AX 0003 002313 BAT cDoY  0p2ide iC 000y ©d017D S¥
4003 002301 YAy €003 022330 VE €003  0G23s0 VI o003 002301 VU 0003  DOLTIN ¥TRAN
4003 0021aN X 0003  0O00SD WM

|10 1= SUBRQUTINE ACIO

00103 g DImENSION Coa0), INTS0. 20, SW18,50), YTRaNC (&), Ru(ie, a3,

00103 3o 1 SCri%,%), DCCR%), ACA), DEIS), FL20). YOLIJO), RATE 2D,

00103 L2 2 BCI®), @Fta), TamSy, CCr3), CuBr3), Cw v, CPW YD),

00103 Se 3 Dot}

0010% (1 COMmON/Er C, fN, SV, YTRAN, Ru, SC. OC, &_ 0, F,_ Y&, WY, 8C, OF, -

o0toe 1o 1 A, CC, CHa, €W, CPm, DO, VE, ¥I, CPB, CPT, CADN, N, DV,

o010 g= 2 IR, LOC, TYERX, INOEE, I, J, A, N %

on10s L L 111] FORMATE I BHSUR PCIO)

%0103 10s 4 COMPUTES EnPIRICAL FUNCTIOWS FOR ACADIAC QUYPUT AND SRAIN BLDOD

0010% (31 4 FLOW DIFFERENTIAL EQUATIONS

LLIT.TY [P IF (FEB) - 10% O) 1008, 1020, 1020

LLIR] 13= 10080 DOU D = €6 -2 BOYIE-SeFtR) & 2 92%)E-0)=FUR) - O 2EPS2sFI R} «9. 8491 "

o012 19. DUIZY = €T &VIVE-BoFIB) ~ 2 J2YE-5ieFIR) « T &017€-31-FL B

ooz 1% 1 - 0.13711sFiB) = 2 TES

LIRS ] {12 IF (00t )2y 1012, 1016, LOMG

00116 (123 1002 00(13 = 0.0 .

001! 18+ 1018 IF (DQE 20} 102%, 102R, 1028 .

00122 1%« 1070 001 1) = 0.0

00123 20« 107" D1 2) s 0.0

o001 2e 1. 1078 IF (F4T7) - 48 0) 1032, 1032, 1034

ooy 22 c



RESP CASE WO, 1 OATE  J70871 Pati 4]
0012y 21 c IF PCO2 GI 60 DGI 3} STAYS AT 175 VALUE AT 40 - - DLD AQUTINE SETS
ooizn T4 [ Ing VALLE OF DO 3} EQUAL TO O
601217 7% 1032 IF C(FLT) - 40.0) 2038, 10%0, 10%0
03132 6 2038 DOC 3=0.
(1353 ] e G01010%
8o13% 28 t03s OR(3)=8.0
0013% 29e €
80139 30= GO 7O 10%
001 % e 1090 DAC3) = 0 Je(FLT) - %0.0)
[ LIR 1) 12 109 IF (F(T) - 38.0) 1008, 1087, 1092
P ILTS e 1098 001D = CB.OLGJE-SaF(T) - 2. ROPYE-2)FLT) » 2. 3232E-2
20193 bL13 RETURN
ooins 3. 1052 IF (FET) - 9%.0) 1054, 1036, 10BD
LT ) Jse 10%6 0014) = 0.0
0G1%0 e RETURN
0a1%1 LT3 10800 DQU9D = (=2 ITSBE-FoF(T) o S IVIBE-S)e6LT) — | 299PE-2IsFLE}
00151t 1% 1 + Q. T4OTI=FLT) - 315,50
[1ILY ) 8. NAREL 1ST/DG/DO,F
00143 LT RE TURN
0013 L} EnD
END CF COMPILATION: nQ OIAGNOSTICS.
L 41.] SymROLIC . . ™ R 12 14:0T:1% 014378%¢
RC10 cooe RELCCATABLE 2% Jan T2 te:1T:)% 1 otasore?

o orwstel2

1
Fal
1%

LH
]
L]

B-30

{DELETED)
{CELETED)



RESP CASE MO, ) DATE 220872 PAGE
e FOR,= RC1), PC1Y
UNIVAC 1100 FCRTRAN v EYEC JI LEVEL 294 —(EXECS LEVEL E12010010A)
THIS COAPILATION WAS DONE ON 22 Jum T2.AY 15:02:21
SUCRRQUTINE RCIL ENTRY POINT 0DO22S
STORAGE USED- CODEt 1) Q00230; DATALO) DODOZs, BLANX COMMOMI 2) 000000
COMMDN BLOCHS:
0003 1 002131%
ERILPNAL RCFEMENCES 1BLOCH, NAMED
o000 rAT
0003 KRERR]S
STOPAGE ASSICNSENT (BLOCK, TYPE, RELATIVE LOCATION, WARE )
o000 000GO1 4749 (-1 3 ] 002212 a (-1 1. 1] 000004 AB 000} 002117 B
0001 002147 Caln G023 R 002136 CC 040) 0027%% Cn o003 002341 Cwd
o003} €321%50 CPm [-1-1: R ] 002342 CPT 0003 R 002240 D 0003 R 002218 DC
0903 002155 OT 0003 R 00225T F 0003 e023rz2 1 0001 002371 INDER
200} 002346 IRK [-[-L:B ] ©02370 ITERT 000) 002373 1 0203 002387 LOC
99201 002379 N 0003 Rk 002321 OF 0003 002018 RN 0003 R 002315 RAT
ocoy o00iT0 SY 0903 0492111 Tay 0001 R 0023ST VE 0003 R 002340 VI
000Y R 001TTn VIRAN (-1 3] 0c23e0 X 0000 R 000000 IAB 0003 000050 IN
eo101 1= SUBROUTINE RCI1
00103 2. OIMEYLICN CC90), ENIND, 20, SWO10,50), YIRANC1B), PRIIY,9),
o010} 3= 1 SCUIN,%), DCOIS), ACS), DOIS), FE20), WOLE10D, RATL2),
[ 131} ] LT ? BCIS), CFCB), TAUTY), CECCY), CHBL DY), CWN), CPMLD),
[ {-1]-1 ] 3. 3 [ D]
ooy [ 2] COmmCNsEs C, 3N, SV, YIRAN, RR, SC, DC, &, B, F, ¥OL, AAT, BC, @OF,
bo10% e ] Tay, CC, twA, Cw, CPH, DQ, YE, vi, LPs, CPF, Cape, ¥, OF,
0010 Be ? Iex_ LOC, IVERN, INOFY, 0, J, A, N
o010y T C CAMCULATES DIFFEPENTIAL EQUATIONS
o008 10= [ 313 ] FORMATL 1M BHSUB ACRDD
00108 1ie CaLL RCH? '
oolo? 12« DCLL) 2 (WleCO Y12 - VFeCl 1) = DUNI=(CE R D=VIRANIND o QFC 1)
-1 -1 13 1] sYIRANI 7)) - CO1O¥=CCU 12D 3/CE22)
oollo 18- DCC2) = Evl=CLI2) ~ VE=COZ) « DURIs(CL NN 2=VIRANCS ) = OFCT)
eallo 19 1 eYTIPANI B) - CUI0)=FC9))W/CL22)
eo1n ke OCEI) = (VI=CE YY) - WESCET) » D0 ¥)=(CC 1] 1=¥TRANC ) « QFL 1)
ool It 1 *YTRANI 9} - Ct10)=F( 10D )3sC(22)
LLTRE 18- OCEO) = (CE25) « CLRVI=IYTRANI 1) - CCL2)) = FORNDIZE02Y)
20113 19 DCI%) = (~Ce28) o CONV NI VIRANE2) — FEI2)0) - FC L9 DI/CO2I)
[-LINL 20 DCL6) = (COIIT=IVIRANE YY) - CORID = FEQR1IZCE 2D
-LTNE ] 21 OCET7) = (RATCL) « QF( ) Ief VTRANE 10) - CCC DI IZCE2Y) E
ool1e 2. OCUE) = (-RATLZ) » DFC ) Is{WTEANI 1L ) - FL13DDI/CE29)
a0 2= OCCY) = QFC I I=(YTRANI 12) - CU 22 M/C02%)

e

B-31

2 Jum T2

000) B 000000 C

0003

032381 CPO

0003 B 002133 0O

2600
0003
000}
o003}

003018 INJPS
o023a A
002106 SC
002303 YR



odiz0
00120
o020
00121
e0122
00122
eo122
0012
0g12%
0178
o012’
col30
[L16}]
ool

%
%
24
FaLd
28+
2%
0.
e
I2e
13»
Ine
1.
p (1]
e

END DF COmPILATION:

RCHY

LA ]

cong

RESP CASE ND. 1
OCCI0) = ¢-CH10) » 4.0 > OBL1) » DOLIDNACCADD

EAB=5 .5 ~(RAATI2)- 213 )-0.C110) )
TFLIMATI2).GT. 2150 .AN0 . C U8 .GY.0.2IDCC 101:0CC 10)-XA07.010

DCERID = ¢ -CCUMD » O 7% » 0QUZ) » DUNINMCLIT)
QCEI2) = FOI9X24CT 3N )=01 11D

DCE 1Y) = FUISIACEI%I=01 12))
BCOIN) = FLIBIACLINISDL DY
NAREL I ST/aB/0C

RETURN

END

A0 DIAGNOSTICS.
SYmBOLIC 4 JaN 72 B6:D7:17
RELOCATABLE 2% JaN T2 1e:0T:17

DAVE 22047F PaGE r

o DINaIdIe
1 01%232%
9 01%2)5%

(L]

7
1
i

B-32

toneEvEm
IDELETED)



@ FOR, = RCI] RCI2

UnIVaC 1108 FORIRAN ¥ ETEC 11 LEVEL 29A —(ERECE LEVEL €120100104)
IntS CORPILATION WAS DCNE Om 22 JUN T2 AT 15:02:2)

SUBRQUTINE RCI2

RESP CASE NO. )

ENTRY POIRT 001811

SIORAGE USED- CODEZ 1) 001014; DATACQ) 000270, DLANK COANDNC T} 000000

ComneN

2003
o00%

Wores:
t 02378
[ ] 000018

ENTERNAL REFEPENCES 1OLOCE, hami)

0009
eoos
eoo?
0010
oo1l
wo2
€011
ool

STORAGE

aool
o000
0009
0010
0001
(13}
0301
0nol M
0001 A
€203 &
[ LLL]
ocoo A
oodo
0001
onos A
coos W
oo0s A
000}
oaoo R
0000 A
000 R

00101
00102
90103

ssozw
RCF1
cir
NPRTS
nilo2
nigrs
nADUS
NEARDS

ASSIGANENT (BLOCK, TYPE, RELATIVE LOCATION, RARE)

00004 It
0000% 12%0F
000106 1020F
000132 IRASF
000381 213G
0009471 2756
000516 )G
00QGC0 C
992381 CPB
00322148 OC
00000% D''M2
000003 WHATE
0002%% INiP3
ezl n
00091+ PrVE
000020 BCF)
000011 anIB2
000179 Sv
000007 Tvml
0095C07 vTImE
000000 0%

| L]
2e
3

0001
ooon
o000
2000
o001
o000
o001
000)
(-1} ]
a000
000y
ooco
0002
0000
o000
0003
o000
(113 ]
0000
a0y
000y

o00FOs 101L
00007 1292F
00anld 1R25F
000117 1850F
00081Y 271G
009233 J00F
60056% SCOL
002383 CADx
6021350 CPm
009001 CEADVT
C000GE DUMY
000015 wva
007388 INK
000%0% MARKER
000020 PMYT
002016 R
000021 RATA
0023111 AU
0cNoio v
0Q1TIn wiRaN
000501 YAW

SUBRDUTINE RC|2
DINENSIDN C190), Wh(nD,2), SWCIP SO0, VIRANCIP), Wag]e, %),
SCOI%, 90, DECAN), ACS), Dt 191, FU20D, YOLI19), BATC2),

o001
2000
aooo
oooo
0901
ooo
0000
0003}
600)Y
0001
0000
o000
000}
009y
0000
oons
tooo
o000
[ 13}
a%0%
000)

000734
600051
anonie
0co1e2
099920
0Go~T0
conors
00711a
%9262
002751
00022
oca0lr
0oz3re
€218
070013
03001}
0oy
03000%
on2sr
020033
020090

12t
1005F
1R)0F
1895F
916
301G
(311 ]
(4
cey
oo

[ ULT\
nyl
ITERT
"
PIN?
LL W]
1]
wr
vE
woRE
m

DATE 220872 PaGE

[ 111}
o000
[11.1]
o0
0021
0690
-113 ]
2003
(L1}
600)
0007Y
anod
000y
0000
6090
o091
0n0)
a00y
000}
009

000131%
000052
Geol22
060201
o00nY T
209204
oo22)2
002 1%%
20%062
002185
oo2sr
00237
cazars
000011
003012
o0211s
a9zr08
000012
0920
obooor

12200
1R1OF
1875F
2
2586
JoSF

4]
n Jum 12
o001 L]
0030 000l
o000 000128
ooal 00013
K00l 0004
cono  oooo027
030 oern’r
0003 B 0023v)
090) B GO22%0
000 00000
07200 R 000900
6003 00211}
0003  B023er
0040 B 050018
9003 k 002123
GAds R goooID
009% R 000000
9509 R 09097
4001 002)0)
4003 0023a%

1230
1019¢
19%0F
w6
2020
Ny
L 14
cmd

]
oun|
FRED
InDEX
Lec
PHCSF
orF
RATY
550
Ll (. ]
o

=33

1% 223



eo10)
oo010)
oolos
00109
0o10%
0010%
0o10%
00104
00104
onior
o010
eo112
eolnd
05113
201173
o011l
oniln
oot
o011s
00120
ooir2
L1F3 ]
ooy
00178
a0110
003 ¥2
o0ty
ooN3Y
o013%
o3’
00190
ooyse
oo
00150
00190
00193
[ 111} s
00153
00193
ac1sr
00140
oolat
a01e2
00141
0016n
00143
coles
volar
oo
ooire
aoir}
woir?
Golre
oo
aolrr
eonrs
00200
ooro0

L 1]

&

Te

[ L]

L o]
10=
11=
12=
11»
i
1=
1=
17>
18>
1%
20
Zie
-
3.
e
1.
24
1=
2R=
2%
10
Ite
=
3=
I
5.
Jbe
3t
8=
It
40«
b i L
&=
Lk L g
A%
a5
e
are
a8
LA 1
30-
3=
3.
b L
39
9%
Ybe
47
30
9%«
(11
si=

(11
C

aan

RESP CASE NOD. | DATE 220002 PAGE
2 BCIN), BFCH), TALIS), CCLD), CHBI D), CMN), CPM DD,
3 [ RN
COmmONsZs C©, BN, SY, WTRAN, RE, SC, DC, A, D, ¥, YOO, ARnT, BC, OF,
1 Tay, CC, CwB, Cn, CPNH, DO, YE, VI, CPB, CPT, CaDR, X, DF,
? 10, LOC, 1TERY, IMDEX, 1, ), B N

COMMON/RYS XDS, IMN, C1T, MOAR ,DUME . OLA2,DUR], WORRE, RATR RATRZ, FIREDF
1 AN g
FORMATC 1M EwSUB RCID)D

OutPuT -- PUNCHED CaROS aND PRINTED

CET:CL 1% )=205-10.

IFICIT LE. 0. )CRV=s0,

FREG:8_1+T7 2151 PRI 2)+L(24))

QEADYT=_|107+FREQs OTHS=VE

4 31 /-t DEADVTCL | JeVE~QUR] )AL OEADVTYE )

CU3IZ2 )L OEADVTSCL 2 )sVE=DUNZ )/L CERDYTVE)

COYI DA DEADVTCE 1 I+VE=DURI I/LDERDYTVE D

TYNT-DEADY Y« VEsVI )/2,

MBATE =83 B={FATI 7)+CC 24 D 1e30. 8

IFICIT . GE TIMEOF) GOTOS00

IFtmaRRER £0.0) GDTO10}

MORK -WORK 2

PARLER : ]

FLuUnNRE _LE 0. )GDIOY

CIFtunRE GE 59.) TCV=7 321 2. -uORR/200. )

=M

1o

1r20
C

IFINORN LT SONTCT=A &
RRTE 2 )=SS02ue LORR )~ S5O WORK ) -PATRZ I»ETPL -TCT={CRT -TIMEOW) Y
WEIRME=TCTwe CAT-TIMEOND/Y . 2

RPL TN =SS5070M WORR }-0 SSCIW WORK ) -RATRZ bod | . -¥TINED

IFEVIImE GE. L.} P IN=S50200 wDRE )

RRTL 1 )= BBeRATL2)

TFUTYNT GT 37 ) RATC LIt TYNT=80 . TT)=RATL 237080.9

IFICE LT CU™E) GOTOZ

PRINT Y1), RATLI ) FATI )

FORPATE /77,10, 250CHANGE 1N PETABOLIC PATES, 3%, THWARCOZ= FI14.%,
1 3I,ewAR02= FI1D0.%,7)

CONT INUE
U = AmQODICI %), 0.9}
IF (Y LT, 1.0E-3 .OF, ¥ .GT. .9%%%) 60 Y0 10

IFCCT IS AT .CemDXE0TOIZI0
Ctn02=Con0)eLE V)

PAN? = Dt 1 )eLE D)

P02 = CABMOL D)

PINZ = COYVIDLY)

PHCSF . - MFHCWY))

(1) CADRSF{ )/ LCE2) ~ FERD)

PRYE = 9. - ACFI{RYD)

YT CADN=F( $1FICCLT) - FLEDD

PuvY Y. - RCFUWYT)

RO = (ICENRDIeWTRANIS) » QFC 1 JeVTRANG 7 RIZCH DY - CCE R WY
1 (FI%) - (CCNN)oVTRANIS S o OFL ) J=wTRANE R ) I2CE 10D
QFcS ) = OFIB) - RO

IF tn NE. %) 6D 10 1220

R0

PRINT 1803

LIER | N

PRINT 1010, CrV RO, 0FE%)

B-34



o208
Q0208
oot
Bo222
0023%
00214
sa2%n
o294
eo2r
oozt
onor
ona?r
enize
oo}
[-1-BBad
[-135%
00131
-L-ERR
00340
LLRIY]
0o3s2
00181
LR R
0038l
oo 18
a401e%
60344
[ 151}
o030
[1-k13%
0032
00373
oolry
eariy
06
auiry
[-L-L1-1]
00402
00a0%
o008
LA 4
aonio
one12
aonis
oosle
osszo0
[-1-1} }4
aoaza
[--LF3 1
agezs
[[L}2]
gga30
o)
00433
[ [ LhL]
0aalse
0geso
[ILL L]

B-35

RESP CASE NOD. 1 OATE 220872 PAGE »

PRINY i8t3, 4Cet, 1 = 1,3), CDCAEY, 0 5 1,30, FUD), FiM),
1 PAND
PRInY 1820, CCULL), FE9), FLLIOD, FIF), Fil D), PAaNZ, CHM 1),
1 CPW |y, CHBI L)
PRINT 1025, (COX), F = 9, 4), ¢0CeL), 1 = 0,4, CPB, FULI,
] - FCIB), CHE 2D, CPM D)
PRINT 1830, (COER, F = 7,%), qOCaL), } = 1,%), CPY, PTO2,
] PINZ, Cmi 33, CPNE 3R
PAINT 1035, COCEED, I = §2,1%), €CER), § = BE,1%), CHU%),
1 PRCSF
PALRT 1880, CCe2), FLlZ), C14), CPB, FLIT), FLIBD, NVR,
1 PHYS, CHBI2D
PRINT 1895, CCe 1), FCEY), CU9), CPT, PYOR2, PINZ, WYY,
1 PUNT, CwBI 1)
. PRINT 1050, (TAWT), 1 = 3,90, VI, ¥VE, CU10), CL11), DCCRO),
1 < HE}]
PRINT 1633, FREQ,TYNT DEADVY MAATE
1210 FETURN
1290 FOR™AT [S5H JXNISEIFIO. %)
1292 FCRAAT (AF10.%)
1808 FORMAT € 1M1 )
1810 FORMAT ( [MAETYWATIMEF10.9, TRIGHALY ROFLO.%, 3XTHag DIFFFIO.%/
1 162InCO28X7HDZPEINNZITIZING € P T VY A 7 1 ¥ £ SORNNPCO24X
? INPDZ I THPNZ F Nt M= \TEZHPHTTSNNBOZ )
1815 FORMAT ¢ JURmal vECLARYF 19 .4)
1820 FORMAT { JYPNARIERTAL IF 10 .9, 30R&F10._9)
1029 FORMAT (LRSHBEAINLIFID. %)
1830 FORMATY (SRLMTISSUEIIF10.%)
1835 FCRPAT { ATINCSFIOTEF 10, %)
18%0 FORPAT {oFiny BPAINIFIO. & 20R4F10.%)
1995 FOR™AT £ I1Tenv TISGUEI0.%, JOREFI0.8)
1830 FORMATY (SEIERTHANSPORT TIMES --SE7HABEUZNVBAR2NYTRIPHATREZNAL 21
I 2HeeNEZhvIAEPHVERTIPOIIZNFB I 1 INCERIVATIVES/ZINIIFI0. %)
1855 FORMATL IF RSP FRED_FID % SF, JIWRINUTE WOLUME, F10.9,5X,
1 ISHOEAD SPACE VENT, FIO %, 100, VONMERAT RRTE F10.%)
900 MEADLY,ICO,END=2) WCRK2 DURAT
300 FORPATIFS.2,)1.F8.2)
PRINT 10%, wDRR?
305 FORMATC /11, 29%CHANGE 1M MORN LOAD, WORM = |, F6.2,10,5MWATTS)
VIREQF -DURATCIT
FIRECN-CHY
IF{WORR 2 GE WONK IARTR2:=PATE 2)
IFINORRZ LT WCRK s ANTARATI 7}
IFUMORK 2 LY MCRE IRATE =S50 WORKD D J
IFIAUCRE? LY WORR ) AND .(WOAK GE.50.)) TCT=2. 341 2. »WwORR/200. )
IFIIu0RR? LT NORK) AND (WORX LT 50 ))TCT=N. §
IFLWORE 2 GE . MORK ) GOTOL
10] WORE =uwiREQ
RARNER=G
ARTL 2 )1TPATE-{ RATE-PATA )L EM{ ~TCYo(CXT-TIMEON }o _30)
WTI=E=TCPeg CRT-TIMECN /Y. 2
RALIN =RATR-(AATE-PATA S } -¥TIRE D
IFCWTIME GE. 1.} RML INZARTE
AATE | 3= 8B=RATC2)
IFCTYNT . GT 7.0 RATE] DI TVRT+o0_TT3ePATL 21780 5
IFICCIS LT .CovO b GOTOR
PRINT 333 _RATC1D,ARNT)
Goroz?




B-36

BESP CASE NO. I - BATE 210872 PALE n
o04ys 120e £nD '
END OF COMPILATION: N0 DIAGNOSTICS.
ey SymBOLIC 2% Jam T2 18AT:1Y 0 01N i* 120 CcOELEVEDY
RC12 cooe RELOCATABLE Iv JAR T2 16:17:3% ) O1vesllO I8 I SDELEVES)

? O1%a2)e 1 n



& FOW,» RCID, RCHLD

URIVAC 1100 FORTAAN ¥ ETEC 1) LEVEL 294
TAlS COmPILATION MAYS DONE On 22 JuN I2 AT 13:02:28

SUBAQUTINL AC13

RESP CASE NOD. 1

ENTAY POINT 000322

~(ETECH LEVEL €12010000A)

STORAGE USED- CODE! B) 000133; DATACO) 000057, BLANK COmmDMW ) 000000

ConmOn BLOCKS:

aGey

oaor1re

EITERNAL REFERENCES (BLCCE, NARE)D

000
obos
o004

T8
HERA2S
NERR]S

STORAGE ASSIGWMENT CBLOCK, TYPE, RELAYIVE I.Dtlfll)l,. NARE )

oo
el
001
ooy
0003
8003
6603
woo3
5003
LLT S
400}
soo3

aato]
a010)
0810
0010)
oo10)
[ 211}
[ 3103
20104
00109
0109
00103
0010e
earar
LI1RE]
o611y
[ 17F{]
L1 F3]
L5

ooodde
ecolio
82010}
ono217
002232
0021vy
o022%0
002257
002370
002323
082331
oolTTY

(L]
2=
b 1)
Ne
e
(1]
fe
| 1
L 13
10=
=
12=
13=
1%
13=
tem
=
8=

]
]
1
2
a
4
]
F
1

(]

2eL

16
026

rEra

oF
1Ay

nn

(1%

1399

1308

ool
oool
o001
ool
0003
0093
0030
0003
o0a3
eoo3
0000
0o00)

opoo22 1146
000136 1338L
an0230 13sSL
000281 211G
002211 BC
002391 CwB
000004 DBG

L ooz 1

I 00227y

R 002018 MK

" gooann 11
00218% 1

SUARDUTINE ACL)
OIAENSION COND), IS0, 2), SVCIR, 500, VIRAWE 18D, RE{)e 9D,

eaal
[ 1]
aoal
ool
ogos
1003
0003
6003
0003
0003
0003
0003

000036 1236
800141 1J%0L
000131 1%6
000278 2216
0000063 T
on23st CPR
oo221e DC
00237t INDER
G02387 LOC
002315 ANT
002357 vE
400030 N

BATE

L1
boo
L1 1]
sao)
ot}
000}
LL13]
oaod
0063
000}
0003

210072 PALE

08003t 111
oooITl 135S
aooisZ 1966
ag0275 229G
£9216) CaDR
602150 CPn
002333 0O
000017 I1NJP3
t0211a m
o02104 iC
002340 VI

] SCUI%, 53, OCe1a), ATS), DUISE, FUZ20), YOLLIO), AMTLR),
4 BCEN), QFtad, TAUIS), CCCY), CnBI D), I:Nfﬁl, (4 BTN

3 Y

COMMONITZ €, MW, Sv, winaw RN, ST, DC. A. 0. F, ¥YOU_ AT oC, OF,
1 TAU, CC, CwB, Cw, CPw, 0Q, ¥E, VI, CPB, CPT, CADN, U, DV,
r IRK, LOC, ITERZ, INDEX, 1, 2, M,

FORMATI 1w PNSUB RCITY

SOLYES M DIFFERENTIAL EQUATICNS BY FOURTH-ORDER RUNGE -RUTTA AND
ADARS-MOUILCN PREDIC YOR-CORREC TOR METHODY
MAPEL I $T7086/C,0C, SC

IF (IRE - %)

00 1332 INDEX = ),%

00 1308 1

Rue p, INDEE) = DECOD

CONTINUE

1309, 1334,

1158

.

=0

60 TD tuidI2, 1370, 1320, 11v0), INDER

B

n

22 Jum 12
8001 000097 jIZOL
0001 000174 1)IML
0001  DOD202 3706
0000 000001 AW
0003 00231 CC
0003  ©B02)62 CPY
o083  00234S DY
0003 1 002¥44 INR
0003 Qo2)is N
0003 G981 to Sv
6003 602303 v

=37

15 0



B-38

RESP CASE MO, 1 E OATE 270472 FaGE 1
0o1le 1% 131200 1J14 ) = .M =
00127 20- SCOT,InNsR) 2 CCOD
001130 F4L] $Cuy,i1nx) = DEIT)Y
001314 e 1316 CONTINUE
60113 23e Tl = CeI1%)
0013% 2% 1320 CO35) = T1 « C138172.0
11} F2ad 00 1M2% 1 = 1.,M
0a1%0 2he CLEY = SCCOI,IARel) » CC3gdomnC ], INDERD/2.0
[-LIR]] IT= 132% CONTINUE
ool 28+ 60 70 13138
o1 2% 1328 Cr35) = I » CC 36D
001aY Joe 00 13321 = 1,M
od1%0 Jle €Yy = SCOE,IAR=1) & CO34)onNd |, INDERDY
00181 32. 1312 CONTINUE
092183 33 1374 CALL AC:tY
001%% Ine 60 70 1392
00153 5. 13190 D0 123 1 = |, A
00140 T4n Clly = SCOE, IRK+1) & CUIGIeEMRC ) D) & 2. OeRmRLL T) » 2.0=RNC1,3)
ooled ITe 1} + AL, %)0/0.0
00161 18= 13%% CONTINUE
bo1I63 1% iR = AN » §
0D14n L1 L 1352 COMTINUE
(1311 Nie RE TyuRg
OOIAT 8. 1Y58 00 1380 0 = 1M
ool r2? 83 e .5 =€
oai Ty o5 SCei.ny = poil)
[ LIRL 45 Cetl) = SCEN,5) » CO36)De095 0oSCOE, %) -~ S9.0=5CHI0, 20 = I7.0e5000,2)
ool rs She ] - 2. 0+5CUI 12N 0
L URE] afs 1340 CONTINUE
oot W CEYs) = CUI5) o CLIRD
a0ra0 L1 3 114% CALL RC1IN
6ol 30 60 1340 1 = 1A
onzoe s1e SCULU) 3 BN .
onzos S2- CORy 2 SCUL,30 » CEX0Dot 9. OsOCE TP » 19 OoSCU g %) - 3. 0+5CH0, 02
0020% 51e ] « T DMIND
[ F4: 1 9% 1368 CONTINUE
2ozI0 95 0o 132 1 = IR
00211 ke IF (aBS 4Ctiy - SCEA,00d - 0. QE-30 1372, 1372, 1309
00218 ste 1372 CONTINUE L__l___'
00220 sge 00 1374 1 = 1,8 ‘ 137213721370 »
o2zl 49 00 137¢ 5 = 1,3 1370. t=Lsl
t0224 40 SCe1,40 = SCUL, Se0) i
corar sle 1376 CONTINUE . 4 IF(L—15)1264,1384,1377
00232 a2 RETURN A 1377 WRITE(,1378)1,1,C0), SClLY)
e e 1378 "FORMAT(2X.2HLZ,14.3X.2H18,14,3X, SHC() =,
1 F10.4,3X,8H5C(1.1)=. F10.4) N
EWO OF COMPILATION: WD DIAGNOSTICS. .
RCi1Y SymBOLIC IV JaN T2 18:1T7:21 0 oIsTDITH m &) oLy
RC1] CeoE RELOCATABLE 29 A T2 16:17:21 1 01sTITeD n 1 COELEVED)
8 oO1a72010 L] n



B-39

RESP CASE MO._ 1 DATE 220872 PAGE 1]
® FOR, s RCIY ACIN 2 Jon T2 19 L28
UNIVAC 1108 FORTRAN ¥ EVEC I LEVEL 254 ~(ETECS LEVEL ENZOl100LI0M)
THIS COMPILATION WAS DONE ON 22 JUN T2 AT 13:02:28

SUBROUTINE RCIN ENTRY POIAT 000OIT

STORAGE USED- CODEC }) 000101; DATALO) 000010; SLANK COmMON 21 000000
COmmON BLOCHS:

ool 1 002374

EYTERNAL REFERENMCES (BLOCR, NAPE) "

000y nC)

(111 RCE

ooos "CY

so007 RCH

o010 RCS

[ L1%) RCZY .

[-11% LiaR) : 3
oni3y L0

ool RC20

oo L] |

STORAGE ASSIGWRENT (BLOCK, TYPE, RELATIVE LOCATION, NARE)

80390 000000 4939 0003 002232 A 0003 R 002117 BC 0003 ® 000000 C 0003  ©0234) Cagm
000y B 092334 CC 000) B 00Z234% CH 000) R 002341 Cwe 0003 ® 002341 CPB 0003 ® 002390 CPN
onol M 00Z¥s2 CPT 0001 O022%0 0 0003 00221 BC 2003 00274 0@ 00%) 002143 OT
0203 R 002257 F Q00) oo023T2 I 0001 Q02371 INDEX 4000 0DNLNY INJPS 0301 007384 IRN
0093 002370 ITERER 000) 00237) ) 000)  002)aT LEC 0003 002)7% M 0C0) 00237 N
00943 002321 OF 0001 002014 PR 0C03 002315 WmT 0003 002106 SC 002) 000170 SV
0003 002331 Tay 0003 002157 ¥E 0003 082380 Wi 0003 ©00230) YL 0001  QOITTY YTRAN
6003 Q02345 I 0003 000030 IN

o010 1e SUBROUTINE RCIS

6o10) 2e DIMENSION Con0), TNIS0,2), SWE 8,900, VIRANCIR), RRL19.9),

00101 Ie 1 SCOla,%), DCOIN), ACEY, DUIS), FU20), YOLULOY, PAT(2),

6010} Yo 2 BC(a), OFta), TAUCY), CCO3), CHATDE, CHIA), CPMED),

co10) e b | 0ot Ny

og104 [ 1] COmmOn/s27 C, IN, SV, VTPAN, PX, 4C,  OC, A, D, F, VYIL, RAAT, BC, OF,

oo10% Te ] Tay, CC, Cwa, Cw, CPW, DO, VE, V1, CPB, CPY, CapK, R, DT,

oo10% [ 1 ? IRE_ LOC, ITERX, INDEY, I, J . A, N

solos Y= c CALLS OTHER SUBRDUTINES IN A BLOCK

ool0% 10= a9y FCORMATE 1M BHSUBR RCiw)

00108 e CaLL RC)

oolor 12s caLt RCO

oollo 13= CALL RCY

ool 1% CaLL RCH



eort2 15+
eol1d 1he
LLIR LS 17e
o011 18
LLTRL] 1%
gonr 0=
o120 2t
soizt 22
00122 213
o) 9+
0012% 13
L4
RCIN

ENO OF COMPILATION:

copt

RESP CASE MO, 1
CALL RCS ¢CPR, F(n), CCN), BLCC2N)
CALL RCZ1 C¢CHBE2), FCYD, FEN), CO%), CM 2D, CPM2ID
CaLL RCIY tCPB, CHBCZ), CCI2), BCERD, FIND)
CALL ACS €CPT, Figd, CUT), BCEIDD
CALL RC21 €CHBC DY, FOS), FE4N, CLTI, CHEID, CPME 3D
CALL RCEY (CPT, CHBI D), CCEIN, BCELD, FLODD
CawvL PCIO
caLL RC20
caLL RCIL
RETURN
[ (]

N0 DIAGNOSTICS.
SvmaML IC % Jam T2
RELOCATABLE . % Jam T2

OATE 220672 PAGE 13

18:10:22
18:17:22

0 01872402
1 O1473I¥N0
o 01%73%0%

1e
3
[ L]

B-40

3 (nere)
1 (OELETED)
?



& FORCYSRCISCACES PEL
UNIVAC 1104 FORTRAN v EXEC (1 LEVEL 254 ~(ETECS LEVEL E12010010A)

TmlS COmPILATION wAS DONE ON 22 JuN TI AT 13:02:19

SUBROUTINE RC 1S

RESP CASE mNO. 1
CCATAME

ENTRY POINT 000092

BATE 20872 PASE .
1 OLaTe2lN Jun?e? 1 tDELETRO Y DY
L) [ ]

Y JAN TX  Re:iT: 2

STORAGE USEQD- CODE( 1) Q00030; DATALO) 000024 BLANK COMMONI 2) 000000

ComniN BLOCRS)

4 00237¢

EXTERNAL REFERENCES (BLCCK, NAFE)

000

STORAGE

0col
0091
0003
0001
a0s0
0009
0003
0003
000l

ooi0t
o110}
@010y -
000}
00103
o010
LLIE L]
eol0n
00108
f0108
0010
oolor
ocl12
00113
oIl
wonr
oo120
LLAFS ]
0012y

END CF COMPILATION:

RC1s

ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NARE)

000002 11CC
oo0000 €
002381 CPB
002333 DO
00CO1lN [NJPFs
000001 Jrwn
002016 PR
002331 Tau
002344 X

1=
2e
3=
Be
[ T3
(1]
Te
(T
e (3131
10
1= c
12e
11e
1%e
5=
1be
7. 1520
18e
1%

0 fl1aTa2an

B-41

0001 000005 1136 0000 000092 %% 0003 002212 & (1.0} ] 002317 8¢
0043 00218) CabDx 000) 0021 CC 9321 002345 CN 0003 0023%1 T
000) 002150 CPW 000) 002102 CPY 000} 0022%0 © 000) 00221s BEC
000l G0236% OT 0001 002257 ¢ eo00) I 002372 1 008} 002371 INDEX
a00) 0027466 IR 0001 0G2)10 IVERN a031 | €023r) ) 0000 | 000000 N
0003 002347 LOC 000l 0c23rv A 0091 0923715 N [-1.1-3 ] 00232) OF
0003 002315 AmT 000} 002108 SC 6990 @0000T7 S5Cw ©a0) » QoolrO0 Sv
000y 002357 VE 0003 002340 i eG0) 9021303 YL 0003 00LTTS WTRAN
@90} 000050 IN

SUBPDUTINE RCI1S

OIMENSION CEND), XINCSO,2), SYUT1R,50), VIRANCIOD, RNLIN.%),

1] SCE1%,3), DCULY), ALS), DLIS), FU20), YOLC1O), ARTCD)D,

2 BCON), QFL&), TAULT), CCE)), CHBC 3D, Cinl, CPWL DD,

b} [ IR ]

COPM0%/Z7 C, BN, Y, YTRAN, RK, SC, OC, A, O, F,_ YOL, PAY, BC, OF,

1 Tau, CC, Cw8, Cu, CPw, DO, VE, VI, CPB, CPT, CADX, R, DT,

? PR, LOC, IVERE, INDEX, I, J, A, N

FORAATI 1M EMSUS RCIT)

RAFFLISTZCMISY

SHIFTS VALUES 1IN SV ARRAY

oD 15720 1 = 1,180

B0 1520 J = 1,%% =

m =31 -1

P Lo B . B |

SWtr,my = SV(1, Jmm)

CCnYINIE

RETURN

EnD

N0 DIAGNOSTICS.
SYraouiC 29 JAB T2 16:0T7:29 & OINTIe02 n 19 CDELEVED)



e FOR » AC14, RCIG
uNivAC 1109 FORTRAN ¥ ETEC 1 LEVEL 2%A ~(ENECH LEVEL E120]100108)
THIS CORPILATION WAS DONE ON 22 JuN T2 AT 15:02:11

SUBROUTINE RCIG

STCRAGE USED- CODEL |) 000071, DATAID) 000022, BLANN COMADW 2) 000000

COMMONR SLOCKS:

0003}
onon

BESP CasE &0,

ERTRY POINT GO0DMY

0217
o000

ERTLRNAL REFERENCES ¢BLOCH, NARE )

0003

STORAGE ASSIGWRIAT

fa000
Qoe)
[L-LB ]
(113 ]
(-1}
000
eo0)
(L1}
0603
000}

oa101
00103
00103
00103
00103
vo10%
00104
e010%
60109
ooi0%
oni108
GpDi10a
toror
poile
eo111
ao112
pol11
0o011s
coulsy
LTI
eonir

cco0nn
o02711e
007182
002349
0023712
002373
co2018
an210e
002360
e0234%

ie
2
3=
L]
L 1]
[1]
Te
[ 13
e
10=
1ie
12=
1le
he
13+
1g=
11=
if=
1%
20~
2ie

1130
44
cey
/34

4

]

RE

s

L1

]

4949
c

BLOCX, TYPE, RELATIVE LOCATION, NARE )

0003
0cod
o000
000%
ooal
©00)
00ge
a00l}
0003

0009

0022132 A

n 0023
fo00
0000
o0z}
ob21%
oogo

R Q001
0021
o000

SUBROUTINE RC16
DIMENSION Cio0), BN(A0,2), SV 10,903, YTRANC 18D, ARIDY,9),

)
H
3

SCt i
BCt ™)
gar sy

e CH
oz C2T
0« OUMI
71 INDER
47 LOC
13 ReLIN
70 Sy
a1 woL
0g 105§

0003  002)IF BC
0003  C023%1 Cwd
0003 0022%0 O
0004 000003 Oum2
0080  0OOOG] IMIPs
0903 0023fw m
0001 00271% RAmY
0001 002371 Tay
0003 00177y vThAw
g0on  00DOO1 1AM

o003 A
(113 ]
G003
oooY
0003
o003}
dode
000y
200
2003

220472 PAGE

goo000 C
092141 CPB
0o22iw OC
000096 OuAld
002366 1M
00237 A
000010 ANTR
936012 TIREDF
000490) WOAK
000030 1N

), DCLIY), AC &), DC1%), FU20), VOLILOK, PATIZ),

. GFI4), TAUS), CCO3N, CHBI 3L, CNES), CPM D)),

CommON/sZ7 C, XN, SY, VIRAN, RE, 5T, BC, A, O, F, YOL, RRT, BC, OF,
VAU, CC, CwB, Cw, CPH, DO, YE, ¥i, CPB, CPT, CaDx, X, OF,
IRK, LOC, ITERT, '

INDEN, I, J, A, ®

CoOMPEN/R/ EDS. RN CXT MNDAX_OuM] , DURZ, OUMY WORK2, ARTS, RATE2, TINEODF

FORMATI 1M BNSUB RCIS)

1 ]

2

1 . eeLin

SETS YA UES FOR
S¥el, 1) = CCot
SYELZ, 10 3 FUT)
veN, 1) = CCi 2
aved 1)z Filg)
Ser%, 10 3 FOID)
aves. 1) * Crdp
S¥tr, 1) 7 CCL DD
ViR, 1) = FEIDD
WY, 1) = CIY)

SY ARAAY

B-42

1)
0 Jus 12

0003 002383 Cabs
8001 002390 CPR
4001 002393 D@
0003 R 002297 ¥
0003 002370 IVERR
0003 R 002321 GF
osos  0ondYY PATER
0003 002357 Wi
000% 000007 wWOARD



o120
oo
ooz
a1y
ooze
06129
oo12s
00127
00130
aotn
o0t32

"1k
L1

F £ 4
13+
24e
5
2be
b4 L)
28¢
29
b1
e
I2e

cODE

RESP CASE ND. 3

svi1a,1)
ETRTT
swiiz, 1)
SH 13,1
sviia, 1)
SW 1%, 1)
Svite, 1)
Set iz, 1
S¥(18,1)
RE TURN
€

ERD OF CONPILATIDN:
SvraMLIC
RELOCATABLE

(<8 []]

cesty

OFt 1)

w1y

Ftiy

0.0

SViN, L)« SVIT 0F » SWIS, 1D
SWT, 0D « Svid, b) » SVI9, 1)
(28 7]

NO OIAGNDSTICS.

UATE ZI108F: PaGE b

% Jalm T2 B6:1T7:23 0 ONaTR)TO
2% Jam T2 RWM:1T:29 1 01875210
o 0113 )2e

14

B-43

I tOTLETED)
1 tORLETED)
T



® FOR,* RC

UMIVAC 1108 FORTRAN ¥V EFEC 1@ LEVEL 2%3a

(8 410

RESP CASE MD. 1

THIS COMPILATION WAS DONE ON T2 JUN T2 AY 1%5:02:32

SUBRDUTINE RCIT

ENTRY POINT ODONTL

-{ETECH LEVEL E12010010A)

STORAGE USED- CODEL D) 0O0IT); DATAIO) 00013F; BLANK COMMONE ) 0DDO0D

ComnON BLOCHS:

600}
(114

002ITe
oLooly

ENTEANAL REFERENCES (BLOCK, AARE)

0003
gode
goar
ool0

ITOBAGE

voor
ool
83091
95013
268
8101
0901
L1 R ]
¢oa1
gooa m
Qa1 N
001

st
ta1ad
s01a)
0a103
ool0)
oolos
adion
colon
0010%
o8105
ocios
ooi0s
o0t1ae
00107
ooclor
aoL0

SSVERT
siozw

NEXPAS
RERA)S

ASSICARENT

agogts
vozzil
002136
0D2Ie2
602143
onz112
LLFSTS ]
GoZULS
002104
00GA01
0021380
0021489

i
2e
Je
4
5=
(13
re
B>
Te
10=
li=
(P4
13»
i8e
15=
1ée

ros

C
[

C
Y

or

3
L1
SC

Senr2

v

[

4949

(BLOCK, TYPE, PELAIIVE LOCATION, NARE}

odon 000013 1F20L
tooo 005021 sap
0003 B 0021%% Cn
ooy 000092 Cxf
o00s  G0N00% oum)
anol 00731 INODEER
0003 052 F LPL
onos R 006013 PALIN
0008 R 695398 SLO0M
ocol 0oz13L A
00913 82101 wlL
acon oo0000 10%

SUBRDUTINE RCIT
DIMENSIDN CUSO), INESO, 20, SWOIB, 501, WIRANI 1R), ARC e, 9),
SCEIN. %), DCe1w), M), DUIS), Fi200, VOLUNOD, RATE2),
BCen), OFL6), TAUCS), CCU3, CwBL D), Cwiad, CPML DY),

1
2
b ]

0Qta)

adoL
0001
0093
0013
00as
o000
anol
060G
o6n%
o049
0003
600

000120
oozt
[ FAL]
oCzZano
09000%
0994151
092211
6oz 115
9na%he
aconno
00T
ooaool

17300
1o

o L]

]
oune
NIPe
L

anT
S5VENT
TERM
LRLLL]
L]

DATE 220872 PAGE

oa0)
0603
onn}
enn}
a0ny
6903
[.1:1h ]
090%
G903
0904
onGY
0003

000140 ITe0L
000000 C
aarlsl Cra
aa721s OC
006008 DLM)
0023A0 IRN
0a23I% N
0043010 kAT
930179 Sy
025312 1IRECF
000C0Y WOAK
0000%0 1IN

CommeNsIs €, TR, SY, ¥YIRAN, AKX, SC, DC, A, D, F, ¥OL, RAT,  BC, OF,
Tau, CC, Cwa, Cw, CPH, DR, VE, VI, CPB, CPY, CADN, ¥, DT,
INCER, T, J, A, B
ComnDNsR7 E0S, YA, CIT WORK OUMD,OUM? DUAY, WOAKY RNTE RATE?2, TIMEDF
1 hmLin
NAREL 1ST/BADCHI %1, CADE DI DI D, CO12) BCTN) Cf 37,030 YIRAN In),
ITERM VI CL200,C0 180, YIFANC IS ) CO20), VIRANE 13),C037),0090,CC10),
2VTRANG 18 ), 0FC 1), VTRANCIF), CCID, FU L),
. FCRRATL IM PHSEB RCIT)
CALCULATES VENTILATION
= CADReDI 11 )=Ce120/BCL )

CH{ %)

IRx, LOC, 11ERY,

B-44

a0
2 Jun 12

0000  DOOL)4 4%R9F
0003 R 062)a3 Capx
Bo03  8G27150 CMw
6903 002)33 DO
0003 A £O225T F
0303 002310 BYERN
0003 R 092123 QF
o00% 099011 AmTR2
8059 ® 33030} SYAT
oDoY & 602397 wE
0OGY  GOOJ0T NOARD



BESP Ca3E NO. 1

B-45

GATE IToelfl Pact L1

goutl IF sCr 1T 6T L.OE-3) Go 0 1Tes
82111 1PoN ¥l = €M)
ot B
eci1
cants 1M
(1 1710 TERM : £2) SE-Vie1 (1080 - ¥T
oene? 1reo v = Ceanas:Cilad W 1S) = 0).0 - CO16iebm D)
esnr? 1 o COZLbswTRANEEYY » TEPA - T4NT)
as11) SURET:SSVENTE S50 200 W -v1 C————VOuVi
LETEL) Tes THEOLWNT] GF O 3 A% CSvRIZ LE. 9. 00 WI=VIeSvNTR
co1ze 7. IF15wni? GT .18 ) =19,
(L1585 e Sval -SivimliEm [N
ISR 1 I SYNT BT 8 3
£ 1. 1718 ¥E = vl » DI %imC WOTED v QFC)IeVIRANREITY = COLOM=FIINDD .
£ap 1 ne 1P evl LT, 8.8 .08 ¥ L 0 0) GO T0 iPv0
SIS n- »ETURN — SWISSVENTISSO2 WiWORK))
copr 1. LRI SRESSVENT(EMLIN]
helidate e ¥E = 9.8 1735 WRITE(6,1737)VO. VLSVNTZ SW.5R
(TIL ite BE TURN VILME, RLIng SW.SRYECQS)LSYNT, TCY,
[EILH] Tar "o ! . ]
1737 FORMATIIIFIZ &)
INO O CrmRnATICN RO BISCAOSTICS.
sCy? LYmADL IC v pan T2 e L ] 1" T8 (DFLETED)
st1!  Cou§  sTLocarsml v 1am 12 de A0:2e ) " 1 UBELLTED)
b o oiIvresI ELI | ]



RESP CASE MD. 1
® FOR, e RCIY,ACHY
UMIVAC 1100 FORTRAN ¥ EYEC 17 LEVEL 298 -(ERECO LEVEL E120100108)
THIS COMPILATION WAS DONE O%-22 Jum FZ? AT 15:02:3)

SUBROUTINE RCIY ENTAY POINT 000095

STORAGE USED:- CODEC 1) O0000TS; DATATO) 0Q00%2, BLANK COMADMW 2 000000
COrmON BLDCKS:

800} 1 002374

LEITEANAL PEFEREWCES 1BLOCH, MARE)
[ [I1] ACF Y

ecos mCe
ao0s NERRIS

STORAGE ASSIGW™ENT (BLOCR, TYPE, RELATIVE LOCATION, NARE)

DATE T208F2 PAGE

o001 000000 1v10L (-[-1]] 009021 &9:9F 600l 002232 A o00) 002317 8C
0091 0o23e) Capr (-1 -5 ] 062318 CC 00G) 002194 Cn 0903 007391 Cwd
{113 ) 002150 CPn 000} 902382 CPT 0041 R 0022% D 000} 00221% oC
0003 ©023%) 00 6001 002348 of 0001 Ga228T F 2903 oor3rz 1
0000 0600911 Iwrrs 0an) 0492388 IRK 0003 [ Q02370 ITEMR o003 002313 )
oct) gozile m 000} 002315 N o003 €LY GF g90% B OGGO90 RCFI
2061 002313 mAY 000) ao?108 SC 82013 aooire sy o003 002111 Yau
a60] 007340 vi 0003 002301 vOL 0003 LLIRAA AL T ] 003 R 002344 X

ool01 1= SUBROUTINF RCIY (CPA, CVmBA, CVC, BRCA, FC)

aa101 2 OIAFNSION CIS0), UN(N0 20, SYO IR 303, YIRAN 183, RECIS, %),

o103 3= 1 SCORY %, DLOA%E, ALGD, DII%), FU20), WYOLEIO), WATC 2D,

8010} L 2] ? BCUA), OFC(A), TAUTS), CCODJ, CHAT XB, Coand, CPW DS,

0a10) L1 b | Dat sy

onlay 3 Commansrs C, TN, SV, WIRANM, AR %C, DC, A, D, F, Y01, RAT, BC, OF,

o010 e 1 TAQ, CC, ChB, Cw, CPH, DO, VE_ ¥I, CPB, CPT, Capu, 1, DT,

o104 [ L3 ? AR, LPC, ITERN, FNODEN, I, ) A, N

oajol ( 1 NAREL IST/DMZ7CPA CVHBA CWC BRCA FC

00104 10« 4969 FORmA Tl In BWSUB RCITD

gal0e tie 4 ITERATES FUR YENCUS BRATN ANDO VENCUS TISSUE CD2? CONCEMTRATION

oniar 12+ 1910 8 = (CvC - FC /0 0leCPA)

so110 1le T = RCFICT)

ool 1% T = BHCA » O . ITS(COIT) - CYMEA) - DUBIe(E - 0.1%) » FC

ooz 15« CaLL RCe tCVC)

[LINE] Ibe CVE = CVC « 2.0etY - CYC173.0

canle 1T= IF LITERY) 1920, 1910, 1920

ocontr 18e 1920 COnNTINUE

ooi120 19+ RETURN

ge1n 20« EnD

B-46

b4

namn 1% 2133
0003 M 0DOOCO £

8003 002241 CPB

0000  0CO000 DA

0003 0021371 IwOEY

0001 002347 LOC

2071 002014 Mg

0003 002157 VE

0003 ©00030 N



RESP CASE NO. )

END OF COMPILATION:
RCIY SymacLIC
RCI1Y CODE RELOCATABLE

N0 DIAGNOSTICS,

BATE 220872 PAGE )

% JAN T2 16:RT:2T Q@ 0INTTIZS (L]
2% Jam T2 16:17:27 1 OI1%TITIS F 4
o 0©1%500004 1

20
]
10

B-47

tOELEYED)
CoELITED)



B-48

RESP CASE WO, B DATE ZI20872 PAGE L1

e FCR o RC20 RC20 n Jju=m 12 i19s Zedo

Chival 1008 fomrRan ¥ EREC 11 LEVEL 298 —(ERECH LEVEL €£120100108) :

Tmis COMPILRTION WAS OONE ON 22 JUuM T2 AT 13:02:1% .
SIMAaguTiNE RC2O ERTAYT POINT 0000%1
STOMAGE USED- CODEC 1) 00005); DATA{ 01 000015, BLANE COMAINE Z) 000000
COMON BLOCES:
200y 2 vozI7e .
ERVEANAL MEFENTMNCES (BLOCK, NAMED
GO0Y NikRm1Y
STORAGE ASSICNAFMI (RLOCE, TYPF, RELATIVE LOCATION, mamf)
£99¢ QOLCO% AVeIF 0a01 002717 & 290y Q023N BC 0003Y & 000000 C 0003 00Z14) CaGR
cLo) A Ca21Ie CL anny 0921w e o003 K 002181 (wB 0391 ® 002161 CPR 609) 607330 CPa
800 002182 CFP 600} B 002740 D 199}  ©00221% OC 0603  072231%1 DO 0001  Q02TAY OF

0% M 8G2:31 ¥ : go0Y 6923172 1 0DaY 092171 ImnEN 8000  GC0D10 INJPE o050y an21se IAE

0903  ©02)70 ITeAR 600)  S0217Y ) 00CY 092387 LoOC 0003y  0221rv A c00) 0023i% M
0049  BOGOOO WhF a003  6N212) GF 052 02018 Px 991 2401119 RAl 0603 002106 %C
6003  02017C v 0¢01  ©0231)1 lav 0003  0023%F YE 000} 02340 VI 000} DOZIC) VAL
8703  ACITTN VIRAN 6003 G623 X o083 030050 In

acin I= SLBROUTINE RC20 i

03101 2. DIMENSICR €190, Iw(a0,2), Swt18,900, Wimass 18), RNE 19, %),

[LIED ] 3= [} SCENS, %) OCOR%), ACRI, DL1S), FL20), wOLEL D), BATE2),

earoy - o 2 BCC9), OFCa), TAUISE, CCodb, CwBI Y)Y, Dt CPMDD,

0c10) 5. 3 DGt ) £

LLIT.L ') COommecMsIs C, 1%, SY, YIRAN, Rx, SC, OC, A, O, F, YOL, BmT_ BC, OF,

o109 Te ] Tay, CC, Cw8, Cw, CPw, DO, YE. VI, CPs, CPT, CADK, %, QF,

00108 t. ? IRT, LOC, ITERE, INQEE, 1, J, ™, N

00109 % RAMEL I ST/NAF /F

[ LI TS LT a8 FOUMATI 1w PlSUB RC20D

- ooni1oe tie [ 4 SETS VINE QFPFNUfNT S TPRESSIDNS

es10r 12+ F19) = Drad=Ct2) » CuBi L)

LETRE ] 1)e Felay = Bt Ti=Ct 3

LLITY] e FURLE = COE1) » 3290 « FI1OD

00it2 1%e FOiZ2s = Ci%s » CBe )

onily 1he FOIY) = (LB o CRECDD

LIIREY 1= fELFp : CCv 00 )

eniry iAo FUIRD - Crarmes)

LR 19 SCA%) - CeZieiCPR - CCE2 DD

ool s 1= FEI%) - Ce2Rred®i il - CLRDDD

oo)zo e FEl&) = Ce290etétimy - COOINDD .

LITFS] 22 RE TURN

122 2l= (10 ]



B-49

RESP CASE mO. 1} DATE 120672 PAGE L2

END OF COmMPILATION: N0 OIaGNOSTICS.
RC20 Symapt IC I8 JAN T2 0729 o oi1se0222 Is 23 (DELETED)
RC2O CooE PELOCATABLE 2% JAN T2 18:1T7:29 1 01%0072% 1% 1 ¢DELETED?Y
0 o1%0073% " ’




I

- FCR,= RAC2Y, RC2Y
umIvaC 1108 FORTRah v EXEC IT LEVEL 238 -¢ERECH LEVEL EI2010010A)
TRIS COMPILATION WAS DCNE ON 22 UM T2 AT 15:02:)%

SUBROUTINE RC2)

RESP CASE MO. 1 DATE 20872 PAGE

ENTRY POINT 000090

STORAGE USED- CODEC 1) 000043, DATALO) Q000DF; BLANKE COAAON( 2) 000000

ComnON BLOCKS:

000)

1 o217

EXTERNAL REFERENCES (BLOCK, MAME)

QDY
0009
o008
ooor

STOPAGE

00Cc0
¢0a3l
[-1-LB]
000}
0007
0956
009}
0003}

a0101
0010}
o003
0010)
0010}
o010%
[LIT1)
0010y
0010%
LLAL-1Y
00104
oolor
golo
soltl
LIRS
oall)
LINE]
0011%
00118

RCFY
RCF2
cwr
REAR1S

ASSIGNAL

WY (BLOCE, VYPE, PELATIVE LOCATION, NAFE)

0092500 &T8VF
0n2311% CC
a02ie2 CPY

0027571 ¥

anzi70 LrEmx
ongga) P
002315 BAT
002380 Vi

i
1=
1=
e
3
[ 1]
Te
e
L 1
10e

1= €

12-
3=
I8
15
18
11
18+
19

e

0003 002232 A 0001 207317 BC 0001 N GOO0O00 C
0093 CO2¥%% CH 0001% 0077%1 CHB 0o00] 00234) CPB
000) 062290 0091 onz21% OC 600} 092353 00
6601 eo21rz 1 €001 002311 INCEX 0500 0060031 INJPS
0601 002313 1 001 062 VaT L 000} 00z3is A
1091 Coz32) QF 000y B QC2090 RCe ) 000% R 000990 RCF2
0001 0021086 C 000) a00170 Sv 000) 002311 Tau
0001 002107 vOu 0003 G0Nl vikan 0001 b 0O233% B

SUBROUTINE RC21 (CwBA, Fa, FD, CCA, Cwa, CPWA)
CIMENSION CLo0), TNENO, 7)), SVWITE 900, YIRANC IR), BECIN. N),

1 SCOI™, 50, DCPAN), ACS), CULS), FI20), VOLU 10D, MATEZ)Y,
? BCEN), OFC4Y, TaDI%), CCUY), CHBL D), CHEaD, CPM DD,

b | Dat v )

COmAON/2/ C, TN, SY, YTRAN, AX, SC, DC. A, D, F, ¥CL, AAT, BC, OF,
1 Tau, CC, Cw8, Cw, CPH, DO, VE, ¥I, CPB, CPT, CADX, ¥, DT,
2 IRK, LCC, ITERN, INDEX, I, J, M, N

FORMATL In PNSUB RC21)
NAREL IST/PB/ChBA FA_FN LCA CHa _CPHA
COMPUTES M+ 10N, PW, AND DIVHERCGLCBIN
CHA = CADR=FOACCR - FD)
CPHA = 9.0 - RCFICCHA)
T = RCFACPHA)
T = -1+Fn
I 4).0 - EEP AX))ee?
CHBA = Tel(1T)
RETURN
EnD

L]

i w13

0003 R gO214) Capu

000
000}
0003}
ecald
0201
0o0)
000}

002130 CPo
002143 OV
€023ss Inx
00217% m

002018 M2
002151 VE
000030 Iw

B-50

38



B-51

RESP CASE NO. 1 DATE 220872 PAGE L1}
ENT OF COMPILATION: N0 DIAGHOSTICS.
nc21 SYmBOLIC 29 JaN T2 Je:17:30 0 O1s01118 1% 1* (DILETED)
"2l o014 RELOCATABLE 2% Jam T2 1e:0V1:30 1 01501%30 v 1 (OELETED)

o 01301%80 1 b |



& FORCEINTIICROED

RESP CASE mO. ¢

RELOCATABLE

% JAn T2

UhIVAC 1108 FORTRAN v £2EC 1) LEVEL 25A ~C(ETECH LEVEL EI7010010A)

INlS CORPILATION MAS DONE ON 227 JUN T2 AT 15%:02:37

SUBRQUTINE RC22

ENTRY POINT 00003R

STOMAGE USED- CODEr1) 0000)4; DATALO) 00001%, BLaNK COmAONE 2) 000000

comnDN BLOCHS:

[ L-LB

1 902174

ENTERNAL REFERENCES [BLOTK, NARE)

G0g%

NERR IS

STORAGE ASSIGNMENT

o000,

ooa}
{115
oo2}
0032)
9011
0403
[-1-B ]

0101
°mal
°%10)
o010}
00101Y
ca10%
00194
ge10%
0010%
60104
00108
LT L
LLITT )
o631t
gont?
o001y
LLINL]
o018
LUTRTY
sonir

000000 §96%
007316 CC
aniie? Cpr
002747 K
097310 [TEAX
002123 @k
00Z3M TAU
00238y X

2
3=
B
[ T3
[
Te
e
Ve
10+ 989
e 4
12
13=
18-
15«
14«
ire
18e
1%
0=

SUBRDUTINE RC2E (CODJA, DJa,
DIMENSION C(n0), EMUAG,2), SW IR, 503, WTRANT 1), RELDS, N),

1
2
3

0003 00223 A
000) 002)va [w
006 @0?2%0 D
200) 092312 )
0oy 002313
Q00  Gol0ie RE
9001 002357 VE
0003  000Q%0 Em

-

0003
ooo)
0002
000}
000)
o0no)
c00)

miad

(BLOCH, TYPE, RELATIVE LOCATION, MAME)

007317 RC
LUFRLT N ]
00721% DC
G0Z37) INDEX
002387 Lot
202313 hmt
802340 Wi

OATE RI0GT2 PFAGE
16:17:31 1 01%02%88 Jun29p T GOELETER DT

-0

¢ Gijorvie

0001 R 800000 C

000}
8001
0000
0001
006y
2003

SCE19,51, DCOI%Y, Atd), DOIS), FL20), VOL(1O), BATC2),
BCCN), GFLE), TAUS), CCO3), CwBLYI, CwIND, CPHLDD,

Dot

COowvmOnsE7 C, TR, SY, YIRAN_ AN, SC, OC, &, 0, F, V0L, RAT, 8C, OF,
AU, CC, ChB, Cn, CPH, 0O, YE, VI, CPB, CPT, CaDE, X, OT,
IRK, LCC, ITERE, INDER, 1,

1
2

OIPENSION COJALS), DJALN),
FORMATI W BHSUB RC22)
CONDITIONS FOR DEJOURS EXPERINENT

SETS uP

coJatt) = Coand

COJAl2) = ¢33
CoJaty) = 0.0

COJATS) = CL31D » CEID2
1DIat 1) =)

fosaczs = g

Oac3) = DJAt1} -~ 0001
RETURY

END

€ND OF COMPILATION:
SYraOL IC

RC22

B0 DIAGHOSTICS.

10Jat 2

J, A, N

™ Jan 12

16:17:31

aoad
0023el CPR 000}
[LFSLEN ] 0003
00000% INIFS 000)
00217y A 000)
002108 3C 000}
00230) VoL 0093

o o1%017%s

B-52

is 3

002343 Caox
852130 Cen
00226% OT
002368 INR
002)78 N
020170 Sw
091 77Y YTRAR

L] 70 (DELETED)



RESP CASE mO. DATE 220477 PAGE
 FOA,» AC2),AC2)
UMIVAC 1108 FORYRAN ¥ ETEC Il LEVEL 25A -(EXFCH LEVEL EV7010010A)
THIS COMPILATION MAS DONE OW 22 JUN T2 AT 13:02:38
SUBAOUTINE RC2] ENTAY POINT 000042
STORAGE USED- CODE1)) 000070, DATACO) 00001L; BLANKL COMAON( 2} 000000
COMAON BLOCES,
0001 I eoz)rs
ENTERNAL PEFFRENCES (BLOCK, WARE)
000%  NERRYS
STORAGF ASSIGNMENT (RLOCK, TYPE, PELATIVE LOCATION, MARE)
0001 B400YS 23200 2009 000000 &9&SF 0001 002212 A 000) 002317 BC
0033 60273 CADK 0001 892118 CC 0003  00214% CH 0003  0023%] CwB
0LOY 872350 CPw 0801 097162 CPT 0901 0022%0 D 0003 09221% CC
0003 002145 OF 0081 002257 F o0y 002112 1 0003 002171 INDEX
2091 | G223&6 IREK 0003 052370 ITERY 6003 08231 ) 0093 002187 LOC
5001 002375 N 0003 002321 OF 000 002014 Rx 0903 002113 AaT
6901 000170 Sv 0003 092131 Tau 0001 G0ZYST VE 0003  @02180 VI
0003  OOITTY VTAAN 0003  CO21sN X a00) 000030 IN
00101 1. SUBRQUTINE RC2) (COJS, DJB, 1OJB)
80103 2. DIRENSICN CIaD), EN(SD,2), SYI 18,500, VIRANT 18), FR{19,%),
00101 3. 1 SCO18,30, OCENN), IS, DO1%), FUZ0), VOLL10), RAIC2),
go103 LT ? BCES), OFr&), TAUIS), CCO3I, CHBCID, NI, CPW3),
09101 5 3 0ol N}
oo0iph e DIMENSION COIBCS), DIBES), IDIBE2)
o010 Te COnmmwsls €, am, Sy, VIRAN, Ax, SC, OC, A, O, F_ VL, RAT_ BC, OF,
por0N 8. ) TAu, CC, CwB, CH, CPw, DO, VE, VI CPb, CPT, CaDE, &, DT,
0010% 9. 7 IMK_ LPC, ITERE, INDER, 0, ), AN
00108 10e t CHANGLES CONOTTIONG DURING CE MRS FRPERJMENT
00108 e avey FORPATL 1M PMSUB RC2Y)
oe10/ 11= DR YD - DuBd Y)Y - €1 18D
oo1va = It 1Bt Yy G1. O Q) RE TURN
ooz In= IF C10JRC2)) 2120, 2110
ani iy %= 2710 OB 3} . DIALL)Y - DOOI
(-2 0 K'Y la= CiNy = Comme )
o017 e Ce3t) = CoImt 2y
ca120 185e 1058121 < 1
001721 1% TR
@122 70e NE TURN
00123 P 7320 DJBCY) = DIBCZ) - _OOO1
0012 22+ Ci31) = COIBL YD
00128 . €433 = COJBIY)
00178 2% 10J8C2) = ©

#=53

It Jum T2

0001 R 000000 €

0001
€00}
o000
0001}
o000)
0003

002381 CPB
0023%) DO
00090% INuPs
00231 A
202108 3C
002303 VL

1% '3



B-54

RESP CASE MO. 1 DATE 270672 PAGE 31
00427 3 O InE =z |} b
00130 H »ETURR -
80131 27 €™
END OF COMPILATICN: NO DIAGNOSTICS.
»C2) SymaoLIC 29 JAN T2 18:17:32 O O01502%%% 18 27 WDELETED)
RC23  COOF  RELCCATABLE 9 JAN T2 1e:1T:32 ) 01903136 29 ) (DELETED)
o 0150338 18 H



RESP CASE NO. 1
@ FCN,s RCF1,RCFI
URIval 1108 FORTRAN v ETEC JI LEVEL 2%A4 ~CEXECH LEVEL EI2010010A)
THIS COMPILATION WAS DONE O 22 JuN 72 AT 15:02:3%

FunCTiON ACFE EnTRY POINF 000013

STORAGE USED: COOLCI) 0OOOZ),; DATAIO) 000DI0; BLANKE COMAOMNE2) DO0OOO
CormiOn BLOCKS:
[-L-1- B ] L4 LLFREL]

EXIERNAL REFEALNCES {BLOCN, NAMED
onos a6

000 NERA TS

SITORAGE ASLILKRCERE ABLOCH, IYPE, RFLATIYE LOCATION, NARED

DATE ZI087F PAGE

B-55

LE

2 Jum TR 19 e
000} 0021} CC

000) 002342 CPY

0001 002257 F

8003 002370 ITERE

0001 002323 @F

0001 000170 SV

0003 OGLITIY YTRAN

824013 GAIPI? A acon1 anrze st 60013 600000 C o001 002381 CaDx
o0a} GOXine Ch 0901 092181 Tl 0600) a02181 CPR 0001 6023150 CPu
1.1 b ] GErZ%0 O o001 09221% pC Doo3 00215} DO 000} a023ss OT
[ 113} oerirz 1 000 00?371 INDEX 0000 000002 1N P3 0003 002184 IRN
11 B 0423r3 3 006) 002367 LOT o6o0al [ PR P o000} 0237y N
0000 ® 0%00%0 RCF1 0001 oo2014 B cooY o025 ARy 0003 002108 SC
- 115} 062331 TAU o003 092157 VE 4003 002380 vi 0003 002101 vl
o593 GOFIsN X 000} 006050 1N

aotol 1= FuNCTION RCFItM)

40103 2= . DIRENSION COn9), RMra0, 2y, SVOIR,50), VIRANE IR, RE{ 1%, %),

0101 1= ] SCEIN, %), OCCNY), ACH), DEIS), FO200, VOLI10), BAYE D),

40101 L L] 2 BCCa), QFEed, TAWS), CCOYD, CwBL YY), Cwin), CPML RS,

0010} L33 3 DoY)

L LIT L] [ COMMONsEZ €, KN, Sv, WIRAN, RN, SC. DC, A_ D, F_ wOL, WmT, BC, OF,

60109 - -1 TAY, CC. CHB, Chw, CPw, DO, YL, VI, CPR_ CPY7, CaDx, X, OF,

ao109 Be T TRE, LOC, ITERN, INDER, §, . A, ®

2010y * [ LDGARITHA 10 BASE 10

w0109 10= [ [43] = 0.93929%%8 = ALOGEW)

0010a 1= RE TYRN

eorar 12» END

ERD 0% COnPILATION: N0 DIRGNOSTICS.

RCF) Svmdlt IC e JAN T R6:1T1)Y 0 0isDIsl0
BCF 1 cooF RELOCATABLE % jaw 1y 1} LER R 1 01%0%000

0 0)%0%83D

1. 12 tDELEYED?
F4 1 (DELEVED)
" )



|.’ RESP CasSE hD. |

B-56

DATE 220872 PAGE &)

@ FOM_ = RCF2 RCF2 mn amrr 151 hivd

UNIVAC 1108 FORTRAN ¥ EYEC 01 LEVEL 25A -CEZECE LEVEL E120100108)

THIS COMPILATION WAS QOAE ©N 22 JUN 72 AT 15:02:90
FUNCTION ACF 2 ENTAY POINT QQOONT
STORAGE USED- CODEC 1) 000021, DATALO) 800012, GLANR COMMONC2) 006000
COMMCN BLOCKS:
[T 002174 '
ENTERNAL REFERENCES (BLOCK, NAPED
000% NERADS
STORAGE ASSIGNMENT (BLCCA, TYPE, RELATIVE LCCATION, NARE)
0003 002232 A 0003 002117 BC 000) 000000 C 0003 002383 Canx 800  ©023% CC
0903 0021va CN 0933 0021%1 CwA €083 947181 CPR 6083 ©D23S0 TPw 0001 00262 TPY
0003 092240 D onny  00221% OC 0003  002Y3) OD 0001 002389 DY t06) 002237 F
0001 ap2372 ¢ 00013 202371 INDER o004 00000S INJPS 0001 002344 IRX 1.5 ] 092370 ITERR
0001  00231) 1 0003  G023&7 LOC 2001  002)Iv A 0003 00237 N 000] 002323 OF
o000 R 000000 RCF2 0003 aQ201s Mg (-1.1-§ ] oD2315 AmY 000) go2i108 SC 11} ] ooprre S¥
0003 002331 TAU 0003 002137 VE 0003  002)40 VI 00031 002303 vOL 0003 DOLZTY VIRAW
0003  00236% X 08003 000030 TN

00101 Ie FUNCTION NCF2C T

00103 2. DIRENSTON CON0), TNISO. 20, SVOIA, 503 VImawt 1B), AX(1y,%),

voray 1= ' "SCO1%,%), OCOIN), ATed, DUIS), Fr20), VOLCIO), RANC2),

oo101 2 ? BCT%D, OFCHI, TAULS), CCU3I, CHBC D), CHIND, CPR D),

oolol L 13 3 Dgra)

(LI L] 'Y COPmDN/EZ C, TH, SY, YIRAN, MK, SC, OC, A, D, F, VOL, MNT, BC, @F,

00108 s 1 Tay, CC, CHA, CW_ CPH, 0D, VE, ¥I. CPB, CPY, CADA, I, DT,

0a10n 8. ? tRR, LOC, TTERZ, INDEY, 1, &, A, W

co10% v c OYYHEROGLOBIN - P ENPINICAL FUNCTION

oa109 10 RCFZ = (1¢0.0088A1%2) - 0.100%)e] » 8.49921 o7 - 8.%5%

o108 L= RETUAN

col107 12e £

END OF COMPILATION: ND DIAGNDSTICS.
RCF2 symaoLIC : 29 JAN T 16:17:3% O O0150M102 18 12 (DELETED)
RCFZ  CODE  RELOCATABLE 24 3AR T2 18:10:3% 3 DISONYS2 ¥V Y tDELETER)
0 o150ve02 I8 3



B-57

RESP CASE NO. 1 DATE 220472 PaAGE L 1]
@ FOR_ = RCF) RCF) 22 Jun T2 191 2180
UNIVAC 110A FORTAAN ¥ EYEC 1] LEVEL 2?94 —(ETECS LEVEL E12010010A)
TnlS CCAPILATICN WAS DONE 0N 22 JUN T2 AT 13:02:91
FUNCTION RCF) ENTAY POINT 000022
STORAGE ULSED- CODEC 1) QO002Y, GATAIO) 000007, BLAMK COmmON( 2) 000000
ComMmON BLOCKS:
[ L1 5 B J 002318
ETTERNAL PEFERENCES (BLOCH, WARE) iy
7008 NEARTDS
STORAGE ASSIGANRENT (BLOCE, TYPE, RELATIVE LOCATION, NARE)D
©000) 202212 A 0003 039217 BC 0003  00DOOD C 0003 00238) Tapg 000 00211 CC
0071 0921y Cw 6901 09231 Chp 600)  ©02)sl CPB 0001 002330 CPw 000) 202182 CPY
000) R QN22%0 O £00Y  ©0221% DT 0001  00213) DO 0001 R 002385 OT 000 092251 F
000y 002372 ) 000}  CO2YFI INDER 0050  0050%1 IMJPY 006)  0973ss IRFN 0003  0023Y/0 1TERR
0201  G0237) ) 000) T 002387 LOC 600)  002)/a A 0003 002373 N 0003  0C232) GF
0000 A 80200 RCF) 0001 007016 RK 0903 002313 BAT 000) 007106 <C 0003 B 020170 SV
000 00213 Tau 0003 8023137 VE 000) 002380 ¥i 0003 002103 WOL 0003 oOITTY WTRAN
000 002184 I 0001 000050 N
131 i» FUNCTION RCFIRK)
00103 2 DIMENSION COA0), TRIS0,2), SVi18,50), VIRANIIB), RRC1N,9),
L1313 ] 3= ] SCUIN, %), DCOAN), ACG), DUIS)H, FL20), YOLU 10D, RATIZ),
0a10) A ? BCIN), QFI8), TAUCS), CCC3), CHBLI), CHIND, CPMD),
oo} 5o 3 Dot
00108 ge COoAmON/I/ C, 1N, SY, VIRan, Rx, SC, DC, A, D, F, YOL, PAT, BC, QF,
oc10e Te 1 Tay, CC, Cwd, Cw, CPW, DO, VE, V], CPR, CPT, CaDN, X, OT,
00104 L] 1. JAR, LOC, ITERR, INOER, I, J, A N
00104 L L] 14 YTRAN FUNCTION
00103 18 RCFY = SWIEN,LOC) » CSVORN_LOC o 1) - SWIEN,LOC)I=DT/DI 1)
oolos 11= RETURN
ooror 12e END
END OF COWPILATICN: N0 DIAGMOSTICS. .
RCFY SymBOL IC 2% JaN T2 Je:1T:3S 4 019094y 1s 12 (DELETED)
RCF) CocE RELOCATABLE 29 JAN T? 18:1T:3% 1 01%0%T2 2 I (DELETED)
. 9 oO1%0%T3s i b |
/



B-58

RESP CASE NO. ) DATE 220472 PaGE %3
& FOR, 0 S5O2M, 53029 2 Jun T2 19: 292
UNIVAC 1108 FOATAAN ¥ EXEC Il LEVEL 258 -(ENECS LEVEL E120100104)
IR1S COMPILATION wAS DONE ON 22 JUN T2 AT §5:02:%3

FunCilon 55024 ENTAY POINT 00004S

STORAGE USED- CODE(1) §00095; DATA(G) 000013; BLANE COMMOM 2) 000000

EXTEAMAL REFERENCES (BLOCK, WMAREDR

0003 NERAlS

STORAGE RSSIGMMENT (BLOCH, VYPE, RELATIVE LOCATION, NARE)

acol 000020 L 0001 600023 2L too0e 00000k INJPe 0000 R 000DOD 5502w
L1111 is FunCYItw 5300w 1)
goi10ld = IFLB.6GT_290.)60101
20103 3= IFT 3. Y I3 )50102
gsior he 150m-1sTY.
ogie 3 RE Tuhlh
do111 (1 ] sioMm=1.9
o0117 Te RE TURN
agild Be H SSO2W A XSTS D ZIFoL TS _-RIPTS,
aony b RETURN
00119 10= END
ENO OF CORPILATION: N0 DIAGNOSTICS.
S50 SYmB(LIC . 2% JaN T?  16:IP:38 0 otsoIoRe 1% 19 (OELETED)
5502w CODE RELDCATABLE 2% JAN 17 18:07:38 1L 01%652%2 29 I (DELETED)

0 0l%03272 1% ]



"!l RESP CASE NO. @ DATE 220872 PAGE t1]
e FCR, s SSYENT SSVEWT 12 Jum 12
LUsival J108 FORIRAN ¥ ETEC 11 LEVEL 25A -1EYECS LEVEL E120100104)
THIS COMPILATION WAS DONE ON 22 JUN T2 AT 1%:02:%%
FunNCTION SSYEmT ENTAY POINT 000052
STORAGE USED- CODE( 1) 0000%5%; DATACLO) 00001%; BLANK COAMDNL Z) 000000
EXTEPNAL PEFERENCES (BLOCK, NARE)
Qae) NERR]S
STOPAGE A SIGALNT (BLOCK, TYPE, RELATIVE LOCATION, NARE)
0000 000008 INJPF 0000 R 000000 SSVENT
0101 i= FUNCTICA SSYENTIER)
0010) 1e IFCE.LE..215) SSVENT=S . 398
0019% le OO 6T 215) AND (X LT 2. )ISSVENT =29 1
ooro7 A IFUR.GE 2. )SSYENT:=50.+%0 (-2,
ool 9. RE TURN
LLIRFS L 1] END
END OF COMPILATION: RO OIAGWOSTICS.
SSVENT SymAOLIC 2% JAN T2 16:17:30 0 0159991 (R
SSYENT CODE RELOCATABLE - v JAN T2 18:17:38 1 01505382 2%
o 015033712 1 L]
o XQT RCHEM X Jum T2

L]
1
¢

B-59

19: 2:9%

{DELETED)
{DELETED)



CHANGE IN WOPN LOAD,

TIRE .ooon
toz

RESP CASE WD, 1

uAR = .00 WATYS

o L4

LR R R B R R K

DATE 220872 PAGE

+AESPIRATORY CHNEMOSTAT -= [NPUT DATAs

.0327
MAAL
.T939
RAli
.0011t
.00e7
.&132
.00te
.00%7
&.0000
.rire
a7. 8327
34.00a7
LIS TR ]
300000
.ag00
.2000
.1003
-1o00
1.1380
1.1%%0
3.o0000
1.8000
J%.0000
.0500
.0%00
oL, 9300
8. 3810
2.92%0
740.0900
.00%%
209

. 1e00
-1000
.pgoo
.0OT8
Y. 9500
T 9.3%00
r.00%0
.g000
RLE
.58%0
.Sh30
il
-1aza
.2190
.0o0o
.booD

DENIVATIVES

Fa[COR)
Fa[o2]
Fa[nz]
ca[cozl
calaorl
Cainz]
crecozl
crio2)
cvinz]

]

[
PCSFLCO2)
PCoFI02)
PCSFINZ]
ThAL

CENT SENS PTY
»e

[}]

L}

CNT SENS COF
CATD BDY SCF
KL

1]

(14
nRBICO2)
LL1T{.F]]
orcoz)
prozl
LILFS]

»

FIico2)
Fifo21
Flin2]}

RCSF

v

»

vitey
vIrssl
PRINT ALL T1
UNKNOWN
BNCOY 8LOOD
BHCOY BRALN
BHCOITISSUE
BWCDY C5F
LLL{{< 3]
RATI02)
ot

0z

ALy ®

rCO2 ro2

B-60

L 24

.RTew PO DISP
the) ™



B-61

RESP CaASE NO. 1 DATE 22087) PaGE b ] ]
ALYEOLAR L0527 %1 .T9%9 .oo02 =-.000) .0001 IT. %4068 10T .914T  SaT.%2%
ARTERIAL 5631 .201% .goer IT.5808 107 . 9TaT SaT.8e2% r.arsey T.9218 . ]
snaln -8397 .0011 L0097 -.0000 .0p0Q -.0000 ar7_ 851 1% 9888 347.999) a2_1%% T.31%)
TISSUE L8132 .001% .aoer -.0000 .0000 -.0000 az. 1119 N5 . IT02 387.599) J8. 7290 T.%120
(4.1 .0o01 -.00217 .018% al_g3zy 18.00%F SaT.9731} 8).Trep T7.3%00
v BRAlN L4310 L1338 a0y ar_p33Y 15 988 547.5%9) w7 T12% T.3000 N
¥ TUISSUE .5err L1008 .aor 82.311% 45.7702 987.597) 39. 7000 7.400) " ]
TRANSPOAT TIRES == (1] L] LA AY AC oo vl VE ] (4] DERIVATIVES
NL1L] 2T .5%00 .3er .1ty 3.4019 3.3818 é.0000 7370 .0000 N )
RESP FREQ 1e.1me NINUTE YOLURE $.9205 DEAD SPACE VENT 1.9%8 NEART RATE a.1070
TINE .oore MY R .21} m@ OIFF -9
cor or LI BERIVATI]IVES rCo2 rO? L F] He ) ™ [ ]
ALYEQLAN .os21 BEiL] T3y .0002 -.4a001 .000) IT.5620 107 . 9T74% SaT.%a1l
ARTERIAL £ 1% 1] L2019 .ooeT 37.9420 JOF . 9799 S4T.%81 T I T.927% . |
BRAIN (3114 0011 .00%? ~.0000 .0000 -.0000 a7_.B3)Y  1%.991) S#T.S*R) 82 134 r.am
TISSUE .8132 L0019 .00 -.0000 . 0000 -.0000 *2.311Y 4% . TT28  947.5909 J0.I12%0 T.%120
CSF . 0001 -. 0018 .a1es S7_p52% 180087 Sal . Aary2 8} . TTRR T.
¥ BRaAIn L6110 L1338 .o0e? 872510 15 9911 S87.5%%) 82.773) T. .1
v TISSUE .sary L1408 .00%7 823119 43 _F7Ze S67.%5%8% )9 TRCY T. .1
TRANSPORT TIMES ~- ap ve v (1 AC oo vl vE Q [1 ] DERIVATIVES
L1978 Laner .3%00 Jer .are 3.801% 5.319% 4.0900 .13%0 o000 N ]
RESP FRED 10.1710 RINUTE YOLURME s.928% DEAD SPACE VENT 1.5%98 MEART RATE &4.1070
TInE .5000 ALY RQ .arae M DIFF .9
coz? or LI DERIVATIVES PCo2 ra? PNz ihe) L] L
ALVEQLAR o5t L1918 T . 0000 =-.0001 .a000 IT.5464 107 9322 BeT.9911
ARTER[AL -3832 L2019 ooy I7_%466 107_9127 5347.5011 17,1798 T.920s N |
BRAIN L8398 L0011 L0097 .a0Q0 -.0000 -.0000 ar_ 8551 16.0090 9S47.5#0% 2. 1568 7.3M91
TISSUE L8132 L0018 .6an? . 0000 ~.0090 -.0000 s2_J121 45.8058 9467.5%2T7 18.7291 T.%120
CSF .000)3 . 0009 .o1le a7._#530 16.0053 9467.%R02 8). 778 T.3507
¥ BRAIN L4310 L1337 .q07r 8r.0551) 36.0090 947.58%% a2 _TTae T.3s00 .1
¥ TISSUE 5911 1407 .aosr 82.3121 N5 _ 0058 S6T.39T N TR} T.%003 .
TRANSPORT TIMES =-- [1] ] 7 (14 AC =» L] vE o (1] DERIVATIVES
19718 nar .5v00 et 1oty 5.%07% S.1670 4.09%0 L1372 .0900 -0
RESP FREQ 10.1710 AINUTE YOLUME §.93% DEAD SPACE VEWT 1.9472 HEART RATE 4b.1070
TimE 1.0000 ALY RQ .arep "o oler -9
coz 02 nz OERIVATIVYES rco2 ro2 N2 the) [ L] L
ALVEQLAR L0827 1510 . T9%% .00b00 .0000 -.0000 IT_968) 107 .9340 S4T7.89FF
ARTERIAL L5412 .2018 .ooer I7.568) 107 .9180 4T NNTF 37.31MM) r.02 8 . |
BRAIN .43%8 NLIEE 0097 .0000 .0D00 =.0000 ST_B%81 36.0087 96T7.982)  w2_1872 T.3M
T1SSUE 8132 .e01s o097 .0000 -.0000 =.0090 82.7126 8% BONY  S4T SANY I8 _T2en T.%120
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AN ANALYSTS OF A RESPIRATORY CONTROL MODEL
UNDER EXERCISE CONDITIONS

ABSTRACT

Several respiratory control system models have been developed, each
corresponding to specific environmental or physiolbgical constraints. One
such model was developed by Grodins which simulated the control of the
respiratory system at rest under different inspired gaseous concentrations.
A previous modification to this model has been developed to include the
physiological effects of exercise at sea level conditions. This report
includes an analysis of this modification and an evaluation of its exten-
sion to an altered environment of approximately onme-third atmosphere with

70% 02, 28.08% Nz, and 1.92% CO, gaseous concentrations,.

2

Detailed flow charts are made for the exercise sub;outines and the
controller equation. Important expressions within the modifications are
investigated utilizing the NOVA 1200 Minicomputer. Plots from these
illustrate relationships between system variables. Five simulation rums
were made on the IBM 360/50 digital computer. These runs simulate various
exercise conditions illustrating the corresponding transient responses for
the exercise transitioms.

It is determined that the response of the model to different exercise
levels depends upon the magnitude of the increments taken between exercise
levels and whether the steady state response had been achieved at the pre-
vious lewvel. Without further modification of the program, the system

variables at one exercise level cannot be used as the initial conditions

for another level. The model must always initiate from the resting state



if the transient response is to be valid. To allow for simulations of
exercise increments that do not start from the resting state, the punch
routine and the initialization routines should be changed so that one
exercise response may be used as the initial condition for the succeeding
exercise level; therefore, maintaining the fidelity of the tramsient
response,

Suggestions are also made for changes in the heart rate and respira-

tion frequency formulations so that they will include a neural component.





