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THE® GRODINS' BRESPIRATORY CONTROL MODEL USING
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FROGRAM DESCRIPTION GUIDE

IDENTTFICATION

" Program Name - Grodins (Respiratory Control Model)

Programmer's Name MarKs, Archer

Programmer Contact V. J. Merks or G. T. Archer, GE/TSS, Houston

Date of Issue - 9/6/7h

GENERAL, DESCRIPTION

The purpose of this model is to illustrate the transient and steady-state
responses of the regpiratory control system, for variations in volumetric
fractions of inspired gases and special system parameters. The program
contains the capability to change workload.

The program is based on Groding' respiratory control model and can be
envisioned as a feedback conbrol system comprised of a "plant" (the con-
trolled system) and the regulating component (controlling system). The
controlled system is partitioned into 3 compartments corresponding to
lungs, brain, and tissue with a fluid intercomnecting patch representing
the blood.

USAGE AND RESTRICTTIONS

Machine, Cperating System, and

Compiler Required - TUnivac 1110, EXEC 8, Fortran
Peripheral Equipment Required - Prinber, Card Reader, Graphic Terminal
Approximate Memory Reguired ~ 18671

PARTTCULAR DESCRIPTION

See TIR Th1-MED-30L47

DESCRIPTION OF INPUT

A Univac 1110 file (GRYDIN) contains the source and relocatables of all
the subroutines, the executable program, Batch and Demand data files
(GREDIN,GRYDAT and GRPDIN.GREDATT), and Remote Batch run stream (CGRPDIN,
RUNB). Runs may require a dats file and/or the Remote Babteh run stream
file to be modified. Since GR@DIN, is not protected, the user should copy


http:GR0DIN.is

GRODIN. into another file, and make his modifications to this other file.

Examples

to follow should explain.

1. Bateh -
The print oubtput will be generated at the 1110 (onsite).

a. Onsite Batch
The fun will be in card deck form, and initiated at the 1110. A
J3C form 5888 should be submitted with the card deck.
(1) Job Stream Cards (Start Col. 1)
&Col.61
@RUN, /R DBHJLD,7007-Q509-C,DB6-GO3432, T, PPP NAME SKYTAB
(TT=mins .run time, PPP=pages output, NAME=user
name }
@ASG,AX GRUDIN,
@C@FY GRYDIN.,TPF$.
@FREE GREDIN,
@XQT
data cards
@FI
(2) Data Cards (See Appendix A for example).
Card No. Column Format Description
1 1-k Al Blank if Batch Mode. TTYb if Demand Mode.
2-49 Cards 2-49 are initializing cards for 48
variables (See Appendix A).
6-20 F15.0 Variable value.
26-33 244 Variable symbol (this is not used in the
program) .
50-N Cards 50-N are workload cards.
1-6 F6.2 Workload (watts).
10-15 F6.2 *Run time (mins) for workload
N+ *lorkload card with time = O.

¥Length of computer run is determined when variable on card 16 (meximum length
of computer run) is reached, or a workload card with O run time is read.

b.

Remote Batch

The run ig initiated from a teletype. The run stream and the
data are in Univac 1110 files GREDIN.RUNB and GREDIN.GREDAT.

The data file is the same format as the Onsite Batch data cards.
The followlng example shows copyilng GR¢DIN. into another file
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FIINEW.), modifying the run stream and data files, copying the
run stream into another file (FILRUN.), then executing the run
via a teletype.

TTY Input Comments
@4SG,CP FILNEW, ,F2 Catalog a new file named FILNEW.
@48G,CP FIIRUN, ,F2 Catalog'a new file to put run stream.

Run stream must be in separate file
to execube.

@COPY GREDIN, ,TPFS. Copy GR@DIN, into temporary work file.

@FD,L RUNB,RUNB To edit run stream.

The run shream is the following format:

. Col. 61
_@RUN, /R DBHOLD,7007-Q509-C,DB6-G03432,TT,PPP ﬁRME NODECK
(TT= mins. run time, PPP = pages output)
@ASG,AX FILNEW,
@C¢PY FILNFW,.,TPF$.

@FREE FIINEW,
@xQr
@ADD GREGDAT

The user might want to change the run time or output pages in this run stream.

@ED,I GREDAT ,GREDAT To edit the data file.
The data file is in the same format as Onsite Batch data cards. The user
can modify this base deta file for his particular run.

@CO0PY TPF$.,FPILNEW. . Copy temporary work file into FILNEW..
@COPY TPF$., FILRUN. To get run stream into FILRUN..

@FREE FILRUN,

@8TART FILRUN,RUN Start Remote Babch execution.

WOTE: After above TTY input, FILWEW. contains the latest run stream and
" Jata files. TFITNEW. is not a permanent file, but it might be
several days before NASA deletes it. The next time the user wanks
to modify these files, he may substitute the first three TTY inputs
with @COPY FILNEW.,TPF$. until FIINEW. is deleted.




Demand (Time-Share) - _

The run is initiated from a telebtype, and the printout will be to the
teletype. A& data file (GRPDIN.GREDATT) is required to initialize the
k9 input variables. Workloads are then inpub by the user via respond-
ing to questions asked by the program. OUptions are agvailable so all

workloads can be input before The program executes, or intermediate

results may be requested before conbinued inpub.
example (Appendix B also contains an example):

TTY Tnpub

@COPY GRODIN.,TPF$.

@ED,TL GRODATT ,GRODATT

Note following

Comments

Copy GREDIN. into
temporary work
file.

To edit Demand
Data File.

The Demand Data File is in the same format as Batch Data File except
the Tfirst card record contains TTY in first three columns, and the
hoth card record ends the data file (no workload cards). Card record
16 (maximum length of computer run) and record O (time increment Ffor
printout) are ignored by the program in the Demand Mode. The user

can modify this data file for his particular rum.
@XqT
ADD DATA...
@ADD GRYDATT

The 48 input variebles will then be printed out.

INPUT WORK CARDS...
WERK = WPRK L@AD (WATTS).
MINS = TIME F¢R WORK L@AD...
PRINT = TIME INCREMENT (MINS) ¥FOR PRINTHUT
EXEC,,.
M@RE = INPUT M@RE BEFGRE EXEC...

i

RUN = FEXEC. WITH ABGVE, THEN CAN INPUT AGATN. ..
ST@P = FXEC. WITH AB@VE, THEN ST@P..
BACK = ERASE PREVI@US w¢RK REC@RD. ..
WERK  MINS PRINT EXEC (F6.2,IX,F6.2,TX,¥6.2,
0. .2 .1 MPRE X, AL)
.00 .20 .10 M@RE
W@RK ~ MINS PRINT EXEC (F6.2,IX,F6.2,IX,F6.2,
100. 10, 2 RON "Ix Ah)
100.00 10.00  .20RUN

Execute program.
Program request.

User answer.

Program
cutputs

an
explanation
of parameters
on work

card records.

Prog.asks for work record
User answer.
Prog. outputs user injuk.

Prog.asks For work record
User answer.
Prog.outputs wser input.

The program executes and outputs the resulis for the preceding input,
then (since EXEC was RUN) the program will ask for additiomnal work

records.



WPRK  MINS PRINT EXEC (F6.2,IX,F6.2,IX,F6.2,TX,Ak)...Prog.asks for
work record
Ete.

Until the program finishes executing a work record with an EXEC
parameter = STPP.

DESCRIPTION OF OUI'PUT

(Bee Appendix B for Demand example)
(See Appendix ¢ for Batch example)
(See Appendix D for normal values)

TIME (mins)

ATVEOLAR, ARTERTAL, BRAIN, TISSUE, V BRATIN, and V TISSUE
volunmetric fractions of 002, 02, and Nz.

ALVEOIAR, ARTERIAL, BRAIN, TISSUE, CSF, V BRAIN, and V TISSUE
partial pressures of 002, 02, and Né. (mm Hg)

ATVEQTAR, BRAIN, TISSUE, and CSF derivatives of the partial pressures
of CO,, 0,, and W,. (mm Hg)

ARTERTAY., BRATH, TISSUE, CSF, V BRAIN, and V TISSUE
hydrogen ion (H+) concentrations (nanomoles) and pH.

ARTERTAL, V BRAIN, and V TISSUE concentrations of HbO2 ( oxyhemoglobin),
(liters 0, - STPD)

ALVEOCLAR RQ
RQ DIFF

TRANSPORT TIMES (mins)

AB = Tung to brain

VB = Brain to lung

VI = Tigsue to lung

AT = Tung to tissue

AC = Lung t0 carotid body

VI = Inspired ventilation (liters/min)
VE = Expired ventilation (liters/min)
@ = Cardiac oubpub (Liters/min)
FB = Brain blood flow (1iters/min)

DERIVATIVES of @ and FB



RESP FREQ (breaths/min)

MINUTE VOLUME (liters/min)

DEAD SPACE VENTITATION (liters/min)

HEART RATE (beats/min)

ARTERTAT VENOUS 0, DIFFERENCE (liters 02/1iters blood)

DEAD SPACE VOLUME (liters)

CHANGE IN W@RK I@AD (watts)

METAROLIC RATE CHANGE @F CO,, AND 0, CONSUMPTION TN TISSUE

At terminastion of a run, the final values for the 2nd thru 15th
input variables (see Appendix A) are printed out. If the 38th
input variable (constant involved in conbroller eguation)

< .00001, i% is recalculated and prinbed at the termination
of the run.

INTERNAT, CHECKS AND EXTTS

1.

Batch
The run terminates when time becomes greater than the 16th input

variable (maximum length of compuber run), or when a workload card
with 0 time is read.

Demand

Up to 50 work records can be input before letting the program executbe.

If this limit is reached, the program will execubte using an EXEC
parameter = RUN. The EXEC parameter is checked for validity. The run
terminates when a work record with an EXEC parameter = STOP is finished
executing.

INDEFENDENT SUBROUTINES

See Appendix E for listing of all subroubtines.

SYSTEM SUBROUTINES

No special system subroutines requirved. Library File TEK. is required to
supply terminal graphic subroutines.



J. COMPIETION OR FINAL CHECKCUT DATE

9/6/74

Appendix A - Data Card Example
Appendix B - Demand Example
Appendix C - Batch Example
Appendix D - Normal Values

Appendix E - Program listing



ADPENDTX A

INITTALIZING CARDS FOR
INPUT VARIABLES



Card HNo.

1

13
1l
15

16

17

18
19

20

21

22

Variable

IrTY

QG

QO

Qa2
O O~3 [*ANY I I PV L Vi o
Pas Nt NI TNl PR s

QQ
=13
St Nt

c(12)
c(13)
c(al)

¢(15)

c(16)

c(17)
¢(18)
¢(19)

¢{20)

c(21)

Normal Initial

Value Symbol
.17827 FA(CO2)
.53459 FA(02)
2871k FA(N2)
L6h121 ©B(co2)
.00116 CB(02)
.00105 CB(N2)
61553 CT(co2)
.001h7 cT(02)
.00105 cT(W2)

6.00000 Q
.7h4013 QB
L8.17h27 PCSF(C02)
36.69498 PCSF(02)
61.17176 PCSF(N2)
Lo .0000 TMAY
0.0000 CENT
SENS PT
.2000 HB
.1000 Rl
.1000 R2
1.1380 . CNT SENS
COF
1.154%0 CRTD BDY

SCF

Blank for Batch Mode.
TTY in 18t 3 cols. if Demand
Mode.

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

Concentration of gas in brain,
liters (STPD)/liter brain.

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

Cardiac odtput blcod flow,
liters/min. Cerebral blood
flow, liters/min.

Partial pressure of gas in
cerebrospinal fluid compart-
ment, mm Hg.

Maximum length of computer
run, min.,

4 workload card with time=0
will also end a Batch compuber
run. Demand Mode ignores this
variable,

Central sensitivity partition.
Weighting of the H+ concentra-
tion in CSF with that of vehous
blood in the brain. With ¢(16)
=0, zero weight is given to
venous blood at level of the
brain and a weight of one ig
given to H+ concentration in
CSF.

Blood oxygen capacity, liters
(STPD)/liter blood

Time constents for cardiac
oubput response (RL) and cere-
bral blood flow response (R2)
for changes in blood chemical
composition.

Controller sensitivity weight-
ings; i.e.,



Normal Initial

Card No. Variable “Value Symbol
23 a(22) 3.0000 - KD

24 ¢({23) 1.0000 KB

25 c(2k) 39.0000 KT

26 c(25) .0500 MRB (C02)
27 c(26) L0500 MRB (02)
28 ¢(27) 81.9900 D (¢o2)
29 ¢(28) 4.3610 D (02)
30 ¢(29) 2.52h0 D (N2)
31 c(30) 260.0000 B

32 ¢(31) .0192 F1 (co2)
33 c(32) .7000 F1 (02)
3k ¢(33) .2808 F1 (NW2)
35 a(3h) .1000 KCSF

36 c(35) .0000 T

37 T(36), .0078125 H

38 ¢(37) 87.5500 V1)
39 ¢(38) 5.3900 V1 (s8)

(t-7 ao)+ TERM-Vl(N)

where
f{‘ao = Blood transport delay from

lung to carotid body,
Vv, defined in ¢(37), and

TERM = function of FA(02).

Volumes of lung (alveoli), brain,
and tissue compartments, liters,

Matabolic rates by brain,
liters (STFD)/min.

Diffusion coefficient for gas
across "blood-brain", liters(10)~'
(STPD) /min. per mm Hg.

Barometric pressure, mm Hg.

Volumetric fraction of gas (dry
inspired), dimensionless

Volume of cerebrospinal fluid,
liters

Initial time.
gize of computer time step, min.

Constant that is involved in the
controller equation (See ¢(21)).
Determines the normal level of
alveolar ventilation so that
PA(COQ)FShO.O at rest, breathing

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

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



Normal Tnitial

Card No. Variable Value Symbol Description

Lo ¢(39) .2500 PRINT AL TIM Oubtput printed in these time
. ' increments (mins). Demand
Mode ignores this wvarilable.

b1 c(40) 0.0000 UNKNOWN Importance related to C (39),
but deesn't seem to be of any
real significance.

L2 BC(1) 5470 BHCO3 Blood Standard bicarbonate content,

b3 BC(2) .5850 liters CO, (STPD) /liter X,

inn BC(3) .5850 37° where

5 BC(h) .5850
¥ = Blood, brain, tissue, C8F.

46 RMT(1) L1820 RMT(C02) Metabolic rates by tissue,

W7 RMT(2) .2150 RMT(02) liters (STED)/min.

48 DJ(1) .0000 DJ1 Used in performing Dejours
experiment (not ubilized in

hg DJ(2) .0000 DJ2 present runs). Brief description

of Dejours work relating O, and
CO2 threshold effects is given

in Grodins' paper.
Tn Demand Mode, the 49th card record ends the dabta file.

I for Babtch Mode, cards 50 thru W are workload cards.

Example:
Card No. Variable Colums Format Description
50-N WERK2 1-6 F6.2 Workload (watts).
DURAT 10-15 F6.2 Run time for workload (mins).

The last workload card should have Run Time = 0. Length of computer run
(Batch Mode) will be when C(15) is reached, or a workload cerd with O run-
time is read.



APPENDIX B

EXAMPLE OF DEMAND
INPUT /OUTPUT



EXaT

GRODING: RESPIRATORY CONTROL MODEL

ALD DATH. . .
MEROD GRODATT

SRESPIRATORY CHEMOSTAT —— INPUT DATAX

Ty

A ek

»
EIS

AT Ay, (P e

R Y

i
il

L1783
.8e11
7431
.Bega
L1548
.Bs5an
La152
.aBve
.5470
CleRa

L9346
.6153

2156

THPUT WORE CARDS.
WORE= WORE LOADCHATTER, ||
MINS= TIME FOR WORK LORD.
FRINT= TINME IHCFIMEHTfMIﬁo)FUR PRINTOUT .

ExEC

i b g

2871
0813
6349
. 1006
. 2088
3618
2806

. 35999
. 5858
. 6800

MORE= IHFUT MORE BEFORE EXEC.

fUN =
LTOR=
BaCK=

STOP.

WOFE  MINS  PRINT EXEC
L 1. ] STOP
.Ba 1.88 .SBSTOP

8412
.6011

. 1290

39.6008

2812
&.0%508

61.1717 48,0060

1. 1389

2.95248 269, 8986

. 1060
. 20060
.5850
. BOe0

.8996

EMEC WITH GBOUE. THEN CAN INPUT AGAIN . .
EREC WITH ABOUE THEN
ERAGE PPEUIOUS WORK RECORD.

(F6.2,1%.F6.2. 1X.F6.2, 1%, 04D . .

EEER sty rsssforsseaprsosetstivesreryesssssd

HORE L0AD CHG . C BBWARTTS FOR
T1ME - A0eOMINS ALY RO
ALVECL AR ARTERIAL BRAIN
oz L1783 R Y 6412
[RYCs il T 2021 .ga12
te 2871 .eaie o1l
LI ~ . BeGY - . pieR
IRV .aBlig . aape
[IES ~ . 8Ba3 -, Gp8
P 379715 37.9715  48.1741
Fi3z 113.8677 1132.8677 36.6162
FHiZ 61.16088 61.1608 61,1888
(H+) I7.6556 42.3511
FH Toasde FU3VEL
HEOE C19E5
TRAHEPORT TIMES ~
AR UB uT
s .1114 5812
LE & Fe
L= i | & . APy .7aul
PESE FREC MIN UOL D.S VENT
121685 7.85752 1.5811

YO WENT GRAPHIC INSTERD OF TRBULAR QUTPUT? (Y/N)

1.80MINS) AT . OBDAMINS
8782 RBG DIFF -.0027
TISSUE CsF U BRAIN
6155 .6328
ea15 . L1352
6011 .8811
0988  ~-.0000
-.0806 -.0108
- . 0808 . 9925
42.7791 48.1742 48.1741
46.4915 36.6949 36.6162
61.1888 61.1717 €1.1888
39.8621¢ 44,0727 42.5989
7.4687 7.3538 7.3669
.13406
AT A0 1
L3170 1877  €.89932
DERIVATIVES
. Bpea . 0883
HEART R RUO2DF DSuoL
66.1070 43.56490 1519

U TISSUE

1615
8811

42.7791
45 40135
61.1€688
48.8241

7.3569
. 1668



ORIGINAL PAGE IS
OF POOR QUALITY .

CHAT
GRODING: RESPIRATORY CONTROL MODEL

AID DRTAR. ..
>EA00 GRODATT

ARESPIRATORY CHEMOSTAT -— INPUT DRTAX

1 .1783 . 9346 .2871 6412 . .e812
& .a611 6153 8815 .B@il  6.6980
11 7491 48 1742 36.6943 61.1717 40.0089
1€ . B0BY . 088 .1809 .1688 - 1.1386
21 1.1542 3.0808 1.0800 329.8008 . G52
26 .0508 81.9588 4.3618 2.5240 260.80608
31 .a192 . 7088 . 2883 .1008 . 6009
Z6 T .BE7E g7.30508 5.3900 . 25008 . 2008
41 .78 . 5856 . S850 o858
4% . 1820 .2158 R . 6398

.eﬁ YOU WANT GRAPHIC INSTERD OF TABIAAR QUTPUT? (Y/ND

"
-

THEUT WORK CARDS ., .
WORK= NOREK LOADCWATTS ), ..
MIMS= TIME FOR WORK LOAD. ..
FRINT= TIME INCRIMENTCMINSOFOR PRIMTOUT. ..
ELEC
WkE= INFUT MORE BEFORE EXEC. ..

FIN = ESEC WITH ABOUE. THEN CaAN INPUT AGRIN. ..
STOP= EXEC WITH GROVE THEN STOP. .
BraCk= ERASE PREUIOUS WMORK RECORD. .

LR MING  PRINT EXEC <(FE€.2.1XK.F6.2.1K.F6.2,1X.,R4). ..
pac 2. ] 1MORE
a0 2.60 . SOMORE

W MIHS  PRINT EXEC (F&.2,1%.F8.2,1XK.F6.2,1X,R4). ..
~ona i. 1 MORE

&0 PG 1 868 . 10MORE

HfrilFff-.? MINE  FRINT gﬁgc (FE.2.1%.F6.2,1%.,F6.2,1X.R4). . .
N v .5

Fa0 Bo & 5! . SBREUN
TYE SHIFY-T €501 AND EETURN—>



pRGE i

a GRR?EIC BUTPUTCY N, 82 TIME INTERUALS, STARTX, BTOPK, (A2, 3F3.0). .
XY 3. . .

PLO2 Y SCALE (A4, 8X,.F4_ 6.2F6.8>
$LGT(Y;N,S? Loc géGH LON e

FOZ Y SCQLE (R4.8X.F4 . 0,.2F6.9>
PLOTCY.MN.S» LOC HIGH LOW we.
=Y 1. 149, 70.

WORKEZ Y SCalE (14,8%.F4 . 8,2F6.0)>

PLOTCY-N.S> LOC HIGH LON . .
A 2. 36a- .

CH+D Y SCﬁLE (R4.8%.F4.0,2F6.8)
PLOTCY.H.S0 LOC HIGH LOW
ba'e 2. KKK
Y 3. 54. 4z2.

1 Y SCARLE <(PA4.84.F4.0.2F6.0)
FLOT Y .H.S» LOC HIGH LOW .-
= 2. 98. 8.

GB Y SCALE (A4,BX.F4.0.2F6.2)
5LGT(Y:H;S) &oc gIGH %ON e N
] . <. .

FRES ¥ 8CALE (A4.8%.F4.0.2F6.0)
ﬁLi;'ch: Yatda 52 léf:l(: %GH léON

FD2F Y SCALE (R4.8X.F4.0.2F6.0)
FLOT: ¢ H.S LOC HIGH LOW .
K 6. 200. 0.



GRODIME RESPIRATORY CONTROL MODEL

FEie  EF B0 -
—————— FOZ  148.00] oo™ el ccm e e e ]
mmmmmm PO2Z 7H.06 L

PCG2 £8.98
R 30 O ]
—————— i-,‘:[ 98 . BB I——-———’—-J-—ﬂ‘-‘--

—— - — 1_’11 b ‘f,, T
-

a8
e NORER R
THYY  54.08

(H+» 42,88

— 0B 2.0D
OB BB o .
FREG 5@ .60
. 1
————e PREL) .86
S = 1 75 | S 1% BTG
. 4
e {2 0F .88 .
(%] 4.0 &.8 8.0 i6. &

. 2.9
HifD COFT WANTELS f.Ha . TIME C(MINS)



ORMGINAL PAGE 1§
OF POOR QUALITY

GRAPHIC OUTPUTCY.N.Sx TIME INTERUALS. STARTX, STOPH,CAZ2,3F5.8). .

FINRL URLUES Fﬁg?igLLUNING UARIABLES .

1 .
e .S2266
2 26988
4 66343
v} Ba122
£ .60100
v T ve49
e . 8Ba54
) . 39100
16 18.96434
11 77073
) ¥ 43 .84239
12 3628547 -

14 60.42884



APPENDIX C

BATCH EXAMPLE



®RESPIRATORY
1 »1783
& «0011
11 7496
lé + 0000
21 11540
26 0500
3 s0192
36 0p78
4] +5470
45 +1820

SR 0B sP st B sbest st osstsstbnntnunseiandons

WORK LOAD CHGs ¢

CHEMOSTAT -=

INPUT DATA

+5336 +288) 26413 «0012

+b6i53 +0015 G012 4+0000
48,1202 36,6314 70,5804 #H0«.0000

» 2000 «1000 loon 11380
3,0000 10000 J39.0000 « 0500
81.99060 443610 2,5240 2600000

«7000 2808 18040 « Q000
8745500 543900 2500 + 0000

+5850 «5850 «5860

22150 «0000 « 0000

+DONATTS FOR

+SOMINS) AT

TIME +000D
co2 o2 N2
ALVEOLAR «1783 +5334 «2881
ARTERIAL 25653 » 2021 «0011
BRAIN 6413 0052 «0011
TiSSUE +6153 10015 +0012
CSF
vV BRAIN 8312 +138% +0011
v TISSUE 5992 1632 .0012
TRANSPDRT TIMES ~= AB ¥a
19270 1114
RESP FREQ 1041710 MINUTE VOLUME
TIME +2500
co2 02 N2
ALVEDLAR 1779 15349 2872
ARTERIAL BO4Y 2022 »0010
BRAIN LT +0012 w0a11l
TISSUE 6153 «0015 0012
¢SF
vV BRAIN 26321 +1352 «0011
v T1SSUE «579h slbls «0012
TRANSPORT TIMES == AB Vs
1971 1116
RESP FREQ 1041710 MINUTE "VoLUNE

L I A A I TR Y Y Y R R R Y P I N R N Y F T AT

WORK LOAD CHGe( 40+00WATTS FOR

CHANGE IN METABOLIC RATES

TINE

ALYEOLAR
ARTERIAL
BRAIN
TISSUE
CSF

¥ BRAIN
¥ TiISSUE

+£5M]INS)

MRCO2®=
5000
co2 02 N2
«178] +5352 « 2847
15650 02022 .UDIU
0452 +0052 0011
4153 «0015 Jbp12
+ 6320 «]1353 +0011
+5997 +1613 +Q012

D EH
'00059

«000%
80014
0090

VT

«5913
75496

b ER
«0016

«,0002
»0000
« 0087

VY
« 5712
rELE NN

AT

+1892

D ER
~,0008

=,0002
=, 000D
200468

APFENDIX C
BATCH EXAMPLE

+D0DOMINS
I VATI VvES
0102  O0%3
- 0024 -,0000
~,0003 =,0000
21717 -, 7575
AT AC
3170 »1877
QEAD SPACE VENT
1 VATIVES
+0DOY -,0025
=, 0000 =,0000
~,0000 ~, 000D
=-,0002 -, 9970
AT AC
13149 .1877
DEAD SPACE VENT
«SUDDMINS
MRO2® »2150
Il vATIL! veES
Q020 =-,0013
+0000 -, 0000
-,0000 =,0000
0040 ~l, U180

"o

PCO2
377779
37,7779
He, %39
42,7330
48,1202
4841939
42,7230

vl
4.0077
145960

FPCO2
37.8%88
37.,68%68
4a.1942
42,7362
4841224
48 I 742
42,7342

Vi
54%578
l+5B842

PCO2
37.9345
37,7348
48,1800
42,7341
4g.l244
4H.l800
4247361

ALY RO

Pp2 PN2
113.46548 61436563
113.56048 b1l43653
a7.8788 44,1028
47,3485 69,9301
16,4318 70,6804
a7.87886 t4.1028
47,3485 69.9301

VE O

5,9118 640000
HEART RATE
ALY RQ

_ POz PN2
11349349 bleibén
113.9349 blelbby
26,86323¢% 63,6544
46,3924 4V, 0445
16,4352 704344
36,4339 63,6544
46,3936 6%, 6445

VE W

5,843% 6.,0000
HEART RATE
ALY Ro

PO2 PN2
113.9878 61.0777
113.9878 bl.0777
ab.ab4ly 83,2613
46,2715 69,3700
35,6357 70,1824
16,6444 63426112
46,2715 69.3700

« 7028
{H+}

1764596
4203632
33.9926
44.023)
43,0743
4L. 07546
FB
« 7494
641070

«7057
(H+)

37.6076
4243434
38,7744
44,0254
43,0120
4340670
Fi
747
646+5070

+9010
(H+)

376312
52,3547
I8 9944
44,027
43,0049
4tieNb29

R DIFF =.027!
PK HBO2
74241 1985
7.3730
7.40%0
7.3563
7.3458 1374
7.3969 ed817
DERIVATIVES
20000 «,0025%
R DIFF e 0302
PH HBO2
7.4247 1986
7,3730
7.40%0
7.3563
7.3864 134}
7.3972 1600

DERIVATIVES

L0000 «,001D
R4 DIFF «40255
PH HBOZ
7.4245 1988
7.3731
7T.40%0
7.35643
7.3665 1342
7.3973 «1598



TRANSPORT TIMES ==

RESP FREQg

10.1710

AB
1971

VB
1116

MINUTE Vol.UME

VT
591t
7+5102

Bepb b abpaetabypandtioandtetontRbantantnton

WORK LDAD CcHG.(l0D«00NATTS FOR

CHANGE IN METABOLIC RATES

TIME » 7500
coz2
ALVEOLAR . ] 485
ARTERITAL «5283
BRAIN sH413
TISSUE e6160
CSF
¥ BRAIN « 6355
v TISSUE + 6071
TRANSPORT TIHES ==
RESF FREQ 12436879
TIHE i.0000
co2
ALYEDLAR + 15346
ARTERIAL +5358
BRAIN «§379
TISSVUE Whlbt
CSF

¥ BRAIN 4323
v TISSUE TIRL)

TRANSPORT TIMES =--

RESP FREQ

15,2405

02
«5788
+2033
«0010
001t

1217
e 1345
AB
1771

«25MINS) AT

MRCo2=

N2
w2727
«0010
+0011t
L0012

«001d

w0012
Ve

«1200

HINUTE VoLUME

o2
«57T74
2032
+0010
«0008

1212

«1052
AB

1472

N2
22690
+0010
«0011
0012

+0011
0012
va

+ 1195

WINUTE VOLUME

43467

»0138

0124
+003%
. 00'63

vT
#5517
18.+9704

D ER
+0108

-,0110
0008
-s0BZO

VY
43864
214438

BATCH EXAMPLE

AT AC  we vl
31e? 21877 579724
DEAD SPACE VENT 1«58B70

«7500MINS
MRO2= 149463
PERI1I VATIVES PCO2
0227 -,036% 3J1.6311
3l1.6311
-.0003 ~oD000 48,1824
-.D010 ~,0000 42,8485
=eb030 -1,0292 48,1274 °

48,1834
42,8485

AT AC o Vi
2788 « LBYY 15,847
DEAD SpPaCE VENT 206828
I ¥vVATI1I Vv ES PCO2
= 0202 L0074 32,7114
A2,7114
« 0000 -,3000 H7 ., 4442
=,0005 -,.0000 42,8917
T mab229% -] ,00804 4841176
47 HHYH43
42,8917

AT AL wo ¥i
«2184 . 1345 17.73%7
DEAD SPaCE VENT 3.1508

APPENDIX C

VE u
55,8738 &,00L0N0
HEART RATE
ALY KO
PO2 PNZ
173.,2812 58,uB77
123.2812 58,0877
22,1767 62,9292
35,0427 69,0534
36¢5570 69,9264
32,1747 42,92%2
aB.0427 69,0534
vE "]
16,7338 7e3924
HEART RATE
ALY RQ
PD2 PNZ
12249827 57,3059
122,9827 857,309
al.8706 62,3184
26,4801 6B,57%2
16,3957 L9, 6638
ale8706 62,3184
?b.‘iﬂnl b8.,5792
vE 1
18,6461 ?.2192
HEART RATE'

Fag
27580
&b6e JOTU

1eb6b2)
(H+)

33,3900
42,3548
37.0773
44,0299
H2,7587
3%.67%5
FB
6117
78+4258

123762
tH+}

14.1311
4] 49058
39,0919
44,0210
42,2958
39,1903
Fuo
6102
9445195

DERIVATIVES
0000 «0005

RW DIFF ~e7848

PH HBO2
To764 TR AL
7.3731
7.4081
7,3543

7.,346%0 w1207
7.4014 + 1334
DERIVATIVES
1.,54630 -a L9729

RQ DIFF =45007
PH HBO2

7.4668 41992
7.3777

7.407%

7.3563

71,3737 +1202
7.,4068 « 1044
DERIVATIVES
Z2,7336 0437

ALMYND ¥ood 36
] 39Vd TYNIDRO

8



FINAL VALUES FOR FOLLOWING VARIABLES.

+ 15357
+57728
«246704%
vb3787
+0Q101
«0plovz
41609
00084
«0Qll8
Fe2192])
vb1019
HBe[ 1744
3464355785
6Fe 64384

APPENDIX C
BATCH EXAMPLE

ALTYNO H00d 40
&1 19¥d WNDNe



APPENDIX D

OUTPUT VARTABLES
NORMAL VALUES



Normal Variables Values are for conditions:

B = 260 mm Hg
FI(coe) = .0192
F = ,7000
1(0,) 7
F -
Physiological  Computer Normal Physiclogical Computer Wormal
Variable Variable Value Variable Variable Value
FA(COE) c(1) .1783 Posm(c0s) c¢(12) 48.1743
Fa(o,) c¢(2) 5346 PeSF(0y) ¢(13) 36.6950
FA(m,) ¢(3) .2871 PbSF(Né) c(1h) 61.1715
Fa(co,) F(7) 37.9705 Ca(c0,) cc(1) 5652
Pa(oe) F(1) 113.8681 Ca(02) ¥(9) .2021
P, (1) PAN2 61.1614 C,(W,) ~¥(10) .0010
PB(COE) CPB 48,1745 03(002) c(d) L6412
PB(OE) F(17) 36.6954 03(02) c(5) .0012
PB(NQ) F(18) 61.1616 CB(NE) ¢(6) .0010
: . ) c .

Pf(coe) CPT 42,7786 CT(002) (7) 6155
}5(02) PTO2 16,2605 CT(OE) c(8) .0015
Pa(x,) PIN2 61.1673 Cr () c(9) .0010
Ca(Hboe) CHB(1) .1985 rr;B A% .1970
Cyn(im0,) CHB(3) .13k2 Tyr AT .3170
CvB(mbO,) CHB(2) .1597 T VB L1311k



Physiological Computer Wormal Physiological Computer Normal
Variable Variable Value Variable Variable Value
Co(rt) CH(1) 37.6549 Tvr VT .5912
Cr(it) cH(2) 2,351k Tao AQ L1877
Co () CH(3) 38,0212 VI VI 6.0586
Cosp(ut) CH( k) ko728 VE VE 5.92L8
CyB(E+) HVE 43.0032 Q ¢(10) 6.0000
Cyp(gh) HVT 40.0892 FB c(11) .7hol
pH,, " ¢PH(1) 7.b2k2 RESP FREQ, FREQ, 12.1637
.pI-ICSF PHCSF 7.3558 MINUTE VOL TYNT 7.5723
228 PHVB 7 .3665 DEAD SPACE VENT DEADVT 1.5806
Py PHVT  7.3970 HEART RATE HRATE  66.1070
B oy CPH(2) 7.3731 ATVEOLAR RQ RQ .875h
PHprecyr CPH(3) 7.4087 RQ DIFF Qr(5) .000L
AVO2DF AVO2DF h) 1667 WORK T.OAD WORK2 .
DSVOL I_JSVOL .1518 URTCO, RMT(1) 11820
MRTO RMT(2) .2150

2



APPENDIX E

PROGRAM LISTING



i8]

BE-GLN3432Z8TPFS«GRODIN

1 DIMENSION €(40)y XN(40,2), SVE}8y50), VTRANCIB), RK(14314),
2 i . T T8 TTTARNSTy DCUIgTY Alsly DUIST, FU20)s VOLUIO) s RMT(Z2),
3 RCIAty QFLA)y TAUIS), CCU3), CHBI3)y CHU{4YYy CPH{3),
q 3 T TTTHE(EY
5 c ctan) .
[ C ALVENLAR VOL GAS FUNCTIGONS
7 d ! Falcp2) L ) N .
a ¢ 2 FAL n2) T e mmm e
9 C a FA{N2) o )
1o T ¢ -
11 € GAS CONCENTRATIONS IN BRAIN
{2 3 y CR(Co2}
13 C 5 CBIO2! -
] [ & CBIND )Y - -
15 ¢ L

T C GAS CONCENTRATINNS IN V1SSUEa
17 c 7 ¢Tico2)

18 C [ CcTto2)
19 d 9 CTIN2)

—Tza T € TCARDTAC OUTPUTe T
21 € 1n q L L
z22 C T TERFEBRAL 8LOGOD FLOW.

23 ¢ 1 QB

75 C  GAS TENSION IN CSFe

2% c 12 PCSFlco2) o
Ty T 13 PCSFIGZ) T T __ - -

27 C ] PCSF{N2)

=5 = -3F ANeV . S

29 C LENGTH OF SIMULATLION RUN.,

30 € (TRIS TS NOT USER IN TTY MODEe IN BATCHj)A AGRK CARD WITH O TIME WILL

31 c ALSO STOP RUNI. L

T a7 c 15 TMAX ] T o
33 C WEIGHTING OF K+CONU IN CSF VERSUS VENOUS BLCOD of BRAIN,

T N3G C 14 CENTRAL SENSI[TIVITY PARTITION == =——° ~
15 C RALOGD NXYGEN CAPACITY

— T34 T 17 (HA)
37 C TIME CONSTANTS IN CARDIAC OUTPUT AND CEREBRAL BLOCD FLUW RESPONSES.
38 3 18 R1 ' B
39 ¢ 19 R2

- ¢ .. - .
91 € CONTROLLER EQUATION SENSITIVITY WEIGHTINGS.
g7 T I CENTRAL SENSITIVITY COEFFICIENT i
43 C 24 CAROT!ID BOBY SENSITIVITY COEFFICIENT
qH [

. 45 € VOLUMES QF LUNGsHRAINJAND TISSUE
4% C v KL — - - T _ T T T o
47 C 21 K8
Rl:) [ 7 KT
49 C
57 U BRAIN METESOLTIC RATE UF CUZ PROGUCTTONS -
51 C 25 MRBICO2)
52 CBRA TN RETAROCTC RATE UF 02 CONSOMPFTIONS T T
51 ¢ 24 MRBLOZ) i
TTTHHTT T T CTTRAS DIFFUSIUN COEFF.FOR BLOOD-BRAIN HARRIER,
585 ¢ 27 DCo2

- X T - - N 1 -




57 C 29 ]
R 58 - - c o ————— ——— . —_— — - - ———— - A [ES—
) € HBAROMETRIC PRESSURE,
&0 C an B
&1 € VOLLFRACTION CF INSPIRED GASe B
62 C 3 FL(COzZ)
A3 C 32 FI(ng)
64 < 33 Fuinay e e e e e
- = = -
46 € vnL.0F €SFe L o i
47 C 3y KCSF
48 ¢ INITIAL TIME
69 C 15 T
___a C COMPUTER TIME_SJFPe . e _ o ~
I8! C A H
12 C CONTROLLER EQUATION CCNSTANT(MAINTAINS RESTING PALCC2) APPROXs40)e
73 C 37 V(N
74 C VALUF FOR RESTING ALVEOLAR VYENTILATIONe
75 C ag VI(S55)
7& C _ NUTPUT PRINT INCREMENTS (AL50 PRINIS AT «SMINGINCRIMENTS).
77 C 19 PRINT=ALL TIME i
78 c_ - e
79 c SVl1p,.501
80 C ARTERIAL GAS CONCENTRATIONS AT LUNG EXITe
CH| c 1 CATCQZ2! -
R2 C 2 CAlQ2Z)
Twm3y ¢ T T} T ¢amzy T T T/ T T
"y C
T oag T T "VENOUS GAS CONCENTRATIONS AT BRAIN Exlta
4 ¢ y tvBelcn2} L
B7 C g CvBi{p2)
___Ag c 6 CVUBINZY
89 c
90 € VENOUS GAS CONCENTRATIONS AT TISSUE EXIT. o
e C 7 CvTi{coz) - - -
92 ¢ B CVYTI(02!} —
53 C 5 CVTIND)
94 d o o o
TTSeT T TTTE T CARDIAC OUTPUT.
94 ¢ tn o
T ey € CERFRRAL BLOOD FLOW, T T T T T T
98 C 1t QR
59 € TISSUE RLOGD FLOW.
100 C 12 9T ) e
T €T ARTERIAL H+ CONCENTRATION:
1n2 c 13 CAtH+)
TS U ERTERIAT. 02 TFRSTON, Tttt me T
104 C 1y FA(OD?
TIE T :
108 C 15 “.-
R Rt A T TOTAL GAS CONCENTRATIONS AT BRATN EXITe — T T T -
tna C 14 Lyalenz) + CVBLQ2) + LVA(AZ)
109 T TOTAL GAS CONTENTRATIONS AT TISSUE EXI7. ) U
1o C 17 CyTlco2) + Cv1(02) + CVT(NZ)
111 € TIME.
tr2 c 18 T B _ L . e
K] T




[N

I
Olay;y)
B C VIRANCUIAD
115 C ARTERIAL GAS CONCENTRATIONS AT BRAIN ENTRANCE. B
i1& € 1 CAB(rn2) ™ CATGOZI(T =~ TAR)
117 ¢ 2 CAB(D2) = CAL{Q2)(T = 1AB) -
1178 (d 3 CAHINZT = CA(NZI(T = TABI
119 c
rZm T VENOUS BRAIN GAS CONCENTRATION AT LUNG ENTRANCE,
121 C y CYBLCOZI(T = TVB) ’
127 (o B CVE{G71 (T = TvE] T
1213 c & CYBINZILT = .TVB]
129 [y
128 ¢ VENOUS TISSUE GAS CONCENTRATION AT LUNG ENTRANCESs
126 C 7 CVT(CDZI(T = Tv1)
127 C ] CVT{o21{T = TV1)
128 C 9 CUTINZILT = Tv1) - -
129 ¢
130 € ARTERIAL GAS CONCENTRATIONS AT TISSUE ENTRAMNCE.
131 C 10 CATlCO2) % CALCO2I(T = TAT!
132 C 1 CAT(02! = CA{QZI(T = TAT)
133 C 12 CATI(NZ2) = CAINZ)I(T = TAT)
134 C *
138 C ARTERIAL H+. CONCENIRATION AT CAROTID BODIES'SITE. )
136 ¢ 13 CAQ{H+) = CALN*}(T = TAD)
137 € ARTERIAL 02 TENSION AY CAROTID BODLES'SITE.
138 T 14 FAO(OZ) = FA{DZ)I(T = TAN)
139 C ARTERIAL H+ CONCEMTRATION AT BRAIN ENTRANCE, L
140 C 15 CABI{R+) = CALR*)(T - TAB} T
141 C TOTAL GAS CONCENTRATION FROM BRAIN AT LUNG ENTRANCE.
192 € Té& TCVB(cG2) + CVB(OZ2) + CVB(NZII(T = Tval -
143 C TOTAL GAS CONCENTRATION FROM TISSUE AT LUNG FNTRAMNCE,
IEL T Ty (EVTtc02) * CVI{02Y + CVIIRZ)JII(T = Tv1] -
145 C
THé& C OISy - Toomemem e o
147 d FOR DU1S) THE SYMBOLS BsBAROMETRIC PRESSURE, 478WATER VAPOR PRESSes
—1Y4E € X®CONVERSION FACTOR FOR ATHM TU RMAGy A®SQLUBILITY COEFF.OF €ASES,
149 C HaCOMPUTER TIME STEP, HB=BLOOD QXYGEN CAPACITY
150 C 1 B = A7 ; “‘
151 c 2 K ACO?
152 C 3 K AOZ - - T o
153 C 4 K ANZ
159 C 5 K. ANZ (B = /7)) - - -
155 ¢ & K A02 (B = 471
156 T 7 K ANZ (B = 471
157 C g Celé + 2,4,3LHB)
158 T 9 P43/ (B « 47) - T T T T
159 < 19 Deb2
140 C T1 KATSFICaZ) - s e
141 C 12 K ACSF(0?2)
1862 ¢ 3 K ACSFINZT —
143 C 14 2eH
TT1EH T s T+ 958K - = T -
145 C Fltam
T C  CONPARTMENTAL GAS TENSTORS ARU CURCERTRATIORS . ~~—~— ————— == - -~
167 c t PA{D?D)
&8 C Z KA PARLICOZY -
169 c k) PRIOZ!
TUYTOT T R X ACO7 FEICGZT ST TmTTm ST e e e m e e o




o
(}'POQ? Pl .
PT(02) QUa, .. &

171 < 5 7

172 C b K ACp?2 PYICO2) ‘%’TEF
173 [4 7 PAICOZ)
174 C a PA(O2! _
175 C 9 Catn2)
176 C 10 CAtNZ} _
177 ¢ i CAICOZ2) + CALDZ2Y + CALND)
178 C 12 CVB02) -
179 ¢ 13 LvT(02)
180 ¢ 3
R C PRONDUCT OF DIFFUSION COEFFS<AND GAS DIFFERENTIALS ACROSS BLOCD=BRAIN
182 € BARRIER,
t83 C 14 DCOo2 (PB{CO2) = PCSFICLOZ))
184 C 15 D02 (PR{02) = FCSF(02})
185 € 14 DN2 (PHIK2] = FCSFINZ2))
186 ¢
187 3 17 PB(02)
188 € ta PE(N2)
189 DIMENSTON AKBUHy2)y Quld), 1DJ{2)
190 COMMON/Z/ Cs XMy SV, VIRANs RK, SC3» DC» Ay £, Fy yOL, RMI, BC, QF,
191 | TAUs CCy» CHBs CH, CFH, D@y VE, VI, CPB, CPTs CALK, X, CT,
192 a IRKs LOCy IYERXe INDEX, 14 Oy My K
1923 COMMON/R/ XDSsXMH,CXT,RORKDUMI sOUM2,DUMI ,WORK2 »RMTB R¥TR2Z+sTIMEQF
194 1  sRMLINNITIY . ;
1986 € ITYY 3FLG FOR 1TY MODE. ’
196 C Oz NUTPUT_TO PRINTEK (BATCH MODE}s . . .
197 ¢ '"TTY "= TTY. 1/0 AND |ST TIME TQ SUBROUTINE RcCl2s
198 c 1 = TTY I,/0 AND NOT 1ST TIME 10 RCl12. L
199 DATA ITTTIY/*TTY ¢/
200 C DATA FOR INJTIAL CONDITIOQNS _
201 WRITE (6457 :
202 S FORMAT (/* GRODINS: RESPIRATORY COUNTROL MODEL*//) . .
203 300 CONT INUE
204 WRITE(S,4831
zU5 483 FORMAT('TOADD DATAeesT) T T T T s T e
204 C READ INDICATION OC BATCH OR TTY MODE.
207 READ(S+ABN) ITTY
2ng HA0 FORMAT(AH) _ o
209 IF{ITTY .NEs [TTTY) ITTY = @ -
210 RRITELS,90!
211 90 FORMAT (IHIsIX33J7HARESPIRATOURY LREMOSTAT m= INFPUT DATA®/7) -
212 ¢ DATA FOR INITTAL CONDITIONS
313 DG 10 I = 1140
214 C 1lpé HAS PROBLEM WITH END® , S0 THIS ISNT USED 10 i
215 € DETERMINE END OF RUNINOO CAPAHILITY 10 START ANOTHER
214 c MODEL RUN IN SAME COMPUTER RUN)s
717 READTUB W IYOWENDBIOTT CUI KRR T ydT4u=142) oo
218 10 CONTINUF
219 C ESTABLTISH COMPUTER STEP INDEPENDENT GF [NPUT DATAs
220 Cl36)m,7812%E~2 '
221 190 FORMAT (GXsFiS+035K92A%)
222 Do 20 & = 1,44 _ _
223 P40 & | + 40
224 READ (5,150) B8CUL)y (XNBLLI, 0}y J = 142)
72% 20 CoNTINUE
224 no 3 1 = 1,2 -
227 READ (54+190) RMTL{I), (XNBLI,J)s J 3 [42)




228 TPA0 & T + 449
229 30 CORTINUF
730 D0 40 I = T2
23t READ {5,190 DUllly (XNRifauly . g = 142)
¥I? TP%A 3 1 + 46
233 40 CONTINUF
234 C
235 ¢ OoUTPUT INPUT DATA.
234 J o= )
237 DO 75 1 = 148
238 X 8 J + g
239 WRITE(6992) JelCUI2)Y9122dsuX)
240 ] 92 FORMATI(® v ,12,2X,5(F9,4))
241 J® g +5 .
242 - 75 CONTINUE
243 WRITE(6,92) JylBCUI)yI=1,4])
794 Jd = 45 } g
245 WRITE(6,92) JryRMTUL) yRMT(2},DJt1},DJ(2)
244 C
247 CNMMON/PLTHRUF/NBUF s XBUF(1A1) ,YRUF {18 ,8) yNA{R} yKSTOPP ,THAX »kPLT
248 DATA KY/1HY/
249 TMAX=C(15)
7250 %¥RITE (&247) T e
261 42 FORMAT(/'0D0 YGU WANT GRAPHIC INSTEAD OF TABULAR QUTPUT? (Y/K)')
252 READ (5,44) KY.Y )
253 494 FORMAT{1A]) _
284 IF (KYY+EQeKY) KPLI=] T, T e
255 C IF TTY 1/0 MAX+TIME WI1lL COME FROM WORK CARD
758 TFLITIY «NFe 0O)F CL15) T 9999999999, T
257 ¢
268 C Fltco2)
259 QUM I=C{31) o e
2&0 C Fito02)} -
26t DUM2=C{32)
262 € FI(NZ) ) - B T T
2643 DUM3I=C{33)
264 WORK=0 »
245 “ORK2=0.
7688 U FETABUOLIC RATF OF 0Z CONSURPFTION (W TTSSQGE. ~ —~ ~—— = =7
267 RMTBaRMTI2Z2)
758 RMTHIERMT (2] —_ - ==
269 K+
o TIREGF =1,
27! XDSIG.
772 XRAE [0, C {38 F/0U07E8TZE ’ T T
2713 MMM=Q

-4 21 CONTINUE T
275 INSEXDS+XMH
rgL:] TF iRERSE N I TKUSTXUSYLC {3867
277 MMM= |
278 CrISY=0s —_
279 Ct40)=Na
280 - : -
2R1 c INITIAL GUESSES FGR ITERATIVE LUQPS

— 2 H I ARTER AL CORCENTRATION OF—CO2Z+
283 €cll1) = 0ab

285 C BRATN CONCENTRATION OF CO0Ze



http:j,(C('12)912=J,.JX
http:XNR(Id),.uJ

™

ORMGINAC PAGE )

OF POOR qitarivy

785 €clzy = C(#]

2864 C TISSUE CONCENTRATION OF COZ. ) L

287 cCctay = C(7) ) )

288 € BRAIN C02 TENSION

289 CPB = BH0.0 ’

790 C TISSUE €02 TENSIONS

291 CPT a S8.0

292 IF{XNS.6T«XMH) &0TO202 —

2913 c SETS VARIQUS CONSTANTS AND AGGREGATES OF COMSTANTS

294 c TMAX e

295 Clti5) = C(15) + .00QOD)}

294 C PRINT ALL TIMESs -

297 ¢ Ctag) = Ci13%) + 0001

298 C FACYOR OF 1~F=7 MULTIPLYING DIFFUSION COEFFICIENTSS

299 DN 200 1 = 27,29

ang CtI} = CUI) & 1s+E=? o

301 200 CNMTINUE

ang 202  CONTINUE

203 IRK a 1

104 LR L. . N o

108 N =g

g 1nd(1) = 0 .

anz C SOLUBILITY COEFFICIENTS

108 C Af1)1% ([ALPHAICOZs A(2)x= (ALPHA)IOZ2:s A!3)x (ALPHAINZ2s L

309 c A(4)® {ALPHAICO2y AIGI=® (ALPhA)O2s Alb)xz (ALPHAINZ

1o ACLY = 0,5)

311 Al2)Y = D.028 .

312 A(3) = 0,013 o ) i
T3 E(4)Y & Oe51 - T -

Aty AlB) = D.024

315 A{6) = O,013

114 € ATM/MMHG COMVERSION FACTOR.

i RAN Sk & 0.,00132 - T T,

e € CARBONIC ACID DISSGCIATION CONSTANT &

119 CABK = 796,0

azo C vOL(}leyOL{10O)= VOLUMES USED IN CALCULATION OF VARIABLE TIME DBELAYS.

12t voL{t1) = 0.015

322 vobL(2) = 1.042 .

323 voL(3) = p.188

324 vol(g4) = Q.06

325 Vol (g) = Q.188

a2é VoL (&) = 2.94

27 VOLT7T = 0.735

328 volta) = (.082 _

129 Vol (9) = g.008

330 voLl10)Y= {.062

33t <

332 ¢ (METABOLIC RATE OF £02 IN BRAIN + TISSUE.) / SAME FOR D2

333 UF(&Y = (CI26T * RRT({JJI/(C(28) + RWMI{Z))

134 c Bmi?

335 BUlIY=C(d0) =97+

336 bo 210 T = 2,4

k¥4 T PRODUCTS OF CONVERSTION FACTORS AND SCLUBILYITYY COEFFICIENTS»

338 BlI) = SKeA(I=}) .

339 Di{I+e) = SKWA(I+2)

34gQ ¢ L

341 Dtl+3) = pllreDtI) “
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ORIBI:

34z 210 CONTIWNUE HGINAL 5 GE 3
343 C FACTAR uSED In EstasLisHing cateddh POOR oualry
344 D{8) = Q.16 + 2¢38C(17)
I45 C
Iqg NS = 843.0/D011 -
147 € FACTOR USED IN ESTABLISMING CBICO2),
kLE:] DUID} = Debd )
g € MANIPULATION OF COMPUYER TIME STEPe
350 Dl19) = C({36)%2«0 - )
315} DI(15) = D(14) = O018C(38)
357 T
353 CALL RC3
154 cAlLL RcH
355 CALL RC5 (CPB, F(&4), cl4}, BC(2)) i
354 cAll RC2) tcuBl{2)y FL3), Fid4), Cty), CHI2), CcPH(2))
387 CALL RC19 (CPRs CHB(2)y CCUl2),y BCl{1),s FU(Y4)) _
358 CALL RCS {(CPT, F(é)y C{7), BC(2})
%9 CALL RC21 (CHBU3), F(B), Fl&)y CLUT7)y CHI3)s CPH{3})
140 CALL RC19 (CPTy CHRL3)y CC(3), BC{I)y FL(&))
161 call RC23 : . o
362 CALl RC7
3613 caLi RCS
344 CaLL RC9
145 CALL RCIO
5% CACL RTTd
147 CALL RC1t2 .
148 G0 To 40
169 50 CALL RC18
a7g CALL RC1&
ari &0 CALL RC1I3
372 CALL RC12Z "
173 C
37T TFIC{3IST.GEeXKMHT] GO TO 2Nt - /T T T
175 c
375 TF (Cl35) «67Ts CIISTT GOTORO I - Tt T )
177 IF{CXT.GT«C(15)) G010 80O

Y4 TG CALL RCIH -
379 Uy = AMOD(CU(3R)y DI14))

Y1) TF (UU oLTe «0U0T «ORe DU +GTe DC15)] GoT6sd T
181 G0T0 &0 .
382 80 TF (KPLTLT+{Y GG T0 78 T T
3183 KSTORP=1

YL CALL PLOT )
3188 7¢ WRITE(6,78) )

TIEE 78 FORMAT(®] FINAL VALUES FOR FOLLOWING VARIABLES. V) T T
187 TF (€(37) 0T+ 140E=5) Gn TO 250

T 3B® 220 CTERNM = T.0 - - T
289 IF (UTRAN{14) = 10400) 230s 240, 240
Av0 230 CTERN ® (Z3¢8E~F1%{(104+0 = VIRAN(IA) I *88,%)
av1 240 €137) = C(20)#(C{16)aVTRANL]IS) + (leQ = C(l&)!sCH(ql)

—y%2—— T F LTIV EYTRANTT I ¥ CTERF = Vi - - T T
393 ! = 37
194 —WRTTE'WWI—“(‘XNTI,M. d = 132) T
396 250 B0 240 1 = 1414
198 WRITECE VI I G (XN T vy J % 127 -
397 260 CONTINUE

——3%g— - R TTET ST T Y YD - - -



http:IFIC(35).GE

0]

199

WRITE(&,830)

%80 830 FORMAT('ONORMAL TERMATION®)

.0} 30! CONTINUE

402 sToP

FTE) C S0 FORKMAT (1HINOBX3I7HeRESPIRATORY CHEMOSTAT «= INPUT DATAS//7/)
404 € 92 FORMAT (42X13,10XF10.,4,10X2A4) ’

405 € 190 FORMAT (S5XF1540,5X284)

unés 192 FORMATI(Y t31342A4F15,8432X,2A%)

407 194 FORMAT (1H1) B

408

END ;
_ - 7




BE=GOTASZFFPFEeRED

1 ~ SUBRAQLTINE KC3
T2 T DTRENSTON CUq07y XN(A04+21, Sv{iBe50), VIRAN(18), RKUTA.8Y,
a 1 SC{14,5)s DC14)s At&), DE1BY, F(20), VOLi10), RMT(2),
T ) TT T TTRT(HT, WFUATs TAU(GT, CC(3F, CRB(31, CH{®), CFR(3Y,
5 3 DR(Y?
rs CAMMON7Z7 Cas XNy SV, VTRANs RK, 5Cs DCs As B, Fs VOL, RMT, BC. GFy
7 TAUs CCy CHBs Chy, CPHy DUy VE, VI, CPR, CPT» CADK, X, DT,
R T TTRKY UBCYTITERXy INDEXy i3 ds Ms N TTT T TTToThTmnTTTITTY
9 CaI4&9 FORMATI(IH 7HSUB Re¢c3)
ih € SETS 1IMENEPENDENT EXPRESSIONS ' T
11 C TISSUE ALO0OD FLOW.
12 RF{1Y = C{10) = C(11)
13 C ARTERTIAL 02 TENSTON,.
14 Fily = D(118CL2)
15 C ARTERIAL C0O2 CONCENTRATIONS
16 F(2) = DIGI¥C(1] )
17 C BRAIN 02 COCNCENTRATION / {CONVeFACTOR*SOQLUBILITY COEFFefFCR 02)
TR FU3y = ¢c(5)/077) —— -
19 € (CONVFACTOR®SOLUBILITY COGEFF«FQOR L02) s BRAIM €02 TENSICA»
-7 Fiq)y = p(zi=CPB  ~ T - T
21t C TISSUE 02 CONCENTRATION / (CONV.FACTORSSOLURILITY COEFF ,FOR 02)
3T TTEUSY = {8 7B T T 0 T T T
23 € {CONYSFACTORSOLUBILITY COEFF«FOR C02) & TISSUE CQ2 TENSIGM, 3
7q F(&1 = N{21#CPT
25 € ARTERIAL C02 TENSIUNS
TTEE T T TRy =TB(yveceyy T oooveTTTdYT o ThomTmmTm o - T T T
27 € ARTERIAL 02 TENSIOM,
78 TF(8Y = ofiqgrec(zy T T - -7 - -t T T
29 RETURN
73N EnD e

PRYT S RCH - . T e s e mem T T T Tt T oot
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ORBINAL PAGE e

OF POOR QuatLiry

B&aGON3I4HIZ2TPFS+RCY

1 SUBROUTINE KCA N .
T2 T T UUDYMENSION Ct8nY, XN(40,2), SV({B8,50), VIRAN(18), RK{14:4),
3 1 SCLI%95)s DCUI4)y ALA), DUIS)y FU20)y VoL 110)y RFTLZ),
T F] T RCH{AYT, QFUE), TAUIS), CCt3), CHB(3), CHI4), CPH{2},
] 3 N4l .
B 4 COMMAN/Z/ C» ANs SVs VIRANY RKy SCo» DCr» Ay Dy Fs VOLy RMT, BCs GF»
7 TAlis CCs CHB,y CH, CPH, DW, VE, VI, CPB, CPTs CADK, X, LI,
B 7 72 777 IRKy LOC, ITERXs INDEX, I, dJjs Ms A
9 C ITEPATES FOR C€Cil)ly ARTERIAL C02 CONCENTRATIOQM -
T T TCs949 o FORMATL]H 7HSUB RCH4)
1y 410 CALL RC2] (CHA(1), F{J), FUL2), CCLt), CHIlDy CPHIL1}) .
12 X = [CC(1l}) = FU2))/(0e01#F L7}
13 X = RCFI(X} _ . . e
ta4 € SEF FQUATINN 3e¢1s Xz CA(CO2) o
15 X = A1) + 0s3258(C(17) = CHB(1)) + F(2) = N(A)*(X - (ej4) N
146 . € CCQ1Y = CA(CO2)
17 fALL RCA (CCE13)
R - CCUT) = CCUL)Y + 2eD8(X = CC{1)3/240
19 L C3000 FORMAT(IH 45HCCI1) 15X ELbeh])
a0 T IF (UTERX) 420 410, 420
21 420) RETURN e e
22 h " END
PRTss RCS i




PORMGINAL PAGE %

o ‘ BF POOR QUALT -
BEwGOIGIZsTPFSeRCE
1 SUBRQUTINE RC5 (CPs FB, CCB, BHC) _
2 DIMENSION C(400, XANI40,2), SV{18,50), VIRAN(]18), RK(14,4),
k] 1 SC{14,5)s DCU14)y AlA), DUES), F{(20), VaLl10)e RMTI2),
R ) BUTHT, GF{EYy TAUTE), CC(37, CRB(3)s CR{4T, CPR(3),y -
5 3 DR{4)
) CORMON/Z7 Ty XNy SVy VIRANY RK; SC» DCs Ay Dy Fo VOLy RMT, BC, GFs
-7 t TAUs» CCy CHBy CHy CPH, DW@s VEy VI, CPB, CPT» CADK, X, DT,
e 2 "TRKy LOCs I[TERXy INDEXy Iy Jd3 Me N
9 d ITERATES FOR BRAIN AND TISSUF PLO2
1o Ch949 T TUFURMATUIR JHSUB RES) -
11 510 X = {CCB « FRI/Z{0«019CP}
¥ X 8 RCFI(X)
13 C SEF FRUATION ds], 